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Preface

Welcome to CMC2018, the Eighth International Conference on Concept Mapping, and to Medellin,
Colombia.

The theme for this edition is Renewing Learning and Thinking, and no better place to hold it than
Medellin, a city that had to renew itself, and did so with great success.

We have a small conference at CMC2018, with many members of our Cmappers community
sending their regrets because of not having to join us. Virtual participation has allowed some of
them to publish their research in our Proceedings and send their paper or presentation which we
make available to participants.

We again thank the members of the Committee for their effort and hard work. And of course, the
conference could not have taken place if it were not for all the authors that are willing to share their
work with the concept mapping community.

CMC2018 had the privilege of an outstanding group of invited speakers: Marco Moreira,
Pedro Vicente Esteban Duarte, Priit Reiska, Norma Miller and Alejandro Urbina delighted the
participants with their knowledge and humor.

The Local Organization Committee performed a wonderful job making us all feel at home in
Medellin.

Finally, we thank the sponsors whose support was crucial in making the Conference a reality.

Alberto J. Caiias and Claudia Zea
Co-Chairs, CMC 2018
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A CASE FOR THE SUPERIORITY OF CONCEPT MAPPING-BASED ASSESSMENTS FOR ASSESSING
MENTAL MODELS

Brian Moon, Charles Johnston & Skyler Moon
Perigean Technologies LLC, USA
Email: {brian, chip, skyler}@perigeantechnologies.com

Abstract. Mental models have long been considered an important enabler of cognitive performance and a key to understanding
educational progress. Yet assessing mental models using straightforward, valid, reliable, and efficient methods remains an elusive
challenge. Research suggests that concept mapping holds the promise of the direct analysis of mental models. We stress mapping to
emphasize a goal of assessing a dynamic thing (mental models) through the use of a process (concept mapping). Our supposition is
that concept mapping-based methods can be used to assess mental models. However, the practicality and feasibility of conducting
concept mapping-based assessment (CMA) has to date stifled widespread application of the approaches. To meet this challenge, we
have developed a system, Sero!, that implements a robust CMA process in a cloud-based platform. This paper presents an overview
and advantages of mental model assessment, a rationale in support of the use of CMA, our development of Sero!, and makes a case for
the use of Sero!’s specific instantiation of a CMA as a scalable approach that can support many applications in the assessment of
mental models. A demonstration of the implementation in a large training event is presented to bolster the case.

Keywords: concept mapping, mental models, assessment

1 Introduction

Mental models have long been considered an important enabler of cognitive performance and a key to understanding
educational progress (Johnson et al., 2006; Seel, 1997). Yet assessing mental models using straightforward, valid,
reliable, and efficient methods remains an elusive challenge (Schute & Zapata-Rivera, 2008; Smith, 2009).

Research suggests that concept mapping holds the promise of the direct analysis of mental models. We stress
mapping to emphasize a goal of assessing a dynamic thing (mental models) through the use of a process (concept
mapping). Our supposition is that concept mapping-based methods can be used to assess mental models. However,
the practicality and feasibility of conducting concept mapping-based assessment (CMA) has to date stifled
widespread application of the approaches.

To meet this challenge, we have developed a system, Sero!, that implements a robust CMA process in a cloud-
based platform. This paper presents an overview and advantages of mental model assessment, a rationale in support
of the use of CMA, our development of Sero!, and makes a case for the use of Sero!’s specific instantiation of a
CMA as a scalable approach that can support many applications in the assessment of mental models. A
demonstration of the implementation in a large training event is presented to bolster the case.

2 Mental Model Assessment: Overview and Advantages

The notion of mental models was described in earliest form by Charles Sanders Peirce (1896) as a set of premises
formed into a diagram serving to enable “mental experiments” that conclude in their necessary or probable truth.
Scottish psychologist Kenneth Craik (1943) is widely cited as reifying the notion with his concept of “small-scale
models” of reality that humans use to anticipate, reason and explain. Slight variations on the theme have yielded
notions of “structural knowledge” (Jonassen et al., 1993), “frames” (Klein, Moon & Hoffman, 2006), and “mental
pictures” (Alexander, 1963). Generally speaking, the functions of most of these concepts have been to serve similar
purposes — to describe, explain and predict the way the world works (Rouse and Morris, 1986).

Since their introduction as a construct, mental models have been considered an important enabler of cognitive
performance. “[M]ental model assessment is diagnostic of knowledge acquisition for a complex task and mental
model accuracy is related to accuracy in metacognitive processes” (Scielzo et al., 2003). Numerous researchers have
also noted the potential value of studying the degree to which teams have and use shared mental models (e.g.,
Mohammed & Hamilton, 2010). Importantly, Schute (2008) notes that “figuring out how to help people develop and
hone good mental models are important goals with potentially large educational and economic benefits” (p. 2).



The intuitive reality of mental models and various attempts to operationalize them (e.g., Jonassen, 1995),
however, has belied the challenge of assessing them and more importantly when and how they change (Johnson-
Laird, 2013). Straightforward, valid, reliable, and efficient methods for assessing mental models remain elusive.

3 The Potential Value of CMA for Mental Model Assessment

Numerous techniques for assessing mental models have been studied. These include think-aloud protocols, narrative
text and causal diagrams (Smith, 2009, pp. 30-38). Schreiber et al (2006), Rowe et al (2007), and Tossell et al
(2009) have all explored mental model assessment through the use of networks of knowledge structures using
pairwise comparison of concepts that can be represented via Pathfinder network analysis. Widely used assessment
techniques have also been implicated for assessing mental models. Seel (1995) attempted to reveal the extent of
mental model change through the use of “pretest—posttest comparison on the basis of multiple-choice tasks”. Lindel
and Olson (2002) developed a “Lunar Phases Concept Inventory (LPCI) ... to aid instructors in assessing students’
mental models of lunar phases,” comprising of a set of multiple-choice items.

While these techniques offer many advantages for assessment, they often fall short of the necessary
requirements for the assessment of mental models and/or are not feasible for practical implementation. Bennett
(2017) reports that analyzing “shared mental models using...Pathfinder...take(s a) long time for the data collection
with a large set of concepts.” Moreover, while the validity of the approach has been demonstrated, the pairwise
comparison method fails to incorporate a critical element in shared mental models — namely, the specific nature of
the relations between concepts — and evaluates individual judgments, rather than holistic and interdependent
relationships among concepts. The same criticism can be put to multiple choice items that are presented as a linear
series of discrete questions that typically fail to assess the nature of the relationships between the concepts
introduced in separate questions. Situational judgment tests offer indirect assessment of mental model.

Concept mapping holds the promise of advancing assessment of mental models, with their capacity to blend
recall, recognition and reasoning techniques in the context of a nonlinear assessment. Concept maps are organized
sets of propositions, or statements about the universe, comprising two concepts connected by a link that posits the
nature of their relationship. An example concept map describing Applied Concept Mapping (Moon et al., 2011) is
shown in Figure 1. The example shows the semi-hierarchical shape common to concept maps, which reinforces and
reflects the mostly hierarchical shape of knowledge.
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Figure 1. Example Concept Map.



The validity and reliability of concept mapping tasks for learning assessment has been thoroughly demonstrated
(Ruiz-Primo and Shavelson 2001; Schaal, 2008), as most clearly evidenced by its inclusion in the U.S. National
Assessment of Educational Progress’ Science Framework (NAGB, 2010).

Ideally, during an assessment, a learner practices cognitive higher-order thinking skills to analyze, compare,
infer, interpret, and evaluate the challenge set in front of them. Deeper critical thinking dives past cognition and into
metacognition components, which demands the learner to plan, monitor, review, and revise (Quellmalz, 1991).
These cognitive and metacognitive skills are used by successful learners across disciplines and tasks when working
towards conceptual understanding of a topic or when solving a complex problem. Concept mapping-based
assessment provides a capability to blend recall, recognition and reasoning techniques in the context of a nonlinear
assessment. A concept mapping-based assessment offers a unique opportunity to blend recall and recognition in a
single assessment, thereby encouraging learners to exercise metacognitive level thinking through review and
revision of the maps’ concepts. Rebich and Gautier (2005) have highlighted other key advantages for concept map-
based learning assessment that differentiate it from other assessment approaches:

The usefulness of concept mapping for assessment is partially due to its level of complexity, which
distinguishes it from more conventional evaluation techniques such as multiple-choice tests... [T]hese
traditional unidimensional assessment measures represent a failure to recognize that much disciplinary
knowledge is based on an understanding of relationships among concepts...[CJoncept mapping allows for more
efficient data collection than interviews do, and presents an advantage over writing-based assessments in that it
is inherently non-linear and facilitates self-monitoring...Concept maps may be useful in revealing thought
processes that generally remain private to the learner, and it has been suggested that they may be more sensitive
to developmental changes than traditional testing in which questions often focus on isolated ideas (p. 358).

4  The Case for a Specific Instantiation of a CMA

Given the potential value for CMA in assessing mental models, many approaches for using concept mapping as an
assessment have been proffered and studied, including as a method for assessing mental models (Chang, 2007). A
number of taxonomies of the approaches have also been developed to guide the assessment process (e.g.,
Strautmane, 2012). In order to make a case for a specific instantiation of a CMA, it is useful to review the CMA
approaches and other assessment approaches in the abstract.

4.1  Consideration of CMA Approaches

As an oversimplified but reasonable way to characterize the assessment task approaches, it is useful to consider two
ends of a spectrum. On one end is a blank canvass onto which a Taker (of the assessment) may, using concept
mapping techniques and conventions, create a concept map that is representative of their mental model. At the other
end of the spectrum would be a completed concept map, about which a Taker could offer a statement(s) of
agreement with their own mental. Both ends offer valuable advantages and severe drawbacks. The blank canvass
approach is a highly complex task that leaves open questions about comprehensiveness and completion (Schau, et
al.,2001) and results in individual representations that multiply quickly to the point of impracticality for an assessor.
Though their potential as an “excellent diagnostic device” has been known for some time (Lay-Dopyera &
Beyerbach, 1983), the time to manually analyze the maps, or transcribe their content for analysis, can be
considerable (Canas et al., 2010). The completed concept map approach can over-constrain the representation
process to the point of reification and limits the insight possibilities into individual mental models. But capturing
assessment results is straightforward and simple and can be achieved across many Takers. The key tradeoff between
the ends of spectrum is the depth of insight and efficiency of assessment process.

For these reasons, the majority of work in CMA has targeted approaches that fall somewhere in the middle of
the spectrum. Some such approaches advocate for scaffolding the concept mapper with a few concepts and
(sometimes) linking phrases, instructing the Taker to build out the map. Novak (1998) recommend such an approach
for complex topics:

By providing a small concept map, perhaps with 6-12 concepts and appropriate linking words, we can
activate recall of pertinent concepts known by the learner and/or model appropriate structuring of these



concepts. This skeleton map can also function as an advance organizer of proceeding to build a more
detailed knowledge model by supplying ideas, at least some of which would be familiar to the learner.
Since it is also common that learners have some misconceptions or faulty knowledge structures, the expert
skeleton map can encourage rethinking already-held propositions. An expert skeleton concept map may
also contain several suggested concepts in what we refer to as a “Parking Lot.” These are concepts that the
learners might incorporate into the concept map, thus providing them some further scaffolding of learning

(pp. 264).

This approach seeks to overcome the most challenging aspect of the blank sheet approach —i.e., where to start — and
even suggests that providing propositions may have learning value in correcting misconceptions. Correia et al
(2016) and Correia and Moon (2018) have advanced on this idea in an assessment context by explicitly introducing
misconceptions as a means for assessing whether such misconceptions exist. Yet this skeleton/scaffolding approach
does not overcome the scalability challenge of reviewing many maps.

Other approaches suggest a “Swiss cheese” approach of providing concept map with a predetermined structure
but missing content (concepts and/or linking phrases) that may be filled in, typically from a bank of items (Torre et
al., 2013) or by filling in content (Schau, 1997) or by providing options for selecting the most appropriate content
(Moon et al., 2010; Sas, 2010). These approaches enable the Taker to impart some of their own representation as
they consider what is available to them in the map.

A key advantage of these middle-way approaches is that they enable the exercise of the higher order thinking
skills outlined by Bartlett (1955):

e interpolation : filling in information that is missing from a logical sequence,
e extrapolation : extending an incomplete argument or statement,
e reinterpretation : rearrangement of information to effect a new interpretation.

Thus, it can be inferred that Takers of such assessments that perform well can be thought to have achieved such
higher order thinking skills.

Once Takers complete the assessment task, their artefacts must be reviewed for any assessment, let alone
feedback and thus learning, to occur. Work in this area can be characterized (again through oversimplification) by
two approaches that line up roughly with the ends of the spectrum in the assessment tasks. Toward the end of the
‘blank sheet’ end are review approaches that seek to assess the structure, size and other attributes of the concept
map. Toward the other end of the spectrum, where attributes of the map are already given, are approaches that seek
to assess the “correctness” of the propositions. In many implementations, both approaches are implicated. With all
of the approaches, a number of challenges with scoring reliability have been studied (Ruiz-Primo, Schultz, Li, &
Shavelson, 2001).

In considering the variety to middle-way approaches to CMA, several common principles emerge that suggest
best practice:

e  Start with some content,
e  Task Takers with conducting concept mapping processes, to include:
e Generating content, considering and using content that is available, making explicit connections between
concepts,
o  Control the difficulty of the task by varying aspects, to include:
e  The given content of the domain, the level of exposure if any to an ‘initial” concept map, the number and
types of concept mapping process tasks,
e Compare the created artefact to something.

The last principle is worthy of additional comment. Ultimately, in order to glean value from the concept
mapping process, the concept map must be compared to something. This matters regardless how the concept map
was created — i.e., from a blank sheet or highly constrained task. Comparison may occur throughout the concept
mapping process or at a final stage of creation. But it is the comparison of the concept map as an artefact — i.e., a



representation of a mental model — that yields value for assessment and learning. Comparison may be with a
teacher/instructor/expert mental model — whether explicitly represented or not — or with a standardized model that
represents a consensus of the state of knowledge. Even assessment approaches that use attributes of the map must
ultimately compare maps to some sense of what is ‘appropriate’ and ‘sensible.” For any concept could be “‘unpacked’
into a set of propositions (yielding higher numbers of elements in the map), and any concept could be crosslinked to
any other concept in a given map (yielding higher numbers of crosslinks). Thus, ultimately a comparison to some
representation of a given domain that represents ‘truth about the aspect of life under consideration’ must be made in
order to gain value in assessment and, in turn, learning.

4.2 Comparison to other Assessment Approaches

Because they make use of similar item types, CMAs can provide the same diagnostic benefits as traditional
assessment item types. In addition, we assert that CMAs offer a fundamentally different assessment than traditional
assessment items that are, by definition, delivered in linear fashion. Table 1 outlines the shared and unique
advantages.

Shared with Traditional Assessment Items | Unique to Concept Mapping-based Assessment
Authoring Challenging distractors, (ideally but rarely) Meaningful propositions about cohesive &
logic, selective and/or meta coverage of coherent abstraction of content
content
Taking Reasoning about discrete, sequenced Reasoning about and across propositions using
questions and answers dependencies, context, sequence
Recognition and recall Higher Order Thinking Skills
interpolation : filling in information that is missing
from a logical sequence
extrapolation : extending an incomplete argument
or statement
reinterpretation : rearrangement of information to
effect a new interpretation
1-to-1, 1-to-many matching / placement 1-to-Map
Analysis Pass/Fail, Correct/Incorrect, Duration Assertions about cognitive performance made
between answers, Answer revision, Sequence | across items, by Proposition, and by Map
of answers (including first answer), Correct
per item types
Reporting Rapid scoring and reporting at individual and | Visualization of targeted conceptual
group levels understandings

Table 1: Comparison of traditional assessment items to concept mapping-based assessment

5 Development of Sero!, an implementation of CMA

Sero! is a software platform for conducting CMA. It was developed by Perigean Technologies as a prototype
assessment tool to advance the current capability and research of concept mapping as an assessment strategy. It is
architected as a cloud-based software service and usable on any desktop web browser.

There are two intended user types for Sero!: Assessors and Takers. Assessors can create original concept maps
and/or import concept maps, which become the MasterMaps (i.c., answer key) for the assessment. Assessors can
assign their choice of AssessmentMaps to Takers, who complete the AssessmentMaps by clicking on, dragging, and
editing assessment items to revise and complete the map. Once the Takers have completed the assessment, Sero!
provides semi-automated support for comparing the Takers’ maps to the MasterMaps, and visually, numerically, and
textually report the results to the Assessor, who can review the Takers’ maps and provide additional feedback and
guidance, where appropriate. Figures 2 and 3 show Sero!’s Graphical User Interfaces for the Assessor and Taker
Roles.



Sero! provides semi-automated support in authoring AssessmentMaps, based on the MasterMaps. Concepts,
linking phrases, and propositions can be converted to Multiple Choice, Generate and Fill-In (GAFI), Select-And-
Fill-In (SAFI), Error Detection/Correction and ConnectTo assessment item types — all of which have been
demonstrated individually in the research literature as being valid and reliable methods (e.g., Moon et al., 2010;
Correia, 2016; Schau, 2001). Similar to traditional assessment formats, fill in the blank and multiple-choice
questions located throughout a concept map forces a Takers to retrieve knowledge to answer the question. While
Sero! assesses this type of necessary declarative knowledge, it simultaneously allows a Takers to see, in real time,
how an answer to one item may affect how they answer subsequent responses and the rest of the map. In this way,
Sero’s use of concept maps requires Takers to exercise reinterpretation skills as the rearrangement of information
effects a new interpretation, impacting connected concepts, some of which were determined by the Taker, and how
that may alter other relationships throughout the rest of the map.

Figure 2. Sero! Assessor Graphical User Interface — as of July 2018.

6 Validation Demonstration

In 2017, Sero! was used in a five-day, live prototype and demonstration event (“event’) aimed at demonstrating an
adaptive learning paradigm. In addition, data were collected regarding the validity of CMA’s implemented in Sero!
for the assessment of evolving learner mental models.

6.1  Event Purpose, Participants, Materials and Task

The event focused on training in the cybersecurity domain. Six terminal learning objectives and 54 enabling learning
objectives scoped the training event, which presented a large corpus of digital training materials and activities that
included simulations/games and simulated cybersecurity activities. To simulate an adaptive learning environment,
participants were enabled to select activities in the sequence they chose and/or were recommended to, based on their
performance.

Participants in the event were 73 members of the U.S. military. Of these, the performance of 45 participants
were selected for data analysis of Sero!’s capacity. The remaining participants did not complete enough of the
presented tasks to be considered for the analysis.



Figure 3. Sero! Taker Graphical User Interface — as of July 2018.

Fifty-three concept mapping-based assessments were developed for the event, matching to all but one of the
learning objectives. An example assessment map is shown in Figure 4. The assessment maps were developed from a
set of multiple-choice questions that also served as the pre- and post-test assessments for the event. As participants
completed training activities, they were also recommended to complete Sero! assessments. The 45 participants
completed the pre- and post-tests, some of the 53 Sero! assessments, and some of the training materials and
activities.

Figure 4. Sero! Taker Graphical User Interface for Demonstration Event — July 2017.



6.2 Results

The validity of the Sero! assessments was analyzed by plotting scores from the pre- and post-tests and Sero!
assessments, and establishing a “validity curve,” i.e., the line between the average pre- and post-test scores on which
the scores from the assessment should fall if they were taken chronologically in between the two other tests. Figure
5 shows the results. The black oval indicates the area within which a valid test’s scores should fall. Sero! did indeed
fall between the scores of the pre- and post-tests. The R2 value for the regression line of the averages (R2 = 0.8648)
shows that Sero! fits the validity curve well. Figure 6 shows the average scores.

Figure 5. All Scores and Validity Curve.

Figure 6. Average Scores.

In addition, scores were also analyzed across days of the training event. Because participants engaged the
training material over the course of several days, a valid assessment should expect to show scores increasing across
time. The sample in Figure 7 from one of terminal learning objectives (TLOs) shows a marked improvement from
the first day of Sero! assessments to the last, demonstrating that Sero! effectively gauged learning progress. All but
one of the TLOs showed performance improvement across time — the degraded performance in the most difficult
TLO was shown to be only slight.



In addition to scores, data regarding the completion of individual assessment items with Sero! assessments were
collected and analyzed to mark invalid attempts. An assessment completion attempt was considered invalid if very
little time (<60 seconds) elapsed for the entire assessment and/or the completion rate for all items was close to 0%.
However, in later, broader analysis of the completion rates, it was found that some question types had an unusually
low completion rate, possibly leading to a higher than appropriate rejection rate. In particular, the Error item type
completion rate was very low, reflecting performance seen during usability testing. Unlike the four other types, this

Figure 7. Sero! Assessment Performance Scores across Time.

item type is not visually prompted.

TLO Mclllllzlilie' Dli;i:;nd ConnectTo Fill-in Error
1 87% 74% 84% 91% 0%
2 80% 92% 86% 83% 0%
3 94% 88% 100% 40% 0%
4 79% 91% 0% 90% 0%
5 98% 83% 73% 43% 0%
6 100% 71% 75% N/A 20%
Average 90% 83% 70% 69% 3%
STDEV 9 9 36 26 8
Median 90% 86% 80% 83% 0%
Mode N/A N/A N/A N/A 0%

6.3 Discussion

The results demonstrated the validity of CMA’s implemented in Sero! for the assessment of evolving learner mental
models, and raised questions about the feasibility of presenting mixed, multiple assessment items in a CMA. The
demonstration was limited in the number of participants and less-than-desirable controls over the demonstration.

Table 2: Assessment Item Completion Rates




7 Summary

Mental model assessment is a key component for learning. Concept mapping-based assessments have repeatedly
shown potential for more accurately assessing mental models than other assessment techniques. Our CMA
implementation, Sero!, increases the potential for the feasibility of CMA. Future studies should capitalize on the
superiority of technology-facilitated CMA for learning and other applications, such as personnel selection.
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Abstract. This paper describes a new method for developing and refining the categories into which the concepts of a collection of
concept maps may be classified. The method is used to develop a set of ten categories into which concepts relating to the domain of
‘process safety’ may be assigned. The categories created were used to analyse 103 concept maps that were generated by second year
undergraduate chemical engineering students. The method involved defining ten different categories into which the process safety
concepts could be assigned. Each map was then analysed independently by three different assessors who each bring different
perspectives on the topic to the analysis. Each assessor assigned every concept of each of the maps to one of the ten categories. The
disagreements that inevitably occurred between the three assessors were then analysed using a novel three-way table. A close analysis
of the disagreements aided by the new table allowed each of the categories to be more closely defined, removing ambiguities and
uncertainties. The results showed that the students generally understood the non-physical preventative measure in the process
industries as well as the consequences and potential outcomes. The students appeared not to recognize the importance of education
and training in maintaining safety.
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1 Introduction

Imparting a sound understanding of process safety is a crucial element of any chemical engineering program. The
study of real past engineering incidents in the classroom is often an efficient way to emphasise the importance of
process safety. In the University of Melbourne for example, undergraduate students enrolled in chemical
engineering program learn the subject of process safety throughout their course. One challenge that any educator
faces is to how to properly assess student learning in the safety domain. A study conducted by Shallcross (2013)
suggested the use of concept maps to assess the learning and understanding of cohort and individual around the
safety case studies. Concept maps are a graphical technique of presenting information and relationship between
different concepts. This method has also been used by others researchers for example, in sustainable development
topic by Lourdel et al. (2007) and Segalas et al. (2008). In this study, we focus on the use of concept maps as a tool
for assessment, in which a new method is proposed to develop the categories, into which concepts may be allocated.
This method is applied to the development of a taxonomy for the analysis of concepts relating to process safety.

2 Methods for Concept Map Analysis

Several different techniques have been used in the past to assess concept maps. Different scoring techniques assess
different elements of conceptual organisation and understanding. Some of the scoring techniques are based on
assigning points for specific characteristics or components of a concept map, which can be grouped under
quantitative approach, while others assess concept map qualitatively. Broadly, there are six systems that can be
categorised in the former approach which includes; the weighted component scoring system; holistic scoring system;
map comparison scoring system; combination method of component scoring and map comparison system;
combination method of component scoring and holistic scoring system; as well as categorical scoring system.

In the weighted component scoring system, researchers score concept maps originally based on number of
concepts, links, cross-links and hierarchies as suggested by Novak and Gowin (1984). This was further developed
later by other researchers (Barenholz and Tamir, 1992; Heinze-Fry and Novak, 1990; Markham et al., 1994;
McClure and Bell, 1990; Nakhleh and Krajcik, 1991; Roth and Roychoudhury, 1992; Turns et al., 2000; and
Wallace and Mintzes, 1990) by either adding new features to the initial version or modifying it. In the holistic
scoring system, researchers aimed at pursuing the possibility of evaluating concept maps as a whole, Besterfield-
Sacre et al. (2004) analysed comprehensiveness, organisation and correctness of a map based on three point scale
rating.

Goldsmith et al., (1991) and Acton et al. (1994) compared students’ concept maps in terms of the likeness of
concepts and their adjacent concept, as well as the links to a criterion map. In regards to the combination method of



component scoring and map comparison system, Ruiz-Primo and Shavelson (1996) scored three criteria of the
concept maps; total proposition accuracy score, salience score and convergence score. This system was explored
earlier by other researchers who applied different variations (Champagne et al., 1978; Beyerbach, 1988; Anderson
and Huang, 1989; Hoz et al., 1990; Mahler et al., 1991; and Schreiber and Abegg, 1991).

Some researchers have experimented with the combination method of component and holistic scoring system.
For example, Jablokow er al. (2015), analysed undergraduates’ concept maps using twelve traditional metrics
(which among others include total number of concepts, hierarchies and links, map density and complexity, link
similarity and closeness index) and four holistic metrics (namely dominant structural pattern, comprehensiveness,
organisation and correctness). Nonetheless, in the categorical scoring system, (Lourdel ef al., 2007; Segalas et al.,
2008; and Shallcross, 2013) concept maps are analysed by grouping each concept to its relevant categories to
present students’ appreciation around a study domain.

In the qualitative approach, (Kinchin and Hay, 2000) proposed to extract three types of structure from concept
maps; spokes, chains and nets to indicate whether students demonstrated rote learning or meaningful learning in
their study domain. Another alternative to that was developed by Liu et al. (2005), where a set of algorithms to
perform links analysis were developed in order to identify the misconceptions of the students. The study compared
links of each concept of students’ maps with the links of each concept of a teacher’s map.

The current study is aimed at developing a more robust method to define the categories, into which the
individual concepts of a concept map might be classified. We do this by having three different assessors to analyse
each concept map, and then analysing the extent to which the assessors agree or disagree with one another. Using
the novel three-way tables, the concept types which are prone to disagreement can be identified, and then the
categories more refined.

3  Methodology

Second year chemical engineering students were given 30 minutes activity to prepare a concept map based around
the domain “Process safety”. In the previous year, they had received extensive training in the use and creation of
concept maps and had be required to prepare several concept maps on topics ranging from “mobile phones” to a
high-speed rail accident. The students were not given any concepts or joining words, just the domain. They were
expected to prepare maps of at least 25 concepts without knowing the categories that they would be assessed on, as
the development of the categories’ taxonomy were done by assessors after the activity.

A total of 103 student concept maps with the domain “process safety”” were analysed for this present study. The
maps were most well-formed with the propositions usually indicated by arrows showing how the joining words
linked the adjacent concepts. Here, it is worth noting that the maps were completed in the English language
although at least half the class were non-native English-speakers.

In his work looking at analysing the concept maps of students using safety incident case studies Shallcross
(2013) proposed the use of six categories into which individual concepts featured in students’ maps could be
classified (Table 1). Later he proposed the use of eight categories for concepts maps with “Process and personal
safety” as the domain (Shallcross, 2015). This was the first work to use concept maps to attempt to assess student
and cohort learning of engineering safety concepts. The categories covered the entire range of concepts that might
be encountered from potential hazards, and preventative measures that can be put in place to maintain safety, to the
potential consequences of any incident. Another category was defined that considered the consequences of any
event. Education and training, and actors and stakeholders were two other categories that were included. The final
category “environmental” was included in response to the significant number of concepts that could not be assigned
into any other category, but which had a definite association with the environment and the specific environmental
impacts of any incident. Because of the very large number of concepts that relate to preventative measures that can
be taken to reduce hazards and the likelihood of incidents, Shallcross proposed the use of two distinct categories, the
first relating to physical preventative measures, and the second relating to non-physical, but more procedural
preventative measures.



Categories

Safety Case study; Shallcross Process and Personal Safety; -y
(2013) Shallcross (2015) Process Safety; This study
1. Context 1. Preventative measures 0. TIrrelevant/ Unrelated
2. Incident Description (physical) 1. Potential Hazards
3. Causes 2. Preventative measures (non- 2. Preventative - physical
4. Consequences and Aftermath physical) 3. Preventative - non-physical,
5. Lessons Learned 3. Consequences procedural
6. Actors and Stakeholders 4. Actors and Stakeholders 4. Consequences and Outcomes
5. Education and Training 5. Incident Response
6. Potential Hazards/Causes 6. Education and Training
7. Incident Response 7. Actors and Objects
8. Environmental 8. Ideal and Values
9. Others

Table 1: Taxonomy of Safety Categories used in the assessment

In the current work, we have based our categories on the work of Shallcross but have replaced his
“Environmental” category with “Ideals and Values”. In our first iteration of the taxonomy, we included a ninth
category “Others” which was designed to capture all those concepts that are relevant to the domain but do not fit
well within any category. After performing an analysis of the concept maps we included another category
“Irrelevant /Unrelated” to address the not insignificant number of concepts that were completely irrelevant to the
domain. Table 2 provides more details of the categories that are proposed for the present study.

In this work three assessors independently analysed each of the concept maps applying the taxonomy of Table 2
to allocate each concept to one of the ten categories. One of the assessors is a professor of chemical engineering
who has experience in industry and expertise in process safety. The second assessor is a PhD student who has
degrees in chemical engineering and process safety, while the third assessor has no formal background or experience
in engineering, but has experience in using concept maps. An analysis of agreement and disagreement between
assessors and validity of newly developed categories’ taxonomy was conducted. We interpret agreement as identical
responses on the same concept for all assessors under similar assessment conditions (using the similar categories
guide and procedures for assessing similar concept maps). Disagreement occurs when the assessors had different
responses on the same concept under similar assessment conditions. Whereas, validity is used to ensure that the new
developed categories’ taxonomy legitimately measures students’ understanding.

The assessment steps started with the development of ten categories’ taxonomy as a first draft for process safety
domain. As shown in Figure 1, the assessment process involves two main phases. In the first phase, all three
assessors used the first draft to assessing 51 students’ concept maps (set 1). Then, the assessors’ responses were
analysed, where all agreement and disagreement were identified and analysed. Based on the disagreements in the
responses, discussions were carried out between all assessors to revise the categories’ taxonomy. Another
assessment was conducted (second phase) to validate the results obtained from the first phase. In phase two, the
assessors used the revised categories’ taxonomy to analyse 52 students’ concept maps (set 2), after which, the
assessors’ responses were analysed.
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Category

Meaning

Example of concepts

0 Irrelevant/
Unrelated

Concepts which are not precise/unclear or are
insignificant and require further explanation.
Usage of terms which are not appropriate to
describe the concepts in the domain.

chronology, results, non-often, low,
high, fuses, electric circuit, form,

purpose

1 Potential
Hazards

A source or a situation with potential for harm,
damage or adverse effects (health effects to
people, losses to property/equipment, or to
environment). Potential hazards include
dangerous objects, harmful substances and
materials, sources of energy, unsafe conditions,
processes, unsafe practices/ actions, human
factors and behaviours.

wet floor, working from heights,
malfunction equipment, welding,
electrical hazards (frayed cords,
missing ground pins), confined spaces,
vapour and fumes from welding,
flammable materials (solvents),
extreme temperatures, ergonomic
hazards (vibration, frequent lifting),
unguarded machinery, human error
(negligence, ignorance)

2 Preventative —
physical

Physical equipment that protects personnel or
process from workplace hazards, or during non-
routine operations and emergencies, help avoid
injuries, illnesses and incidents.

alarm (to indicate things getting out of
control), barrier, PPE (safety
harnesses, anchor points, lanyards),
horizontal lifelines, flare, fire sprinkler

3 Preventative —
non-physical,
procedural

Policies, procedures and practices/actions that
protect personnel or process from workplace
hazards, or during non-routine operations and
emergencies, help avoid injuries, illnesses and
incidents.

SOP, maintenance, design,
communicating with supervisors,
reporting near misses or incidents, no
smoking, hazard control plan,
redundancy

4 Consequences
and Outcomes

The effects of an unplanned event (occurrence or
change of particular set of
circumstances)/incidents resulting in or having a
potential for injury, damage or other loss to
people, property, infrastructure and processes

The outcomes/ results of action/materials
occurring earlier (positive/negative)

gas leak, fire, costs and liability,
blemished reputation, death,
punishment of breaking rules, safe
operation, cost, minimise loss, bonus,
profit

5 Incident
response

The action or involving the usage of
equipment/procedure of responding, organising,
coordinating and managing of available resources
after an imminent event to mitigate or minimise
the impact of the event or damage to people,
property, infrastructure and processes

evacuation, first aid, emergency
assembly point, fire water system,
emergency shut down
procedures/equipment, medical
treatment, containment/dikes, fire
extinguisher

6 Education and
Training

Process to equip/maintaining personnel with
knowledge and skills, awareness, understanding
and know-how required to work safely, identify
hazards, report, respond and mitigate the impact
of incidents

evacuation drill, awareness training,
worksite demonstrations, promoting
good work practices, case studies

7 Actors and
Objects

People, institutions including companies,
government and government agencies,
stakeholders that have influence in the domain

Objects - general description of equipment,

machineries, materials which are not belong to the

other categories

workers, society, management,
equipment, methanol tanks, computers

8 Ideal and
Values

Principles or standards of behaviour/ attributes
that are important to the domain

responsibility, commitment, ethics,
sustainability, reputation, safety
culture, reliability, honesty
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Category Meaning Example of concepts

9 Others Relevant/significant but inapplicable to any of the location
category of 1 to 8

Table 2: Categories’ Taxonomy for concepts related to process safety

. Evaluation
Categories' Concept Maps Responses
Taxonomy Assessment Set Analysis
Development 1
Set 1
Categories'
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEDR TaXOnOmy
Redefined
Evaluation C M
Categories Responses N oncegt ntagst
Taxonomy Final Analysis SRESS B e

Set 2

Figure 1: Assessment flow

4 Study Results

Results of this study provide a new method to validate the definition of proposed concept category as well as a new
procedure for presenting the information. After the completion of the assessment, the assessors sat together to
discuss, evaluate, and provide feedback on the concept categories’ taxonomy. The focus of the discussion was on the
evaluation of the concept categories’ taxonomy. Assessors shared their opinions regarding the strengths and
weaknesses of the concept categories’ taxonomy. It was concluded that that categorising concepts into the proposed
concept categories depends to a certain extent, on the level of subjectivity among assessors.

Based on the observation of assessors’ responses and the discussion, some concepts could be further categorised
into several categories depending on the context of the proposition. For example, the concept of ‘equipment’ can be
classified into the categories ‘Potential Hazards’ (Category 1); or ‘Preventative-Physical’ (Category 2);
‘Consequences and Outcomes’ (Category 4); or ‘Actors and Objects’ (Category 7). As illustrated in Figure 2,
concept ‘equipment’ in the left box was classified in category ‘Preventative-Physical’ (Category 2) while in the right
box, the concept was assigned into category ‘Consequences and Outcomes’ (Category 4). Thus, assessors agreed
that interpretation is crucial to determine the most appropriate category for particular concepts that have several
different meanings, as shown in the example above. Moreover, the assessors were trained to analyse this type of
concepts according to the context to understand the intended meaning, in order to correctly categorise it. Category 9,
“Others” was used by the assessors when it became very difficult to readily assigned into one of the more defined
categories of 1 to 8. The concept “location” is an example of a concept with a valid place in a concept map on
“process safety” but which is difficult to assign into one of the eight main categories. This would be assigned to
Category 9.
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Figure 2: Samples from students’ concept maps showing example of concept ‘equipment’

Next, responses collected from the assessors were presented in a newly developed three-way table (Figure 3).
The three-way table exhibits regions in which the assessors’ responses were compared against each other. One of the
advantages of presenting assessors’ responses in a three-way table, is that it clearly shows the number of agreements
and its total, as well as the number of disagreements between the assessors. This is a crucial observation in
validating the concept categories’ taxonomy. Figure 3 is used to introduce the reader to the new method of
presenting data using just three categories. The table is designed around three interlinked tables, the one table
showing how the responses from Assessor A compare with those of Assessor B, another table showing the
comparison between Assessors B and C, and the third (and highlighted) table comparing the responses of Assessors
A and C. In the upper example, we see that on 16 occasions, both Assessors B and C agreed that a concept should
be assigned to Category 2, but on 8 occasions, Assessor A recommended that a concept be assigned to Category 1
while Assessor B concluded that the same concept would better be categorised into category 3. Considering now the
lower part of Figure 3, some of the highlighted features include that Assessor B assigned 22 concepts in total to
Category 1, while Assessors A and C agreed on 79 occasions with one another.

Now consider Figure 4 which presents the full set of data for 103 concept maps, independently analysed by the
three assessors. We note that the number of the distributions in the agreement boxes were almost comparable across
all categories for all assessors. This suggests that the techniques used to evaluate the concept maps was appropriate
and reproducible. Although the agreement responses between assessors were remarkably similar, especially on
Category 3 (Preventative —non-physical, procedural), Category 4 (Consequences and Outcomes) and Category 7
(Actors and Objects), this study also explores the categories in which assessors had many disagreements. For
example, the concepts of ‘fire-sprinkler” and ‘flare’ are planned equipment which function to protect personnel or
process from incidents as prevention (Category 2) rather than as a response (Category 5) to incidents. As a result of
this confusion, assessors had disagreement in these two categories in both phase 1 and phase 2 evaluation. This
confusion however was solved during the discussion and knowledge sharing session among assessors.

In addition, three-way table also presents the total number of responses for every category by the assessors. This
was important in this study as one might predict that ideally every assessor must have similar total number of
responses for every category if they have 100% agreement on the categorisation. However, the results show a
different trend. For example, the total responses of Assessor A for Category 1 is 338, while for Assessor B and
Assessor C it is 197 and 252, respectively. Also, it is worth noting that, for summation agreement score between
Assessors A and C is higher (1824 responses) compared to summation agreement between Assessors A and B (1549
responses) and Assessors B and C (1658 responses). We assume that this is because Assessor B has no formal
education on process safety domain. Although this study expected assessors to have high agreement and responses,
assessors might have their own understanding and interpretation on certain concepts. Hence, this explains the
disagreement between assessors and also variation observed in the results. Another contributing reason could be that
the students’ concept maps were fragmented and scattered structurally, with incomplete proposition (without linking
words) thus, making the marking process more challenging.



Although we do not directly measure student understanding in this study, we can see from the summation box
(indicated by dark grey) that assessors have classified significant numbers, about one fifth of students’ concepts in
category preventative — non-physical, procedural (Category 3), followed by category consequences and outcomes
(Category 4) for more than 14%. It shows here that students understood the non-physical preventative measure in
the process industries as well as the consequences and potential outcomes. However, the students appeared not able
to correlate strongly on the importance of education and training in maintaining safety, as shown only 5% of
students’ concepts were classified in Category 6.

Categories :
Preventative - A
Potential Hazards hysical non-physical,
Py procedural

Figure 3: Three-way table of responses between the three assessors
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Response
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and
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Ideal and
Values

Others

Figure 4: Three-way table of overall responses of students’ concept maps (n=103)

5 Concluding Remarks

Ensuring that chemical engineering students graduate with a sound understand of the importance of process safety is
vitally important. Assessing student knowledge around important concepts in process safety can be difficult if the
topic is integrated throughout the curriculum without one single subject or unit being a focus. We believe that the
use of concept maps is a valuable tool in assessing student and cohort knowledge of process safety. Hence, this
would be beneficial to guide instructors in teaching process safety in the future as it able to identify attributes that

students may have struggled with in the class.




In developing a method to assess student concept maps for process safety we have developed a new tool. This
tool, the three-way table, allows concept map categories and definitions to be better defined by identifying the
particular situations when three assessors disagree with how particular concepts should be classified. The tool is an
excellent way to focus discussions between the three assessors in order to better define the categories. This novel
approach leads to a more robust and reliable taxonomy, and has been successfully applied to the developed a
taxonomy for the domain of “process safety”.
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Abstract A learning activity was designed that included the use of the Pajitex model. This is an analog model that allows a student to
construct three-dimensional representations of nucleic acids. Their conceptual pertinence was evaluated in relation to the following
aspects of DNA: general information, structure, processes and applications. The evaluation was carried out with a group of high
school students who studied a subject of Biology. The concept map was used as an assessment tool, based on the Concept Map
Analysis of Structures (AEMC). To achieve this, an expert concept map was elaborated, based on some of the learning resources
considered in the activity. This concept map was modified by removing most of the concepts, and retaining the phrases links and
architecture. This concept map was the one that was provided to the students so that they will complete it with a list of attached
concepts. The application was made twice, at the beginning and end of the learning activity. According to the AEMC, the statistical
test of 2 (chi square) was applied, and the calculation of frequencies and percentages was performed. From the analysis carried out, it
is concluded that the Pajitex model is a didactic model that favors the learning of the DNA structure. The completion of the boxes on
the first map by students increased from 41% to 84% on the second map. This difference was significant. (y2 =29.3, gl = 15, p> 0.05).
The area in which the Pajitex model had a significant influence was the region of the concept map identified as the DNA structure.
According to the results obtained, it is suggested to include as one of the tools of the AEMC, analysis by cognitive areas in the expert
map

Resumen. Se disefio una actividad de aprendizaje que incluyé el uso del modelo Pajitex. Este es un modelo analogico que permite a
un estudiante construir representaciones tridimensionales de los acidos nucleicos. Se evalud su pertinencia conceptual con relacion a
los siguientes aspectos del ADN: informacion general, estructura, procesos y aplicaciones. La evaluacion se realizo con un grupo de
estudiantes de bachillerato que cursaron una asignatura de Biologia. El mapa conceptual fue utilizado como instrumento de
evaluacion, basandonos en el Analisis Estructural de Mapas Conceptuales (AEMC). Para lograrlo, se elaboré un mapa conceptual
experto, con base en algunos de los recursos de aprendizaje considerados en la actividad. A este mapa conceptual se le modifico
quitandole la mayoria de los conceptos, y conservando las frases enlaces y la arquitectura. Este mapa conceptual fue el que se
proporcioné a los estudiantes para que lo completaran con una lista de conceptos anexa. La aplicacion se realizo en dos ocasiones, al
inicio y final de la actividad de aprendizaje. De acuerdo con el AEMC, se aplico la prueba estadistica de 2 (chi cuadrado), y se realizo
el calculo de frecuencias y porcentajes. Del analisis realizado, se concluye que el modelo de Pajitex es un modelo didactico que
favorece el aprendizaje de la estructura del ADN. El completado de las casillas del primer mapa por los estudiantes paso de 41% a
84% en el segundo mapa. Esta diferencia fue significativa. (y2 = 29.3; gl= 15, p > 0.05). El 4rea en la cual influy6é de forma
significativa el modelo de Pajitex, fue la region del mapa conceptual identificada como Estructura del ADN. De acuerdo con los
resultados obtenidos, se sugiere incluir como una de las herramientas del AEMC, andlisis por areas cognitivas en el mapa experto.

Keywords: Evaluation, DNA model, Biology, AEMC, fill in map.

1 Introduccion

El Andlisis Estructural de Mapas Conceptuales (AEMC) se ha utilizado como una herramienta auxiliar para
interpretar y transformar un mapa conceptual en una matriz de asociacion o relacién. El componente principal de
este instrumento se relaciona con la posibilidad de sumar matrices individuales a partir de mapas conceptuales
transformados, para obtener una matriz grupal, la cual puede ser utilizada para facilitar diferentes tipos de andlisis
estadisticos. El AEMC ha sido aplicado para diagnosticar desde ideas previas en estudiantes, hasta valorar el
aprendizaje de alumnos sobre contenidos cientificos, asi como las estrategias didacticas empleadas (Gonzélez et al.,
2004; Gonzélez et al. 2006). Un andlisis de investigaciones relativas al AEMC en diferentes areas del conocimiento
se puede localizar en Hermosillo et al. (2010).

Una linea de investigacion del AEMC es referente al tipo de mapa conceptual que Ruiz-Primo (2004) clasifica
como fill-in-map, y que Gonzalez et al. (2006) designan como mapa conceptual cerrado. Este tipo de mapa
conceptual se fundamenta en la siguiente técnica de elaboracion. Un especialista construye un mapa conceptual
experto de algin tema. Posteriormente se seleccionan algunos conceptos y/o enlaces, los cuales son suprimidos del
mapa experto. El mapa conceptual experto modificado es proporcionado al estudiante para que complete las piezas
faltantes mediante una lista de conceptos y/o frases enlaces; la lista de piezas evita problemas de equivalencia
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semantica entre los elementos propuestos por el mapa experto y el alumno (Hernandez, 2005). En este caso, la
matriz grupal de conceptos se obtiene al concentrar la informacién de cada mapa conceptual cerrado que fue
completado por cada estudiante. La informaciéon que proporciona el mapa conceptual grupal y la matriz de
conceptos permite determinar frecuencias de mencion de cada concepto ya sea por azar o por certidumbre y
contrasta hipétesis de tendencias o patrones (Gonzalez et al., 2006; Hermosillo, et al. 2014). Recientemente se han
realizado capturas digitales de los mapas cerrados que permita obtener matrices de conceptos de forma mas
eficiente, (Gonzélez et al., 2016).

El AEMC ha sido empleado para evaluar representaciones tridimensionales (Hermosillo et al, 2014),
investigacion en la cual se compararon modelos analdgicos y digitales de la estructura del operon, un modelo del
funcionamiento de los genes. Para este trabajo, analizaremos la comprension de la estructura y funcion del acido
desoxirribonucleico (ADN) empleando el modelo didactico Pajitex (Abreu de Andrade et al., 2011). Este modelo
analdgico permite hacer representaciones tridimensionales de acidos nucleicos. El modelo de la molécula de ADN
fue propuesto por James Watson y Francis Crick en 1953 con la publicaciéon de su articulo en la revista Nature. El
modelo consta de una doble cadena de polinucledtidos en forma de una escalera de caracol o hélice. Cada cadena
tiene un eje azucar-fosfato que corresponde al pasamanos de la escalera y los escalones estan representados por las
uniones de bases nitrogenadas que son: adenina con timina y guanina con citocina. También se pueden representar
cadenas de ARN que son sencillas y se sustituye la timina por uracilo, (Watson y Berry, 2003) El modelo original
fue construido con material metélico, representando cada una de sus partes. En el caso de Pajitex, se intenta hacer
una representacion general de la estructura del ADN, sustituyendo lo metalico por material reutilizable de bajo
costo, que sirva como modelo didactico en las escuelas.

Por lo general, la comprension de estructuras moleculares constituye un problema recurrente en la ensefianza de
las ciencias, por la carga cognitiva abstracta del contenido. Castro (2011) considera que estas dificultades se pueden
afrontar mediante la construccion y comprension de modelos. La modelizacion es una de las estrategias recurrentes
en la enseflanza de la biologia. La ensefianza de la biologia molecular utiliza modelos mecanicistas que permite
explicar y entender aquello que no se puede observar a simple vista, tal es el caso de las estructuras moleculares.
Marquez y Sarda (2008), consideran que es importante utilizar maquetas en el estudio de los seres vivos. Sefiala que
el proceso de construir maquetas requiere el uso de un lenguaje representacional no verbal ayuda a concretar ideas y
tomar decisiones sobre recursos que permiten construir al modelo. La tridimensionalidad es otro aspecto que
favorece el planteamiento de preguntas diferentes y la problematizacion de aspectos espaciales. Asimismo, la
construccion de la maqueta en grupo promueve una comunicacion efectiva entre el alumnado, ya que debe tomar
decisiones en relacion con una problematica comun.

En sintesis, en este trabajo se utilizo el AEMC como instrumento de evaluacion del modelo didactico
denominado Pajitex, el cual permite a un estudiante construir moléculas de ADN y/o ARN con material reutilizable.
La ventaja de utilizar este modelo didactico es facilitar la comprension de una tematica que se considera dificil en la
ensefianza de las ciencias, que es la genética y su relacion con la sintesis de proteinas. La idea de emplear a Pajitex
es contribuir a que, mediante el proceso de construccion de la molécula de ADN y/o ARN, el alumno pueda
representar y trabajar en tres dimensiones y de forma dinamica, algunos conceptos relacionados con la estructura y
funcion de los acidos nucleicos. Por lo cual, el propodsito de este trabajo es analizar y comentar los resultados
obtenidos al evaluar, por medio del AEMC, el modelo de Pajitex, el cual fue aplicado a estudiantes de bachillerato
de la Escuela Nacional Preparatoria (ENP). De forma consecuente, el valorar si este tipo de aprendizaje, mediado
por la construccion de modelos, en que proporcion se refleja en el completado del mapa conceptual experto.

2  Metodologia

2.1 Aplicacion del Modelo para la Construccion de la Molécula de ADN

La muestra estudiantil que participd en esta investigacion estuvo constituida por 16 estudiantes, 10 mujeres y 6
hombres, cuya edad oscilé entre los 17 y 18 afios. Los alumnos estuvieron inscritos en la asignatura de Temas
Selectos de Biologia, la cual esta ubicada en el ultimo grado del bachillerato en el plantel 2 de la ENP, institucion
que forma parte del sistema de educacion media superior de la Universidad Nacional Autéonoma de México
(UNAM). La asignatura incluye como uno de sus contenidos el tema de Genética Molecular en la unidad de
estudios: Interaccion: Bioquimica, Ingenieria Genética y Biotecnologia. Se considera prioritario el concepto de

23



estructura y funcion del ADN para abordar aplicaciones en la ingenieria genética, terapia génica, biotecnologia y
medicina (ENP, 1996).

Abreu de Andrade ef al. (2011) precisan en su descripcion del modelo Pajitex que es “...un modelo didactico
tridimensional para la enseflanza de acidos nucleicos (ADN y ARN) a partir de materiales de bajo coste, como:
pajitas de refresco, tijeras, elastico latex y aguja; de simple manipulacion y de facil adquisicion en el mercado”
(p.115). Destacan la importancia del uso de este modelo en la ensefianza de conceptos relacionados con acidos
nucleicos y problematicas asociadas a la replicacion semiconservativa de la molécula de ADN, transcripcion,
recombinacidn genética, transgénicos y terapia genética, entre otros.

En la figura 1 se muestra el modelo de Pajitex que fue modificado y elaborado por los alumnos de esta muestra
de estudio. Entre las adaptaciones al modelo original destaca la referente a incluir botones o botonaduras que
representan la molécula de desoxirribosa, y cuentas de madera que corresponden a los grupos fosfato. El modelo
original representa estas estructuras solo con amarres en el hilo elastico.

2.2 Desarrollo de la Estrategia

Se disefi6 una actividad de aprendizaje para los alumnos sustentada en el uso del modelo Pajitex en el salon de
clases. El encuadre de la actividad se realizdé mediante una entrada de blog que permitié describir el desarrollo de
esta (http://biologiavenp2.blogspot.mx/2018/04/que-es-el-adn.html). Fue durante esta sesion que se aplicod por
primera vez el mapa conceptual cerrado, aspecto que se detalla en parrafos posteriores. También en esta sesion se
conformaron equipos de tres integrantes y se les planted preguntas foco relacionadas con la molécula de ADN.
Dichas preguntas fueron: ;Qué es el ADN?, ;Cual es la estructura del ADN?, ;Cual es la funcion del ADN? y ;Cual
es su importancia en diversos campos como el médico o alimenticio?, las cuales sirvieron como base en el desarrollo
de la actividad de aprendizaje.

Figura 1. Modelo Pajitex para la construccion de una molécula de ADN. Se presentan adaptaciones al modelo original en la forma de representar
la desoxirribosa (boton) y el grupo fosfato (cuenta de madera). Los alumnos lo utilizaron para entender la estructura del ADN.

En la siguiente sesion se proyectaron en el aula dos videos introductorios y de esta forma comunicar de forma
audiovisual los antecedentes y descripcion de la estructura del ADN. Estos videos fueron incluidos posteriormente
en otra entrada del blog. A continuacion, se proporcionoé a cada equipo los materiales necesarios para construir las
moléculas de ADN sugeridos en el modelo Pajitex. La instruccion a los estudiantes fue que utilizaran la informacion
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de los videos como guia en la construccion de las moléculas de ADN. El tiempo empleado, incluida la proyeccion
de los videos y la construccion del modelo, fue de dos sesiones de 50 minutos cada una.

En una segunda etapa, los alumnos observaron en el aula tres videos que describen procesos y aplicaciones de la
molécula del ADN: Duplicacion. Transcripcion, Transgénicos y Terapia Génica. Los videos fueron incluidos en el
blog una vez que fueron proyectados. A cada equipo se le asignd una tematica, y se solicité que la explicaran
haciendo uso del modelo Pajitex que construyeron. La actividad permitié que se hiciera uso del modelo y que,
mediante una discusion grupal, los alumnos entendieran las caracteristicas de las problematicas asociadas a algunas
de las tecnologias derivadas del conocimiento del ADN.

2.3. Diserio del Mapa Conceptual y Aplicacion del AEMC

Se elaboré un mapa conceptual experto a partir de los 2 videos introductorios. El mapa conceptual experto incluyd
28 conceptos (figura 2), a partir del cual se elaboré un mapa conceptual cerrado para aplicacion, que conservo cinco
conceptos como organizadores previos, las frases enlaces y la arquitectura del mapa conceptual experto (figura 3). A
este mapa conceptual cerrado modificado se le afiadié una lista de 30 conceptos en orden alfabético, que incluyé 23
conceptos del mapa experto y siete conceptos distractores. Este fue el mapa conceptual modificado, a partir del
experto, que le fue proporcionado a cada estudiante para completar, como se aprecia en la figura 3. Esta idea de
utilizar los conceptos y frases enlaces como organizadores previos ya ha sido aplicada en otras investigaciones
(consultar Hermosillo et al., 2010), y parte de la premisa de emplearlos como “puentes cognitivos”, como lo expresa
Moreira (2008:24), al interpretar a Ausubel, que “la principal funcién del organizador previo es la de servir de
puente entre lo que el aprendiz ya sabe y lo que él debia saber con el fin de que el nuevo material pudiera ser
aprendido de forma significativa”.

El mapa conceptual modificado se proporcionoé a cada alumno en dos momentos para que lo completaran. La
primera aplicacion fue al inicio de la primera sesion, antes del encuadre. Los alumnos ya tenian la habilidad, por
actividades previas en el curso, para completar este tipo de mapa conceptual. La segunda aplicacion se realizo al
final del trabajo, posterior a la presentacion y discusion grupal de las tematicas asociadas a la molécula de ADN,
haciendo uso del modelo Pajitex. El tiempo de duracion de la aplicacion de las plantillas fue de 30 minutos,
aproximadamente en cada momento

Para el analisis de resultados, de acuerdo con el AEMC, se realizo el calculo de frecuencias y porcentajes.

Asimismo, se aplico la prueba de y* (chi cuadrado) en algunos casos, detallados en los resultados, para establecer si
hubo diferencias significativas (p > 0.05) con base en las tablas de x* de Steel y Torrie (1993).

Figura 2. Mapa conceptual cerrado experto elaborado con base en los dos primeros videos proyectados a los estudiantes. Las casillas con negritas
corresponden a los conceptos que permanecieron en el mapa conceptual proporcionado a los estudiantes.
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Figura 3. Mapa conceptual experto modificado que fue el que se proporciono a los estudiantes. Se destacan cinco conceptos como organizadores
previos y una lista de 30 conceptos a elegir por los alumnos para ser colocados en las casillas.

3 Resultados y Discusion

En la tabla 1 se muestran los resultados de las frecuencias y porcentajes de aciertos antes y después de aplicar el
modelo de Pajitex. El nimero de la muestra es de 16 mapas conceptuales, y los conceptos a completar fueron 23. Al
aplicar la prueba estadistica de y: se encontré que hubo diferencias significativas en el completado de las casillas
antes y después de la aplicacion del modelo de Pajitex (y: = 29.3; gl= 15, p > 0.05). Lo anterior lo interpretamos en
el sentido de que la actividad realizada con el modelo Pajitex, favorecié el que una proporcién estudiantes pudiesen
completar de forma mds adecuada el mapa conceptual, como muestran los datos de la tabla 1.

Frecuencias y porcentaje de
conceptos completados Antes de aplicar Después de aplicar leerensla entre'antes y
correctamente por los o . después de aplicar el
. el modelo Pajitex el modelo Pajitex .
estudiantes de acuerdo con el modelo Pajitex
mapa experto
Frecuencia minima 4 11
Frecuencia maxima 16 22
Promedio de frecuencia 9.5 18.8 9.3
Porcentaje de frecuencia 41 81.8 40.8

Tabla 1 Frecuencias y promedios de los mapas conceptuales completados por los alumnos antes y después de la aplicacion del modelo Pajitex. El
numero de mapas resueltos fue de 16 en cada aplicacion, y los conceptos correctos, de acuerdo al mapa conceptual experto fue de 23. La
diferencia en la frecuencia de completado fue significativa antes y después de aplicar el modelo (¥2 = 29.3; gl= 15, p > 0.05).
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Al analizar los 23 conceptos, por medio de la prueba de %, se encontrd que, con excepcidn de cuatro conceptos,
los 19 restantes presentaron diferencia significativa en la frecuencia de completado antes y después de la aplicacion
del modelo. En la tabla 2 se muestran los datos de los conceptos que no presentaron una diferencia significativa.
Esto sugiere, por los valores de completado en ambas aplicaciones, que el concepto de Acido ribonucleico ya era
manejado por los alumnos antes de la aplicacion del modelo Pajitex. En el caso de los conceptos de James Watson 'y
Transcripcion, estos eran manejado por los estudiantes (75% y 56.2% respectivamente), pero la actividad con el
modelo Pajitex no modifico la proporcion de completado; nula en el concepto de James Watson, y escasa en el
concepto de Trancripcion (6.3%). El concepto de Semiconservativa no fue identificado por la mayoria de los
estudiantes, ni antes ni después de la aplicacion del modelo Pajitex (93.8%).

Conceptos que no Frecuencia Frecuencia
presentaron (porcentaje) antes | (porcentaje) después | , <2 _ -
diferencia de aplicar el de aplicar el modelo 1 caleulado < tablas gl =1, p > 0.05
significativa modelo Pajitex Pajitex
Acido
. . 16 (100 % 16 (100 % 0<3.8
desoxirribonucleico ( ) ( )
James Watson 12 (75 %) 12 (75 %) 0<3.8
Transcripcion 9 (56.2 %) 10 (62.5 %) 0.1<3.38
Semiconservativa 1 (6.2 %) 1(6.2 %) 0<3.8

Tabla 2 Frecuencias y porcentajes de los conceptos que no registraron una diferencia significativa en el completado correcto del mapa
conceptual, antes y después de la aplicacion del modelo Pajitex. La tabla de contingencia de 2 x 2 fue ajustada de acuerdo lo sugerido por Steel y
Torrie (1993) para frecuencias de datos menores a 5 para el 20% de las casillas.

Al analizar el mapa conceptual experto, como en la investigacion del modelo de operon de Hermosillo et al.
(2004), se ubicaron tres categorias o regiones que serian las siguientes: Informacion General (figura 4), Estructura
del ADN (figura 5), y Procesos y Aplicaciones (figura 6).

que significa
tiene una
forma de
ACIDO DESOXIRRIBONUCLEICO ) DOBLE HELICE
1 . ANTES - DESPUES
ANTES - DESPUES 75 100
1 100 100 1
- - propuesta por
que constituye la unidad [R— [R—
de informacién [ JAMES WATSON |
denominada
I antes - pespues | [FRANCIS CRICK]
1 75 75 ]

localizado
en el

CROMOSOMA

ANTES - DESPUES
68 100

Figura 4. Region del mapa conceptual experto denominada como Informacion General que muestra los porcentajes de completado para cada
concepto antes y después de la aplicacion del modelo de Pajitex. Los conceptos encerrados con linea intermitente fueron no significativos, en
tanto que los conceptos encerrados con linea continua fueron significativos para la prueba de * (gl= 1, p > 0.05).
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FOSFATO

ANTES - DESPUES

AZUCAR

ANTES - DESPUES

constituido
por la unidad estructural
llamada

NUCLEOTIDO

forrmado por
las moléculas

BASES
NITROGENADAS

ANTES - DESPUES

que dan lugar a
polinucleétidos

38 100 25 94 25 94 en forma de
denominada ifi
que se clasifican en CADENAS ANTIPARALELAS
ANTES - DESPUES
DESOXIRRIBOSA PURINAS PIRIMIDINAS 38 81
ANTES - DESPUES ANTES - DESPUES || ANTES - DESPUES
s 38 %4 38 94 determinadas
por el sentido opuesto
incluye a . de su
las bases incluye a
las bases
ADENINA GUANINA CITOSINA TIMINA SECUENCIA 5°-3°

ANTES - DESPUES
31 81

ANTES - DESPUES
25 85

ANTES - DESPUES

19 69 19 75

ANTES - DESPUES

ANTES - DESPUES
31 81

Figura 5. Region del mapa conceptual experto denominada Estructura del ADN que muestra los porcentajes de completado para cada concepto
antes y después de la aplicacion del modelo de Pajitex. Todos los conceptos presentaron diferencia significativa para la prueba de 2 (gl=1,p >
0.05).

involucrado en
procesos como

13

DUPLICACION

ANTES - DESPUES

i

56

que es de tipo

—

TRANSCRIPCION |

ANTES - DESPUES |

permite resolver problemas
en los campos de

TERAPIA
GENICA

ANTES - DESPUES

56 62
- - = 75 100
donde se copia
una cadena .
utilizada

a una molécula de

principalmente en

-~ -
ARN
| SEMICONSERVATIVA MENSAJERO
1 : .
ANTES - DESPUES ANTES - DESPUES m
oo 56

TRANSGENICOS

ANTES - DESPUES
56 100

que permite modificar
productos de la

ALIMENTACION

ANTES - DESPUES
63 100

Figura 6. Region del mapa conceptual experto denominada Procesos y aplicaciones que muestra los porcentajes de completado para cada
concepto antes y después de la aplicacion del modelo de Pajitex. Los conceptos encerrados con linea intermitente fueron no significativos, en
tanto que los conceptos encerrados con linea continua fueron significativos para la prueba de 2 (gl= 1, p > 0.05).
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Con base en estas categorias se procedio a realizar analisis. Los datos de frecuencia y porcentaje se muestran en

la tabla 3 y los resultados de las pruebas estadistica en la tabla 4.

Regiones del mapa
conceptual (nimero
de conceptos que
agrupa la categoria)

Frecuencia (porcentaje)
de casillas completadas
correctamente antes de
aplicar el modelo
Pajitex

Frecuencia (porcentaje)
de casillas completadas
correctamente después
de aplicar el modelo
Pajitex

Diferencia [Frecuencia
(porcentaje)] de casillas
completadas correctamente
entre antes y después de
aplicar el modelo Pajitex

Informacion general

(4 conceptos) 51(79.7 %) 60 (93.8 %) 9 (44.1%)

?ztr(‘:‘g;‘lf‘pfssl)ADN 53 (27.6 %) 165 (85.9 %) 112 (58.3%)
Procesos y

aplicaciones 47 (41.1 %) 77 (88.8 %) 30 (27.7%)

(7 conceptos)

Tabla 3 Frecuencias y porcentajes de completado de las casillas del mapa conceptual, antes y después de la aplicacion del modelo Pajitex,
agrupados con base en las categorias en las cuales se clasifico el mapa conceptual experto.

Categorias involucradas

uc Resultado de la prueba 2
en la prueba estadistica de %2

a) Informacion general,

b) Estructura del ADN,

c) Procesos y aplicaciones.
a) Informacion general y
b) Estructura del ADN,

a) Informacion general,

c) Procesos y aplicaciones
b) Estructura del ADN,

c) Procesos y aplicaciones.

16.9, (gl=2, p > 0.05) significativa

15.9, (gl=1, p > 0.05) significativa

2.6, (gl=1, p > 0.05) no significativa

6.3, (gl=1, p > 0.05) significativa

Tabla 4. Resultados de la prueba %2; primero entre las tres categorias y después por parejas de categorias.

La interpretacion a los datos de las tablas 3 y 4 es que las categorias fueron influenciadas de forma diferente por
el modelo de Pajitex. La categoria, Estructura del ADN, fue la que registro un incremento significativo del
completado de las casillas del mapa conceptual proporcionado a los estudiantes, e incluso al compararla con las
otras dos categorias, Informacion general, Procesos y aplicaciones.

Desde esta perspectiva, los analisis anteriores del completado del mapa conceptual corroboran que el modelo de
Pajitex contribuye de forma significativa a facilitar el aprendizaje de la estructura del ADN. Sin embargo, también
sugieren estos analisis que es necesario modificar los recursos o las actividades para que lograr el aprendizaje de
algunos de los procesos en los que interviene el ADN, como es el de transcripcion. Quiza en ese sentido el mapa
conceptual debiera incluir mas conceptos asociados a este proceso, asi como del tipo de duplicacion, y no tanto del
concepto semiconservativa. Por ultimo, el concepto de Acido desoxirribonucleico estuvo presente en la estructura
cognitiva de los estudiantes que completaron el mapa conceptual, por lo cual debe incluirse como organizador
previo en el mapa conceptual a resolver por los estudiantes.

4  Conclusiones
La aplicacion del AEMC permitié establecer andlisis estadisticos que corroboraron que el modelo de Pajitex es un

modelo didactico que favorece el aprendizaje de algunos conceptos relacionados con la estructura del ADN.
Asimismo, la estrategia de dividir el mapa conceptual experto por regiones de conocimiento facilitd la interpretacion
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de los resultados, y que esta correlacionada y sustentada con el andlisis estadistico de concepto por concepto. De
esta forma, una contribucién al AEMC seria el utilizar andlisis, por regiones cognitivas, en mapas expertos.
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Abstract. Research carried out with 10th and 11th grade students in a Bogota public school. Quantitative research was implemented a
4 x 4 design of two variables: learning styles and knowledge representation systems. The participants were classified by applying the
VARK learning style inventory; according to learning styles they were classified in Visual, Aural, Read/write, Kinesthetic. The
knowledge representation systems used during the research were concept maps, mind maps, computer graphics and timeline. The
objective of the research was to determine if there are significant differences in the conceptual transfer between students according to
their learning styles and their knowledge representation systems used in the study of citizenships skills, using SABER 11°
examinations as strengthening resources. The study revealed that 52% of the students were kinesthetic. The knowledge representation
systems that allow students got the best findings were concept maps and timelines, although the results were not significant.

Keywords: concept mapping, learning styles, citizenskills, problem based learning.

Resumen. Investigacion realizada con estudiantes de grado 10° y 11° en un colegio distrital de Bogota. En la investigacion
cuantitativa se implement6 un disefio 4x4 de dos variables: estilos de aprendizaje y sistemas de representacion de conocimiento. Los
participantes se clasificaron aplicando el inventario de estilos de aprendizaje VARK, de acuerdo con los estilos de aprendizaje se
clasificaron en visuales, auditivos, lectoescritores y kinestésicos. Los sistemas de representacion del conocimiento utilizados en la
investigacion fueron mapas conceptuales, mapas mentales, graficos de computador y linea de tiempo. El objetivo de la investigacion
fue determinar si existen diferencias significativas en la transferencia conceptual entre los estudiantes segln sus estilos de aprendizaje
y sus sistemas de representacion de conocimiento utilizados en el estudio de las habilidades de ciudadania, utilizando los examenes
SABER 11° como recursos de fortalecimiento. El estudio reveld que el 52% de los estudiantes eran kinestésicos. Los sistemas de
representacion del conocimiento que permitieron a los estudiantes obtener los mejores resultados fueron los mapas conceptuales y
lineas de tiempo, aunque las diferencias entre resultados no fueron significativas.

Palabras clave: mapas conceptuales, estilos de aprendizaje, competencias ciudadanas, aprendizaje basado en problemas.

1 Introduccion

El desarrollo de las competencias politicas en los sujetos, los cualifican para participar en la vida democratica y no
solo para conocerla. Estos conocimientos les permiten, ademds de entender la ciudadania, pensar y actuar como
ciudadanos (Davies, 2003). En el contexto del postconflicto colombiano, algunas preguntas que reflejan
preocupaciones auténticas en los espacios educativos son ;jcomo mejorar los desempefios de las competencias
ciudadanas y las habilidades de pensamiento critico de los estudiantes de secundaria?, ;como aprovechar las
aplicaciones y desarrollos informdticos para aportar en las bases del conocimiento en el desarrollo de las
competencias ciudadanas?, jcomo generar una estrategia pedagdgica pertinente para la conceptualizacion de las
competencias ciudadanas desde el aprendizaje auténomo?

Estudiar la influencia de actividades para el desarrollo de habilidades de pensamiento critico en el &mbito del
conocimiento dentro de las competencias ciudadanas, da cuenta del desarrollo literal, inferencial y critico y la
transferencia (Saiz & Rivas, 2008) de los conocimientos de los estudiantes a sus escenarios de decision y
participacion. Este trabajo es una aproximacion al conocimiento de como es posible construir competencias
ciudadanas a través de estrategias multinivel a partir de la interestructuracion de conocimientos (Not, 1983) con
sistemas de representacion tipo mapa conceptual, linea de tiempo ¢ infografia.
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2 Diseiio de la Estrategia ABP

Para la investigacion la estrategia ABP fue una estrategia mixta, presencial y virtual, mediada a través de la
plataforma Claroline, con un documento guia tipo ribrica (Hansson, Svensson & Strandberg, 2014), sobre el
desarrollo histdrico y conceptualizacion de las ideas politicas, que incluye en su estructuracién del pensamiento
critico los niveles literal, inferencial y critico (Priestley, 1996), andlogos a los posteriormente estructurados y
profundizados por Saiz (2016) argumentacion, razonamiento causal y 16gico, y explicacion y causalidad, y toma de
decisiones (Ver Tablal).

Relacion segun niveles de desarrollo, estrategias y productos de la estrategia ABP

Desarrollo del pensamiento critico Actividades de la estrategia Productos
Nivel literal Conceptos y descripcion de contextos Consultas referenciadas
Dibujos
Nivel inferencial Sistemas de  representacion  de Mapa conceptual
conocimiento Linea de tiempo
Nivel critico Evaluacion de ideas politicas Infografias

Articulo periodistico
Propuestas de accion y camparias del
gobierno escolar

Tabla 1. Estructura de contenidos de la estrategia ABP.

Durante el desarrollo de la estrategia, los sujetos tuvieron cinco momentos para la construccion de sus
aprendizajes: motivacion, trabajo individual, trabajo en grupos, evaluacion y retroalimentacion. A través de una
programacion semanal se gener6 un proceso de 15 semanas con una intensidad horaria de 110 minutos a la semana y
una propuesta de horas de trabajo autobnomo en casa de 55 minutos por semana.

Figura 1. Producto nivel inferencial sobre Constitucion Politica Colombiana.

Se plantearon retos sobre gobierno escolar, constitucion politica colombiana, conceptos politicos, historia de las
ideas politicas, proceso de paz y post conflicto. Estos retos se basaron en los campos propuestos por la prueba
estandarizada estatal SABER 11 (Instituto Colombiano para la Evaluacion de la Educacion, 2017): pensamiento
social, interpretacion y analisis de perspectivas y pensamiento reflexivo y sistémico, en relaciones que deben
plantearse del modo competencia — afirmacion — evidencia, segun los niveles de desarrollo de pensamiento critico
pertinentes.

En las actividades de sistemas de representacion de conocimiento, nivel inferencial, a partir de las consultas

referenciadas producidas en el momento del nivel inferencial, los estudiantes trabajaron para producir en primera
instancia los mapas conceptuales de los conceptos centrales, en este caso, estructura de la Constitucion Politica
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Colombiana, participacion ciudadana, grupos étnicos, entre otros. Posteriormente, se evaluaban entre compaiieros
los mapas de conceptos basicos que evidenciaban relaciones estaticas de inclusion, membresia comun, interseccion
y similitud, las discutian, e iniciaban la discusion de las posibles formas mas adecuadas de articulacion entre los
conceptos.

Figura 2. Mapas conceptuales de los conceptos centrales sobre la estructura y principios del sistema politico colombiano. Se evidencian
relaciones estaticas de inclusion, membresia comun, interseccion y similitud.

Cada estudiante iniciaba de nuevo la construccion de su mapa conceptual mas amplio, con las relaciones
dinamicas obtenidas de las discusiones sobre los mapas de conceptos basicos y asi generaron, cada uno los mapas
que incluian los conceptos, la estructura de la constitucion y los procesos y fenémenos propuestos y discutidos en
clase, evidenciando entonces, en la ultima parte del ejercicio, relaciones dinamicas tanto de causalidad como de
correlacion.

Cada una de las fases cont6 con un tiempo de 5 semanas, las cuales se cerraban con la entrega de productos que
permitieran la transformacion — reestructuracion del conocimiento en un proceso interestructurante, segin la
propuesta de las pedagogias del conocimiento de Not (1989).

En cada sesion se propuso a los sujetos recabar, evaluar y reconstruir informacion en una perspectiva
estructuralista, luego, en la semana 5 ademas de entregar los productos de la fase, enfrentaban 5 preguntas al azar de
las 20 que se usaron como base para desarrollar el reto de la ABP. Cada sujeto disponia de hasta 10 minutos para
responder las preguntas.

Se realizd una investigacion durante la primera fase en la que los estudiantes respondieron un test para
establecer preferencias sensoriales al capturar la informacion a través del instrumento VARK (Visual, Aural,
Read/write, Kinesthetic), en el cual se determinan las caracteristicas sensitivas del estudiante frente a lo visual,
auditivo, lectura/escritura y quinestésica, segun Fleming y Mills (1992). Este test fue validado para poblaciones
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analogas en Colombia en 2012 por Baumgartner y Fonseca (2013). Una vez clasificados los sujetos participantes,
inician el desarrollo de los retos ABP.

Figura 3. Mapas conceptuales de los conceptos centrales sobre la estructura y principios del sistema politico colombiano. Se evidencian
relaciones dinamicas de causalidad y correlacion.

Se desarrollaron las siguientes fases en la estrategia:

Fases de la implementacion de la estrategia ABP

Fases Acciones Salidas

Fase 1 Clasificacion de los  estudiantes Distribucidn de los grupos
atendiendo a los cuatro estilos de Visual
aprendizaje segun la captura de la Auditivo

informacion: visuales, auditivos, Lecto/escritor
lectoescritores y kinestésicos. Kinestésico
Fase 2 Desarrollo de actividades literales Consultas referenciadas
Dibujos
Fase 3 Desarrollo de actividades inferenciales Mapa conceptual
Linea de tiempo
Fase 4 Desarrollo de actividades criticas Infografias
Caricaturas
Fase 5 Desarrollo de actividades de Articulo periodistico
transferencia Propuestas de accidon y camparfias del

gobierno escolar
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Al finalizar las fases 2, 3 y 4, los estudiantes presentaron examenes analogos a las pruebas SABER 11° (ICFES,
2017) sobre competencias ciudadanas a través de cuestionarios virtuales mediados por Google Forms.

QUESTIONS

Para reducir el problema de los cultivos ilicitos, el Gobierno adopté la - ™
estrategia de la fumigacion aérea de los cultivos. Mediante esta estrategia,

grandes extensiones de tierra pueden fumigarse, lo cual —segun el L
Gobierno- es més eficiente que la erradicacion manual. Los campesinos que o
viven cerca de las zonas fumigadas se oponen a esta medida, y proponen la -
erradicacién manual. ¢ Cudl es una desventaja de la propuesta del Gobierno, -
que lleve a que los campesinos se opongan a ella?

Que la fumigacién aérea implica més costos en comparacién con la erradicacion manual
Que la fumigacion aérea puede afectar también a los cultivos licitos.
Que el Gobiemo no tenga suficientes avionetas para la fumigacion aérea.

Que el Gobierno no conoce las técnicas de la erradicacién manual

La Constitucion de 1991 establecié que los gobernadores y los alcaldes
contraen con sus electores la obligaciéon de cumplir el programa de gobierno
que presentaron al inscribirse como candidatos. El incumplimiento del
programa puede dar lugar a que

Figura 4. fragmento de una de las pruebas de Competencias Ciudadanas SABER 11°, aplicadas a los estudiantes al concluir la fase 3.

3  Unidades de Analisis

3.1  Competencias Ciudadanas

El concepto de competencia plantea dos acepciones. Por un lado, se refiere al adjetivo competitivo, cuyo sustantivo
es competidor o pugna y, como verbo, hace alusién a rivalizar. El adjetivo competente, se refiere a la pertinencia e
incumbencia (Prieto, 1997). Por otro lado, en su origen, la nominacién mds antigua se refiere a la competencia
lingtiistica Chomsky (1965), cuya definicién se vincula al conocimiento que el hablante-oyente tiene de su lengua.
Posteriormente, el término se incluye en el discurso de la formacién para el trabajo y el mundo empresarial como
repertorios de comportamientos que unas personas dominan mejor que otras, lo que las hace eficaces en una labor
determinada (Levy-Leboyer, 2000).

Le Boterf (1996) las define a inicios de este siglo, desde el contexto de la Ingenieria de las competencias, como
una secuencia de accion en la que una persona encadena multiples conocimientos especializados. Posteriormente,
Weinert (2004) las estructura minuciosamente en su trabajo “Definir y seleccionar las competencias fundamentales
para la vida”, con base en tres caracteristicas: la de emplear las herramientas de manera interactiva, actuar de manera
auténoma y reflexionada y, unirse y funcionar en grupos sociales heterogéneos.

Perrenaud (2003) y Sarramona (2004), casi de manera simultanea, establecen las Tendencias de la concepcion
de la Competencia en la Educacion, las cuales recogen varios aportes, entre los que resaltan principalmente tres. El
primero es el saber hacer, elemento desarrollado por Le Boterf (2001), que es entendido como el desempefio en el
aprendizaje, evidenciado a través de conductas observables; y, el segundo, es la Capacidad-Potencial, expuesta por
Castell6 (2000), en la cual la competencia es el conjunto de recursos basicos de los cuales puede hacer uso una
persona en las condiciones apropiadas para construir funciones y comportamientos. Este trabajo adopta el tercer
enfoque llamado mixto o de competencia-desempefio.
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Tabla 2. Referentes del concepto competencia. Fuente: elaboracion propia, basada en los autores referenciados.

Sarramona (2004) y Perrenoud (2003, al abordar la concepcion de las competencias en la educacion, afirman
que los desempefios susceptibles de ser observados, se constituyen como indicadores mas o menos fiables de la
competencia a evaluar. En esta perspectiva, la competencia es un constructo mas estable que el indicador que se
propone y so6lo se puede medir de manera indirecta. En el contexto nacional e institucional de Colombia, esta vision
se adapto a la definicion planteada por el Ministerio de Educacion Nacional (MEN), en la cual las competencias
ciudadanas son el conjunto de conocimientos y de habilidades cognitivas, emocionales y comunicativas que,
articulados entre si, hacen posible que el ciudadano actiie de manera constructiva en la sociedad democratica (MEN,
2010).

Para esta investigacion, segun la Guia de orientacion SABER 11° (ICFES, 2017) las competencias a evaluar
son: Pensamiento social, Interpretacion y analisis de perspectivas, y Pensamiento reflexivo y sistémico:

La competencia Pensamiento social evalua la capacidad del estudiante para usar conceptos basicos de las
ciencias sociales, y su conocimiento de los principios constitucionales y del ordenamiento politico
colombiano con el fin de analizar situaciones sociales. Ademads, se espera que pueda analizar las
dimensiones histéricas y geograficas de sucesos, procesos y fenomenos sociales. La segunda competencia,
Interpretacion y analisis de perspectivas, evalua la habilidad del estudiante para analizar la informacion que
circula en la sociedad sobre asuntos politicos, economicos y culturales, para valorar argumentos y
explicaciones sobre problematicas sociales y para identificar diversos intereses, opiniones y perspectivas de
personas y grupos sociales que interactiian en un momento dado. Finalmente, la competencia Pensamiento
reflexivo y sistémico involucra la capacidad del estudiante de comprender diferentes dimensiones presentes
en una situacion de interaccion social. De igual manera, respecto de esta competencia se espera que el
estudiante comprenda modelos sociales y sus posibles usos en determinados contextos (pag 51).

Se toman las preguntas del examen SABER 11° en el ambito Competencias Sociales y Ciudadanas como
referente de evaluacion para esta investigacion, ya que es la prueba estandarizada que retroalimenta al Sistema
Educativo colombiano, segin lo dispuesto por el Decreto 869 de 2010, en cuanto al desarrollo de las competencias
basicas que debe desarrollar un estudiante durante el paso por la vida escolar (Ministerio de Educacion Nacional,
2010).

3.2 Estilos de Aprendizaje.

Las preferencias VARK establecidas por Fleming y Mills (1992) son:
* Visual (V): cuando se piensa en imagenes (por ejemplo, “ver” en la mente la pagina del libro de texto con
el detalle que se requiere) es posible traer a la mente mucha informacion a la vez, por eso la persona que
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utiliza el procedimiento de representacion absorbe con mas facilidad el conocimiento, por medio de una
serie de datos procesados.

* Aural/auditivo (A): este modo de percepcion describe una preferencia por la informacion que es
“escuchada o hablada”. Se usa de manera secuencial y ordenada. E1 método auditivo no admite relacionar
conceptos o elaborar conceptos abstractos con la misma facilidad que el visual, y no es tan rapido. Los
alumnos auditivos aprenden mejor cuando reciben las explicaciones oralmente y cuando pueden hablar y
explicar lo aprendido a otra persona.

* Lectura/escritura (R): esta preferencia esta basada en texto, y se constata en la entrada y salida de lectura
y escritura, en todas sus formas, como ensayos, informes y trabajos.

* Quinestésico (K): por definicion, esta modalidad se refiere a la “preferencia perceptual relacionada con el
uso de la experiencia y la practica (simulada o real)” (Programa Europeo de Formacion para el Aprendizaje
de Adultos, p. 14). Esta experiencia puede invocar otras modalidades, la clave es que las personas que
prefieren este modo deben estar conectadas a la realidad, ya sea a través de experiencias concretas
personales, como practica o simulacion. Una tarea que requiere los detalles de quién hara qué y cuando es
adecuada para las personas con esta preferencia.

* Multimodales (MM): en el aprendizaje es muy raro utilizar un inico modo, asi que se maneja un perfil de
mezcla de las cuatro preferencias expresadas por VARK (pp. 140, 141).

3.3 Estrategia Tipo Aprendizaje Basado en Problemas

El Aprendizaje Basado en Problemas (ABP) es una metodologia, estrategia o técnica didactica de aprendizaje que se
apoya en el principio de usar problemas como punto de partida para la adquisicién e integracién de nuevos
conocimientos, especialmente relacionados con el razonamiento y el juicio critico. Consiste en organizar la clase en
pequefios grupos de trabajo para proponerles un problema o reto basado en una situacién contextual similar al
trabajo que afrontaran en el futuro (Barrows, 1986). Esta estrategia como herramienta cognitiva, activa y focaliza el
pensamiento para la expansion y contraccion de las ideas, su organizacion, la toma de decisiones, la clarificacion de
argumentos y el desarrollo de la creatividad. Facilita en el estudiante el rigor intelectual y la organizacion de sus
conocimientos, el uso de las mismas supone cuestionar, observar, evaluar, sintetizar. Se trata de un proceso de
informacién activo, dirigido, interesado y consciente (Parra & Lago, 2003), y facilita el desarrollo de competencias
asociadas con la autodireccién del aprendizaje (Veldzquez y Figarella, 2012). Los pasos para la soluciéon de un
determinado problema generalmente van desde la delimitacion precisa del problema o tarea a resolver, pasando por
la biisqueda, acceso y validacion de informacién, luego por el disefio y desarrollo de un plan de trabajo coordinado,
para terminar con la puesta en comiin de resultados o conclusiones y la elaboracién de un documento o informe
comdun.

3.4  Sistemas de Representacion del Conocimiento.

Son modelos de representacion para cierta estructura de datos, donde han de tenerse en cuenta los procesos
cognitivos y los fines intencionales (San Segundo, 2003).

4 Metodologia

El objeto de este estudio consiste en establecer la incidencia en las habilidades de desarrollo de pensamiento critico
de los estudiantes de grado 10° de la jornada mafiana del Colegio CODEMA IED, cuando interactian con una
estrategia de tipo ABP que emplea retos que implican la creacion de representaciones de conocimiento tipo mapa
conceptual durante su aprendizaje de las competencias ciudadanas en cuanto conceptos y contextos politicos, segun
sus estilos de aprendizaje al capturar la informacion.

4.1 Diserio de la Investigacion

Es un disefio cuantitativo, en sintesis, el estudio se enfoca en caracterizar competencias ciudadanas, contrastando los
niveles de desempefio de las habilidades de pensamiento critico sobre conceptos y contextos politicos, para
construir una estrategia multinivel de acuerdo a los resultados de la aplicacién de la estrategia ABP. Los grupos dan
cuenta de la variable independiente estilo de aprendizaje frente a las actividades de la estrategia ABP sistemas de
representacion de conocimiento. Este corresponde a un disefio cuasi experimental 4x4, en donde “el nimero de
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digitos indica el nimero de variables independientes” y “el valor de cada digito, el nimero de niveles o modalidades
de cada variable independiente” (Herndndez, Fernandez y Baptista, 2014, pag. 27).

Sistemas de representacion del conocimiento
Fase 2 Fase 3 Fase 4 Fase 5
g Visual Mapas mentales Mapas conceptuales Infografias Linea de tiempo
S Auditivo Mapas conceptuales Mapas mentales Linea de tiempo Infografias
2 = N Kinestésico Infografias Linea de tiempo Mapas mentales Mapas conceptuales
# S 3[ Lector/escritor Linea de tiempo Mapas conceptuales Infografias Mapas mentales

Son dos variables independientes, estilos de aprendizaje y sistemas de representacion del conocimiento (San
Segundo, 2003), cada uno de ellos con cuatro modalidades. La estructuracion de conocimiento de estos retos de la
estrategia ABP se presentd a través de sistemas de representacion de conocimiento (mapas mentales, mapas
conceptuales (Novak & Cafias, 2008), infografias (Reinhardt, 2007), lineas de tiempo (Trepat & Comes, 1998)). Al
finalizar cada reto se aplicd una evaluacion de competencias ciudadanas basada en las pruebas SABER 11°, con el
fin de responder a la siguiente pregunta de investigacion: jen qué medida afectara el nivel de desempeiio de
competencias ciudadanas las formas de representacion de conocimiento a desarrollar y el estilo de aprendizaje de los
estudiantes del ciclo V medido a través de las pruebas SABER?

Ho. No existen diferencias significativas en la transferencia conceptual de los sujetos segun sus estilos de
aprendizaje debidas a los sistemas de representacion de conocimiento empleados en el estudio de las competencias
ciudadanas.

Hi. Existen diferencias significativas en la transferencia conceptual de los sujetos segin sus estilos de
aprendizaje debidas a los sistemas de representacion de conocimiento empleados en el estudio de las competencias
ciudadanas.

4.2  Muestreo

Del grupo natural que estd conformado por todos los estudiantes del ciclo V de la jornada mafiana del Colegio
CODEMA IED, los sujetos se dividieron en cuatro grupos, de acuerdo a la clasificacion arrojada por el instrumento
VARK (Fleming & Mills, 1992). Participaron 241 estudiantes y se distribuyeron segtn su estilo asi: visual 19%,
auditivo 17%, lecto/escritor 12% y kinestésicos 52%. Asi, mas de la mitad de la poblacién participante pertenece al
estilo de aprendizaje kinestésico (Fleming y Mills, 1992), esto permite inferir que la mayoria de los estudiantes del
ciclo V del Colegio CODEMA IED j. m. del afio 2019 se caracterizan porque prefieren estar conectados a la
realidad, ya sea a travé€s de experiencias concretas personales, como préctica y simulacion. Para estas personas es
adecuado plantear tareas que expliciten los detalles de quién hard qué y cuando (Gonzdles, Ramirez & Vaisman,
2012).

5 Resultados

Se presenta el resumen de datos agrupados por cada componente segin la prueba SABER 11° (ICFES, 2017),
obtenidos en el desarrollo de la estrategia ABP.

Resumen estadistico de datos prueba SABER vs Sistema de Representacién de Conocimiento

Sistema de representacion
Competencia Mapa conceptual Linea de Tiempo Infografia Mapa mental
Pensamiento social 3,4265 2,7 3,032769231 3,33333333
Interpretacion y 3,211426316 3,633333333 3,105319149 2,75
analisis de
perspectivas
Pensamiento 2,2297669231 2,453846154 2,727272727 2,6
reflexivo y sistémico
Medias grupales 2,955897746 2,929059818 3,045289591 2,894444333

Tabla 3. Agrupacion de datos Competencias Ciudadanas vs Sistemas de Representacion de Conocimiento.
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Los datos de la tabla respecto a los sistemas de representacion de conocimiento, las infografias (3,045) y
los mapas conceptuales (2,955) permiten mayores niveles de desempefio de competencias, aunque los resultados de
los sujetos que desarrollaron lineas de tiempo (2,929) tuvieron desempefios muy cercanos, siendo los mapas
mentales (2,894) los sistemas de representacion con menores niveles de desempefio.

La prueba ANOVA resulta en que todos los valores de F son menores que el valor de F critico, lo cual permite
afirmar que no existen diferencias significativas entre los diferentes grupos al emplear los sistemas de representacion
del conocimiento, es decir que no existen diferencias significativas entre los estilos de aprendizaje y los sistemas de
representacion empleados para estudiar las competencias de la prueba SABER 11°.

Resumen estadistico Estilos de Aprendizaje vs Sistema de Representacion de Conocimiento

Estilo de aprendizaje
Sistema de | Visual Auditivo Lecto/escritor Kinestésico
Representacion  de
conocimiento
Mapa mental 2,730769231 2,855555556 2,666666667 3,275
Mapa conceptual 2,65625 3,514354067 3 2,657051282
Infografia mar 3,368400315 2,807692308 2,792207792 2,875
Linea de tiempo 2,881270903 2,625 3,833333333 2,5
Medias grupales 2,90917261 2,95065048 3,07305195 2,82676282
F obtenida 8,224156235 2,914748686 2,383264039 1,846927847
Prob. 4,89254E-09 0,008595028 0,034561946 0,097848437
F critica 2,04573836 2,114255398 2,19533685 2,191626027

Media total= Y., =2,93990947

Efectos principales grupo Visual: Y.~ Y., =2,90917261 - 2,93990947 = -0,030736858

Efectos principales grupo Auditivo: Y.~ Y..= 2,95065048 - 2.93990947=0,010741013

Efectos principales grupo Lecto/escritor: Y(lectoescritor) - Y(total)= 3,07305195 - 2,93990947=0,133142478
Efectos principales grupo Kinestésico: Y(kinestésico) - Y(total)=2,82676282 - 2,93990947= -0,11314665

Los sujetos que pertenecen al estilo lector/escritor (3,073) y los de estilo auditivo (2,95) presentaron los mejores
desempefios en todas las actividades de la estrategia. Los mejores desempefios de los sujetos con estilo visual se
presentaron cuando desarrollaron infografias (3,368) y los kinestésicos cuando desarrollaron mapas mentales
(3,275).

El grupo de estilo kinestésico obtuvo los menores niveles de desempefio de competencia, siendo el mds critico
cuando desarrollaron lineas de tiempo (2,5).

6 Conclusiones

Basados en la evidencia arrojada por este trabajo de investigacion, los hallazgos fundamentales para responder al
problema de investigacion sobre la incidencia sobre las competencias ciudadanas, cuando se median conocimientos
politicos en competencias ciudadanas, a través de una estrategia ABP que implementa varios sistemas de
representacion de conocimiento cuando se discriminan los estilos de aprendizaje para la captura de la informacidn,
se refieren a la evidenciacion de relaciones entre los estilos de aprendizaje y los sistemas de representacion de
conocimiento asi:

Los sistemas de representacion de conocimiento que favorecieron los niveles de desempefio de la prueba
SABER 11° en la media de grupos segun los estilos de aprendizaje, fueron los mapas conceptuales y las lineas de
tiempo y los de menor nivel de desempefio fueron los mapas mentales.

Para los sujetos con estilo de aprendizaje visual, el sistema de representacion de conocimiento con el cual
obtuvieron desempefios significativamente superiores fue el de infografias. Los desempefios mas bajos los
obtuvieron al emplear mapas conceptuales. Los sujetos con estilo de aprendizaje auditivo obtuvieron desempefios
significativamente superiores al generar mapas conceptuales, los mas bajos, al construir lineas de tiempo.
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Los estudiantes de estilo lecto/escritor obtuvieron sus mejores desempefios al generar lineas de tiempo, y sus
desempefios bajos al crear mapas mentales. Los estudiantes de estilo kinestésico presentaron sus desempefios mas
altos cuando desarrollaron mapas mentales y los mas bajos al construir lineas de tiempo.

Las competencias ciudadanas cuya media tuvo los desempefios mas altos con la implementacion de la estrategia
fue la de interpretacion y analisis de perspectivas y los desempefios mas altos en toda la estrategia se generaron a
través de las lineas de tiempo en esa competencia.

La competencia social fue la segunda en niveles de desempefio y el sistema de representacion de conocimiento
que mejores desempefios permitié en esta competencia, fue el de mapas conceptuales. La competencia con
desempefios mas bajos en la estrategia fue la de pensamiento reflexivo y sistémico con sistema de representacion
tipo mapa conceptual.
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Abstract. Concept maps may be elicited within research studies in a variety of ways. Inadequate description of this methodology in
the literature may cast doubt on the reliability of conclusions. Interview-based protocols are widely used, and the quality of the talk
during the interview needs to be considered. The increasing use of semi-automated procedures using online forms and questionnaires
by other researchers also needs to acknowledge the potential impact of this methodology on the quality of the final map, particularly
the degree of feedback that is given to the mapper and the support given to edit the map — a stage that is required to support higher
level thinking skills. The aim of this paper was to compare two approaches to concept map elicitation (interview and questionnaire) by
considering their influence on the portrayal of academics’ beliefs about teaching and research activities in academia. The results
demonstrated the method of elicitation has an influence on the structure and content of the final map and this needs to be
acknowledged in research reports. Moreover, strengths and weaknesses of each concept mapping elicitation processes could provide
innovative methodologies for academic development.
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1 Introduction

Within higher education, academics’ values and beliefs constitute an implicit discourse that drives their teaching
practice and provides a source of personal motivation. This teaching practice is, however, mediated by pragmatism,
especially where institutional goals (often driven by calls for efficiency and accountability) appear to conflict with
academics’ personal professional aspirations.

Concept maps are described as a tool that can be used to organise and visualise mental representations, values
and beliefs (e.g. Moon et al., 2011; Kinchin, 2016). This is not quite the same as mapping agreed curriculum
knowledge where there is a particular outcome or “expert map” in mind as a goal. There is no right answer here.
However, without an overarching organising principle, such maps can appear unstructured and difficult to interpret
or compare with others (e.g. McMillan & Gordon, 2017). By including the maps within the overarching framework
provided by the model of pedagogic frailty (Kinchin & Winstone, 2017), these maps of values and beliefs can be
focussed on particular concepts that potentially cause difficulty for the evolving university teacher. The nature of the
research-teaching nexus constitutes one of the four dimensions within the frailty model.

Maps can be produced through an array of approaches and for different purposes, such as, individual
elaboration (Novak, 2010), collaboration (Torres & Marriot, 2010), knowledge elicitation and preservation
(Hoffman et al., 2006), knowledge management (Correia, 2012), instruction (Aguiar & Correia, 2016) and
assessment (Ruiz-Primo & Shavelson, 1996); and can be constructed using paper and pencil or digital/online tools.
What is not always considered in the research literature is the impact the map elicitation process may have on the
structure and content of the final map. For example, how might an interviewer influence the outcome? How does the
nature of the dialogue between interviewer and interviewee influence map construction? Such questions are now
being considered in depth (e.g. Heron, Kinchin, & Medland, 2018). Moreover, the increasing use of semi-automated
procedures using online forms and questionnaires by researchers also needs to acknowledge the potential impact of
this methodology on the quality of the final map — particularly the degree of feedback that is given to the mapper
and the support given to edit the map.

1.1  Research-teaching Nexus in Higher Education

The relationship between the two central activities of universities (teaching and research) is highly complex. Whilst
many universities like to stress the overlap between them by making claims about delivering “research-led”
teaching, this is a rather simplistic position that requires further clarification and explanation as this type of teaching
seems to mean different things to different people. The nature of the relationship depends on academics’ perceptions
of what we mean by “research” and by “teaching”. Common use of these terms can mask differences in
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understanding and this in turn can promote pedagogic frailty, creating unproductive tensions between academics
(Kinchin, 2017). Whether we consider research in terms of its products (e.g. papers and reports) or as a process
(such as a set of skills or disciplinary ways of thinking) has a profound influence on its relationship with teaching.
Whilst students may not be able to understand the nuances of a research paper (product), they should be engaged in
disciplinary ways of thinking (processes). Just as research can be interpreted in different ways, so too teaching can
be seen as the delivery of content to passive receivers of knowledge, or as engagement with students as active
constructors of understanding. From this, we can see that there are already a range of different relationships that
could be conceived between teaching and research. On top of these differences, there are disciplinary variations in
the way that teaching and research are related and individual staff motivational differences (with some staff hired
predominantly to teach and others to conduct research). The distribution of resources between the two activities may
create tensions that lead to perceptions of departments as being “research-drained” (where research activities takes
energy and resources away from teaching); “teaching-drained” (where there is an imbalance of resources that favour
teaching); or “research-separated” (where the two activities are undertaken by two separate populations of
academics) — see Hosein (2017) for a thorough discussion.

Therefore, in practice, it is evident that there are different and inconsistent levels of interaction between
teaching and research, even within a single academic department. We should, perhaps, consider a whole range of
cohabiting, and potentially unstable research-teaching nexuses within a complex and changing university
environment (see Tight (2016) for a review of the literature). As such, there will be no simple view that can
adequately predict or describe the nature of the relationship within any given institution. It is necessary, therefore to
seek rich descriptions of the nexus, as it is perceived to impact individual academics’ roles. The construction of
concept maps is one way to obtain such rich descriptions and may also help to observe qualitative changes in
connections within the nexus over time.

This paper aims to compare two approaches to concept map elicitation (interview and questionnaire) in order to
consider their influence on the portrayal of academics’ beliefs about teaching and research activities in academia.

2 Methods

This research utilises qualitative research methods designed to explore the research-teaching nexus in higher
education. Academics from a UK and a Brazilian university were invited to participate in this study. The present
work describes a case study focusing on the conceptions, ideas, beliefs and values of one academic who has major
teaching and researching roles within his science faculty. In this section, we describe our interview-driven and
questionnaire-driven concept mapping approaches and explain how these would result in different outcomes (i.c.,
concept maps). The academic was interviewed in July of 2016 and he answered the online questionnaire in
November of 2017. An expert-mapper conducted the interview and also elaborated the concept map considering the
questionnaire’s answers.

2.1  The Interview-Driven Concept Mapping Procedure

To start the interview dialogue, a number of prompting concepts were offered as words on 38 x 50 mm sticky-
notelets to act as concept labels, and these were stuck to a sheet of A3 paper. These concepts (motivation,
recognition, research, rewards, status and teaching) were presented in no particular order and the interviewee was
told that he could use as many or as few of these as they wished and could add any concepts they wanted to. A semi-
structured interview was adopted, guided by three main questions:

e  Within your University, Institute or Department, where is the focus on: research, teaching or both?

e s there a connection or tension between research and teaching activities?

e How do research and teaching unfold in rewards, recognition, status, and motivation?

The interviewer’s role is then to prompt interviewee with questions to encourage he/she to interrogate his/her
own knowledge structure as it emerges as conceptual relationships on the page. Once the sheet becomes full, the
interviewee tends to stop adding new ideas, providing a helpful self-regulation mechanism on the size of the
resulting concept map. This, in turn, helps the interviewee to concentrate on the key ideas they want to present in the
available space, leading him/her to review and refine the entire network (Cafias, Reiska & Mollits, 2017). The final
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step involves an internal validation process regarding the represented information drawn in the concept map. Whilst
Oancea, Florez Petour, & Atkinson (2017, p. 306) did not use concept maps as final visual representations, their
approach to gathering the data is based on a set of similar assumptions to our own:

“Unlike quantitative network studies, the emphasis here was on the qualitative
construction and interpretations of these networks by the participants. The
critical filter for inclusion in the map of a particular element of the network was
the extent to which the participant judged it as relevant to their own
interpretation and articulation of cultural value processes and outcomes.”

2.2 The Questionnaire-Driven Concept Mapping Procedure

The questionnaire was designed in six parts (A-F). Each part had the purpose of identifying academic’s conceptions
about one specific aspect of research-teaching nexus. The purpose, question type and answer format are provided in
Table 1. The Qualtrics survey platform was used to host the questionnaire, which it was controlled by password:.
The academic’s answers were downloaded and analysed considering their content. Each part of the questionnaire
provided information that was ‘translated’ into concepts and propositions needed to draw the concept map.

Table 1. Questionnaire design: each part (A-F) had a purpose, a question type, an answer format. Some examples are provided.

[PART] PURPOSE

QUESTION TYPE

ANSWER FORMAT

EXAMPLE

[A] Level of importance
and priority considering
teaching and research
activities

14 scrambled research and
teaching activities

Rank order

Rank in order of
importance and priority
when no constraints of
time are imposed

(a) Disciplinary research activities:
manage approved grants; engage on peer
review paper.

(b) Teaching activities: lecture; grade
assignments; prepare a lesson plan.

[B] Level of agreement
considering some general
beliefs about research and
teaching on higher
education

30 statements to be judged

Multiple matrix

Jude using a 6-point-
scale from 1 = strongly
disagree to 6 = strongly
agree; plus, the option
Not Applicable [N/A]

(a) Research is overvalued by the
academia.

(b) The university has a systematic way
to evaluate a good teacher.

[C] Personal beliefs when
comparing research and
teaching rewards,
recognition, motivation
and status

6 questions that compare
research and teaching

Multiple choices
Choose between three
options: more, less or
equal

(a) For me, research generates [more |
less | equal] motivation than teaching.
(b) The students valued a good
researcher [more | less | equal] than a
good teacher.

[D] Examples of rewards,
recognition and status on
research and teaching.

6 questions that ask for
examples

Short text entry
Maximum of 75
characters allowed for
each question

(a) In research, what does recognition
look like?

(b) In teaching, the status can be a
consequence of mainly two things:

[E] Perception of how
influential some ‘actors’
are for rewards, status and
recognition within
research and teaching.

2 questions requesting the
influence of university,
colleagues, the academic
community, students, head
of department and society

Slide bars

Move the bars
considering 0 (no
influence) to 100 (very
strong influence) for
each actor

Considering only the research activities,
how influential is each of the below
options in relation to rewards,
recognition and status?

[F] General behaviour to
a given scenario
considering a tight
deadline

2 questions that put some
tension between research
and teaching

Long text entry
Maximum of 1000
characters allowed for
each question

Imagine that you have a tight deadline to
finish a review of your own paper; come
up with an idea for a PhD grant proposal;
plan the next lectures and come up with
an idea for an assessment task for your
students. How do you manage and
integrate different activities?

! To have access to the survey please use the password ‘unlock’ and the following link:
https://qtrial2017q3az1.az1.qualtrics.com/jfe/form/SV_aeNjmBflQnz29jn [May/2018].
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3 Results and Discussion

3.1  The Outcome of the Interview-Driven Concept Mapping

During the interview, the interviewer uses a range of linguistic devices to prompt reflection and discussion.
Specifically, such techniques are a range of probing strategies (Bernard, 2013) with the aim of showing interest and
engaging with the interviewee’s talk (Hammersley & Atkinson, 2007). The map acts as a physical artefact, which
stimulates discussion and encourages personal and perhaps subconscious views or beliefs to be externalized
(Kandiko, Hay, & Weller, 2013). Rapley (2004) identifies a number of ‘engaged’ elicitation strategies, which are:
Introducing a topic for discussion.

Listening to answers and asking to follow up questions.

Listening to interviewees and getting them to unpack terms.

Listening and following up with personal ideas and experiences.

Listening and backchanelling (use of um, ah, and other verbal techniques to maintain the discussion).

For example, a section of the interview between the interviewer (IR) and the interviewee (IE) below (Table 2)
demonstrates the co-construction of the concept map. At this point in the interview (from 05°21” to 06°14”) the
participants were discussing how the university affects researching activities to clarify the relationship between the
concepts UNIVERSITY (not yet in the map) and RESEARCH (already in the map). The discussion, through probes
and questioning techniques, leads to a co-creation of the proposition “My university — can be classified as a
university of — Research” (in bold in Fig. 1).

Table 2. A section of the interview dialogue between the interviewer (IR) and the interviewee (IE) from 5°21” to 6°14”. They were discussing
how the university affects researching activities, which resulted in the co-creation of the proposition “My university — can be classified as a
university of — Research” (in bold, Fig. 1).

1. IR: Maybe this issue has to appear here [I point down to the map], as a context, that justifies all this. From
my view, [ understand that in fact this imbalance is imposed by the context where you are.

IE: Um...that I chose to be.

IR: That you chose to be ...

IE: Exactly.

IR: So there's an agreement here...
IE: And this is not good or bad.

IR: There is an agreement that your university is a research university.

S o

IE: Yes. Then put here [He points down to the map] “Research University”. Because this is a concept that
... there is a categorisation of universities.

9. IR: But, are you talking about all kind of universities or only your university?
10.1E: My university, then ...

11.1IR: So, may I write “my university is a university of research”?

12.1E: can be classified as... it is a good solution.

In line 1 of the transcript, the IR demonstrates her familiarity with the IE’s working context and perhaps also his
perspectives on his context “From my view, I understand that in fact this imbalance is imposed by the context where
you are”. According to Garton and Copland’s (2010) personal relationships are invoked in the interview talk and
can support the co-construction of the interview data. In line 3, the IR uses repetition, to check her understanding of
the IE’s point from line 2. In line 5, the elicitation technique adopted by the IR is a statement, which seems to
function as a question, but in line 6 the IE is still referring to the fact he chose to be in his institution — the point he
made in line 2. The IR brings him back to her probe in line 7, which the IE answers in line 8. The IR also asks for
clarification by questioning the IE in line 9, which makes him reflect on this new concept. As a response, the IE
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orients the discussion to the concept of “My university” in line 10, which makes the IR suggests a new proposition
that links the concepts of “My university” and “Research” in line 11 (see proposition in bold in Fig. 1). While the IR
is writing the propositions, the IE suggests the term “can be classified” instead of only “is a”, which it is
immediately incorporated by the IR. This dynamic exchange demonstrates the collaborative nature of the concept
mapping interview and how the concept map is co-constructed in and through the interview talk (Talmy, 2011).

Figure 1. The interview-driven concept map (proposition in bold were co-created during the discussion shown in Table 1).

3.2 The Outcome of the Questionnaire-Driven Concept Mapping

To illustrate the protocol of “translating” the questionnaire answers into a concept map, we show a partial view of
the academic’s answers of Parts B, C and D of the questionnaire (Fig. 2) and their correspondence to the concept
map (Fig. 3). Good concept maps must fulfil some predefined criteria related to both graphical structure and content
accuracy, such as organising concepts in a hierarchical way and constructing correct and relevant propositions
(Canias & Novak, 2006). In this paper, we followed these criteria to ensure the construction of an excellent concept
map (Caiias, Novak, & Reiska, 2015; Aguiar & Correia, 2017).

To start drawing the concept map, we chose some key concepts to represent the research-teaching nexus
(Kinchin et al., 2016): motivation, recognition, research, rewards, status, students, teaching, university. We
organised these concepts in a top-down hierarchy. For example, “university” is the most general concept, therefore,
it is at the top of the map. The examples regarding rewards and recognition should be on the bottom of the map as
they are very specific and individualised. Following, we connected pairs of concepts through a directional arrow
(providing a reading flow) and a linking phrase with a proper verb. In other words, we established concise and clear
propositions by using the statements judged as “strongly agree” or “strongly disagree” in Part B of the questionnaire

(Fig. 2).

For example, the academic strongly agreed that the university has a systematic way to evaluate a good
researcher (1, Fig. 2) and undervalues teaching (3, Fig. 2). Both statements were transformed into propositions 1 and
3 in Fig. 3, respectively. The same pattern can be seen for statements 5, 6 and 7 in the questionnaire (Fig. 2). The
academic also strongly disagreed that university has a systematic way to evaluate a good teacher/teaching (4, Fig. 2).
In this case, the linking phrase received a negative connotation by including “does not have” (4, Fig. 3).

Some statements judged by the academic as “moderately agree” or “moderately disagree” were also considered
for constructing propositions in the concept map. However, the linking phrase was slightly changed in order to
match to academic’s conceptions. For example, he moderately agreed that university overvalues research (2, Fig. 2).
In this case, instead of using the verb “overvalues” we used only “values” in order to decrease the level of
agreement. The same pattern can be seen for statement 8 (Fig. 2): as the academic moderately agreed that his
teaching practice is informed by research, we adopted the term “somehow” in the linking phrase to construct the
proposition (8, Fig. 3).
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Figure 2. Academic’s responses to parts B, C and D of the questionnaire. The answers (from 1 to 11) were used to elaborate his individual
concept map showed in Fig. 3.
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Figure 3. The questionnaire-driven concept map (the numbers refers to the academic’s answer depicted in Figure 2).

Proposition number 9 were constructed using two sources of information in the questionnaire. The academic
strongly/moderately agreed that research leads to high status and rewards (Part B, Fig. 2) which is higher than in
teaching (Part C, Fig. 2). At the same time, he also strongly disagreed that teaching leads to high status and rewards
(Parte B, Fig. 2). These answers produced four intertwined propositions in which research and teaching lead to more
or less rewards and status (see 9, Fig. 3).

Part D of the questionnaire (Fig. 2) provided some examples for progressively detailing how the academic sees
the mechanism of rewards, recognition and status within higher education. For him, research unfolds in rewards
(such as, recognition and autonomy), whilst in teaching rewards are also autonomy but institutional recognition.
Moreover, recognition in research looks like “peer recognition”. Then, we decide to separate two concepts
“Autonomy” and “Peer and institutional recognition”, sharing the same linking phrase to create the proposition 10 in
the map (Fig. 3). Lastly, one of the main consequences of a high status is the recognition from other academics (peer
recognition) and from the university (institutional recognition). Then, we used the concept of “Status” to create
proposition number 11 in the concept map (Fig. 3).

It is important to note that slight agreements or disagreements in Part B of the questionnaire were disregarded
when constructed the concept map. First, because we aimed to produce a map with the academic’s strongest views
highlighting the key points of his conceptions and beliefs. Second, the use of ‘might’, ‘can be’, ‘perhaps’,
‘sometimes’ decrease the level of content accuracy and the map’s explanatory feature. Lastly, adding too many
propositions would hamper the map’s visual layout, readability and overall quality (Derbentseva & Kwantes, 2014).

Parts A, E and F of the questionnaire helped us to understand how the academics connect research and teaching
and to identify any inconsistencies in his discourse. For instance, if in Part A he affirmed that his teaching practice is
informed by research, but in Part F it is written that he cannot connect research and teaching in his academic life, we
can identify an inconsistency that needs to be clarified. In this case, we could create a proposition with a question
mark (e.g., Teaching — is informed by (??) — Research) and ask him to clarify and explain these propositions during
a meeting, by e-mail or prompting a question in an automatised system. At this point, the degree of feedback that is
given to the mapper and the support given to edit the map is a critical stage to foster higher level thinking skills
through concept mapping.
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3.3 Comparing the Concept Maps: a Focus on Structure and Content

As we can see in Fig. 1 and Fig. 3, the interview-driven and the questionnaire-driven concept maps are quite
different considering both graphical structure and content accuracy. For instance, both maps have approximately the
same number of concepts (8 and 9, respectively), but the interview map is smaller and hierarchical. During the
interview, the interviewer must seek to ensure that linking phrases are adequately labelled to provide meaning and to
maximise the explanatory power of the map (Kinchin, 2016). The ability to be concise and clear, looking for
conceptual relationships that are entirely relevant to the context may result in a map being reduced in overall size as
it is refined and edited (Cafias, Reiska & Mollits, 2017). On the other hand, the questionnaire provides a great
amount of information that can be incorporated on the map without previous discussion or adequacy judgments,
increasing the number of concepts and their interconnectedness; as a result, we will see a higher propositional
density (see Silva Jr, Romano Jr., & Correia, 2010) tending to a network structure (Kinchin, Hay, & Adams, 2000).

Despite the fact that both maps were about research-teaching nexus in higher education, their degree of content
accuracy is quite different. The level of accuracy can be evaluated on how close the content represented in the map
reveals the actual views, beliefs, conceptions, ideas, values of the academic. The questionnaire map represents the
academic’s more general, broader and non-personalised ideas about the topic while the interview map has more
idiosyncratic features. For instance, during the interview, the academic included in the map the proposition
“Teaching involves the transmission of knowledge” (see Fig. 1), while in his response to the questionnaire he
“slightly disagree” to the statement “Teaching means transmitting new knowledge” (see Fig. 2). Apparently, it
seems to have a contradiction in his discourse, but during the interview he could explain in detail what he meant by
“transmitting knowledge” as we can see by the following extract:

“Beware with ‘transmitting’, but anyway, I'm transmitting something to my students because I'm not
going to ‘discover’ the disciplinary content. [...] I use the verb ‘transmit’ to convey a message of
opposition to ‘produce’ knowledge. There is an assumption that teaching involves working with the
knowledge that already exists. However, if I'm working with a knowledge that does not exist yet, then,
this is research” (Extracted from the transcribed interview from 2°21” to 3°56”).

In the case of the questionnaire, the academic was not allowed to justify his point of view during the task,
decreasing his level of agreement when judging the statement. For him, teaching does not mean exactly transmitting
knowledge but involves the transmission of new knowledge (in a contrast of researching). The same pattern has
occurred for the academic’s examples of rewards, recognition and status. During the interview, neither interviewer
nor interviewee has engaged in a discussion about this issue; as a consequence, the examples did not appear on the
map (Fig. 1). On the other hand, one part of the developed questionnaire had the purpose of eliciting such examples
(Part D, Table 1 and Fig. 2), which resulted in such information on the map (Fig. 3). These findings reveal the
subjective nature of research and teaching within higher education, providing a glimpse of the idiosyncratic nature
of the values that underpin academic identity.

3.4  Comparing the Concept Mapping Approaches: a Focus on Strengths and Weaknesses

In order to compare both approaches for concept map elicitation (interview and questionnaire) described and
discussed in this study, some strengths and weaknesses were identified (Table 3). The interview-driven methodology
suggests a way forward to the development of bespoke, dynamic and person-centred faculty development by
providing a deep self-reflection of research and teaching within higher education. Moreover, the co-constructed
concept map was obtained as a result of a rich dialogue about the topic during the interview. However, these benefits
were likely to be raised when not only some amount of time is dedicated for the interviewing process but also the
interviewer is an expert in concept mapping and academic development.

The questionnaire-driven methodology suggests a way forward to the development of user-friendly, fast-track
and self-paced faculty development. Moreover, the protocol used to construct the concept map from the academic’s
responses can be easily automated and, consequently, be adopted for large scale purposes. In this case, well-
structured activities can provide the necessary scaffolding for concept map elaboration in a brief and single
application. However, the monologic aspect of this process results in a broader and generic view of research and
teaching within higher education.
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Table 3. Some strengths and weaknesses of the approaches for concept map elicitation (interview and questionnaire).

INTERVIEW-DRIVEN QUESTIONNAIRE-DRIVEN
CONCEPT MAPPING PROCESS CONCEPT MAPPING PROCESS
STRENGTHS Bespoke Suitable for large-scale
In-depth User-friendly
Person-centred Fast-track
Dynamic and dialogic Self-paced
WEAKNESSES Time-consuming Broader and generic views outcomes
Concept map expert dependent Monologic

The questionnaire-driven concept mapping process might provide the academic with an example of an excellent
concept map produced from the questionnaire results. This map can now be used to promote dialogue about quality
enhancement in research and teaching during a step-forward interview with the academic developer. A broader and
generic concept map can be used as a starting point for discussion by offering a way to uncover, visualise and share
the most important ideas in the academics’ minds. This might offer a way to decrease the time spent for the
interview.

4  Final Remarks

It is evident that the procedure used to construct concept maps from research participants can influence the final
product as well as the researcher approach during the map elaboration. Whilst there may be practical steps to reduce
this influence, it is clear that research reports that use concept maps of participants’ knowledge as a source of data
need to be explicit about the ways in which concept maps are elicited. Summary comments such as “concept maps
were collected from participants” are too vague and leave too much potential for variation in structure and content to
cloud any conclusions based on concept map analysis.

The quality of maps elicited also needs to be made explicit — preferably with an illustrative example. Whether
concept maps were simply “competent” (where participants included relevant content) or “excellent” (where
participants were supported in their reflection on and refinement of the maps) is of great significance when making
research claims. It is possible that excellent concept maps are more likely to be obtained through an interview
protocol where an interviewer is able to probe the interviewee’s understanding and invite editing and refinement.
This may be more difficult to achieve in an automated online environment. On the other hand, concept map-based
interview is time-consuming and concept map expert dependent, which difficult its application for academic
development in large scale. In this context, engaging with the questionnaire can be useful for providing the
academics with an example of a “competent” map, sensitising them to the core concepts involved and the possible
links between research and teaching within higher education. Moreover, an online questionnaire may facilitate the
application of the pedagogic frailty model by scaling up the mapping process.
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Abstract. Geography is a discipline that works with very complex and difficult concepts for students of any level of education,
whether it be pre-school or higher education. The concept maps developed by Novak and his colleagues spread throughout the world
and it is a powerful strategy that favors teaching and learning. The present study analyzes a review of databases and journals on
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teaching and learning in geography. The results are positive and corroborate with other studies that point to the strength of concept
maps in education.
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1 Introduction

Concept maps were introduced in the sixties by Novak (1998) and have become a powerful educational resource
with a lot of applications. Moreover, concept maps can reveal learners’ knowledge organization by showing
connections, clusters of concepts, hierarchical levels, and cross-links between concepts from different levels
(Shavelson, Ruiz-Primo & Wiley, 2005). Concept maps nowadays have become a commonly used tool in science
education and educational research (Novak & Gowin, 1984). Numerous researchers (Kinchin, Hay & Adams, 2000;
Canas et al., 2004; Tarté, 2006; Correia, Cabral & Aguiar, 2016) show that concept maps are an excellent teaching
tool to represent organized knowledge.

Since the First International Conference on Concept Mapping (CMC) held in 2004, the use of concept mapping
spread to different areas of knowledge. For instance, in Robotics, Schivani & Pietrocola (2014) and McLemore et al.
(2016); in Language teaching, Zhang (2014) and Marriott & Torres (2016); in Health, Lee et al. (2013), Wells,
Bernal & Bressington (2014) and De Domenico et al. (2014); in Companies, Bizarro (2014) and Moon et al. (2016);
in Biology, Schwendimann (2014) and Schwendimann (2016); in Mathematics, Lapp, Nyman & Berry (2010) and
Woolcott (2014).

Research on the revision of a scientific area is very important to know what has already been done. Two full
papers illustrate very well the importance of the literature review, especially nowadays where we have a very large
production in several areas, mainly in the Education Sciences. We can cite two full papers, Daley et al. (2008),
Cubillas and Puerta (2014) that make a great review in the CMC papers, separating all publications by universities,
area of knowledge, gender, etc.

In this paper, we tried to cover all full papers that involve geography and concept mapping between 2004 (when
the first CMC was held) and 2016. This paper aims at analyzing the expansion strategy of concept mapping in the
area of Geography. The complexity of geography and its complex concepts, for example: geomorphology,
climatology, and geology, pose special challenges for educators. Learners come to the classroom with prior
knowledge, which serves as the foundation for further knowledge building. The use of concept mapping can foster
meaningful learning for students of various ages, from kindergarten to higher education (Reiska, Mbollits &
Rannikmée, 2016; Kinchin, 2014).

To understand this new world perspective, there is no alternative but to rethink the classroom and all
disciplines, certainly geography as well. There are several studies (Andrade, 1994; Castellar, 2003; Moreira, 2007)
that point out to the scientific and technological progress observed in the current context of society. And the
improvement of textbooks was not accompanied by the change in the methodologies used to teach the geographical
knowledge in the school. The potential and powerful uses of concept maps as a learning tool is well exhibited in an
inter-disciplinary subject like Geography, where integration of progressively developed concepts, incorporation of
field experiences and data, and integration of location-specific applications of learned concepts lead to a holistic
understanding of an otherwise potentially segregated geographic processes (Chatterjea, 2008).
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The teaching of geography in the twenty-first century should teach and at the same time let the student discover,
the world we live in. Focusing on globalization, global climate change, environment and society/nature relations.
And it should as well lead learners to interpret texts, photos, maps, and landscapes. In this sense, is concept mapping
an important strategy in a geography classroom? We stated the following hypotheses: a) The use of concept
mapping can contribute to teaching and learning in geography and b) It is possible to analyze with quality the
concept maps created by students in the classroom.

2 Search for Papers

The search occurred in databases, journals, and conferences between 2004 and 2016. Were found twelve full papers
that involve geography and concept mapping. In table 1 we can see these papers with more details.

Authors Year | Country Area Level ?f Methodologies
Education
Rebich & Gauticr 2005 USA Global Climate nghe_:r 17 undergraduates; pre- and_p0§t-
Change Education course (concept maps); quantitative.
. . Physical Higher 22 students; concept maps;
Chatterjea 2008 Singapore Geography Education qualitative.
Wehry e al. 2010 USA Human Middle School 43 students; selected-ar_ld-_ﬁll-ln
Geography concept maps; quantitative.
90 students; control group (n=45) and
Akbas & Gengtiirk 2011 Turkey Air Pressure High School experimental group (n=43); concept
maps was used to teach one group;
quantitative.
Human 6™ grade (don’t know how many
Monroe-Ossi et al. 2012 USA Middle School | students); conceptual card game and
Geography ) .2
concept maps; qualitative.
20 undergraduates; essay writing and
Ratinen et al. 2012 Finland Climate Change Higher drawings; pre- and post-course
Education (concept maps — was created by
researchers); qualitative (case study)
. . 6 teachers; pre- and post-course
Reitano & Green 2012 Australia Teaching nghe.:r (concept maps); qualitative (case
Geography Education study)
High school (don’t know how many
Amador et al. 2012 Portugal Geology High School students); concept maps; qualitative
(content analysis).
Salvi et al. 2014 Brazil Demography High School High school (don’t know how. many
students); concept maps; qualitative.
95 students (control group=29,
Sellmann et al. 2015 Germany Climate Change High School experimental group=66); pre- a?d
post-program (concept maps);
quantitative and qualitative.
Campelo & Piconez | 2016 Brazil Seasons High School 40 students; concept maps (in two
stages); qualitative.
225 students; (experimental group
Okafor 2016 Nigeria Geography High School I=78, 11=74 and contrql group=73);
concept maps (only in group I);
quantitative.

Table 1: Papers about concept mapping and geography

We found papers from America (5), Europe (4), Africa (1), Asia (1), and Oceania (1), showing the expansion of
concept mapping over the world in geography. The CMC occurs in two and two years, one in America and another
in Europe, maybe it can explain better why we have more full papers in these continents. In 2017, Asia held a
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specific conference about concept mapping, in future we can see more papers about geography in this continent.
Table 1 shows that concept mapping has been studied since middle school to higher education like others areas.

3 Research Methods

The objective of this study is to analyze and describe the uses and possibilities of concept map in geography
teaching. To this end, in order to establish groups and methods of use, all the full papers found were read and
analyzed, the focus was on the purpose of the papers, the methodologies and the results.

A search was conducted on variety databases including Periddicos Capes and BDTD (Brazilian bases); Scielo,
Dialnet, WorldWideScience, ERIC, and Google Scholar. Also, a search was done in journals including Journal of
Geography, The Journal of Educational Research, Journal of Education and Practice, Journal of Geoscience
Education, International Journal of Multiple Research Approaches. To finish, the search continues in the
Proceedings of CMC and others International Conferences.

The key terms used in the search was “concept map”, “concept mapping”, “geography”, and “geography
teaching”. In the data collection phase, were found twelve full papers that involve geography and concept mapping.

After the analysis, three groups were created: qualitative analysis, quantitative analysis, and
qualitative/quantitative analysis. In the group of qualitative we have seven full papers (Chatterjea, 2008; Ratinen,
Viiri and Lehesvuori, 2012; Monroe-Ossi et al., 2012; Reitano & Green, 2012; Amador et al., 2012; Salvi et al.,
2014; Campelo & Piconez, 2016). Another group, quantitative, we have four papers (Rebich & Gautier, 2005;
Wehry et al., 2010; Akbas & Gengtiirk, 2011; Okafor, 2016). Sellmann et al. 2015 is a full paper that involve both
qualitative and quantitative analysis.

4  Analysis of Studies using Concept Maps in Geography

All twelve full papers were analyzed, the focus was on the purpose of the papers, the methodologies and the results.
We can see a summary of this papers.

4.1  Qualitative Analysis

Chatterjea (2008) emphasizes Geography as a discipline that covers several areas of knowledge to study the
environment on planet Earth and uses concept maps to integrate diverse concepts from different areas. Two
disciplines of two higher geography courses were analyzed: Biogeography and Management, according to the
researcher are disciplines that use diverse concepts from other areas, such as Biology, Geomorphology and
Hydrology. The main objective of the research was to use the concept mapping techniques to facilitate a holistic and
interdisciplinary understanding of the concepts. He proposed an activity that is based on the knowledge acquired
through the classroom, laboratory experiments and field research.

At the end of this activity, students were expected to integrate knowledge previously acquired from previous
concepts and other concepts related to Geography. They should develop concept maps using CmapTools, with
appropriate nodes and links, which indicate their ability to integrate concepts into a holistic understanding of the
environment and interrelated links. The results of the research were positive and pointed out that the use of
CmapTools was important to elaborate the connectivity of several concepts and proved useful to integrate the
previous knowledge to the foreground.

Ratinen, Viiri and Lehesvuori (2012) investigates 20 teachers in science education, who underwent training on
climate change. The present study examines a series of four science sessions given to a group of primary school
student teachers. This include analysis of communication styles used and the students’ pre- and post-
conceptualization of climate change based on results obtained via essay writing and drawing. Concept mapping was
used in the analysis of the students’ responses. The objective of the study is to consider how these future teachers
understand the climatic changes after the expositive classes.
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The results suggest that there were no conceptual changes in teachers’ knowledge about climate change, even
after sessions by university professors. No doubt their knowledge has improved, but they are still incomplete. The
authors cite other studies that show similar results and believe that climate change is a complex subject to be
understood in a short space of time. Ratinen, Viiri and Lehesvuori (2012) also consider that students participated
very little in the classroom discussions, felt more confident and participated more only in the last session that was
geography, this may have affected students’ progress in the course. The low participation of the students, according
to the researchers is related to the fact that they do not dominate the concepts.

In other study, Monroe-Ossi et al. (2012) described and discussed the concept mapping strategies used to review
and assess 6th grade middle school students’ knowledge of a human geography curriculum. The students were
participants in an after-school college reach-out program (CROP) first implemented with 6th graders during the
2007-2008 academic year. The conceptual Card Game was adapted and was used with students.

Discussion of the concept mapping activities focuses on the use of a game to motivate CROP participants to
fully engage in a review of the impact of their friends and families on their self-concept. From the perspective of
the game cycle, students expressed interest in the game and most indicated that they thought the game was exciting,
fun, and challenging. The recorded lessons revealed that interest increased over time as indicated by student
engagement, which lead to feedback from the game. The authors believe that the card game was successful in
activating students’ thinking about how their friends and families influence self-concept.

Reitano & Green (2012) did a case study of six preservice teachers who studied a 10-week unit of secondary
geography in their 4" (and final) year of education studies. The focus of research was track participants’ conceptions
of effective geography teaching, over a period of time; that is, to provide an example of conceptual change.
Participants constructed concept maps ate the beginning and at the end of their geography curriculum methods
course.

The results were good. Comparing the two sets of concept maps, the researchers in this study were able to gain
an insight into geographical knowledge growth and conceptual change over the duration of the methods course.
Concept mapping proved to be an appropriate tool to develop curriculum literacy for intending teachers, but it also
indicates that they are developing a literacy specific to teaching school students.

Amador et al. (2012) intended to examine the perceptions of a sample of Portuguese pre-university students on
natural hazards, using to this end the concept maps developed by them. The results show that concept mapping can
be an important technique in the analysis of students' perceptions about thematic complex and transdisciplinary
thematic such as natural hazards. It was found that there are different results for students from 10th to 11th grade
who attend the discipline of Biology-Geology. Students of the 10th grade made use of a larger number of external
concepts and provide more frequently combinatory links. In the other hand, students of 11th grade expressed more
structured and hierarchical knowledge. The results allowed to reflect on the best way to teach certain topics,
particularly natural hazards.

The paper by Salvi, Tomita and Neto (2014) was a qualitative research and used the concept maps to work the
concept of population. In an attempt to overcome a fragmented view of Geography and the relationships between the
studied content and the basis of the organization of space, was proposed the application of activity using concept
maps through a project in a school with students of high school.

It was noticed that the content "Population" and the construction of concept map motivated the participation of
the students who saw the development of this content by the interdisciplinary bias involving History, Mathematics,
Sociology and other disciplines. Students were made easy to bring content to their daily lives and to look for
example and turn them into geographical concepts.

The students received a list with diverse concepts about population and tried to connect these with the current
reality and started from a colloquial language to elaborate scientific concepts. The study was motivated by a
proposal for the teaching of Geography with an emphasis on interpretation and understanding rather than on the
memorization and recitation of geographical content. As a result of concept maps created by students, it was
apparent that most of them mastered the tool of concept mapping and discovered the usefulness and advantage of
studying Geography.
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Campelo and Piconez (2016) investigated the extent to which concept maps can foster meaningful learning in
high school students. Forty geography students participated in the study. The students made a concept map during
the second stage of the research and these maps were compared with other semi-structured ones made during the
fourth stage. For the analysis of these concept maps, the methodology of Hay (2007) was used to understand the
type of learning that occurred with the students. Nowadays, student testing with the purpose of memorizing content -
mechanical learning - continues to prevail in schools in Brazil. Using concept maps in High School can contribute to
a change in the learning of our students. The results showed that students need more time to practice the concept
mapping technique, despite the fact that progress was observed during the making process of concept mapping.

4.2 Quantitative Analysis

Rebich and Gautier (2005) used concept mapping as a tool to reveal (pre)existing knowledge and to monitor
conceptual change arising during participation in a college course on climate change policy. They analyzed concept
maps by classifying concepts and links with regard to an expert map; their results indicated that participation in their
course might have triggered conceptual change. However, due to the quite time-consuming and complex analysis,
this analysis or similar approaches may be impracticable in school life.

In the 4th CMC, the article by Wehry, Monroe-Ossi, England & Fountain (2010) proposed assessing the
knowledge of middle school students of human geography who participated in an "after school" program. The
purpose of the program was to motivate students in the subject. There were 43 participants, composed of 29 girls
and 14 boys. They used the select-and-fill-in (SAFI) approach. Researchers developed concept maps and used the
key concepts studied on middle school students. They presented concept maps by removing some concepts and
phrases of connection, for students to fill in properly. The results showed that students had got confused due to the
teaching approach and methodology in the lesson. The authors concluded that concept maps were important for
evaluating the acquisition of knowledge of human geography. However, it is still necessary for the curriculum to be
review because it is still not clear for the students, despite the fact that most students achieved good results by
completing concept maps of the three years of teaching they surveyed.

Researchers developed concept maps, such as geography specialist support, used the key concepts studied with
middle school students. They presented concept maps by removing some concepts and phrases of connection, so
students should fill in these concept maps correctly. The results of the research show that the methodology is
considered by the researchers as very important to evaluate the knowledge about human geography, but they point
out that the curriculum needs to be review in some points, because the students were confused. However, most
students achieved good results by completing the concept maps.

As stated by Akbas and Gengtiirk (2011) a study was developed in which they used concept maps to identify
misconceptions high school students had regarding the topic of “Air Pressure”. A control group was taught with a
teacher-center approach in comparison to a student-center approach in which concept maps were used as a tool to
deal with misconceptions. Two separate tests were used for data collecting; a success test, to define students’
knowledge level about concepts and discover their misconceptions, and a concept test, to define the level of
students’ misconceptions before and after the study, were employed as a pre-test and post-test involving multiple
choice questions. In the pre-test, no difference was observed in the results of the two groups. In the post-test, the
research results showed that educational methods based on the use of concept change texts combined with concept
mapping are more efficient than traditional teaching methods.

The authors concluded that concept maps are helpful to identify learners’ misconceptions that happen during the
learning process. By diagnosing their misconceptions, it was possible to clarify specific doubts before introducing a
new topic. They argued that without making clear these misconceptions, scientific knowledge is very difficult to be
learned as students take for granted that what they believe are the “correct” facts and concepts.

Okafor (2016) analyzed Nigerian high school students from different groups. A sample of 225 students were
defined in an attempt to understand the problems that affected the performance of students in national geography
exams. According to the author, two points were raised: geography has a very wide content and teachers have used
ineffective methodologies in lessons. The researcher developed a quasi-experimental study of a non-equivalent
control group. The author argued that it was not possible to have complete randomization of the participants. Intact
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classes were used. The study was quasi-experimental because the researcher manipulated the independent variables
of the study, which were concept mapping and outlined note-taking patterns and observed their effects on
achievement.

The intact classes randomly assigned to experimental and control groups were used. Three groups were created
to test the author’s hypothesis. The first was experimental group one, which was taught with concept mapping notes.
The second was experimental group two, which was taught with outline notes. The third was the control group and
it was taught with conventional notes. At the end of the lessons, students were assessed through a national TOGAR
(Test of Geography Achievement and Retention) exam. The results showed that the students of experimental group
one, who learned geography with the support of the concept maps, obtained better results than the other two groups.

4.3 Qualitative and Quantitative Analysis

In order to analyze the conceptual changes of the students, Sellmann, Leiflinder and Bogner (2015) propose a more
viable way to analyze the concept maps of the students. They cite other studies that evaluate the concept maps of the
students but believe that these analyses are not feasible for the daily routine of a teacher. This methodology to
analyze the concept maps involves qualitative and quantitative analysis.

The results pointed out that the students who participated in control group, did not have conceptual changes on
the subject studied climate change. Already the students who participated in the project, their concept maps showed
considerable changes of concepts related to the studied subject. For the researchers the method they used is possible
to apply in the day to day of a teacher, since it does not imply a great mechanical work. As a limitation of the study
the small number of students that were analyzed, a larger sample would be necessary.

5 Conclusion, Limitation and Future work

The main conclusions drawn from this paper is that the concept maps are a powerful tool for teaching and learning
Geography at any level of education. There were many advantages of using concept maps that possibility the teacher
discovers the prior knowledge of the student and identify their cognitive advancement on a particular subject
studied.

The use of concept mapping can contribute to teaching and learning in geography. It was the first hypothesis
and it can be confirmed. The literature review highlights a variety of ways to show how is concept mapping in the
classroom, the results are always positive when students work with concept maps to learn concepts about geography.

It is possible to analyze with quality the concept maps created by students in the classroom. It was the second
hypothesis and it cannot be confirmed. Sellmann, Leiflinder and Bogner (2015) presented a way to analyze the
concept maps created by the students in the day life of a teacher, but it was a small study. Others studies, for
instance, Rebich and Gautier (2005), Chatterjea (2008), Akbas and Gengtiirk (2011), and Okafor (2016), showed
methodologies that took a lot of time to analyze the concept maps created by the students. This is an important topic
to deepen, certainly, in future more study need to be done to solve this problem.

Concept mapping is very important to university student (future teachers). The results showed that a university
student in geography can understand better the complex concept. University professors who use concept maps in
their classes and researchers identify misconceptions from his students and can form better teachers. Besides that,
the future teachers will be prepared to work with concept mapping strategy.
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Figure 1. Concept mapping in Geography

In the concept map above (Fig. 1) we can observe what these full papers analyzed about concept mapping in
geography.

Nowadays it is very difficult cover all journals, databases and publications over the world, probably we cannot
fold all full papers about concept mapping and geography, it can be a limitation in this study. Nevertheless, in the
future a similar study with a larger number of papers would be beneficial to confirm the findings.

The social sciences, like Geography, will be very important in the nearby future. We have to find a collective
intelligence (Lévy, 2015). With the democratization of big data analysis, the next generations will see the advent of
a new scientific revolution, but this time it will be in the humanities and social sciences, and the concept mapping
can be an important tool.
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Abstract. Inquiry learning is one of the basic pedagogies widely used in science education. In a scientific inquiry activity, learning is
sometimes not that efficient and students’ understanding of science concepts is always fragmented. Concept mapping is a useful tool
for representing and organizing of knowledge structures. Knowledge integration framework (KI) is a well-structured scientific inquiry
pattern, suggesting a general instructional pattern that involves eliciting ideas, adding ideas, distinguishing ideas and organizing ideas.
This study explores the effects of concept mapping in different knowledge integration processes (eliciting or organizing) during
learning Scooters on WISE (Web-based Inquiry Science Environment based on KI). Seventy-one 7" grade students from two classes
in a middle school from Beijing participated in this study. The result shows that concept mapping in scientific inquiry activities can
significantly promote middle school students' coherent understanding of scientific knowledge. Concept mapping in eliciting phase is
more likely to promote coherent understanding than in organizing phase. Moreover, Students’ prior knowledge has a significant
influence on the effects of scientific inquiry activities.

Keywords: concept mapping, scientific inquiry, coherent understanding, eliciting, organizing

1 Introduction

With the development of science and technology, enabling students to gain scientific inquiry experience and
accumulating scientific inquiry skills have become a universal consensus in international science education
community. The Next Generation Science Standards introduced by the United States and the standards of science
curriculum in China both put scientific inquiry as a core idea of science education (NGSS Lead States, 2013;
Ministry of Education of the People's Republic of China, 2017).

Although has its irreplaceable advantages, in a scientific inquiry class, learning is not that efficient and students’
understanding of science concepts is always fragmented (Crismond, 2001). Students cannot use core science
principles to improve the design or experiments. Thus, scientific inquiry class has become a craft-making class,
lacking effective knowledge construction (Larmer & Mergendoller, 2010). Through class observation, it was found
that in some scientific inquiry classes, teachers and students are only concentrated on inquiry process, failing to
organize and internalize the embedded scientific knowledge systematically. Ultimately, they fail to form a consistent
scientific knowledge system and generate a coherent understanding of science concepts. For example, in a scientific
inquiry class, students were asked to explore the transformation between potential energy, kinetic energy, and
thermal energy through modeling. However, students didn’t form a coherent understanding of energy conservation.
Thus, most scientific inquiry instructions didn’t achieve the teaching goals that scientific inquiry should connect
facts of daily life with scientific knowledge. Therefore, scientific inquiry activities need an effective mechanism to
promote the connection between inquiry practice and knowledge construction.

Concept mapping is a useful tool for representation and organization of knowledge structures. Concept mapping
can be used to evaluate existing knowledge structures as well as to construct new knowledge structures (Novak,
1985). While learning new knowledge, with the help of concept mapping, students can think more systematically
and deeply about the relationship between related concepts as well as the connection between old and new
knowledge, and achieve meaningful learning. By reviewing concept maps constructed by students, teachers can find
gaps and then refine their instruction. Moreover, the process of concept mapping can reflect how students construct
their own knowledge structure so that concept mapping can be used to examine whether students have developed a
coherent understanding of the subject knowledge (Novak, 2010). Therefore, concept mapping can be embedded into
the process of scientific inquiry as an assessment tool to evaluate the effects of inquiry practice as well as a scaffold
to help students construct knowledge so as to help them form a coherent understanding of scientific knowledge.

However, concept mapping in scientific inquiry instruction needs to promote the learner's consistent

understanding of scientific knowledge without destroying the advantages of scientific inquiry. Knowledge
integration framework (KI) is a well-structured scientific inquiry pattern, suggesting a general instructional pattern
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that involves eliciting ideas, adding ideas, distinguishing ideas and organizing ideas to improve coherent and
accurate understanding (Linn & Eylon, 2011). To create sustainable classroom inquiry instruction, Linn’s research
team created the Web-based Inquiry Science Environment (WISE) (Linn, Clark, & Slotta, 2010). The projects or
curriculums on WISE are designed following knowledge integration framework (Linn & Hsi, 2000). WISE is built
around the theories of knowledge integration and constructivism. WISE is a digital learning environment where
students can observe, analyse, experiment, and reflect while navigating WISE project and teachers can use online
tools embedded on WISE to guild and evaluate students’ learning process. Thus, this study developed based on
knowledge integration framework on WISE.

This study aimed to enhance knowledge integration processes through concept mapping so as to promote
coherent understanding in scientific inquiry instruction based on KI. Concept mapping is a potentially powerful tool
to generate, visualize, distinguish and organize connections between ideas (Hamza & Wickman, 2013). This study
explores effects of concept mapping in different knowledge integration processes (eliciting or organizing) on WISE.
The study aims to answer two research questions:

e Can concept mapping as ideas eliciting or organizing strategies promote middle school students’ coherent
understanding in scientific inquiry activities?

e In which phases (eliciting or organizing), is concept mapping more likely to promote students’ coherent
understanding?

2 Methods

2.1 Participants

Seventy-one 7+ grade students from two classes taught by one teacher in a middle school in Beijing participated in
this study. There were 35 students in eliciting condition (22 males and 13 females) and 36 students in organizing
condition (21 males and 15 females). Excluding the students who didn’t complete pre-test or post-test, there were 31
effective samples in eliciting condition (18males, 13females) and 20 in organizing condition (10 males, 10 females).

2.2  Materials

2.2.1 Web-based Inquiry Science Environment (WISE)

The scientific inquiry instruction was carried out based on the Web-based Inquiry Science Environment (WISE,
http://wise.bnu.edu.cn). WISE is a research-based digital learning platform that fosters exploration and scientific
inquiry designed by Prof. Linn’s research team at UC Berkeley. All the projects or curriculums on WISE are
designed based on the knowledge integration framework. Students can observe, analyze, experiment, and reflect
while navigating WISE projects. Teachers can use online tools provided by WISE to guide and evaluate the learning
process.

2.2.2  Curriculum materials

Chinese version of Self-Propelled Vehicles Challenge (Scooters) WISE unit translated and revised from WISE
repertory was used as the inquiry curriculum material in this study. The unit can be found at the following web
address: http://wise.bnu.edu.cn/project/254+#/vle/nodel. Table 1 describes the layout of Scooters unit.

Activity KI Description

number

1 Elicit Students are introduced to self-propelled scooters; students design, build and test
1.1-2.8 their first scooter; students try to explain why scooters can move.

2 Add & Distinguish Students engage in inquiry activities around energy types, energy transformation and
3.2-3.15 energy conservation with computer simulations.

4 Organize Students refine their first scooters.
4.1-53 Students reflect on the design process and write project reports.

Table 1: Layout of Scooters WISE unit

62



In this project, students are introduced to relevant energy concepts (potential energy, kinetic energy and thermal
energy) and energy transformation and conservation. The concept map below constructed by the researcher and a
science teacher shows the scientific principles of scooters movement (original: figure 1; translated: figure 2).

Figure 1. Concept map of energy conservation (original in Chinese)

Figure 2. Concept map of energy conservation (translated into English)

2.2.3  Pre-test and post-test

The pre-test and post-test translated and revised from Linn’s research team included three multi-part items involving
the relationship among different types of energies (Energy Conservation Graphs, Scooter Revision Graphs, Car
Performance Comparison) (Applebaum, Vitale, Gerard, & Linn, 2017). The original pre-test can be viewed at this
link: http://wise.bnu.edu.cn/project/267#/vle/node.
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Energy Conservation Graphs (Conservation). In this item, four graphs describing possible relationships
between potential, kinetic, and thermal energy while a scooter is moving are presented to the students. Only graph D
is correct. Students should first choose the correct graph and then answer an open response to explain their selection.

Figure 3. Graphs in conservation item

Scooter Revision Graphs (Revision). This item presented students with a stacked bar graph describing the
distribution of energy from a scooter after two meters’ movement (the graph is similar to figure 3). In addition, this
item also presented two students’ (Jaden & Jordan) plans for revising their scooters in order to go farther.
Jaden wants to reduce friction, while Jordan wants to make the wheels bigger. In this item, students will answer 5
questions. Students should first guess whether the car could travel farther than 2 meters based on the energy graph
and explain their reasoning. Then, students should choose who they agree with (Jaden(correct), Jordan, both or
neither). After selection, students should indicate which type(s) of energy will NOT change after the revision
(potential energy) and explain how the graph will change. Finally, students should explain their selections.

Car Performance Comparison (Comparison). In this item, students are presented with “Liz and Destiny each
built a rubber band car. Liz's car had more potential energy, but Destiny's car travelled a farther distance.” Students
should first list the reasons as much as they can to explain the phenomenon. Then, they should choose one reason
and explain how the reason affects the transformation of potential energy towards thermal energy in detail.

2.3 Procedure
The procedure of this study is depicted in figure 4 below. The whole research took 10 class periods.

Concept map training. A 4-class periods-training on concept mapping was first carried out to students in both
conditions. The training consists of three tasks to guide learners to generate, critique, and revise concept maps. The

goal is that learners can draw concept maps expertly and independently. Scores of the last concept map students
constructed were used to measure students’ concept mapping abilities.

Pre-test and post-test. Students completed pre-test and post-test on WISE independently in 30 minutes before
and after WISE instruction.
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concept map training

pre-test

WISE instruction

condition 2

|
[

A
post-test

Figure 4. Research procedure

WISE instruction. Students completed the online Self-Propelled Vehicles Challenge (Scooters) unit in groups.
These groups were typically dyads, while in some cases students worked alone. The whole inquiry instruction took 6
class periods. Students were asked to fill a given concept map (figure 5 & figure 6) about energy transformation and
conservation in eliciting or organizing phase. After the students completed the concept map, they first received a
feedback from other groups and revised their maps. Then, the teacher showed a concept map constructed by expert
to the students. The students revised their maps based on the map constructed by expert. The construction and

revision of concept maps were on paper.

eliciting ideas
with concept maps

adding ideas
distinguishing ideas

organizing ideas

[0k

adding ideas

distinguishing ideas

organizing ideas
with concept maps

Figure 5. Concept map given to students (original in Chinese)
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Figure 6. Concept map given to students (translated into English)

2.4 Rubrics and coding

All open response items in pre-test and post-test were coded with a knowledge integration rubric to determine a
score that reflected the coherency of the response. All open response items were scored on a 5-point scale (Table 2
for example). All works were scored by two coders. Inter-observer reliability test showed that the scores given by
the two coders reached acceptable levels for both pre-test and post-test of two conditions [eliciting: n=31, pre-test-
icc=0.846, post-test-icc=0.880; organizing: n=20, pre-test-icc=0.859, post-icc=0.868]. The scores of concept maps
were given by comparing with an expert concept map.

score Description Example

0 No answer

1 Off task I don’t know.

2 Irrelevant or Non- | Everything in the graph changed because if you change one thing on the car it will
normative ideas change everything on the graph.
Unelaborated links

3 between ideas, or partial | More friction will produce more thermal energy.
idea

4 One scientifically valid | The potential energy didn’t change because less friction doesn’t have more energy
link between two ideas stored.

5 Two or more scientifically | The potential energy didn’t change because potential energy is associated with the

valid links between ideas deformation of rubber bands only. They didn’t change the rubber bands.

Table 2: Knowledge integration rubrics

3 Results and discussion

3.1 Pre-test and Post-test

To determine whether the Scooters WISE unit can effectively promote students coherent understanding of energy
concepts, a paired t-test showed that there is a significant increase between pre-test and post-test in both eliciting and
organizing condition (see table 3). Thus, concept mapping during Scoofers inquiry unit can promote students’ (in
both condition) coherent understanding of energy concepts.
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KI Pre-test Post-test Paired t-test
condition n Mean SD Mean SD Mean(Post-Pre) SD P-Value
organizing 20 8.15 3.82 14.58 5.87 6.43 4.00 0.000
eliciting 31 8.71 3.42 16.16 6.85 7.45 6.58 0.000
total 51 8.49 3.55 15.54 6.47 7.05 5.68 0.000

Table 3: Paired t-test

Figure 7. Comparison of pre-test and post-test scores

3.2 Differences of Mean Scores

A t-test performed on the pre-test showed there were no significant differences by condition (t (49) =-0.539,
p>0.05).

To determine the effects of the two conditions, a liner mixed effect analysis was conducted using the mean pre-
test scores, concept mapping scores as the independent variables, the mean post-test scores as the dependent
variable, the condition (eliciting or organizing) as the grouping variable. The regression results showed that there
was a significant positive correlation between pre-test and post-test (SE=0.663, p=0.000<0.001), and concept map
scores and post-test (SE=0.020, p=0.000<0.001). Concept mapping in different phases was positively correlated
with post-test, but not significant (SE=0.239, p=0.093). The results showed that the pre-test scores and concept
mapping scores have a significant impact on the post-test scores. Students in eliciting condition received higher
scores than organizing condition, but the difference was not significant.

113:3?:; (isnt variable: Estimate Std.error t-value p-value
condition 0.239 0.140 1.712 0.093
Pre-test 0.663 0.175 3.783 0.000
Cmap 0.020 0.003 6.175 0.000
Constant (0.399) 0.276 (1.445) 0.155

Table 4: Liner mixed effect analysis results

Meanwhile, a related analysis of post-test, pre-test, concept mapping scores and condition (eliciting or
organizing) was conducted (see table 5). Students in organizing condition had a higher concept mapping scores but
a lower pre-test score. However, comparing the gain scores, there was a significant difference in favor of students in
eliciting condition. Thus, concept mapping and prior knowledge can promote knowledge integration, but the effect
of prior knowledge is more important.
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Post-test Pre-test condition Cmap
Post-test 1 0.48 0.119 0.641
Pre-test 0.48 1 0.077 0.17
condition 0.119 0.077 1 -0.122
Cmap 0.641 0.17 -0.122 1

Table 5: Related analysis results

3.3 Differences of Each Item

The previous analysis showed that there was no significant difference between conditions based on the overall
scores. In order to further explore the difference between two conditions, analyses of each item were conducted.

The results of paired t-tests of gains in each item (conservation: M = 1.431,t=5.97, P = 0.000<0.001; revision:
M = 3.294, t = 6.88, P = 0.000 <0.001; comparison: M = 2.324, t = 7.46, P = 0.000 <0.001) showed that concept
mapping can significantly promote the understanding of the coherent understanding of scientific knowledge in both
conditions. A mixed-effects regression test was conducted on each item which showed that there was a significant
positive correlation between the concept mapping scores and post-test scores (conservation: p=0.033, t=3.147,
P=0.003<0.05; revision: p=0.095, t=5.449, P=0.000<0.05; comparison: p=0.059, t=4.720, P=0.000<0.05).

In revision and comparison items, the pre-test scores were significantly positively correlated to the post-test
scores (revision: $=0.445, t=2.822, P=0.007<0.05; comparison: p= 0.603, t=2.534, P=0.015<0.05). For conservation
item, the correlation between pre-test and post-test scores were not significant (f=0.154, t=0.474, P=0.637 >0.05). In
conservation item, four graphs that describe possible relations between potential, kinetic, and thermal energy while a
scooter is moving were displayed, which is more abstract to students. The difficulty of this item didn’t match
students’ current knowledge level.

In conservation and comparison items, students in eliciting condition got a higher score that organizing
condition, but the difference was not significant (conservation: =0.474, t=1.039, P=0.304>0.05; comparison:
p=0.254, t=0.468, P=0.642>0.05). In revision item, there was a significant positive correlation between the
condition and the post-test scores (f=1.518, t=1.945, P=0.058<0.01), showing that concept mapping in eliciting is
better than organizing. Revision item was more concerned with the concepts and relationships. Besides, students’
concept map scores have a significant influence on the post-test scores of revision item ($=0.095, t=5.449,
P=0.000<0.05), which confirmed the revision item was more organized than other items (previous study showed that
concept mapping are better for building organized knowledge(Novak, 1989). Therefore, it can be considered that
concept mapping in eliciting phase has a significant effect on the knowledge integration of more organized scientific
concepts and knowledge.

conservation revision comparison
B t p B t p B t P
Cmap 0.033 3.147 0.003 0.095 5.449 0.000 0.059 4.720 0.000
Condition 0.474 1.039 1.039 1.518 1.945 0.058 0.254 0.468 0.642
Pre-test 0.154 0.474 0.637 0.445 2.822 0.007 0.603 2.534 0.015

Table 6: Comparison by items

4 Conclusions

This study employed concept mapping to facilitate different knowledge integration processes (eliciting or
organizing) and promote coherent understanding in scientific inquiry instruction based on Scooters unit on WISE.
The conclusions are as follows:

1. Concept mapping can significantly promote coherent understanding of scientific knowledge in middle

school students' scientific inquiry instruction. The result shows that concept mapping in eliciting or organizing
knowledge integration phase can both significantly promote students' knowledge integration. In previous study,
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researchers used concept mapping in adding ideas and disguising ideas based on a biology WISE unit of middle
school students, which shows that concept mapping can significantly promote knowledge
integration(Schwendimann & Linn, 2016). Therefore, based on the results this research and findings of previous
study, it is believed that concept mapping as scaffolds during scientific inquiry activities can promote knowledge
integrating and students' coherent understanding of scientific knowledge.

2. Students’ prior knowledge has a significant influence on the effect of scientific inquiry activities.
Students who have a higher-level prior knowledge achieve a higher knowledge integration level after inquiry
practice. Concept mapping can promote knowledge integration, but the effect is dependent on students’ concept
mapping ability as well as prior knowledge level. The prior knowledge integration level of students has a greater
influence on the effect of knowledge integration promotion. Students who have a higher-level prior knowledge
achieve a higher knowledge integration level after inquiry practice, which shows that students are more willing to
learn the scientific knowledge they already know.

3. Concept mapping in eliciting phase is more likely to promote coherent understanding than in
organizing phase. Based on the comparison of post-test scores of both conditions, it was found that concept
mapping in eliciting phase is more effective for promoting knowledge integration and coherent understanding,
especially for more organized scientific concepts and knowledge.

Future studies will focus on: (1) concept mapping to facilitate knowledge integration based on different WISE
projects or off-line inquiry practices; (2) using computer-based concept mapping instead of paper-and-pencil task;
(3) comparing the effects of different forms of concept mapping (such as constructing, filling and criticizing concept
maps) on knowledge integration in scientific inquiry activities.
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Abstract. The use of concept map as an evaluation tool in elementary education is a differentiating factor that helps the teacher's work
to understand how the student learns and modifies his knowledge structure from previous knowledge. Our research group is a pioneer
in the development of tasks based on the use of concept maps with errors (CMap/E). In this model of assessment, teacher is the one
who elaborates the CMap and, in doing it, intentionally inserts propositions with conceptual errors. In this situation, the student's
knowledge structure is not self-declared, but can be inferred from the identification (or not) of these errors, which come from their
performance in the task. The purpose of this work was to verify the effectiveness of CMaps/E task as an evaluation tool in science
teaching in the final years of elementary school according to the Brazilian curricular basis. For this, 45 CMaps/E and 45 true or false
tests were collected. The subject covered in this evaluation was Chemical Functions. The true or false test was used to verify the
existence of correlation between the students' responses in this task and in the CMap/E. After this verification, the students'
performance in the CMap/E task was used to classify the propositions in easy, moderate and difficult, through descriptive statistical
analysis. The results showed that CMap/E is useful as an assessment tool in elementary school, and allow the teacher to extract
relevant information about the students' conceptual understanding quickly and accurately.

Keywords: concept maps with errors, assessment, Science teaching, elementary school

1 Introduction

Teachers face several challenges in their pedagogical practice, from curricular organization, teaching work planning,
complementary activities and structuring of the evaluation process and interlacing the objectives with the
instruments used to obtain information about the students' performance in relation to their own learning process.

The use of evaluation tools that do not rely only on superficial memorization is one of the current educational
challenges (Toigo, Moreira & Costa, 2012). A tool used for teaching and evaluation purposes is the concept map
(CMap) that allows structuring information for the knowledge’s construction (Kinchin, 2016; Moon et al., 2011;
Novak, 2010). The CMap can be a teaching resource incorporated into the classroom daily routine, in order to
provide various information from those afforded by other instruments. Ruiz-Primo & Shavelson (1996) point out
that the evaluation tasks involving CMaps should provide:

i.  atask that invites the student to provide information about their knowledge structure in a specific domain;

ii. an appropriate response format for the task, and

iii. an appropriate scoring system for the teacher to assess student performance.

For the elaboration of a concept map that benefits the characteristics pointed out by Ruiz-Primo and Shavelson
(1996), there is a need for training in the technique (Aguiar, 2012) of CMaps so as to be synthetic and well
explanatory. However, some factors interfere in this training; among them, the demand of enough time for the
execution of the activity (must be compatible to the minimum time necessary to train the students in the task of
preparing the CMaps). In addition, time spent by the teacher for the correction and evaluation of each CMap made
by his students, in some cases hundreds of CMaps, according to the class size (McClure et al., 1999). However, such
problems are minimized when the teacher prepares the CMap for use in the evaluation.

1.1 Elementary school: The concept maps with errors in the discipline of Sciences

The teaching of science is a multifaceted and relevant discipline to relate and interlink the experiences that occur
with the environment, with the human being and the technological transformations present in our society. Bizzo
(2009) states that teaching science is a way of comprehension and understanding the world. The author also states
that it is only by teaching science that students can understand the importance of scientific knowledge, since the
discipline of science offers a more scientific view of the real world. Moreover, it is in the school context, in
elementary school, that scientific knowledge begins to be developed. The school scientific knowledge in primary
education makes possible to construct relations, orientation to citizenship, the formation of active citizens,
consumers and responsible users of new technologies (Viecheneski & Carletto, 2012). Thus, "the teaching of science
in the school is of vital importance and has its results improved if it enlarges its action already in the first years of
the elementary school" (Malacarne & Strieder, 2009).
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The concept map is a viable tool to visualize the students' alternative conceptions and favors a teacher's
mediation of the learning process with the purpose of adjusting the student's knowledge structure with new
conceptual relations about scientific knowledge in the Sciences classes. The use of the concept map in the classroom
in elementary school - final years - is not a common task. According to Toigo, Moreira ¢ Costa (2012), concept
maps in general are used in higher and secondary education (high school) rather than in elementary education. In
such manner, using the concept map as an evaluation tool in elementary education is a differentiating factor that
helps the teacher to understand how the student learns and modifies his knowledge structure from previous
knowledge.

Concept maps are graphical tools for organizing and representing knowledge by indicating the relations
between concepts. They can be used in many different ways to assess the individual's understanding. The concepts
are representative aspects that describe and particularize a regularity or an object, being presented by words and/or
expressions inside geometric figures. The relationships between them are indicated by lines with arrows, to which
are attached explanatory phrases - link phrases - that interlink and give meaning to the keywords (Cafias et al., 2000;
Novak, 2010; Davies, 2011).

Our research group is a pioneer in the development of tasks based on the use of concept maps with errors
(CMap/E). In this model of evaluation, the teacher is the one who elaborates the CMap and, in so doing,
intentionally inserts propositions with conceptual errors. When teachers create their CMaps with errors to be
identified by students, the spending time is decreased in many ways (Figure 1).In this situation, the student's
knowledge structure is not self-declared, but can be inferred from the identification (or not) of these errors, that
comes from their performance in the task (Correia et al, 2016). In the conceptual map with error, the teacher
structures the map correctly according to the content addressed and then changes some words in the link phrases so
that the proposition become incorrect (it is possible to see examples in Figure 2 in the next section). Then, the task
for the student is to find these errors and correct the proposition to form an appropriate semantic unit. The purpose
of this work is to verify the effectiveness of the concept mapping with errors task as an evaluation tool in the science
teaching in the final years of elementary school according to the Brazilian curricular basis.

Demand of time:
Students - For training in the technique Teacher
elaborating - Todo the task elaborating
a CMap =  To evaluate the students’ knowledge a CMap/E

Figure 1: Demand of time need when students elaborate a CMap and when the teacher elaborates a CMap/E. When students do the map the use
of time is higher than when the teacher prepares a CMap/E.

2 Methods

2.1 Materials

The collection of CMaps (n=45) and the true/false test (n=45) occur during the Sciences class offered within the
curriculum of basic education at a school located in Parana State, Brazil, for student of 9th grade of elementary
school. The students’ age average is 14 years old. The topic addressed in the evaluation was Chemical Functions
involving four basic contents: (i) acids; (ii) bases; (iii) salts and (iv) oxides.

The teacher elaborated the CMaps containing 28 propositions and later modifications in 14 linking phrases were
made to include conceptual errors at propositions 1, 3, 7, 8, 11, 12, 13, 14, 17, 19, 20, 22, 24, 28 (Figure 2). Another
evaluative instrument used was the true or false test (t/f), which was also elaborated by the teacher and contained the
same content as those on the propositions of the concept map. Students should read and mark if the statements as
true or false according to their understanding (Table 1). To avoid random responses, students had the option of "I
prefer not to answer" in all statements. In both tasks, students should explain why the proposition and the statement
were incorrect.
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Figure 2. Full concept map with error used for the assessment. The incorrect propositions are in red circles. This map has been translated from
Portuguese.

2.2 Data Collection and Procedures

The materials were collected in two different days (Figure 3):

e On the first day, the t/f was collected. Students received a sheet with a standard header from the educational
institution and instructions for doing the activity. The teacher read aloud the instructions as she distributed the
activity. Then clarified that the students should indicate if the sentence was correct or not and if they had doubts
they could indicate in a maximum of 3 times the “I prefer not to answer” option. The time for reading the
instruction of the task and clarify doubts lasted 10 minutes and the time for the realization of the task was 40
minutes (total time of a lesson);

e On the second day, the CMap containing the incorrect propositions was collected. The instruction procedure
was the same as the previous day and the time to perform as well.

2.3 Data Analyses

2.3.1 Validation of CMap/E as an evaluation tool

Our research group believes in the potential of the CMap/E as evaluation activity, to support our belief we did a
validation to show the potential of this tool, once the t/f task is a traditional and widely used evaluation tool.

The students' response to the exercise using CMap/E was coded as follows: 1 point for each identified error and
no point for unidentified errors when it came to incorrect propositions. The correct propositions were also
considered, since they had subjects corresponding to the t/f statements. In these cases, the student received 1 point
for considering it correct and no point for considering it wrong. The students' response to the t/f was simply
codified: they received 1 point when judging properly the statement, and 0 when making a mistake.
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SUBSTANCES has proprieties called CHEMICAL

1 FUNCTIONS 15 | SALT is also a CHEMICAL FUNCTION

2 gggglgﬁﬁTFgggggiare classified as ACID, 16 | BASE is CORROSIVE.

3 | ACID has a SOUR TASTE. 17 | CORROSIVE as CAUSTIC SODA

4 | SOUR TASTE as the flavour of LEMON. 18 gOAXS'TIC SODA is used in DETERGENTS ¢

5 | ACID is CORROSIVE. 19 | CAUSTIC SODA has pH 7.

6 CORROSIVE as, H2S0O4. 20 | BASE in aqueous solution conducts ELETRICITY.
7 | 12804 is used in CAR’S BATTERIES 71 %{;;RICITY with detachment of NEGATIVE

8 | H2S04 ¢ has pH 6. 22 | NEGATIVE IONS as OH-

9 | ACID in aqueous solution conducts ELETRICITY. 23 | OH- is known as HIDROXYL.

10 | ELETRICITY with detachment of POSITIVE IONS. 24 | BASE has an ASTRINGENT TASTE.

11 | POSITIVE IONS as H+ 25 gi;lfgfg%l:;foerSTE is a characteristic of GREEN
12 | ACID neutralizes BASE as result they form SALT. 26 | OXIDE is found in the form of GAS.

13 | SALT has a SALTY TASTE. 27 gzgll;i 1; i(ﬁng;(igyﬁ It\lll.e combination of a chemical
14 | SALTY as the flavour of Mg(OH)2 8 OXIDE reacts with water to form ACIDIC OXIDES

and BASIC OXIDES.

Table 1: True or false tests used for the assessment. These statements were translated from Portuguese.

Figure 3. Chart that shows how was the collection materials procedures.
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The combination of responses in the activity with CMap/E and in t/f resulted in a numerical pair (X, y), where x

refers to a CMap proposition and y refers to t/f. This allowed us to verify the validation of the activity, where (0,0)
and (1,1) confirm the validation and (0,1) and (1,0) do not confirm the validation as follows:
e (0,0): Student did not identify the error on the concept map and mistaken in the t/f statement;
e (1,1): Student identified the error on the concept map and answered correctly the statement;
e (0,1): Student did not identify the error on the concept map answered correctly the statement.
e (1,0): Student identified the error on the concept map and mistaken in the t/f statement;

The frequency was calculated for each of these numerical pairs.

2.3.2  Getting information from the CMap with errors assessment task
The performance of students was used to classify the propositions into easy, moderate and difficult.

A matrix S (45x28) containing the students’ answers for all propositions in the CMap/E was used to run the
hierarchical cluster analysis (HCA) using the Pirouette v. 4.5 (Infometrix, Bothell, WA, USA). All answers in this

matrix were coded using 0 and 1 to represent not found and found errors by the students, respectively. The aim was
to look for natural groups of students with similar response patterns.

3  Results and Discussion

3.1 Validation of CMap/E as an Evaluation Task

Table 2 describes the results obtained (mean and standard deviation) for each of the four numerical pairs considered
in this study, those that confirm the validation (0,0 and 1,1) and those that do not confirm the validation (1,0 and
0,1). There is also a comparison between the frequencies found for the propositions that were correct and those that
were wrong.

Comparison of Categories that confirm validation Categories that do not support validation
With error (n=14) 31% 25%) 34% (29%) e dro 2
Without error (n=14) 4% (5%) 61% (24%) 26% (22%) o)
All (n=28) 18% (23%) 7 (29%) 2% 0% B

Table 2: Global analysis of the exercise considering the correct propositions and propositions with error.

Considering all the propositions of CMap/E (n=28), a total of 65% of validation was obtained. Among these,
47% validate for the good performance of students in CMap/E and t/f task (1,1) and 18% validate for error in both
tasks (0,0).

The analysis also revealed that 32% of the propositions were not valid. Among them, 20% refers to the students
who identified the error in the concept map and mistaken in the t/f statement (1,0) and 12% are referring to those
who did not identify the error on the conceptual map answered correctly the statement (0,1). These results are
important because they reveal information to the teacher about the quality of their assessment materials. For
example, the 1,0 category (good performance in CMap and poor performance in t/f task) informs the teacher that in
the t/f task are statements that could be clearer written, since students correctly judge propositions carrying the same
content in CMap/E. That is, students understand content as long as it is within a context.

Therefore, the CMap/E is a valid assessment task because: (i) Results obtained with this task are similar to the

results obtained from t/f task in 65% of cases. (ii) The CMap/E decreases the ambiguities that can occur when a
statement is isolated, since CMap/E puts all content within the same context by responding to a focal question.
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3.2 Students’ Understanding Evaluation

The frequency results for the numerical pairs confirmed the validation of the activity with CMap/E in 65% of the
propositions. With this result was made a hierarchical cluster analysis (HCA) using the Pirouette v. 4.5. The
students' scores in the 28 propositions of the CMap/E were considered, obtaining a data matrix 45X28.

The HCA confirmed the existence of 3 groups of propositions with similarity 0.659. These groups were
characterized as easy propositions, moderate and difficult, according to the students' performance in each one. The
relation of the propositions belonging to the 3 groups found in the HCA was as follows:

e Easy propositions:

P2: Chemical Functions — are classified in — Oxide, Acid, Base and Salt
P4: Oxide — is classified in — Acidic Oxides & Basic Oxides
P7: Oxide —isn't found in form of — Gas

P8: Acid —isn't — Corrosive

P9: Corrosive — as example — H2SO4

P10: H2S04 —is used in — Car's batteries

P15: Acid — has a — sour taste

P16: Sour taste — as the taste of the — Lemon

P17: Acid — are not neutralized by each other — Base

P18: Salt — has a — Salty taste

P21: Corrosive —as — Caustic Soda

P23: Caustic Soda —is used in — Soap

P25: Base —in aqueous solution conducts — Electricity
P26: Electricity — occurs with detachment of — Negative ion
P27: Negative ion — is the — OH-

e  Moderate propositions:

P5: Acidic Oxides — in contact with water they form — Acids

P6: Basic Oxides — in contact with water they form — Bases

P12: Acid — in aqueous solution doesn't conduct — Electricity
P13: Electricity — doesn't occur with detachment of — Positive ion
P14: Positive ion — is the — H-

P20: Base —isn’t — corrosive

e Difficult propositions:

P1: Substances — when they possess equal chemical properties are called — Chemical Functions
P3: Oxide — is formed by the combination of some chemical elements with — Oxygen.

P11: H2SO4 — has pH — 14

P19: Salty taste — as the flavour of — Mg(OH)2

P22: Caustic Soda —is used in — Detergent

P24: Caustic Soda — has pH — 7

P28: OH- — known as — Hydrocarbon

Figure 4 shows the percentage of students who judged correctly each proposition. The black bars indicate the
propositions with errors while the gray bars indicate correct propositions.
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Figure 4. Graph obtained from performance of students in the judgment of propositions. The black bars indicate the propositions with errors
while the gray bars indicate correct propositions.

The propositions where the students had the highest performance were the 4 and 15, both with 97.8% accuracy.
Proposition 4 (Oxide — is classified in — Acidic Oxides & Basic Oxides) involved the progressive differentiation of
the CMap that carried information about the oxides. While proposition 15 (Acid — has a — sour taste) involved the
branching of the CMap that treated the acids. The propositions 8, 9, 10, and 16 were also in the group of easy
propositions, these propositions carried content about the acids as well. Therefore, the CMap/E task showed the
teacher that, in general, students are able to understand the content of the acids well.

In elementary school, according to the Brazilian curricular basis, it is usually the students' first contact with
concepts about inorganic chemical functions. However, in general, students already have previous knowledge about
acids, because they often hear that "lemon is an acid fruit," then relate acid to sour and corrosive things. It is known
that previous knowledge is a key point for meaningful learning (Ausubel, 2000), and for this reason, students can
achieve a good performance in propositions that bring concepts about acids.

The opposite occurs with propositions about the bases. It is not common for students to hear that bases are also
corrosive; usually they assume that the base is the opposite of acid. For this reason, proposition 20 (Base - isn’t —
corrosive) is among the moderate propositions, with 69.5% accuracy. Moreover, among the moderate propositions,
there were those that carried introductory concepts of electrochemistry, for example proposition 12 (Acid - in
aqueous solution doesn't conduct — Electricity). According to the Brazilian curricular basis, students will learn
electrochemistry in more depth in high school. Therefore, it was expected that the students would have difficulty in
judging the propositions related to this topic.

The difficult propositions are those that carry nomenclatures of chemical functions. For example, proposition 28
(OH- — known as — Hydrocarbon) got 13.0% accuracy, and proposition 19 (Salty taste — as the flavour of —
Mg(OH)2) got 23,9% accuracy. The equivalent result was observed in propositions about pH as proposition 24
(Caustic Soda — has pH — 7), with a success of 23.9%. These results show the exact content that needs to be
reinforced with the class, revealing valuable information to the teacher about the difficulties of their students,
allowing him to intervene and provide feedback to his students more quickly and accurately.

Precise and timely feedback is critical to foster pedagogic resonance, i.e., the bridge between teacher knowledge
and student learning. The need for rapid intervention is clear to avoid the accumulation of conceptual problems that
undermine deep learning (Kinchin, Lygo-Baker & Hay, 2008; Trigwell & Shale, 2004; Novak, 2002). We believe
that CMap/E is an innovative and effective assessment tool in enabling the teacher to obtain such detailed
information about the conceptual understanding of their students during the teaching process.

4 Conclusion

Misconceptions made by students during the teaching-learning process in science become an important moment for
the detection of learning obstacles. The actions of finding them, understanding them, determining their causes and
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negotiating meanings are indispensable tasks for the teacher, and can be facilitated by the use of CMap/E. Especially
when the number of students is excessively large, which would make it impossible to use concept maps made by
students as a form of evaluation. The practicality of CMap/E allows them to be used on a large scale, and in virtual
learning environments. The possibility of the teacher giving feedback to the student more quickly promote a greater
understanding of the contents, greater appropriation of new knowledge and consolidation of prior knowledge.

The CMap/E presented itself as a relevant instrument to be used in the evaluation process, as it evidenced its
informational character. The most important information came from the students' ability to find the errors in the
propositions, showing how much the learner knows and what he has yet to learn this is an evidence of a formative
evaluation (Luckesi, 2003).

The possibility of using CMap with errors for any interdisciplinary subject and embedded into online learning
environments suggests this is only the beginning of a promising task full of innovations involving concept mapping
and learning assessment. Future studies will be conducted to analyze the possibility of using CMap/E in higher
education and in online courses.
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Abstract. Basic research in chemistry is the source for the development of new technologies and innovations in various fields that
include industry, medicine and environmental remediation, to name a few. A constant evaluation of its approach is necessary to
improve research projects and thus contribute to the solution of current problems. From this point of view, concept maps serve as a
strategic tool in the consolidation of existing theories and important experimental designs to establish the relevance of each research
project and its potential application. The use of concept maps allows to organize the concepts of a specific field of research, leading to
the formation of interconnections of ideas and theories. The relationships between concepts can be represented as networks, which
provide a robust set of tools with the ability to shape, combine, analyze, represent and compare information, generating new
perspectives so useful that they can become the resolution of research problems. The following is the result of applying the
methodology of concept maps, in three research projects in a Master’s in Chemistry, and includes a detailed description of the
parameters that led to the construction of these information tables and their contribution to each piece of research.

Keywords: concept maps, research projects, chemistry

1 Introduction

Chemistry is a science that requires the application of various methodologies for its study and understanding, for
example, existing theory based on previous studies or experimentation and deductions based on statistical design.
However, in some high-impact research, it is necessary to search for alternatives that explain the behavior of the
study variables in a graphic, explicit and didactic way that will determine the scope of the project, since the
understanding of many of the phenomena that are investigated in this field depend on it. Chemical sciences are part
of the areas that involve meaning-making processes, since the deduction of physicochemical phenomena, and
respective explanation and application, are the main axis for the construction of knowledge. To enable this, the
research requires a multimodal approach, which is based on the theory that the use of spoken and written languages
is not enough to understand phenomena that cannot be perceived at first sight, therefore communication must occur
through multiple modes of semiotic representation. The role of multiple representations in the construction of
knowledge has also been identified as a research area that will contribute to the construction of broader and
potentially applicable research, with added value for the improvement of basic science learning processes (Jaipal,
2010).

The application of concept maps in the development of research allows the integration of multiple semiotic
representations, which in turn facilitates the search for explanations of the different chemical phenomena. The
application of tools such as concept maps in research provides certain advantages. For example: the expression of
research objectives that encompass a problem defined by the relationships between the different variables of the
molecules under study, can lead to a broader explanation about the choice of the synthesis method, while the
schematized information also serves as a tool in the verification of the characteristics of the obtained compounds.
Finally, a concept map developed under the correct terms and interconnections has the capacity to highlight the
positive impact of the research that it represents (Kozma, Chin, Russell, & Marx, 2000).

The objective of this paper is focused on the use of knowledge models based on concept maps as infrastructure
for the creation of student research projects in scientific and applied fields. The tools based on a constructivist
approach to learning allowed Chemistry students to construct concept maps, connect them to each other through
links with semantics, and complement the propositions with other media such as images, photos, graphics, text, etc.,
thereby generating a vision and a real scope of each research project.
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2 Reach of Aid Model

Concept maps, developed by Novak (Novak & Gowin, 1984), are used as a medium for the description and
transmission of concepts within the theory of assimilation, a theory of learning that has had an enormous influence
on education. The theory is based on a constructivist model of human cognitive processes. The concept map is the
main methodological tool in the theory of assimilation to determine what the student already knows. According to
Novak and Gowin, concept maps have helped people of all ages to examine the most varied fields of knowledge in
educational environments (Ausubel, Novak, & Hanesian, 1978).

The concept map is a graphic representation of a set of concepts and their relationships within a specific domain
of knowledge, constructed in such a way that the interrelationships between the concepts are evident. In the
following schemes, the concepts are represented as labeled nodes and the relationships between concepts as
connected labeled arcs. As such, concept maps represent the significant relationships between concepts in the form
of propositions or simplified sentences: two or more concepts linked by words to form a semantic unit (Cafias et al.,
2000). The concise and graphic representation of knowledge through concept maps and the possibility of links,
whether hierarchical or horizontal, result in ideal surroundings in which to create a navigable environment, where
students can find the information they need by browsing the environment, researching various topics. The concept
maps presented below were made by students of the Master's Degree in Chemistry from the Pedagogical and
Technological University of Colombia, each subject with a totally different approach and application, but with a
remarkable scientific quality.

2.1  Evaluation of Porous Organomicas and Heterostructures based on Mica-type Layered Silicates as
Adsorbents of Malathion Insecticide

Figure 1 shows the concept map of a piece of research entitled: "Evaluation of porous organomicas and
heterostructures based on mica-type layered silicates as adsorbents of Malathion insecticide". The methodology of
the concept map is applied with the objective of establishing relationships between study variables and materials that
could improve the result of the investigation. The concept map has a hierarchical tree structure (Zydney & Warner,
2016). The map also has cross-links that allow to understand the interconnection between the properties of the
starting material and the improvements that can be achieved from it, starting from the theory that the structure of the
map affects the perception of the ideas that you want to communicate through it. The concept map was designed to
initially present the properties reported in the theory, about the Na-n-Mica starting material; a summary was then
made of the applications that will be given to the precursors, to conclude in the form of an evaluation of these
applications by means of analytical chemical techniques.

As such, the construction of the concept map of figure 1, allowed to find the main research problem of the
project through an arduous study of the state of the art by means of a structures-type concept map that allowed to
evaluate the different panoramas that this reported. The construction of this map was a creative tool, applied with the
objective of taking advantage of the possibility of constantly updating its information in order to find the best
application for the Na-n-Mica materials described in it. One of the advantages of the application of the concept map
to the research presented in figure 1, was that it allowed to establish the necessary limit to study and evaluate in each
stage of the investigation (Concei¢do, Samuel, & Yelich Biniecki, 2017), and therefore raise awareness of the
necessity to apply the organomicas and porous heterostructures in the adsorption and degradation of emerging
contaminants such as Malathion.

This methodology of approach and development of the work was always governed by the choice of study points
that were hierarchically pre-established by the importance of the lines of research in environmental remediation
(Darder, Pérez, & Salinas, 2012). Basing its delimitation on the concept map favored the development of this basic
research, since being able to navigate in a map of possibilities (and see these reflected at once) facilitated choosing a
work route and led to a more assured analysis and better results. Furthermore, in the stages of investigative
difficulty, the elaboration of alternative concept maps for different solutions improved the researcher's performance
and optimized the development and finalization of the project.

In the particular case of figure 1, the concept map concept was applied to enable the use of the construction and
organization of ideas for a common purpose, which was to generate an effective alternative solution for the
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treatment of water contaminated with organophosphates. By creating visual representations of ideas and integrating
and displaying information from different sources, it was possible to consolidate the most efficient research route
(Conceigao et al., 2017). A remarkable feature of this concept map is the level of interconnectivity that it presents,
which reflects the great importance that the generation of links between ideas had in order to improve research. A
case in point is the high cation exchange capacity (CEC), which is one of the properties of Na-n-Mica (Alba, Castro,
Naranjo, & Pavon, 2006): By interconnecting this property with the obtention of organomics, it was possible to
determine that this is a limiting factor for the adsorption capacity of organophosphorus contaminants. Based on this
finding, the study gained added value by being able to determine the effect of the CEC of the materials on their
potential applications for the remediation of contaminated water.

Therefore, the main function of this concept map has been to conduct a basic experimental research in chemical
sciences. The exploratory analysis of the entire concept map for the assignment of experimental activities led to the
setting of clear research objectives that cover all the work, analysis which would have been more arduous and led to
a greater number of failures if tools had been applied less effectively, for example by describing the work by means
of a written text (Zwaal & Otting, 2012). In addition, this presentation of the research has advantages in contrast to a
written text given that it facilitates the understanding of the research to readers interested in this area of work.

Finally, the concept map of figure 1, reflects the development process that allowed this research project to be

carried out and, taking it as a basis, facilitated the creation of a new proposal regarding the alternatives for the
decontamination of water sources with pesticides.

Figure 1. Concept map for the Evaluation of porous organomicas and heterostructures based on mica-type laminar silicates as adsorbents of
Malathion insecticide.
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2.2 Obtention Scaffolds of Polycaprolactone / Collagen / Microcapsule of TGFB3 for Skin Tissue
regeneration

The first step for the construction of the concept map in figure 2 was to hierarchically graph the ideas and concepts
based on existing knowledge about a specific area, such as the area of biomaterials, creating a coherent and orderly
system making use of the construction of a concept map. In 1979, Stewart and colleagues defined the concept map
as an instrument to represent the conceptual structure of a discipline or segment of a discipline in two dimensions
(Stewart). This concept adequately describes the importance of the use of the concept map for the coherent
structuring of thought and information that is held in the mind.

The representation of the relationships between the concepts in figure 2, are arranged hierarchically, with the
most inclusive (more general) concepts at the top of the map and the more specific (less general) concepts below,
starting from the need to generate scaffolds for biomedical use, relating to the use of biomaterials, cells and growth
factors for the regeneration of cutaneous tissue.

The present concept map was constructed based on the following focus question: " Will obtaining a construct
from the mixture of a polyester (polycaprolactone) and a protein (collagen) as a scaffolding polymer matrix for
electrospinning and adding the transforming growth factor 3 (TGF-$3) microencapsulated in spheres of alginate,
serve as a scaffold for the adhesion, maintenance and differentiation of Wharton's mesenchymal cells (CEM-GW)?”
To answer this question, knowledge is organized in the form of a concept map, in order to contextualize and
highlight the relationships between concepts from different areas of knowledge. The crossed links present in figure 2
served to size the relationship between medicine, biology and chemistry that focused on a common good; the
hierarchical structure also stimulated the ability to search and characterize new cross-links.

The main objective of the creation of this concept map is the use of this tool in the methodological development
of the research, extending it and adapting it as the experimental phase is increased, possibly concluding with a
complex knowledge model that links resources, results and experiments (Novak & Caias, 2008).

The need to carry out an investigation from the area of Chemistry for a medical treatment arose from the
following premise: poor wound healing after a burn, trauma or surgery, affects millions of people around the world
every year, occurring as a consequence of poorly regulated events in the tissue repair response, generating a serious
public health problem, since people who for various reasons are victims of burns, remain in a state of morbidity that
prevents them from continuing with their daily lives.

The purpose of this research project was to elaborate a construct from polycaprolactone / collagen nanofibers as
polymer matrix scaffolding to be added to the transforming growth factor TGF-B3 microcapsulated in sodium
alginate spheres, which serves as a functional scaffold for the adhesion, maintenance and differentiation of
mesenchymal stromal cells of Wharton gelatin (MSC-GW) (Wang et al., 2004), in order to obtain a construct that
allows spatio-temporal control over the location and bioactivity of the growth factor and mesenchymal stem cells
(MSC) after its placement in the body, thus achieving a greater therapeutic effect in the regeneration of skin tissue.

It is for all of the above mentioned that the elaboration of the concept map in figure 2 involved successive steps
such as, identifying the concepts, ordering them in a hierarchical way, linking them, adding images, graphics, etc.,
not only to promote the extension and deepening of the content, but also to explore explicitly the relationships
between propositions and concepts, in order to evidence significant similarities and differences and recognize
inconsistencies during the development of the research (Costamagna, 2001). The development of this concept map
or two-dimensional diagram was quite useful, both to find connections within the different disciplinary and
interdisciplinary concepts (medicine, chemistry, biology), as well as to rediscover and enrich them when relating all
the concepts, forming an integral scheme that reveals the importance of the study.
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Figure 2. Concept map for the “Obtention of Polycaprolactone / collagen / microcapsules scaffolds of TGFB3 for regeneration of cutaneous
tissue"

2.3 Study of the Formation of Advanced Glycation End Products (AGEs) in Quinoa Flours (chenopodium
quinoa)

The study starts from the need to investigate the Maillard Reaction, since it is of high importance in the food
industry. Many widely used products are derived from this, such as dyes and syrups among others, and also
consumer products, such as flavors. As such, this reaction is a constant presence in the kitchen when we prepare
roasted, fried, baked or toasted foods, since the products of this reaction are evident in the "burned" or toasted part
of the prepared foods.

The AGEs hypothesis was introduced in the mid 80's and was a great impulse for understanding the meaning of
the Maillard reaction in aging and in other pathological processes, focusing attention on the formation reactions of
AGEs and in the accumulation of these in tissues. More recent studies show that with age, AGEs accumulate in
tissue proteins with a long half-life, such as crystalline, collagen, elastin and myelin, and that this process is
accelerated by both hyperglycemia and increase in glycation that exists in diabetes mellitus (Brownlee, Vlassara,
Kooney, Ulrich, & Cerami, 1986). The majority of these investigations refer to two AGEs that have been chemically
and structurally characterized: pentosidine and NX-carboxymethyllysine (CML). However, antibodies have also
been found against proteins incubated in vitro with glucose for long periods of time. These antibodies have been
used in immunoassay (ELISA) to measure and quantify AGEs that have not been characterized in serum and tissue.
The formation of AGEs can cause pathological changes through three general mechanisms; a) by altering the
structure and function of proteins b) varying the level of soluble signals, such as cytokines, hormones and free
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radicals interacting with specific cellular receptors for AGEs; and c) the formation process of AGEs results in the
formation of reactive oxygen as an intermediate product (Baynes & Thorpe, 1999).

Said reaction has different routes such as Glycolysis, the formation of Acrylamides, and the formation of AGEs
by means of protein degradation due to the succession of several reactions: a) Schiff Bases Formation reaction by
direct reaction of a non-sugar reducer with a protein (Phase 1. Initiation); b) Protein Glycation (Phase 2.
Propagation); and c) Formation of AGEs derivatives (Phase 3. Completion).

From the nutritional and dietary point of view, quinoa is the natural source of economic vegetable protein and
high nutritional value due to the combination of a higher proportion of essential amino acids. The caloric value is
higher than other cereals, both in grain and in flour reaches 350 Cal / 100 g, which characterizes it as an appropriate
food for cold areas and seasons. The protein of Quinoa helps the development and growth of the organism,
conserves the heat of the organism, conserves the heat and energy of the body, is easy to digest, forms a complete
and balanced diet (Tapia, 1979). Another factor that corrects the biological quality of proteins is digestibility. The
digestibility of egg, milk and meat proteins is close to 100%. Cereals and legumes due to their fiber content have a
lower digestibility. It is estimated that the digestibility of quinoa is a better concentration of amino acids and with
limiting amino acids virtually disappearing. The processes that use dry heat, such as roasting, can notably decrease
the availability of lysine, which is thermolabile and can also react with other components of the grain (Maillard
reaction, for example), decreasing its bioavailability.

Taking into account that AGEs are fluorescent molecules, the proposal is to validate an analysis methodology
by means of reverse phase HPLC, using fluorescence and refractive index detectors to be able to monitor the initial
degradation of sugars and the formation of the compounds of interest. Additionally, a complete proximal analysis of
the different Quinoa samples is carried out, in order to know their composition and also to show how much
degradation their nutritional content can suffer when the Maillard reaction takes place during the production of
bread products.

The development of the concept map is a very useful tool, since it allowed to differentiate the importance of the
reaction cycles and the different reactions involved in the AGE formation process, in order to focus the analysis on
target molecules (specific amino acids) and in turn, allowed for planning a follow-up of the compounds of interest,
without diverting the analyzes towards secondary reactions that do not end in the formation of AGEs. The concept
map made it possible to design the analysis matrix with greater clarity, since it demonstrates the use of a single
instrumental technique for monitoring the reaction of interest, which optimizes the use of reagents and the project
development time.
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Figura 3. Study of advanced glycation end products (AGEs) in Quinoa flours
(Chenopodium Quinoa)

3  Conclusions

The application of the concept map in the research entitled "Evaluation of porous organomicas and heterostructures
based on mica-type laminar silicates as adsorbents of the Malathion insecticide", has made it possible to find the
most efficient application for the materials proposed in said project. The approach and constant updating of state-of-
the-art information on the subject related to synthetic clays and the use of their properties for the benefit of science,
as well as recovery of areas degraded by emerging pollutants such as Malathion, were key points that allowed to
establish the research route obtained. A remarkable feature of this concept map is the level of interconnectivity that
it presents, which reflects the great importance that the generation of links between ideas had in order to improve the
research. Finally, the development of this research, through the approach and constant improvement of the concept
map, improved the researcher's performance and optimized the development and finalization of the project.

Through the elaboration of a concept map, for the research study entitled "Obtaining scaffolds of
Polycaprolactone / collagen / microcapsules of TGFB3 for skin tissue regeneration" it was possible to express the
hierarchy of the concepts, navigating through the most general concepts, starting from the theory of previous studies
and available information, reaching the most specific concepts, such as materials for the development of nanofibers.
In addition to this, through the use of cross-links it was possible to relate different hierarchical branches of different
disciplines to each other, establishing connections or links that give an account of what type of relationship exists
between the concepts involved, creating important nuclear sentences to size the scope and representativeness that
different areas of knowledge have, in addition to the contribution from the area of Chemistry to that of Regenerative
Medicine.
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Abstract. In the professional education of students, the development of skills is crucial. New strategies and tools are required so that
students are active and collaborate in the process of knowledge construction. A suitable relevant alternative is the use of concept maps
(Cmaps) for the construction of knowledge by collaboration. This paper reports a comparison between two educational experiences:
the first, a dynamic that emphasizes the elaboration of Cmaps based on the concepts of the textbook. The second, a dynamic that is
based on an analysis of focus point, which promotes thinking through the use of new concepts, regardless of the textbook. The purpose
of this research was to compare the quality of the conceptual maps constructed from these two dynamics. Initially, a quantitative
evaluation of the Cmaps was conducted through a rubric, however, the researchers faced the complexity of the evaluation, so they
opted for a qualitative evaluation based on a "grounded theory" method. The findings suggest that, when the didactic procedure is
reduced to the textbook, the creative capacity and the capacity for argumentation is limited, the result is quite different in the
procedure that forces the students to support their own ideas with arguments, which undoubtedly enriches the process and the product
of knowledge built by collaboration. The result is that the Cmaps are better and richer when using the focus point mode, and the
students' opinions sustain that the Cmaps are much better.

Resumen. En la educacion universitaria se considera importante dotar al estudiante de competencias profesionales. Ante dicho
planteamiento, se requieren de nuevas estrategias y herramientas que situen en el centro al estudiante de manera activa y colaborativa.
Una alternativa pertinente es el uso de mapas conceptuales para la construccion del conocimiento por colaboracion. Este trabajo
reporta una comparacion entre dos experiencias educativas: la primera, una dindmica que se centra en la complementacion
colaborativa de mapas conceptuales basada en los conceptos del libro de texto; y la segunda, una dinamica que se base en el analisis
de puntos de enfoque que promueven el uso de conceptos independientes del texto. El propdsito de esta investigacion fue comparar la
calidad de los mapas conceptuales construidos a partir de dichas dindmicas. Inicialmente, se optd por una evaluacion cuantitativa por
medio de una rubrica, sin embargo, los investigadores se enfrentaron a la complejidad de la evaluacion, por lo que optaron por una
evaluacion cualitativa basada en un método de “Teoria Fundamentada”. Los hallazgos apuntan a que, cuando el procedimiento
didactico en el que las sugerencias conceptuales no se desprenden necesariamente del libro de texto, se estimula la capacidad creativa
y la capacidad de argumentacion, ya que los alumnos se ven forzados a sustentar frente al grupo los argumentos por los que considera
pertinente su contribucién conceptual, lo que, sin duda, enriquece tanto el proceso como el producto del conocimiento colectivo
construido por colaboracion, encontrando que los alumnos prefieren la modalidad de puntos de enfoque.

Keywords: collaborative learning, construction of knowledge, CMAP, focus point

Palabras clave: aprendizaje por colaboracion, construccion de conocimiento, CMAP, punto de enfoque

1 Introduccion

1.1  Problematica

Durante la formacion universitaria, los estudiantes requieren adquirir una serie de competencias para su quehacer
profesional. Un propodsito de mayor relevancia en la preparacion universitaria, es que todo egresado logre adquirir
las competencias para resolver los problemas emergentes propios de su disciplina de trabajo. Para ello, es
imprescindible generar disefios educativos que permitan desarrollar dichas competencias.

Es recurrente apreciar que, en el salon de clases, los métodos tradicionales siguen siendo los dominantes, los
cuales se centran en la exposicion de conocimientos por parte del profesor a un grupo de estudiantes que permanece

pasivo o tomando notas. El modelo sigue teniendo como base la repeticion y el aprendizaje mecanico, lo que limita
las potencialidades creativas y propositivas de los estudiantes.

1.2 Justificacion

Ante los modelos tradicionales de ensefianza aiin dominantes, resulta de suma importancia generar alternativas que
busquen el involucramiento significativo del estudiante, en el desarrollo de su propio aprendizaje. El estudiante
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requiere desarrollar operatividad cognitiva que le permita construir reflexiones, criticas, tener creatividad, formular
proposiciones propias; todos estos son principios centrales dentro de la concepcion enfoque constructivista de la
educacion (Savery and Thomas, 1995; Serrano y Pons, 2011). Como apunta Arguedas (2010), lo relevante de la
formacion profesional del aprendiz, no es solo adquirir conocimientos durante sus estudios, sino también desarrollar
capacidades para el ejercicio profesional a lo largo de su vida. Por su parte, Jacques Delors (1996) en su trabajo para
la UNESCO, indica que el alumno tendra que desarrollar las competencias profesionales que le permitan saber
(tener conocimientos), saber pensar (tener actividad epistémica), saber hacer (resolver problemas) y saber ser
(actitudes para ejercer profesionalmente).

Este nuevo paradigma, so6lo es posible a través de estrategias que impliquen el trabajo activo y constructivo del
estudiante, permitiéndole reflexionar sobre las relaciones existentes entre los conocimientos previamente asimilados,
con aquellos que ahora requiere asimilar (aprendizaje significativo) (Ausubel, Novak and Hanesian, 1978).

También es necesario generar estrategias que permitan no solo el trabajo individual, sino el trabajo
colaborativo, ya que dicho método no se limita a promover las capacidades del individuo, pues también conjuga los
esfuerzos, talentos y competencias mediante las interrelaciones reflexivas, criticas y creativas que se potencializan a
partir del trabajo en grupo. La construccion grupal del conocimiento, se centra en la nocion de que ningin miembro
por si solo podré alcanzar los mismos planteamientos, que aquellos que son elaborados con la participacion de todos
miembros del grupo. Dichos conocimientos seran légicamente iguales o mejores, en tanto seran enriquecidos por las
consideraciones de los otros, o iguales, si los planteamientos que formula el estudiante resisten la critica del
colectivo y permanecen (Maldonado, 2007).

Bajo la tesitura de los planteamientos expresados, se formuld una estrategia educativa utilizando mapas
conceptuales, para promover la construccion por colaboracion del conocimiento en un grupo de estudiantes
universitarios. De esta forma, se analizan los contenidos curriculares, a manera de seminario, y en una proyeccion
electronica de un mapa conceptual previamente elaborado y con la intervencion activa de todos los estudiantes, se va
reconstruyendo el contenido, en el cual se expande y cristaliza la malla semantica que recoge las relaciones entre los
conceptos analizados y propuestos por los alumnos, si es que resisten la critica colectiva y logran el consenso.

Asi, el uso de mapas conceptuales, no se limita a la operatividad cognitiva del individuo como una resultante,
sino también permite la elaboracion de conocimiento a partir del trabajo colaborativo realizado con la participacion
de todo el grupo, aprovechando las ventajas de la mediacion electronica que ofrece la herramienta de mapas
conceptuales (CmapTools), como un instrumento apropiado para la construccion colectiva del conocimiento.

Ciertamente el desarrollo de trabajos sobre construccion de conocimiento por colaboracion utilizando mapas
conceptuales se ha abordado desde hace ya muchos afios (Caifias et al. 1997), en este trabajo, se promueve un
proceso en el que la construccion de conocimiento se enriquece con el otro, pero los mapas son individuales y el
trabajo por colaboracion se desarrolla en linea, lo que resulta en un método de trabajo muy diferente al de este
estudio.

2 Marco Teorico-Conceptual

2.1  Estructuras de Conocimiento

Sin duda uno de los autores teoricos de la cognicidon de mayor relevancia es Jean Piaget. Su obra ha sido citada en la
literatura especializada mas de cien mil veces. Dentro de los planteamientos centrales de la teoria, esta la estructura
de cognicidn o cognitiva, la cual se forma, de acuerdo con Piaget (1970), a partir de esquemas basicos formados por
las primeras experiencias de vida, y se va desarrollando por medio del equilibrio entre la asimilacion y acomodacion
de nuevos esquemas conceptuales.

El mismo Piaget refiere que los teodricos de la Gestalt (Kdhler, 1967) planteaban como procesos basicos de la
cognicion, la conformacién de patrones en el campo visual, y ya concebian a estos patrones como generadores de
una estructuracion (un conjunto de relaciones integradas). En el concepto de la configuracion que realiza el sujeto,
ya esta planteada la idea basica del constructivismo, es el individuo el que tiene que construir la Gestalt (insight) que
le da la apropiacion del conocimiento.
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En la tradicion de la psicologia desarrollada por Vygotsky, de igual manera se refiere al conocimiento como la
integracion de campos semanticos estructurales (Luria, 1981). La nocién de campo agrega una conceptualizacion
muy relevante, en tanto refiere a los distanciamientos entre las relaciones semanticas, se puede decir que un mapa
conceptual, implica una estructura topologica donde las relaciones tienen una distribucion en el espacio, como en el
campo gravitacional, donde las fuerzas son proporcionales a la masa y sus distancias. En la concepcion de campo se
establece una jerarquia entre las relaciones semanticas que estructuran el conocimiento, a partir de vinculos de
mayor o menor fuerza, en tanto hay conceptos que son mas cercanos o lejanos de otros. Por ejemplo, el concepto
“vaca” es semanticamente muy cercano a “establo” o “leche” y distante de “gasolina” o “galaxia”, aunque
finalmente todos los conceptos podrian vincularse semanticamente.

2.2 Mapas Conceptuales

En la teoria subyacente a los mapas conceptuales, se les concibe como una herramienta que permite representar una
estructura de conocimientos de manera concatenada, a partir de frases de enlace y de manera jerarquizada, como en
la teoria de campo, ofreciendo una topologia estructural. De esta manera, los mapas conceptuales constituyen
instrumentos poderosos para facilitar el aprendizaje significativo (Novak & Cafias, 2008).

Una transformacion en los enfoques educativos contemporaneos es el constructivismo, que plantea abandonar
las practicas en las que el estudiante juega un papel receptivo, como receptaculo del conocimiento. El conocimiento
se desarrolla a partir de la operatividad cognitiva del aprendiz, quien requiere comprender el significado y la
significacion de lo que aprende para poder reflexionar. La comprension es la diferencia que se da entre el
aprendizaje significativo y el aprendizaje memoristico (rofe learning), el cual es resultado de la simple repeticion
mecanica. El posicionar un concepto dentro de un mapa conceptual, exige la comprension de como se vincula con
otros conceptos.

El principio conceptual del constructivismo es que el estudiante requiere desarrollar su propia actividad
epistémica, por medio de la cual construya el significado de lo que aprende o la resignificacion de lo previamente
aprendido. Para el disefio educativo, es necesario reconocer las acciones de influencia mas relevantes, que
promuevan la actividad constructiva de los estudiantes (Coll, Onrubia & Majos, 2008). Una accion de influencia
educativa puede ser, ofrecer andamiajes a partir de la elaboracion y reelaboracion de mapas conceptuales, de manera
que se promueva la actividad epistémica de los estudiantes.

2.3 Cognicion Distribuida

El enfoque tradicional de la psicologia se centré en el estudio de los procesos que se generan en los individuos y que
los particularizan en su forma de ser, que les otorga una “personalidad”. Los fenémenos de estudio clasicos fueron la
percepcion, el aprendizaje, la memoria, la inteligencia, la personalidad, por mencionar algunos de los mas
recurrentes.

Con la tesis de Vygotsky, que resalta como el medio social desarrolla la construccion de los procesos internos
del individuo, ahora se reconoce que la “inteligencia” no es un atributo propio o restringido al individuo, sino es la
resultante de sus interacciones con el entorno fisico y social. Un individuo que conversa con personas que tienen
amplios conocimientos, que son reflexivas, criticas y propositivas, que saben argumentar con consistencia y
solvencia ofreciendo elementos de sustento de aquello que afirman, haran que su interlocutor desarrolle mejores
argumentos, a que si fuera por caso, conversar con personas que hablan solo trivialidades sin mayor sustento; de
aqui que se pueda decir que la inteligencia esta distribuida entre los interlocutores.

También es posible apreciar que el conocimiento estd igualmente distribuido, lo que no saben unos lo pueden
saber otros. Pero el conocimiento y la inteligencia también estan distribuidas en los objetos, al coger una taza que
contiene un liquido muy caliente, se le toma por el aza para evitar quemarse, o sea que se decodifica la funcion de
una de las propiedades de la tasa, lo que constituye un conocimiento que esta en el objeto mismo. Igualmente ocurre
en los procesos de la memoria, lo que no recuerdan unos, lo pueden recordar otros; igualmente los objetos nos
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recuerdan cosas o eventos, si se observa un paraguas en el perchero antes de salir de casa, nos promueve a pensar en
la lluvia y nos puede recordar que el dia anterior llovid y que sera mejor llevarse el paraguas.

De aqui que, para saber crear entornos de aprendizaje eficaces, se debe promover que los alumnos aprendan los
unos de los otros (ensefianza distribuida), aprovechando el conocimiento y la inteligencia compartida (cognicion
distribuida) (Cole y Engestrom, 1993).

2.4  Co-enseiianza (Competencias de Trabajo por Colaboracion)

A partir del principio de cognicion distribuida, los modelos educativos contemporaneos tienden a formular procesos
basados en la colaboracion, reconociendo que unos estudiantes pueden ayudar a otros a aprender, lo que se conoce
como co-ensefianza.

Aprender interaccionando con otras personas propicia la argumentacion y contra-argumentacion, es decir, el
pensamiento dialéctico, donde se plantea una tesis y otro integrante puede formular una antitesis, para que con la
participacion del conglomerado se llegue a un consenso a partir de una sintesis. Esto establece una estrategia que
promueve la operatividad cognitiva, la reflexion critica y propositiva, por lo mismo se constituye en un recurso de
gran importancia para la educacion.

Las amplias facilidades que posibilitan las tecnologias para el trabajo por colaboracion, han dado lugar a un
solido movimiento conocido como aprendizaje colaborativo soportado por computo (CSCL por sus siglas en inglés -
Computer Supported Collaborative Learning). Apenas en el afio de 2006 tuvo lugar su origen el International
Journal of Computer-Supported Collaborative Learning (ijCSCL - http://ijcscl.org/), publicada por Springer,
indexada en ISI (Institute for Scientific Information), el cual en tan sélo una década se ha colocado en el 10%
superior de las revistas educativas de mayor impacto. Dentro de las tecnologias digitales para promover el trabajo
por colaboracion, sin duda estan los mapas conceptuales, tanto porque se pueden trabajar en linea, como
presencialmente bajo su proyeccion en el salon de clases, promoviendo la participacion de todos, a partir del
enriquecimiento y reconstruccion colectiva del mapa proyectado, lo que permite cristalizar las proposiciones de los
alumnos dentro del grupo.

Gunawardena et al. (1997) advierten que se ha encontrado como factor comtn en el trabajo por colaboracion
mediado por tecnologias, el desarrollo de practicas que resultan arbitrarias o no sistematizadas, y poco o nada
formativas, que derivan en niveles muy primarios de construccion de conocimientos que son superficiales, que no
trascienden el nivel de informacion simple, lo que es comiin cuando lo estudiantes hacen uso del cortar y pegar
informacion (copy and paste). De aqui surge el cuestionamiento de la calidad de los aprendizajes que se generan con
la mediacion de mapas conceptuales.

3 Método

3.1 Pregunta de Investigacion

(Existen diferencias significativas en relacion con la calidad de los mapas conceptuales entre aquellos construidos
bajo una dindmica centrada en la complementacién, de aquellos elaborados a partir de un punto de enfoque?

3.2 Hipotesis de Trabajo

Una dindmica centrada en el andlisis de punto de enfoque promueve una mejor reconstruccion de un mapa
conceptual, a cuando la estrategia es por complementacion.

3.3 Proposito

Comparar la calidad de los mapas conceptuales construidos a partir de dinamicas de analisis de punto de enfoque,
con aquellos elaborados por medio de dinamicas centradas en la complementacion de contenidos.
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3.4  Procedimiento de la Experiencia de Campo

Se corrié una experiencia de campo durante dos semestres escolares, con dos grupos de alumnos (A y B) de la
Universidad Nacional Auténoma de México, adscritos a la Facultad de Estudios Superiores Iztacala, quienes
cursaban la asignatura de Desarrollo y Educacion Tedrica de la Carrera de Psicologia. El grupo A estaba formado
por 43 alumnos, mientras que el B por 40 alumnos.

En la asignatura de Desarrollo y Educacion Teorica se llevan a cabo seminarios a partir de un disefio educativo,
el cual esta ideado para utilizar mapas conceptuales como estrategia de construccion colectiva de conocimiento. Se
compone el curso por 19 seminarios presenciales, en los cuales se revisa a detalle el contenido curricular sefialado en
el Plan de Estudios. Para dar lugar a los seminarios, cada uno de los estudiantes debe realizar la lectura sefialada con
antelacion y elaborar un mapa conceptual, lo que permite asegurar que el alumno leyd el contenido, el cual
reflexiond y jerarquizo, de manera que elabord un mapa conceptual que fungia como insumo para ser revisado en los
seminarios.

Cada estudiante envia electronicamente su trabajo (mapa conceptual) a una plataforma educativa (Moodle). El
plazo limite para subirlo es hasta las 11:55 pm. de la noche previa al dia del seminario. Los docentes descargan
todos los mapas conceptuales de aquellos estudiantes que hicieron entrega, se forma una lista y con aquellos que
estan presentes (llegan puntualmente), se sortea para elegir el mapa que sera analizado y reconstruido por todo el
grupo en el seminario, de manera tal que se cristalice un nuevo planteamiento de conocimiento. Para ello, se
proyecta con CmapTools en la pantalla frontal del salon el mapa conceptual del alumno sorteado, quien lo presenta
explicando su estructuracion y posteriormente coordina la participacion del grupo, invitando a los presentes a hacer
planteamientos que permitan enriquecer o corregir el mapa.

También, los mapas conceptuales que se revisan y se van adecuando con la participacion de todos, se graban y
se ponen a disposicion de todo el grupo, de manera tal que se construye un repositorio abierto en el que se tienen los
planteamientos de conocimiento colectivo sobre los contenidos curriculares, dando asi oportunidad a que cualquier
estudiante en cualquier momento, pueda acceder a los recursos elaborados para enriquecer su conocimiento.

Al finalizar cada curso, se exploran las valoraciones intersubjetivas de los alumnos con respecto a la
elaboracion de los mapas conceptuales a partir de una escala tipo Likert, tanto por la pertinencia del uso de mapas
conceptuales como instrumento educativo, como por el efecto formativo para el ejercicio profesional.

3.5 Variante Experimental

En el grupo A, durante el semestre escolar su participacion se centra en complementar el mapa que es presentado.
Los alumnos durante el seminario proponen los conceptos del libro que consideran importantes y no estan presentes
en el mapa, para complementarlo, ofreciendo los conceptos ausentes, las frases de enlace e indicando en qué sitio se
deben vincular. La propuesta es puesta a la consideracion de toda la audiencia y se entra en una deliberacion grupal
sobre la pertinencia de la proposicion a agregar, las palabras de vinculacion y su ubicacion. A partir de la
argumentacion y contra-argumentacion colectiva, se va construyendo un consenso de como debe ser modificado el
mapa expuesto.

En el grupo B, durante los seminarios, la participacion se concentra en hacer un analisis de enfoque. No es
requerido sefialar qué conceptos de la lectura estan ausentes, sino ahora el propdsito es sefialar cuestionamientos que
planteen un punto de enfoque sobre una o varias de las proposiciones expresadas en el mapa, para polemizar en
torno a los planteamientos formulados, y con base en la argumentacion y contra-argumentacion colectiva, construir
consensos de como hacer la mejor expresion del conocimiento, y realizar los ajustes pertinentes en el mapa
expuesto.
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4 Resultados

4.1 Datos

En el grupo A, compuesto por 43 alumnos, el namero potencial de mapas conceptuales fue de 817, pero no todos los
alumnos hacian la tarea, de manera que se recibieron a lo largo del semestre 688 mapas en total. En este grupo se
registraron 577 ocasiones en las que se envio el mapa al aula virtual y se presento al sorteo (llegd puntualmente). En
53 veces se envid el mapa, pero se llegd tarde (no entra a sorteo). En 58 ocasiones se envid el mapa, pero no se
presento al seminario.

En el grupo B, integrado por 40 alumnos, el nimero de mapas conceptuales posibles fue de 760, aunque como
en el otro grupo no todos entregaron su mapa, se recibieron 604 mapas en total. En este grupo en 487 ocasiones el
alumno entregd mapa y llegd al sorteo. En 59 veces se entregd mapa, pero no se participd en el sorteo. En 58
ocasiones se elaboré mapa, pero no se asistio al seminario.

Como se puede apreciar en los datos numéricos, ambos grupos presentaron mas o menos el mismo
comportamiento, en cuanto a la elaboracion de mapas y participacion en el concurso de seleccion, para hacer la
exposicion del mapa realizado y reconstruirlo con la participacion de todos los alumnos del seminario.

4.2  Muestra

Dado que el numero de mapas elaborados por los grupos es muy amplio (19+19=38) para ser evaluados cada uno, se
propuso obtener una muestra de los tltimos 5. También resulta muy importante que, al valorar el desarrollo de los
mapas conceptuales, se tuvo que minimizar la varianza en la medida de lo posible, bajo este principio se valoraron
mapas conceptuales que fueran del mismo planteamiento tematico y que correspondieran a la misma lectura. Incluso
aun siendo de la misma tematica y lectura, se apreci6 la diferenciacion que le otorgd el alumno que elaboré el mapa
conceptual, porque hubo diferencias marcadas en la calidad de los mapas entregados por los distintos alumnos.

4.3 Analisis

4.3.1 Analisis de la Calidad de los Mapas Conceptuales

Por el nimero de mapas entregados en el grupo A y en el grupo B, participacion en sorteos, nimero de asistencias,
de retardos y de contribuciones conceptuales al mapa expuesto, se puede apreciar que los indicadores estan en
proporciones similares, por lo cual las ejecuciones de los grupos son comparables.

Para la evaluacion de los mapas conceptuales se desarrolld una rubrica a partir de los planteamientos expuestos
en dos propuestas (Miller & Canas, 2008; Dominguez-Marrufo, Sanchez-Valenzuela y Aguilar-Tamayo, 2010). Sin
embargo, el proceso analitico tuvo un giro sustantivo, pues se descarté el uso de la riibrica construida, para optar por
un analisis de corte cualitativo. Las razones de la transformacion por las que atravesd el proceso analitico se
explicaran en la discusion.

4.3.2  Analisis de la Valoracion Intersubjetiva del Uso de Mapas Conceptuales

Al comparar las opiniones de los alumnos del grupo A con el B, sobre la pertinencia de utilizar mapas conceptuales
como instrumento educativo, se obtuvo una media de 2.19 en el grupo A y de 2.51 en el grupo B, en una escala del 0
al 3. Esta diferencia en la prueba t de Student resulta significativa (t=-2.215, p <0.05), ya que el nivel de
significacion esta restringido por el tamafio de la muestra (sobre 40 casos por grupo). Si se amplifican las
proporciones numéricas de la muestra duplicando el nimero de casos, a través de un procedimiento de estadistica
experimental, la diferencia resulta ser significativa con una probabilidad menor a 0.01.

Lo mismo ocurre si se compara el grupo A con el B sobre el valor formativo del uso de mapas conceptuales,
donde las medias fueron de 1.91 y 2.54 respectivamente, donde igualmente en la prueba t resultan las diferencias
estadisticamente significativas (t=-2.603, p <0.05), aunque duplicando la n por estadistica experimental, resulta ser
significativa con una probabilidad de 0.000. De aqui que se puede concluir que hay indicios que apuntan a que el
uso de los mapas conceptuales a partir de puntos de enfoque (Grupo B), resultaron mejor apreciados por los
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estudiantes tanto por su funcion educativa como formativa, encontrando elementos favorables a la hipotesis de
trabajo del estudio.

5 Discusion

Uno de los aspectos mas relevantes de esta investigacion, fue el reconocer la importancia de definir una postura
metodologica que permitiera comprender los fendomenos complejos, implicados en la restructuraciéon del
conocimiento en una dindmica colectiva. Inicialmente, en el disefio metodologico se habia optado por hacer un
acercamiento al fenomeno de estudio (mapas conceptuales) desde una concepcion tedrica preestablecida, con base
en indicadores estadisticos y uso de una rubrica. Pero en el proceso analitico se reconoci6 la limitante de trabajar
con un numero acotado de categorias que no permitian dar cuenta de la complejidad que implica la reconstruccion
de los mapas. Ante ello, se optd por una postura cualitativa en la que, en lugar de construir marcos explicativos a
priori, las categorias analiticas se definieran, redefinieran y delimitaran a partir de la observacion directa del
fenémeno; lo que Hernandez, Fernandez y Baptista (2010) postulan como Teoria Fundamentada.

La evaluacion se baso en la valoracion de la calidad conceptual de los planteamientos, abandonando métricas
como nmumero de conceptos, nimero de enlaces cruzados, jerarquizacion de los conceptos, estimando que es mucho
mas sustantivo atender los niveles de significacion y resignificacion del proceso de construccion de conocimiento.
Por ejemplo, en el curso orientado a puntos de enfoque, una alumna planteo la resignificacion del concepto psique
en los griegos, el cual pas6 de tener una connotacion etérea intangible (alma), a una resignificacion corporea
(mente), lo que significo una transformacion cualitativa en torno la vision de los fendomenos psicologicos. Lo
relevante no es agregar conceptos, sino la interpretacion y reinterpretacion de los mismos.

Como se habia mencionado anteriormente, durante la etapa de evaluacion por ribrica, resultd muy interesante
observar que habia dos aspectos a valorar: uno el proceso colectivo de transformacion del mapa conceptual, y el
otro, el mapa valorado como producto final. Aunque en la reflexion, se hace patente que los argumentos esgrimidos
para la transformacion del mapa quedan explicitados en las categorias que prevalecen. Se observd que lo que se
estaba evaluando era basicamente el producto desarrollado por el alumno que habia elaborado el mapa conceptual y
no el proceso colectivo, por lo que se cambi6 de estrategia para valorar mas el proceso y no el producto.

Otra observacion fue que, al comenzar a hacer las evaluaciones por medio de rubrica, se aprecio la gran
complejidad que dicha valoracién representaba. Por ejemplo, en uno de los mapas a evaluar, se apreciaba que el
problema no era tan s6lo conceptual, sino también de disefio, en tanto el tamafio de letra, el grosor de las lineas y el
lenguaje cromatico, arman estructuras y jerarquias distintas.

Ademas, otro punto a considerar fue la varianza en la calidad del mapa conceptual, porque éste se selecciona de
manera fortuita y por lo mismo se empieza a elaborar el conocimiento colectivo con un planteamiento que tiene
diferentes calidades. Por ejemplo, hay alumnos de bajo desempefio que formulan mapas simples y de poca calidad,
que empobrecen el trabajo por colaboracion, en tanto la accion del grupo se torna en remediar. Por el contrario, hay
alumnos de alto desempefio que elaboran propuestas bien estructuradas y complejas, las cuales sin duda favorecen el
proceso de reconstruccion, ya que la accion del grupo se centra en enriquecer.

Dado que la calidad del mapa con el que se trabaja juega un papel importante, se exploraron las diferencias que
habia en el mapa elaborado por el mejor alumno (el de mejor promedio y mejor desempefio en el curso), con el peor
alumno (el mas bajo promedio y desempefio). Se observaron claramente las grandes diferencias que habia entre uno
y otro mapa, por el numero de elementos, las relaciones estructurales y las frases de enlace.

Otra variante importante a considerar, fue que también existe varianza entre los grupos. A pesar de los intentos
por parte de los investigadores por asegurar la comparabilidad a través del desempeiio grupal, fue posible notar que
hay grupos que tienen estilos de desempefio mas participativos, con alumnos que tienen intervenciones mas solidas e
integradas, en comparacion con otros. Hay grupos que son mas heterogéneos en su composicion, por ejemplo, en
algunos las diferencias de los promedios entre los alumnos que tienen alto desempefio comparados con los de bajo
desempetio, llegan a ser amplias, mientras que en otros grupos son pequefias y por lo mismo son mas homogéneos
en su composicion.
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En la calidad conceptual, es muy interesante apreciar que las diferencias no son notorias en el grupo A, porque
los mapas conceptuales elaborados por éste fueron reconstruidos con base en la complementacion. Practicamente se
utilizan las mismas categorias que estan expresadas en el texto, por lo que no hay grandes diferencias, aunque el
numero de categorias es mucho mayor, y por lo mismo hay mayor estratificacion de los niveles taxonémicos. En
contraste, en el grupo B, donde los mapas son reelaborados por puntos de enfoque, aunque el nimero de categorias
conceptuales y jerarquias es menor, se aprecia que los elementos conceptuales estan mucho mas enriquecidos. En el
proceso de reconstruccion por puntos de enfoque, las categorias conceptuales son propuestas con mayor
independencia del texto, planteadas para desarrollar nuevas ideas y sustentadas a partir de argumentacion, de aqui el
cambio cualitativo.

Por estas razones, se cambi¢ la estrategia de analisis, considerando que lo sustantivo no estaba en el numero ni
la amplitud de la estructura, sino en la calidad y organizacion de las categorias conceptuales propuestas, asi como la
argumentacion desarrollada para la reconstruccion del mapa por colaboracion.

6 Conclusiones

En la experiencia de esta investigacion, se plante6 evaluar la transformacion del mapa conceptual desarrolladas por
el trabajo por colaboracion, para ello, se desarrollaron rubricas observando que las preconcepciones elaboradas en
otras experiencias, no permitian generar el analisis conceptual deseado, por lo que inspirados en un modelo de
investigacion progresiva, es decir, que progresa en sus categorias, concepciones y conocimientos, se desarrollaron
los ajustes que permitieran analizar lo que en la experiencia de campo ya se habia podido apreciar, y buscar los
elementos de evidencia empirica que permitieran evaluar o refutar las concepciones desarrolladas.

Se puede concluir que, efectivamente, en los mapas conceptuales analizados, se logran ver reflejadas las
diferencias en el procedimiento didactico utilizado en el salon de clases, observando que cuando la estrategia es
complementar los mapas, a partir de las categorias conceptuales del texto que los alumnos consideran no estan
expresadas en ellos y deberian estarlo, llevan a una proliferacion de categorias puntuales que reflejan un proceso de
muy baja calidad educativa, porque no hay reflexion, sino una simple reproduccion mecanica del contenido, que son
practicas equiparables a lo que sucede en computo conocido como: “copiar y pegar” (copy and paste), caracterizadas
por ser de muy bajo valor cognitivo. Es decir, se aprecia que la elaboracion de un mapa conceptual, no
necesariamente invoca a la reflexion creativa y propositiva.

En cambio, cuando se transforma el procedimiento didactico invitando al analisis del contenido en los
seminarios, donde los alumnos deben proponer puntos de enfoque de lo expresado en el mapa conceptual, se
promueve el analisis colectivo a partir de las sugerencias conceptuales, las cuales ya no se desprenden forzosamente
del libro, y permiten promover una irradiacion conceptual por parte de todo el grupo, haciendo reflexiones
articuladas con base en la argumentacion, de manera tal que la mediacion del mapa conceptual se ve modificada en
una dinamica colectiva, en la que todo el grupo contribuye a la transformacion de los elementos conceptuales. Esto
sin duda representa el enriquecimiento, bajo la mediacion de mapas conceptuales, del proceso de construccion por
colaboracion, del conocimiento colectivo concebido como proceso y producto.
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Abstract In recent studies related with interest development, a construct of interest is investigated by contextual approaches. Much
research has been summarised that these approaches have an important role in increasing and maintaining students’ interest in science
learning. But there are no studies investigating the structure of students’ contextual interest in science subjects using concept map
techniques. The main aim of the current study is to develop dimensions through the concept map method created teaching models that
enable different levels of school education to plan science teaching (educational purposes). Altogether four different teaching models
(one in each science subject) were created using CmapTools program based on the data collected from grade 9 students, whereas in the
current paper results from chemistry are presented only. Results indicate that students’ interest in chemical reactions and bonding topics
is possible to visualise in a teaching model structuring in different contexts — personal, social and science curriculum content-related
ways.

Keywords: concept mapping, contextual interests, science learning, CmapTools program

1 Introduction

Students’ interest in science has been investigated for decades from different perspectives, but there is still a gap in
understanding the relationship between students’ interest, the teaching process and the needs of society. Although there
are number of factors impacting on students’ interest in learning science, important factors predicting students’
differing interests in school science are seen as gender, the curriculum focus (content versus context), the social
environment (school, peers, teachers, parents, friends), different teaching methods and the learning activities/methods
(Bergin, 2016; Dawson, 2000; Hulleman, Thoman, Dicke & Harackiewicz, 2017; Potvin & Hasni, 2014; Teppo,
Semilarski, Soobard & Rannikmie, 2017). Recognising this, context-based learning (CBL) approaches, where the main
idea is putting scientific concepts, models or topics into a meaningful frame connecting science to everyday life,
societal, or technological contexts (Podschuweit & Bernholt, 2017), have been widely implemented in science
education for decades (Bennett, Lubben & Hogarth, 2006; de Jong, 2008; Gilbert, 2006; Haussler & Hoffmann, 2000;
King, 2012; Podschuweit & Bernholt, 2017; Ramsden, 1997). Research has shown that context-based learning (CBL)
has mainly positive effects on students’ interest and motivation (Bennett et al., 2006; King, 2012; Ramsden, 1997), but
little has been investigated how students’ interest in particular science topics is influenced by the context in which the
topic is presented. This paper reflects on the role of context based on Gilbert’s (2006) description of context - that
giving meaning to words, phrases, sentences and using three different contexts (personal, social and science curriculum
content-related).

As noted above, different teaching and learning methods are important for raising and maintaining students’
interest in science and also to develop a coherent and scientific understanding of important science concepts. An
example is the inclusion of concept maps as a useful tool for facilitating meaningful learning and aiding this,
CmapTools provides extensive support for visualising knowledge models (Novak & Caiias, 2010). By using concept
maps as a graphical representation of the relationship among terms (Cafias, Novak & Reiska, 2015), the current paper
seeks to visualise chemistry-related science concepts taking into account the three different contexts (Gilbert, 2006) as
mentioned earlier.

The main aim of the current study is to develop a teaching model created and visualised using a concept map
method for teaching chemical reactions and bonding. The current study seeks to answer to the following research
questions:

e  What kind of teaching model can be developed based on grade nine students’ contextual interests about

chemical reactions and chemical bonding?

e  What interests do grade 9 students have in learning about chemistry-related topics?
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2 Methodology

The sample for the study composed of 9" grade students (N=848) with an average age of 15,6 who answered to a
questionnaire about interest in different chemistry topics.

Although the instrument consisted, in total, of 36 questions covering different science topics (plants undergoing
photosynthesis, the nature of chemical reactions and chemical bonding, the Earth’s surface and physical phenomena
and processes) presented in three contexts - personal, social, content-related, this study only related to the 9 chemistry
related items. The topics areas were selected from content indicated in the National curriculum for basic schools (2014)
and previous research results (Teppo, 2004; Teppo & Rannikmée, 2008).

The created 36-item instrument was piloted by a group of students and validated by experts. Based on the students’
responses, minor changes were made regarding the wording of some items. To validate the content of the instrument,
interviews with one science education professor and one researcher were accomplished before the students met the
tasks. In addition, one science teacher looked at the items to validate the level of science topics suitable for grade 9
students. Experts were asked to evaluate all 36 items considering its belongingness to personal, social or science
curriculum content-related contexts. Agreement between experts was 85%.

Students were asked to evaluate the given topics in a 4-point Likert scale (1-not interested ... 4- very interested).
The questionnaire was administered electronically to students using school computers, or tablet computers provided
by a data collector responsible for implementing the survey within a school.

Data were analysed in the following stages:

1) For finding out the most and the least interesting chemistry topics in the eyes of students, descriptive statistics
(mean, standard deviation, percentages) were determined using SPSS software.

2) Student answers were analysed using a previously devised concept map, whereby different chemistry-related
topics were put into the model based on a contextual framework. The concept map was created using the
CmapTools program.

3 Results

3.1  Students’ contextual interests

Students’ interests in all nine chemistry topics are presented on Figure 1. This shows that more than half (range of 52-
65%) of grade nine students do not have an interest to learn about topics related with atoms and molecules, chemical
bonding and reactions. The most interesting topic for 48% students is related with water salinity in different regions in
the world, which based on the framework, is related with social context. Other personal- and social-related topics are
found not to be interesting for most students. Thus, we can conclude that students’ interest in studying selected
chemistry topics depend little on the context, but is not interesting based on content.
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Figure 1. Grade nine students’ contextual interests in learning about chemistry-related topics

3.2 Development of the Concept Map

A concept map was created considering a contextual interest framework and students’ interest in chemistry-related
topics. The concept map, presented in Figure 2, represented relationships between different chemistry content related
concepts.

4 Conclusions and Implications
Students are interested to learn when science topics are presented and taught the way students perceive as relevant and
important for them. This study shows contradictory results comparing with other studies using contextual approaches
in a way to promote interest in learning chemistry. It shows that chemistry related topics are uninteresting for students
despite the context in which they are presented.

To be aware of students’ interest in chemistry or generally in science can help teachers better engage their students,
meet their needs and can be facilitated using context-based learning materials.
5 Recommendation
We suggest teachers find the ways to make chemistry interesting and relevant for students showing the practical
applications of chemistry in students’ everyday lives and in the society. To fulfil this, it is appropriate to follow the

developed concept map what offers benefits to both students and teachers.

Future studies can be related with implementation of the developed concept map among chemistry and science
teachers to improve chemistry teaching.
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6 Limitations

The research results are valid only for the current chemistry topics, contexts and age group (9 students) selected for the
study. Therefore, it is not possible to make conclusions related to all students and science topics included in the science
curriculum.

Figure 2. Developed concept map based on chemistry related topics
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Abstract. The embeddable concept map editor eCmap is part of the CmapTools software suite that enables the embedding of a Cmap
editor into a host Web page. By providing a set of flexible APIs to the host page, different sets of functionalities can be made available
to the user depending on the needs of the application where eCmap is embedded. eCmap is designed to be part of the CmapTools network
and can fully interact with CmapServers and the Cmap Cloud. In this paper we describe eCmap, and we present several sample cases of
its use, including CmapTools in the Cloud (the Web-based version of CmapTools), the CmapViewer, an integration to implement Cmap-
based test items in online tests, and a Web page to evaluate Cmaps automatically.

Keywords: CmapTools, concept map, Cmap, editor, Cmap Cloud, embeddable, eCmap

1 Introduction

Since their creation in the 1970s, the use of concept maps (Novak & Gowin, 1984) has grown extensively throughout
the world in all domains of knowledge, by users of all ages and for all kinds of applications (Novak & Caiias, 2010).
The construction and manipulation of concept maps (Cmaps) is of course simplified when supported by the use of
technology, just as a word processor facilitates the writing of text. More so, in our research efforts we have found that
the combination of concept mapping with technology such as the Internet and WWW, as exemplified in the software
suite we developed, CmapTools (Caiias et al., 2004) , has significantly extended the applicability and use of concept
mapping, and we are always surprised by the innovative uses that CmapTools users have found for the software.

Novak & Caias (2010) asked themselves and the Cmappers community: Why aren’t concept maps more
ubiquitous? Even with the emergence of concept mapping tools — and there are many more available nowadays,
particularly Web-based — it is not easy to embed a concept map editor in any Web page as one can embed a text editing
box. Or to embed an interactive concept map with links to resources into a site. In this paper we describe eCmap, an
embeddable concept map editor that is part of the CmapTools software suite, and present several cases that show how
eCmap has been incorporated into different types of applications.

2  The CmapTools Network

The CmapTools Network consists of a set of client and server programs that work together to facilitate the
construction, publishing and sharing of concept maps (Cmaps) and resources (Cafias, Hill, Granados, Pérez, & Pérez,
2003). CmapTools client programs access CmapServers to store, retrieve and share Cmaps, videos, images,
documents, links to Web pages, etc. and integrate them into Knowledge Models (collection of Cmaps and related
linked resources on a particular domain). The embeddable Cmap Editor eCmap is another client program within the
CmapTools network.

3 eCmap: The Embeddable Cmap Editor

eCmap is the component of the CmapTools software suite which enables the embedding of a concept map editor into
a web page. With this client-side, JavaScript / HTMLS5 library*, a Cmap editor can easily be embedded, by calling a
single function to initialize the editor and attach it to an element on the page. Multiple eCmaps may be embedded
within a single page, attached to unique elements.

With eCmap, users can create and edit a Cmap in the same fashion (with the same gestures) as they do in the
CmapTools desktop client (see Figure 1). Double-clicking on the background creates a concept. Selecting the concept
displays the link creation icon which can be dragged to create a linking phrase to connect concepts. Double-clicking

! Code is developed in Java and compiled to JavaScript with Google Web Toolkit (GWT).
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a concept or linking phrase allows for editing text. Selected objects can be moved with the mouse. There are also cut,
copy, paste, undo and redo capabilities accessible from a right-click context menu. Since concepts may contain
resource links, which users are able to click on and open, the library is also capable of displaying these in new browser
windows or tabs or, if a callback handler has been registered, pass the link info to the handler to display.

Figure 1. The eCmap embedded concept map editor, showing the toolbar at the top, and an example of right-click menu.

A toolbar is available for manipulation of the Cmap’s style (Figure 1), in the same way as the Style Palette in the
desktop version of CmapTools. Selecting objects in the Cmap and then selecting different icons in the toolbar will
affect the selected objects. The toolbar may also be hidden (e.g. in view-only mode).

The eCmap library supports several different modes of editing: whether the Cmap should be viewable only,
annotatable only (users can add Annotations to the Cmap) or fully editable. The Cmap can also be scaled to fit the
size of its container object or displayed in a scrollable view at full size.

When initializing eCmap, a URL may be specified to load an existing Cmap into the editor. This URL may refer
to a Cmap in a CmapServer, as eCmap is frequently used in conjunction with a CmapServer for Cmap and Resource
storage. The eCmap library includes support for communication with a CmapServer, either directly or through a proxy
(see Cmap Cloud section for a proxy example). In addition, Cmaps may be loaded from local storage (e.g. a file://
URL) or imported/exported as CXL through the eCmap API, allowing for integration with any storage system
supported by the host environment.

eCmap is also integrated with Google Analytics. If the web page containing the embedded editor has Google
Analytics initialized, then the library will register success/failure events when resources are opened, closed, and saved.
It will also record Cmap level change events such as concept added/deleted, linking phrase added/deleted, and resource
link opened.

Currently eCmap supports the majority of the functionality of the desktop version of CmapTools, including drag
and drop of resources from the host page to concepts in the Cmap, Annotations, and style-related features such as
fonts, colors and background images. However, some advanced features are only supported by the desktop version of
CmapTools, including Presentation Mode, Recorder, Nested Nodes, and Discussion Lists.
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3.1  API Details

To simplify the description, we depict eCmap as having three APIs, as shown in Figure 2.

3.1.1 eCmapEditor API

Through the eCmapEditor API (#1 in Figure 2), eCmap exposes methods which allow the host page to initialize and
interact with the embedded concept map editor. This API includes functions for creating, loading, and saving Cmaps,
as well as getting and setting the Cmap’s metadata and CXL. This API also includes a callback-style architecture, so
eCmap can interact with its host environment. eCmap uses these callbacks as feedback functions to let the host page
know that a Cmap or resource has been opened, or saved, or is being saved, or an error has occurred; the host page
can choose to display this feedback as appropriate.

The eCmapEditor API also allows some overriding of functionalities that eCmap provides internally. This enables
the host page to further customize the behavior and look-and-feel, by registering callback handlers for certain events
such as: requests to show resource links, requests to edit resource link information, and dialogs for saving Cmaps. For
example, if the host page wants to customize the behavior of the Save Cmap dialog, it registers as a ViewsOperations
callback handler. When a save is to take place, the Cmap’s info is passed to the showSaveDialog callback function.
The host page then does whatever it wants with the information. It could simply show a custom Save dialog for the
environment’s look-and-feel, in place of eCmap’s built-in Save dialog. When the user clicks save, the metadata can
be passed back to eCmap which then deals with saving the Cmap and its parts back to the CmapServer. Or, instead of
saving to a CmapServer, the host page could just ask eCmap for the CXL of the Cmap and upload it, for example, to
Google Docs if desired.

Figure 2. Through APIs eCmap interacts with the Host Page and CmapServer.

3.1.2  eCmapServer API

When Cmaps are stored on a CmapServer, eCmap uses the eCmapServer API (#2 in Figure 2) to retrieve Cmaps in
CXL format, save Cmaps, and export Cmaps to CXL, JPEG and SVG formats. In general, this API includes functions
for managing resources and folders on a CmapServer, including uploading, creating, copying, deleting, renaming,
moving Cmaps and resources, retrieving thumbnails and folder lists, and dealing with permissions. This interaction
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can be directly with the CmapServer or through a Proxy, as we’ll see in the examples later in this paper. Once the
operation is completed, eCmap would use the callback mechanism to let the host page know if it was successful or
not. An additional feature of the eCmapServer API is that it is also available to the host page. This is demonstrated
by the Cmap Cloud (and other examples), described in section 4, which can show a user’s current list of resources and
folders and allows the user to rename, delete, move, and create resources.

3.1.3  eCmapActions API

The eCmapActions API (#3 in Figure 2) is the mechanism by which eCmap provides the host page with a set of
Actions relevant to the Cmap being edited, along with their enabled state. These actions include operations like Select
All, Select Concepts, Select Linking Phrases, Select Connectors, Cut, Copy, Paste, Undo, Redo, Change Properties,
Print, Export (in several formats). It’s optional whether to display all of the Actions or not, as we’ll see in the examples
below. The host page can show all of the actions to the user (e.g. in a menu integrated with the look and feel of the
page), or it may decide to customize the actions available to the user, and only display certain actions (perhaps as
buttons in a toolbar). When the user selects an Action (dependent on how the actions are displayed), the host page can
notify the action’s callback function, and the action will be handled by eCmap.

4 Examples of Embedding eCmap

The flexibility in the design of eCmap together with the integration with the CmapTools architecture has facilitated
its embedding in many unique environments. In this section we describe several of these use-cases.

4.1  Cmap Cloud

As Internet connections get faster and Web browsers more capable, counterparts for desktop applications have become
more common and capable, and for many users, have replaced the desktop applications, as exemplified by Google
Docs, Office 365, simplifying sharing and collaboration and the construction of simple documents. Developing a
CmapTools editor that would run on a Web browser made sense.

Figure 3. CmapTools in the Cloud incorporates eCmap in a tabbed environment, with Actions list on the left to operate on the opened Cmap.
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Building on the existing CmapServer and the CmapTools Network Architecture, we implemented the Cmap
Cloud, a centralized sharing site for users to store and share their Cmaps, resources and Knowledge Models and access
them from the three versions of CmapTools: (a) CmapTools (for Desktop), (b) CmapTools for iPad, and (c)
CmapTools in the Cloud (the Web version of CmapTools). Through their personal accounts, users can synchronize
CmapTools for the iPad with the root of their Home folder in the Cmap Cloud. Using the desktop version of
CmapTools, users can access the Cmap Cloud resources in their Home folder, from the Views window. And through
CmapTools in the Cloud, which we implemented using eCmap, the user can access and share resources and edit them
using a Web browser.

For CmapTools in the Cloud, eCmap is embedded in a tab-based view which supports opening multiple Cmaps
and quickly switching between them. The site uses the eCmapActions API, described above, to display context-
sensitive menu items (Actions) in a panel on the left (see Figure 3), as well as the eCmapEditor API to register
ViewsOperations callbacks for handling opening linked resources (either in an internal tab or through the browser/OS),
showing feedback to the user (saving, error), and managing drag and drop of resources to the editor. In addition, the
Cmaps and Resources tab (Views) uses the eCmapServer API to communicate with the CmapServer, to show the
contents of folders and allow operations on resources (create, delete, copy, move, edit properties, etc.), similar to the
desktop version of CmapTools.

To support single-sign-on (SSO), the Cmap Cloud site enables eCmap’s proxy option, which re-directs all
requests to the CmapServer to route through a proxy running on the Cmap Cloud webserver. This allows the Cmap
Cloud site to attach the user’s credentials to CmapServer requests, and then forward the requests to the CmapServer;
when it receives a response, it is forwarded back to eCmap. Recently we completed the implementation of OAuth2 on
the CmapServer, and intend to modify eCmap to take advantage of it instead of using the proxy server.

CmapTools in the Cloud has exercised eCmap’s functionality, as it has grown to over 518,000 registered users,
and has become very popular, in particular with academic students, faculty, and researchers.

4.2 Cmap Viewer

The CmapViewer is a software utility to view and embed Cmaps that are stored in CmapServers. It is the default Web
viewer for Cmaps stored in the Cmap Cloud, the IHMC Sample Knowledge Models Place, and several other IHMC
CmapServers. Implemented as an add-on for the CmapServer, it replaces the internal viewer; the CmapViewer
JavaScript code is automatically loaded by the user’s browser whenever they open a URL to a Cmap. Internally, the
CmapViewer uses the eCmap code to render the Cmap, in a view-only mode without any toolbars. It is not part of the
standard downloadable CmapServer and its therefore not available on all CmapServers.

Figure 4 shows how the Cmap in Figure 1 is displayed by the CmapViewer with its default settings, including the
Cmaps’ name as the Title, the Cmap’s Focus Question, and icons for Annotate, Save and Embed. As can be seen, the
CmapViewer code is itself the host page for eCmap, and has implemented the Annotate and Save button for the user
to interact with the Cmap. The Annotate button allows the user to make Annotations on the Cmap (permission to
Annotate is needed), and the Save button saves the annotations.

The Embed button shows how to embed the CmapViewer displaying this Cmap in another web page (and thus
embed eCmap). This button is also shown when a Cmap being edited in the desktop version of CmapTools is stored
in a CmapServer that has the CmapViewer installed, as shown in the lower right of Figure 5. Clicking on the icon
displays the dialogue shown in Figure 5. Clicking on the icon in the CmapViewer displays a similar dialogue. The
options selected® determine the HTML code, needed to embed the Viewer, which is displayed for the user to copy and
include in their Web page. Notice that allowing Annotations is an option. We have used the CmapViewer in a number
of sites, including the Cmaps displayed in the Concept Mapping Conference (Cmap) website® to display each CMC’s
Cmaps.

2 More details on how to embed the CmapViewer are available at: https://cmap.ihmc.us/docs/cmapviewer-client.php
3 CMC’s website: http://cmc.ihme.us.
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Figure 4. The Cmap in Figure 1, as displayed by the CmapViewer with its default settings

Figure 5. Dialogue to construct the HTML code necessary to embed a Cmap using the CmapViewer.
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4.3  Cmap-based Test Items

As part of the Concept Mapping Academy website, which is described below, we needed test items that involved
having the test-taker construct or modify a Cmap, and for the system to evaluate the correctness of the response. For
this purpose, we decided to use TAO*, a Web-based open-source architecture for creating, delivering, and evaluating
tests. We embedded eCmap into the TAO architecture, which allowed embedding Cmaps into TAO test items. In
addition, we integrated CmapAnalysis (Cafias, Bunch, Novak, & Reiska, 2013), a software library for assessing Cmaps
against evaluation criteria, into TAO’s test evaluation process, to provide an end-to-end solution for using Cmaps as
a method of testing and evaluation.

In the TAO test item editor, we added a button to the toolbar which embeds eCmap into a test item. Clicking on
the placeholder for the editor brings up a settings dialog which allows the user to specify the evaluation criteria, as
shown in Figure 6. The test author must provide the URL of the Cmap (which may be stored in a CmapServer), the
size at which the Cmap should display, and fill in a set of criteria. In the example in Figure 6, a set of concepts are
required to be present in the Cmap, which should also have a maximum of 15 concepts (from the list), 20 propositions,
and a topological (Cafias et al., 2006) level of 5. The item now goes into TAO’s items bank, and can be incorporated
into any TAO test. After the user completes a Cmap test item, it is evaluated by the CmapAnalysis library, and the
results are stored in the TAO test results database.

We have used the Cmap TAO items in the Concept Mapping Academy website described in the next section.

Figure 6. Configuring a test item in TAO that will present the test-taker a Cmap using eCmap.

4.4  Concept Mapping Academy Tutorials and Certification Tests

The Concept Mapping Academy’s website is a work-in-progress effort to offer concept mapping tutorials and a
Professional Certification Program on concept mapping. As part of the tutorials on concept mapping, several Cmap-
based test items are offered in between the tutorial text to test the learners’ understanding of the topics being covered.

Figure 7 shows the result of embedding a TAO test, that consists of a single Cmap test item, into the middle of a
tutorial page. In this test item the learner is expected to construct a Cmap with the concepts provided. As can be seen
in the Figure, this results in eCmap being used to display the Cmap retrieved from the CmapServer. Once the user

4TAO is available at https://www.taotesting.com.
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completes the Cmap, it’s assessed by the CmapAnalysis code according to the criteria selected when the test item was
constructed, and if the response is correct the user can continue, otherwise he or she is asked to try again with another,
similar item.

Figure 7. A TAO test consisting of a single Cmap test item is displayed as part of a concept mapping Tutorial page at the Concept Mapping
Academy website.

4.5 How Good is My Cmap?

The last example we will present is the “How Good is My Cmap?”® webpage of the Concept Mapping Academy
website. This page allows you to analyze a concept map you have built with CmapTools and evaluate its ranking
according to the Topological Taxonomy, using the CmapAnalysis library previously mentioned. In addition to the
taxonomy score, the analysis results include several additional metrics along with feedback on how to improve your
Cmap, and provide links to sections of the tutorials related to the suggestions. You can upload an existing Cmap in
CXL or Java-binary format, provide the URL for a Cmap stored in a CmapServer, or construct your own Cmap. To
display the supplied Cmaps, or to allow the users to construct their own Cmaps, eCmap is embedded into the webpage,
as shown in Figure 8. This example demonstrates how the host page can pass the uploaded or retrieved Cmap to
eCmap for display, or retrieve the constructed Cmap from eCmap for evaluation. The APIs provided by eCmap allows
for significant flexibility on how the host page interacts with the eCmap.

5 Although the rest of the website is not yet completed, the “How Good is My Cmap?” page is functional
https://www.cmapacademy.org/practice/how-good-is-my-cmap.html
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Figure 8. In the “How Good is My Cmap” webpage, eCmap displays the uploaded or retrieved Cmap being evaluated, or allows you to construct
your own Cmap.

5 Conclusions and Future Work

With the flexible and modular design of the embeddable CmapTools editor eCmap, we have moved towards making
concept maps ubiquitous and universal (Novak & Caiias, 2010). eCmap has been implemented in a large variety of
scenarios, from being the editor component of CmapTools in the Cloud, the Web-based CmapTools with thousands
of users, to being part of Cmap-based test items in an online test preparation and delivery system. We believe that its
flexibility will facilitate integration with a wide range of future applications.

We plan to continue enhancing eCmap by including some of the unimplemented advanced features mentioned
above that are available in the desktop version of CmapTools. In addition, we are looking to extend the eCmap API
to allow the host page to modify a Cmap in real-time by adding, moving, changing, and deleting its contents (and to
listen for such events), which we expect will open a whole new category of embedding applications.
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Abstract. This study aimed to investigate the effects of using computerized concept mapping on developing reading comprehension in
EFL college students in an advanced reading course. The sample included two EFL college students groups, each comprising of 30
male students in a Southern Saudi Arabian university. One group, the experimental, studied the course using computerized concept
mapping strategies through IMindMap for presenting the reading passages and themes while the control group studied the same
passages and topics in the conventional method. A reading comprehension test was administered to both groups after the interventions.
Statistical analysis revealed statistically significant differences in the mean scores of both groups (a=0.05) on post testing to the good
of the experimental group. Results also indicated a considerable effect size of using computerized concept mapping strategies in
improving reading comprehension in EFL college readers. recommendations for pedagogy included organizing training workshops for
EFL language instructors to use CMC strategies and programs to teach reading skills through CMC strategies. Further research
recommendations were forwarded.

Keywords: Computerized concept mapping, reading comprehension, college advanced reading

1 Introduction

Reading comprehension is a significant language skill integral to overall language development; language
comprehension is dispensable for all language and thinking skills and it is the ultimate goal of literacy (Ortlieb,
2013). The development of reading comprehension skills is essential for success in academic achievement.

EFL instructors in Saudi universities need to improve students’ reading comprehension skills in English through
employing effective reading comprehension cognitive and metacognitive strategies which not only activate
schemata needed to decipher written texts, but also relate current learning to prior learning in structured and semi-
structured classroom settings (Chamot, 2005; Oxford, 1990; Sadeghi & Langhroudy, 2012; Vandergrift, 2003;
Wenden, 2002; Whittington, 2012).

Therefore, researchers, educational psychologists and pedagogues have studied effective strategies to improve
reading comprehension. EFL pedagogy has always been after improving and developing language learning skills
through following self-directed and permanent learning approaches acquired in the course of reading
comprehension. Extant research (e.g., Brown, 2005; Culver, 2008; Murray, 2008; Noronha-Nimmo, 2008; Pan,
2006; Thampradit, 2006; Tapinta, 2006) revealed that effective EFL strategy-based learning can satisfy the needs of
language learners and repair their language deficiencies, leading to facilitate learning in EFL settings. Reading
comprehension is a complex process that takes place in the human brain. Reading comprehension is possible when
learning materials is linked to the learners' life experiences and their prior knowledge, which requires some sort of
schematization of graphemes and series of words (Moore & Lo, 2008; Lipson & Wixon, 2009; Zeki, 1993).

Available research mostly addressed the difficulties involved in internal mental representations or how
schemata activation could be exploited to improve reading comprehension characteristically in EFL conditions, but
not noticeably in EFL contexts. Prior research also addressed cognition and meta-cognition processes in other
disciplines such as educational psychology or cognitive psychology, but rarely in EFL theory.

For instance, Zeki (1993) suggested that visual imaging in the brain takes place because of retinal processing
and outputting since "Ganglion cells are the sole source of visual input to the rest of the brain. They have center-
surround receptive fields." According to Zeki's theory, the brain creates a visual world where visualization and
comprehension take place simultaneously. Therefore, concept mapping is a new method that is used for ameliorating
and expediting learning and comprehension. Concept mapping can help learners to develop learning autonomy and
organize, expedite, retain and retrieve information in effective ways (Buzan & Buzan, 1996).

The use of concept mapping is some sort of advance organizers that assist in mental visualization that helps in
reading comprehension, retaining and retrieving information (Buzan & Buzan, 1996; Tucker, Armstrong & Massad,
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2010). Concept maps can efficiently be used as scaffolds for higher-order thinking skills (Holzman, 2004). Concept
mapping not only helps in improving and organizing learning, but it can also help in enhancing long-term memory
retrieval as well as cognitive processing of oral material (Farrand, Hussain & Hennessey, 2002). Previously, concept
maps were done manually, but developmentally in a computer age, special software started to be used for
computerizing concept mapping. Computerized concept mapping is more professional and attractive (Dara, 2010).
Prior research on the effects of concept mapping in the traditional form and the computerized concept mapping
indicated that computerized concept mapping has advantages over manually drawn concept maps (Dara, 2010;
Nong, Pham& Tran, 2009). Computerized concept maps are more attractive, faster to produce and more
professional, and therefore, prior research indicated that computerized concept mapping strategies can be effective
in inducing reading comprehension (Stankovic, Besic, Papic & Aleksic, 2011). For instance, Peng (2011) showed
that computerized concept maps improve reading comprehension by linking the functions of both brain hemispheres
since computerized concept mapping includes word processing, logical processing of language and mathematical
analysis. This eventually leads to improving creativity, mental visualization, comprehension, analysis, synthesis and
mental imaging (Benavides, Rivera & Rubio, 2010; Siriphanich & Laohawiriyanon, 2010; Liu, Chen & Chang,
2010; Kim & Kim, 2012; Hofland, 2007).

2 Problem of the Study

The researcher noticed that EFL adult learners are deficient in reading comprehension skills at the college level as is
shown in reading courses grades. Guthrie & Klauda (2014) indicated that EFL college students need to develop
cognitive processing strategies and techniques such as computerized concept mapping strategies in order to enhance
reading comprehension. Concept mapping using computer software helps relate prior knowledge to current
knowledge in a way that helps improve analysis, elaboration, synthesis and evaluation by activating schemata
(Siriphanich & Laohawiriyanon, 2010). Most EFL readers cannot link prior knowledge to current information and
therefore fail to process new knowledge in effective ways. This study sought to answer the following research
question:

Are there statistically significant differences between the experimental and control group participants on
posttesting to the advantage of the experimental group due to using IMindMap for learning reading through CMC?

3 Methodology

3.1 Design

The study is a semi-experimental investigation in which the researcher employed a pretest, post-test control group
design.

3.2 Participants

This study was implemented in two classes per week over a period of one semester. Sixty majors at a southern
university located in Southwestern Saudi Arabia were selected to participate in this study by convenience. To
investigate the efficacy of different computerized concept maps on their reading comprehension, all participants
were divided into two homogeneous groups.

3.3 Procedure

They were all pretested on a reading comprehension test to obtain baseline scores for later comparison with
posttesting mean scores.

The first experimental group received instruction into Reading IV, an advanced course in reading
comprehension, through IMindMap, a software for generating concept maps. The participants were trained on the
basics of IMindMap and they integrated it in their reading assignments in class and in home assignments. There
were seven key points made in the teaching procedure:
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Decide the general topic or title of the map.

2. Consider ideas related to the reading passages/assignments

3. Select the words and phrases that fit in best with the general topic, and that will support the main ideas in
the reading passage.

4. Draw and connect these words or phrases to the main topic with a line referring to the relationship.

5. Repeat the process of brainstorming and branching for each of the subtopics students highlighted or circled
until they form adequate ideas on the reading text to help them fully comprehend the text.

6. Use the concept map to organize students' reading comprehension.

7. Use the concept maps to refer to the text topics and subtopics as a visualization of global and local
information in the reading text as they read and reread it.

8. The control group received no-mapping reading instruction in the traditional way.

After the treatments were completed 10 weeks later, they were posttested on Version B of the Reading
Comprehension Test.

4 Literature review

IMindMap software for computerized concept mapping learning was first developed by Tony Buzan, a brain
researcher, in the 1970s (Buzan, 1977; 2005) as a specialized technique to make notes as brief as possible while
being as interesting as possible. Therefore, it was used as a reading comprehension and writing assistant to extract
briefings of reading material or brainstorm ideas for writing assignments. As of that time, mind-mapping has proven
to be a simple way to make notes in a variety of ways (Brinkmann, 2003), and now millions of people use mind
maps for brainstorming, project planning, decision making, and document drafting.

Thus, mind-mapping started to be employed as an effective way to get information into the human brain. It is a
creative and logical means of recording and noting that literally "trains" our ideas (Buzan, 2005). The Mind Map
also clearly shows how the points are linked together (Khoo, 2006).

Since the process of building a mind map engages the learner with the content, it is an active learning strategy
that can be used during the lesson instead of traditional lectures (Willis and Miertschin, 2006). Using IMindMap
software for mind mapping, students can be more actively involved in their learning process (Edwards and Cooper,
2010), improving students' critical thinking (Mueller et al., 2002). It is also important to pay attention to the use of
symbols and symbols in mind maps.

To clarify the reasons that students become competent to hold self-confident presentations without notes can be
traced back to mental mind mapping (Mento et al., 1999), since mind mapping combines not only words but also
symbols and icons with specific key points.

Remarkably, mind mapping is also a technique for group-work brainstorming, as in reading or writing
instruction, especially for adult learners, as ideas can be made as good as possible without interfering with the
hierarchy of search engines (Murley, 2007). In addition, IMindMap software can be employed as a teaching tool and
for the preparation and review of lectures. The technique allows quick writing and reviewing of notes. (Edwards and
Cooper, 2010). An original and useful Mind Map will be created and given to students as a summary for the
upcoming semester, tutorial or lecture. (Edwards and Cooper, 2010). Alternatively, reading instructors can train their
students to receive, retain and retrieve relevant information from reading texts as they use ImindMap software for
computerized concept mapping in reading classes. Mind mapping can display reading comprehension global and
local information in the form of PowerPoint presentations (Murley, 2007).

5 Results

The research question was to investigate the effectiveness of the computerized concept mapping versus traditional
reading instruction treatments on the reading comprehension of the learners of different writing proficiencies.
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The following table shows the participants' mean scores and standard deviations on pretesting and posttesting of
reading comprehension.

Pretesting scores Posttesting scores
Group No Mean SD Mean SD Adjusted STD
Mean Error
Control 30 14.833 2.94 17.233 3.18 17.312 0.54
Experimental 30 15.167 3.21 19.667 3.31 19.588 0.54

Table 1: Mean scores and standard deviations on reading comprehension pretesting.

The mean scores on post testing for the experimental group were greater than those for the control group. To
discover the statistical significance of these differences, ANCOVA was used the results of which are below
summarized:

Source of Type II Sum df Mean square F Sig. Partial Eta
Variation of Squares Squared
Pretest 121.237 1 121.237 14.080 0.000 0.198
(Covariate)
Group 77.508 1 77.508 9.002 0.004 0.136
Error 490.797 57 8.610
Total 700.850 59

Table 2: ANCOVA results.

ANCOVA results showed in Table 2 above indicate that there are statistically significant differences (a=0.05)
between the experimental and control groups. By comparing the mean scores for both groups, the results show that
the improvement occurred in the experimental group due to using computerized concept mapping.

For the effect size, Eta Squared value (2) reached 0.1267, a value that indicates an average effect size, given
total variance of the covariate (i.e., using IMindMap for computerized concept mapping in reading instruction). The
value of A(d) was found out to be 0.751, which indicates a considerably big effect size.

6 Conclusion

Recently, EFL college students expect to use more digital media applications in everyday lives for their learning and
these smart applications should be seamlessly integrated into their classroom experience. With this software,
IMindMap for computerized concept mapping, EFL students can learn that reading is an exciting experience, and
they would be able to visualize the entire reading text content remarkably. As a result, the learning process could be
more interesting and entertaining, where it attracts students who are visual, auditory or kinesthetic learners.
Indisputable, with iMindMap in the class, reading instruction can really impact the teaching and learning process
through its ability to adapt to the learning styles of different students. Therefore, this study strongly recommends the
use of iMindMap in class to improve the learning process of the new generation.

Since this study is only a semi-experimental investigation, it was limited to only one small population of EFL
students, some selected topics of the reading curriculum and a specific computer mind-mapping tool. That's why,
prospective research can be extended by applying the experimental research method.

In addition, future research can also analyze the impact of using iMindMap on student performance, both in the
exam and in the exam the understanding of the reading topics, global understanding, local understanding and
application of specific reading comprehension skills.
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Abstract. Historical approach to the concept map based on the different theories of learning, emphasizing Piaget's theory of cognitive
learning through the role of the wholesale equilibrium as an internal mechanism that is reflected in the use of advance organizers and
Novak’s concept map.

Resumen. Acercamiento historico al mapa conceptual a partir de las diferentes teorias del aprendizaje, poniendo énfasis en la teoria
del aprendizaje cognitivista de Piaget a través del papel de la equilibracion mayorante como mecanismo interno que se refleja a través
de los de los organizadores previos y el mapa conceptual de Novak.

Keywords: concept mapping, cognitive learning, equilibrium, advance organizers

1 Introduccion

En mi participacion durante las tres Conferencias previas sobre el Mapa Conceptual en las que he participado
enfoqué mi investigacion en los usos y efectividad del Mapa Conceptual para el proceso de ensefianza y aprendizaje
en diferentes universos de estudio llegando a la conclusion de que la aplicacién del mapa conceptual sin duda es una
herramienta de aprendizaje que ayuda en la mejora del conocimiento de diferentes tipos de temas, en un tiempo cada
vez menor y con diferentes tipos de personas que poseen conocimientos previos muy dispares. Asi que en esta
ocasion me aventuré a investigar, aunando mi carrera de historiador y mi experiencia docente de veintitrés afios, cudl
seria el motivo por el cual el mapa conceptual puede llegar a ser tan efectivo para el proceso de ensefianza-
aprendizaje. Mi busqueda empez6 por las diferentes Teorias del Aprendizaje que se han venido formulando desde el
siglo XIX hasta los afios setenta.

Es importante aclarar que mi area profesional no es propiamente la Psicologia ni la Pedagogia, sino la Historia y
por ende mi relacion con ambas ciencias ha sido reelaborada a través del campo de estudio que corresponde a la
Didactica de la Historia a través del Mapa Conceptual. De modo tal que mis resultados, por supuesto, estaran
atenuados, por esa limitante tedrica.

2 Objetivos

El objetivo de esta investigacion se volvid en descubrir como docente de Historia a qué podia deberse esta alta
efectividad del mapa conceptual en el aula y ademds en tan diferentes condiciones tanto de alumnos como de
docentes que lo usan.

Partiendo de ese objetivo me tomé a la tarea de investigar las diferentes Teorias del Aprendizaje para que me
pudieran dar razén intrinseca del motivo de esta efectividad. Por supuesto, ya antes, dentro del marco de la Didactica
de la Historia habia utilizado como referenciales las obras de Novak, Ausubel, Moreira y Gowin para dar una
explicacion, pero lo que en esta ocasion me interesaba era hacer una aproximacion desde otro campo de la
psicologia educativa a un mismo fendmeno y observar que resultados obtenia.

3 Referencial Teorico

En esta ocasion el trabajo no se fundamenté en determinar las conexiones que existian entre lo que se ensefia
(docente) y lo que el alumno ya conoce (discente) (Novak & Gowin, 1984), dado que el trabajo no giré propiamente
en una investigaciéon de campo, sino tedrica. Sin embargo, al ser una investigacion tedrica sobre sobre el mismo
mapa conceptual (autorreferente) eso no prescribe el hecho de que el autor para abordar el tema poseia ya
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conocimientos subordinados previos que le daban ciertas razones de a qué se debia la efectividad del mapa
conceptual, basado en los conocimientos superordenados y combinatorios que ya habia manejado previamente
(Ausubel, 21960). No obstante, el marco de referencia tedrico cambié substancialmente, pues se introdujo como
nuevo elemento en la explicacion el referencial tedrico de las Teorias del Aprendizaje estudiadas.

De esta forma como nuevo referencial tedrico estuvieron ahora George Kelly y su psicologia de los constructos
personales (Kelly, 1955) y las distintas obras de Piaget relacionadas a su teoria de la Equilibracién Mayorante o
Maximizadora, siendo la principal L'équilibration des structures cognitives (Piaget, 1978).

Bajo este “nuevo” (al menos nuevo para el autor del presente articulo) marco de referencia teodrico se procedio a
investigar el como podria funcionar el mapa conceptual bajo una Teoria del Aprendizaje de tipo sobre todo
Cognitivo-Constructivista de Piaget.

4 Metodologia o Procedimiento

Como ya se ha mencionado, se procedi6 a la investigacion de la Historia de las diferentes corrientes explicativas de
las Teorias del Aprendizaje, asi como al estudio de sus diferentes puntos de vista. Se hizo una linea del tiempo para
comprender mayormente las sincronias y diacronias del fenomeno (Sobre todo porque el autor del presente texto se
dedica profesionalmente al estudio de la Historia). Se leyo6 a cada uno de los principales autores relacionados al tema
y en base a eso, se encontr6 que el modelo explicativo de la Teoria del Aprendizaje de Piaget podia ser un referente
que diera razon del porqué el mapa conceptual sirve para mejorar el aprendizaje y la comprension de diversos temas.

4.1 Corrientes Teoricas Explicativas

En 1897 a través de la obra My Pedagogic Creed (Mi Credo Pedagdgico) John Dewey [Nacido en Burlington,
Vermont, 20 de octubre de 1859- Fallecié en Nueva York, 1 de junio de 1952. (Dewey, 1997)] fund6 el
Progresivismo Pedagdgico, también llamado Escuela Nueva, que basicamente consistia en crear una educacion mds
democratica, menos vertical y mas horizontal, que evitara por tanto el autoritarismo de boga entre los docentes en
las instituciones educativas. Las propuestas de Dewey, tratadas en su obra, se desarrollaron durante veinte afios,
hasta madurar en otra obra concretamente llamada Democracy and Education (Democracia y Educacion) que tuvo
que enfrentarse durante los siguientes quince afios a la otra Teorfa del Aprendizaje en boga en esa misma época
desarrollada por John Broadus Watson [Nacido en Greenville, 9 de enero de 1878 en Nueva York, falleci6 el 25 de
septiembre de 1958. (Watson & Rayner (1920)], es decir, el Conductismo Educativo.

Un elemento fundamental del Progresivismo Educativo fue, desde sus origenes, poner el acento en nuevas
metodologias de aprendizaje, asi como en nuevos enfoques de la forma de estudiar. En ese sentido, el Progresivismo
educativo es antecesor a muchas de las herramientas y estrategias didacticas que hoy dia se utilizan. Contrario al
Conductismo, que desarroll6 métodos tradicionales de ensefianza que no permitian cuestionamientos, pues estaban
basados en buena medida en resultados producto del acierto y el error, con la finalidad de inculcar actitudes
especificas y por ende generar justamente conductas precisas y esperadas. La Escuela Nueva innové en cuanto a los
métodos de ensefianza se refiere principalmente, asi como en los enfoques que podrian tener los alumnos cuyas
actitudes no estuvieran pre-inculcadas o “condicionadas”. El Conductismo, justo en esos afios (sobre todo a partir de
los afios veinte), sirvidé como teoria pedagogica para adoctrinar e inculcar propaganda politica en los estudiantes. Los
gobiernos europeos en general siguieron las teorias conductistas de Edward Thorndike y su Animal Intelligence
(Thorndike, 1911) y en cambio se ignor6 asi mismo una nueva propuesta que aparecia en el horizonte con el nombre
de Myshlenie i rech (Pensamiento y Lenguaje, 1934) de un biclorruso Lev Vygotsky. No seria sino hasta entrados
los afios cincuenta que la gran tendencia Conductista se veria retada firmemente por una nueva Teoria del
Aprendizaje llamada Cognitivismo. No obstante, durante esa misma época, la propuesta de Vygotsky iria tomando
nuevamente forma a través de una obra llamada The Psychology of Personal Constructs (Psicologia de los
Constructos Personales) obra de George A. Kelly [Nacido el 28 de abril de 1905, Kansas, Estados Unidos-
Fallecido en Massachusetts, 6 de marzo de 1967. (Kelly & Maher, 2001)] que de manera independiente retomando
las mismas bases constructivistas de Vygotsky precedio los Esquemas o Scripts que se desarrollarian en la futura
psicologia constructivista.
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Figura 1. Linea del Tiempo elaborada por el autor (con Time Line Maker Trial Version).

Sin embargo, los afios cincuenta darian paso primero a la Psicologia Cognitiva o Cognitivismo. En donde el
papel mas relevante le toco al suizo Jean Piaget [Nacio en Neuchatel, 9 de agosto de 1896- Fallecio en Ginebra, 16
de septiembre de 1980] que elabord un sistema teérico completo que no solo explica el proceso de ensefianza y
aprendizaje, sino que hace énfasis entre la “homeostasis” o equilibrio cognitivo entre la maduracion (nature) y la
experiencia social y fisica (nurture).

Es dentro del periodo del cognitivismo y de sus marcos de equilibro cognitivo que en la década de los sesenta
surgen los organizadores graficos que sirven para hacer lo que Piaget denominaria “equilibraciones mayorantes” o
maximizadoras (Piaget, 1975; p. 46 de la trad. Cast). Esto es, en el marco de la Teoria del Aprendizaje de Piaget, el
proceso autorregulador que permite que la configuracion del desarrollo cognitivo no solo restituya o compense el
estado de desarrollo cognitivo previo, sino que incluso permita un equilibrio mejor que el anterior y por tanto pueda
haber progreso en el desarrollo intelectual.

De esta manera los constructos personales pueden anticipar y compensar futuros aprendizajes. De ahi la
importancia del uso de organizadores previos, sobre todo de tipo grafico-semantico. Que fueron investigados por
Ausubel en 1960 a través de su articulo The use of advance organizers (El uso de organizadores previos) (Ausubel,
1960); en el texto, Ausubel hipotetizd6 que el aprendizaje y la retencion de material verbal no familiar pero
significativo podia ser facilitado por la introduccion previa de conceptos subsumidores relevantes. De esa manera
experiencias externas son incorporadas a las estructuras internas (schemata) a través de un proceso auto-regulatorio.
Combinando las teorias de Piaget y las de Ausubel. Gracias a la abstraccion reflexiva, que es una regulacion de
regulaciones se obtienen nuevos estadios de desarrollo cognitivo.

Las equilibraciones mayorantes no son estados, sino procesos, pues cada que se llega a ellas no suponen cierres
finales de tipo estatico, sino, por el contrario, implican equilibrios mas estables en tanto que son mas moviles y por
tanto incluso reversibles (“La teoria de la equilibracion. Un modelo explicativo del desarrollo cognitivo”, Lic.
Diana Fernandez Zalazar, s/f.).

De esta manera el aprendizaje a través de Organizadores Previos puede cumplir la condicion siguiente:

“...el progreso de los conocimientos no se debe a una programacion hereditaria
innata, ni a una acumulacion de experiencias empiricas, sino que es el resultado de
una autorregulacion, a la que podemos llamar equilibracion”.

(Piaget, Inhelder, Garcia & Voneche ,1981)

Por el otro lado como desarrollo de la creacion de los Organizadores Previos aparecid el Mapa Conceptual, que

fue estudiado mas a fondo por Joseph Donald Novak desarrollando su teoria del mapa conceptual sobre todo en su
obra Learning How to Learn (Novak & Gowin, 1984).
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Figura 2. Linea del Tiempo elaborada por el autor (2* Parte).

4.1  Explicacion del Mapa Conceptual en el marco de referencia de la Teoria de las Equilibraciones de
Piaget.

El proceso de la abstraccion reflexiva o regulacion de regulaciones es un proceso que implica en el momento de
realizarse (y en este caso tanto el docente como el discente en sus respectivos momentos tendran que elaborar sus
propios mapas conceptuales) no solo la reflexion en si, sino el producto de esa reflexion. Por ejemplo, el autor
debera seleccionar, ordenar, agrupar, representar, conectar y reflexionar sobre los conceptos que utilizara en el mapa
conceptual.

De acuerdo al modelo de Piaget tres son las formas de interaccion del sistema o ciclo cognitivo la primera es
aquella que hay entre el sujeto (El sujeto corresponde a las Schemata o Estructuras Internas) y el objeto, la segunda
la que hay entre los subsistemas de este ciclo y por ultimo la de los subsistemas con la totalidad de la organizacion.
Cabe aclarar que los subsistemas son los instrumentos cognitivos que permiten al sujeto hacer lo que deciamos en el
parrafo anterior, esto es, seleccionar, ordenar, agrupar, etc.

De esta forma el sujeto que va a elaborar un mapa conceptual ya posee imagenes simplificadas o representadas
que representan un momento dado del schemata o estructura previa al aprendizaje en cuestion (Esta etapa
Corresponde a los Constructos Personales de Kelly). A continuacion, viene la asimilacion, esto es, la integracion de
la informacion o conocimientos nuevos. Hasta aqui, estamos en la primera fase de interaccion del sistema. Es decir,
el sujeto y el conocimiento nuevo entran en accion. El resultado sera una reorganizacion de las estructuras previas y
por ende una elaboracién o reformulacion de estructuras nuevas, a lo que Piaget llama Acomodacion. Por tanto,
entramos en la segunda forma de interaccion, es decir la que relaciona a los subsistemas entre si. Finalmente, en la
ultima de las interacciones, el individuo se adaptara al entorno de los nuevos subsistemas, produciendo el llamado
equilibrio del sistema cognitivo, que es propiamente el aprendizaje adquirido.
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Figura 3. Mapa Conceptual del Ciclo Cognitivo de Piaget (Elaborado por el Autor).

Una vez que se ha dado razén de este primer ciclo cognitivo, entonces se puede proceder al segundo ciclo
equivalente al primero pero que ahora es el ciclo cognitivo equilibrante, esto es: primero, la equilibracion de la
asimilacion y la acomodacion del primer ciclo, segundo la equilibracion de los subsistemas y finalmente la
equilibracion de la diferenciacion y la integracion.

Figura 4. Ciclo del Equilibrio Dinamico (Por el Autor).

Es este tercer aspecto en donde el mapa conceptual entra en escena. Justamente porque intensifica y simplifica
el proceso de diferenciacion e integracion. O, dicho en otras palabras, ayuda a generar una mayor diferenciacion y
coordinacion de lo que se diferencia. De ese modo se va produciendo una ampliacion del medio aumentando con
ello las capacidades cognitivas del individuo y por tanto su comprension del entorno. Esto es a lo que Piaget 1lama
descentramiento. Que se da desde las primeras etapas cognitivas sensoriomotoras, pasando por la preoperacionales,
concretas y llegando finalmente, seglin el esquema de Piaget, a las Operaciones Formales, esto es aquellas que ya
implican una Logica Formal y por tanto nos sirven para hacer las llamadas Proposiciones, con las cuales elaboramos
el mapa conceptual.
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5 Evaluacion y Resultados

De esta manera estudiando la Teoria del Aprendizaje de Piaget he podido comprender el enlace biolgico-cognitivo
que subyace en la elaboraciéon de un mapa conceptual. Fundamentalmente en el hecho de que al aumentar la
diferenciacion de un esquema cognitivo en otros subesquemas cognitivos permite dar mayor precision en los encajes
operatorios formales con la consecuente asimilacion de elementos que aumentan las mejoras en la comprension a
través de subclases elaboradas en el mismo mapa. Esta equilibraciéon de ultima instancia, producto de la
diferenciacion, es a la que llama Piaget propiamente: Equilibracién Maximizadora o Mayorante.

Asi un objeto, tanto concreto como abstracto, que era dejado de lado, por inclasificable, pasa a ser clasificable
gracias al mayor ajuste y diferenciacion de los esquemas en subesquemas. Que en el caso del mapa conceptual se
vuelven visibles a través de los organizadores previos y los organizadores graficos a posteriori.

Figura 5. Proceso de la Equilibracion Maximizadora o Mayorante (Autor).

6 Consideraciones Finales o Conclusiones

La teoria del aprendizaje de Piaget me ayudd a comprender mucho mejor que la realizacion del mapa conceptual
requiere procesar inductiva o deductivamente una serie de conceptos en la mente, sin embargo, al representarlos en
el organizador grafico que representa el mapa conceptual en si, se construye un conocimiento que nos lleva a
englobar de manera mas completa nuestra teoria del aprendizaje.

Para el docente, como es el caso de su servidor, el analisis de la teoria de Piaget muestra que los estudiantes,
como cualquier persona, estan pre adaptados para aprender, sin embargo, las estructuras cognitivas que poseen
tienden a desarrollarse con el paso del tiempo y a través de los procesos de aprendizaje, siendo en este caso un
proceso muy enriquecedor, justamente la realizacion de los organizadores graficos o previos. Con el uso de los
mismos el desarrollo cognitivo que poseen les permite elaborar conceptualizaciones cada vez mas abstractas, gracias
a las cuales pueden elaborar nuevos y mejores mapas conceptuales.

El mapa conceptual podria incluso llegar a acelerar el desarrollo cognitivo, sin necesidad de esperar a que el
estudiante llegue a la etapa de desarrollo correspondiente. Por tanto, el papel del educador es muy importante a la
hora de desarrollar las capacidades cognitivas y por eso la imperiosa necesidad del experto en mapas conceptuales
de transmitir su conocimiento de los mismos a los demas. Pues si como Vygotsky y otras teorias del aprendizaje
socio cognitivo formulan, el aprendizaje podria preceder al desarrollo cognitivo.

En La psicologia de la inteligencia Piaget (1947)recopild las clases impartidas en el Collége de France durante

el afo 1942, resumiendo alli sus investigaciones psicogenéticas de la inteligencia; en tal obra, Piaget postuld que la
logica es la base del pensamiento; y que en consecuencia la inteligencia es un término genérico para designar al
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conjunto de operaciones logicas para las que estd capacitado el ser humano, yendo desde la percepcion, las
operaciones de clasificacion, substitucion, abstraccion, etc., hasta —por lo menos— el célculo proporcional. Si
Piaget tiene razon, en lo que decia y su teoria de la equilibracion mayorante es también cierta, entonces podemos
estar satisfechos de ensefiar y aprender a través del mapa conceptual, pues incrementa, de manera muy probable, las
operaciones logicas y en consecuencia la inteligencia de quien lo elabora.
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Abstract. This work is based on an investigation carried out with Mexican university professors that aimed to detail the conceptions
of university professors about teaching. The methodological design contemplated the collection of data through interviews, the
ordering and transcription of the material and finally the analysis of the data, through the analytical model of Conceptual Mapping for
Qualitative Analysis (MCAC), which allowed the representation of teachers' thinking through the tool of the concept map. Here we
present a discussion about the scope of the concept mapping as a strategy for analyzing qualitative data and the representation of
conceptions. According to the findings of the research, it was found that the concept map, in addition to functioning as a tool for
external representation, allows teachers to establish points of reflection regarding their own conceptions and beliefs about teaching.

Resumen. Este trabajo se desprende de una investigacion realizada con profesores universitarios mexicanos que tuvo por objeto
pormenorizar las concepciones de los profesores universitarios sobre la enseflanza, El disefio metodologico contempl6 la recoleccion
de datos a través de entrevistas, el ordenamiento y transcripcion del material y finalmente el analisis de los datos, a través del modelo
analitico de Mapeo Conceptual para el Analisis Cualitativo (MCAC), mismo que permiti6 la representacion del pensamiento de los
profesores a través de la herramienta del mapa conceptual. Aqui se presenta una discusion sobre los alcances del mapa conceptual
como estrategia de analisis de datos cualitativos y la representacion de concepciones. De acuerdo con los hallazgos de la
investigacion, se encontré que el mapa conceptual, ademas de funcionar como una herramienta de representacion externa, permite a
los docentes establecer puntos de reflexion respecto a sus propias concepciones y creencias en torno a la ensefianza.

Keywords: concept mapping, teacher conception, data analytic tool.

1 Introduccion

En sus inicios, el mapa conceptual surgié como herramienta para el andlisis de datos recogidos en entrevistas
(Aguilar Tamayo, 2012). Su técnica fue concebida por Joseph Novak, con el fin de representar el discurso de los
nifios que participaban en una investigacion, para posteriormente poder realizar un andlisis de su estructura
cognitiva. La herramienta ideada por Novak y su equipo en 1972 permitia la representacion de estas estructuras
cognitivas de una manera ordenada y jerdrquica a través de una estructura proposicional que establecia las relaciones
entre los diferentes conceptos.

Lo que Novak y su equipo descubrieron fue que una transcripcion de una entrevista de entre 15 y 20 paginas
podia ser representada en un mapa conceptual que abarcaba una pagina (Novak, 2004) pero lo mas interesante es
que esta herramienta de representacion del conocimiento de los entrevistados respetaba las proposiciones y
relaciones expresadas por los participantes y permitia observar la evolucion de las personas en su estructura
cognitiva.

Debido a sus caracteristicas, hoy en dia, el mapa conceptual ha tenido una gran expansion, sobre todo entre las
comunidades educativas, que lo han adaptado como una herramienta facilitadora del aprendizaje y la ensefianza,
como estrategia para la planeacion curricular. Sus usos se han extendido también en el entorno de la investigacion
adaptando la herramienta como una técnica de recoleccién de datos y en el ambito empresarial como una técnica
para la elicitacion del conocimiento experto. Sin embargo, creemos que esta herramienta también es 1til para la
representacion de las concepciones, creencias y pensamiento de las personas y que su uso como herramienta
metacognitiva puede procurar un espacio reflexivo para la transformacion de este pensamiento.

2 Concepciones Docentes
Las concepciones docentes pueden ser entendidas como “construcciones subjetivas del profesor en torno a su labor

docente” (Villanueva, 2016:49), es decir, a la forma en que el profesor comprende aquello que hace principalmente
en el aula y el sentido que les otorga a estas acciones. Este término puede ser equiparable con el de “pensamiento
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docente” ya que concepto refleja la “preocupacion que se tiene por conocer cudles son los procesos de
razonamiento que ocurren en la mente del profesor durante su actividad profesional” (Serrano Sanchez, 2010:269).
Las concepciones son marcos implicitos que permiten dar orden al pensamiento de las personas, en este caso, al de
los profesores. Son parte de la herencia cultural, legado de la actividad social del sujeto y derivan de la experiencia.
En este sentido, las concepciones permiten al docente generar una serie de representaciones o ideas acerca de como
debe ser su practica educativa. Se trata entonces de la construccion de conocimiento sobre la practica docente.

De acuerdo con autores como Pozo y otros (2009; 2014) las concepciones docentes suelen proporcionar
elementos al profesor para la toma de decisiones, al mismo tiempo que guian su practica a pesar de que muchas
veces el profesor no sea consciente de la existencia de dichas construcciones. Mayoritariamente, las concepciones se
activan para resolver problemas que se presentan en la practica de la docencia como una accion profesional. Para
ello la experiencia del profesor juega un papel relevante, pues le dota de una mayor capacidad para la resolucion de
problemas, retos o demandas presentes en su labor.

Conocer como se estructuran las concepciones de los profesores universitarios y como afectan en la toma de
decisiones y en el desarrollo de su actividad docente puede permitir la deteccion de necesidades formativas de los
maestros universitarios, la generacion modelos de capacitacion pertinentes, asi como la promocion de espacios
reflexivos para los docentes.

3 Descripcion Metodolégica

La primera fase de la investigacion consistio en la revision documental que permitié la cimentacion del marco
conceptual a través del que se hizo posible la recoleccion de los datos y su analisis. Esta primera etapa permitio el
acercamiento con las producciones académicas en torno al tema que se estudia, asi como la identificacion de los
distintos abordajes de cada uno de los autores consultados y los sesgos que pudieran presentarse en dichas
investigaciones. También permitié ubicar las estructuras metodologicas de cada uno de los estudios en torno al
topico de interés.

En segundo lugar, se contempld la seleccion de los informantes, la determinacion de los instrumentos de
recoleccion de datos, asi como la eleccion del lugar para el desarrollo del trabajo de campo. En este mismo espacio
se generaron y pilotearon los primeros instrumentos de recoleccion de datos que incluyeron el guion de entrevistas
semiestructuradas y la guia de observacion.

Un tercer momento, obedecid a la instrumentacion del trabajo de campo, donde se aplicaron entrevistas semi
estructuradas, observacion en el aula de clase, asi como la recopilacion de evidencias documentales entre las que
destacan programas académicos, trabajos elaborados por estudiantes, presentaciones ocupadas por profesores para el
desarrollo de su clase y ejemplos de evaluaciones.

La cuarta y ultima etapa consistio en la organizacion de los materiales, su transcripcion y catalogacion para el
posterior analisis de la informacion que permitio la obtencion de conclusiones y hallazgos. Este momento consta de
tres etapas principales: 1) la organizacion y transcripcion de los materiales, 2) la generacion de una unidad
hermenéutica en Atlas Ti para el analisis de las transcripciones a través de la codificacion, 3) la construccion de
mapas conceptuales a partir de las principales relaciones encontradas en la codificacion; para la elaboracion de los
mapas conceptuales se recurrid al uso del software CmapTools (Caias et al., 2004) y su version en linea, Cmap
Cloud y 4) Validacion de los mapas conceptuales por parte de los informantes y su reestructuracion.

3.1 Los Mapas Conceptuales en la Fase Estructuracion del Proyecto de Investigacion

Durante la etapa de preparacion de la investigacion, que consiste en la articulacion del proyecto, la delimitacion del
marco conceptual y la revision de literatura en torno al topico analizado se recurrié a la técnica del mapa conceptual
como una herramienta para el andlisis de textos y representacion de ideas de los autores consultados, pero
principalmente se utilizaron como facilitadores en la construccidon conceptual que sostienen la investigacion.

El proceso de construccion de los mapas conceptuales que permiten la comprension de la teoria que sustenta
esta investigacion obedecio a los siguientes momentos:
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Lectura superficial del texto

Lectura selectiva del texto

Recuperacion de proposiciones literales en el texto

Recuperacion de proposiciones y principios implicitos en el texto
Organizacion de las proposiciones en la estructura del mapa conceptual
Analisis y reestructura del mapa conceptual.

AN

Es importante sefialar que el analisis y reestructura de los mapas conceptuales resultantes se realiz6 en conjunto
con participantes de seminarios y revisores del proyecto de investigacion, quienes planteaban preguntas respecto a la
validez de las proposiciones, asi como a la estructura de jerarquia mostrada en el mapa. La construccion de estos
mapas conceptuales permitio, en una fase mas tardia, la deteccion de elementos de analisis y la discusion de los
datos respecto a la teoria. Adicionalmente se realizaron mapas conceptuales en los que se describe la estructura
organizativa del proyecto de investigacion, asi como de la estructura metodologica.

Mapa 1. Ejemplo de mapa conceptual construido a parir del analisis tedrico de los conceptos rectores de la investigacion. Este mapa describe el
concepto de “concepciones docentes” a partir de distintos autores. Disponible para su consulta electronica en:
https://cmapscloud.ihmc.us:443/rid=1PWGQF5F9-1SRQVS8F-1CX7ML

Adicionalmente se realizaron mapas conceptuales en los que se describe la estructura organizativa del proyecto
de investigacion, asi como de la estructura metodologica. Estos mapas fueron modificaindose a partir de las
reestructuraciones que sufrid el proyecto de investigacion, ademas de que permitia establecer las rutas de accion de
acuerdo con la fase de la investigacion en la que se encontrara.
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Mapa 2. Ejemplo de mapa conceptual que representa la estructura del proyecto de investigacion. Disponible para su consulta electronica en:
https://cmapscloud.ihmc.us:443/rid=1PP066T29-2NCJ5SR-1H3549

Tras la seleccion de los participantes y la aplicacion de los instrumentos de investigacion se procedid a
seleccionar las entrevistas que formarian parte de la unidad hermenéutica, del total de las 28 entrevistas realizadas se
eligieron 5. La reduccion se realizé en funcion del alcance y pertinencia del estudio: se considerd lo siguiente: la
consistencia, debido a que en un gran niimero de entrevistas no se incluyeron las mismas preguntas y la conduccion
derivo en el analisis de topicos distintos al del proposito de esta investigacion; la homogeneidad en el perfil de los
profesores y la duracion de la entrevista. Otros factores que inciden en la seleccion de estos informantes es la fluidez
de la entrevista y a que éstas se presentaron en condiciones mas adecuadas.

3.2 Analisis de los Datos

Para el analisis de los datos obtenidos en las entrevistas se opt6 por el procedimiento de “Mapeo Conceptual para el
Analisis Cualitativo” (MCAC) propuesto por Cuenca Almazan y Montero Hernandez (2014). Este modelo de
analisis se compone de cinco pasos al que se le ha agregado un ultimo momento que consiste en la validacion
(Villanueva, 2016) a fin de fortaleces la validez del ejercicio de interpretacion de las entrevistas. A continuacion, se
enuncian los momentos en los que s estructura el MCAC:

Codificacion

Identificacion de relaciones

Planteamiento de preguntas

Mapeo conceptual de las relaciones encontradas
Revision y comparacion

Validacion

QA=

De acuerdo con Coffey y Atkinson (2003) “La codificacion puede concebirse como una manera de relacionar
nuestros datos con nuestras ideas acerca de ellos” (pag. 32); Strauss y Corbin (2002) reafirman esta idea cuando
mencionan que la codificacion abierta es “el proceso analitico por medio del cual se identifican los conceptos y se
descubren en los datos sus propiedades y dimensiones” (p.110) Esta relacion parte de un sistema de clasificacion
obtenido a partir de la revision de literatura en contraste con los datos construidos durante el trabajo de campo. La
codificacion en este sentido ha sido de tipo deductivo, es decir, se parte de un sistema de categorias que seran el eje
para analizar los datos.
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Ya se ha explicado que en el proceso de enseflanza intervienen dimensiones que entrelazan las tareas del
docente como lo son: la evaluacion, la organizacion de contenidos, las actividades de aprendizaje, asi como su
concepcion acerca del estudiante, de los procesos de aprendizaje y de la experiencia como profesor ademas del valor
que le otorga a su actividad docente. Estas dimensiones, representadas a través de los mapas conceptuales
construidos en la etapa de preparacion de la investigacion, han servido de ejes de analisis de los datos y han
permitido la reduccion de los mismos.

Una vez establecidos los codigos de analisis pudo iniciarse la de reduccion de datos (Coffey & Atkinson, 2003)
Durante ese periodo de abstraccion de los datos se identificaron dos codigos mas. El codigo “opinidén sobre el
sistema educativo” que permitid analizar la postura del profesor frente a los modelos educativos que conoce. El
codigo “organizacion de la clase” fue importante para identificar la secuencia que suelen adoptar los profesores al
momento de impartir su catedra.

El proceso de codificacion se realizd con apoyo del programa Atlas Ti: a partir de las entrevistas transcritas se
gener6 una unidad hermenéutica en la que se identificaron los codigos ya citados, el proceso analitico también
incluy6 la redaccion de memos para la anotacion de interrogantes, comparaciones o elementos de interés que
pudieran ser observados. En las transcripciones de las entrevistas se seleccionaron los fragmentos con contenido
significativo, premisas o enunciados que describian el pensamiento del profesor respecto a los conceptos de interés.

3.2.1 El mapa Conceptual en la Integracion de los Datos

La fase de integracion de los datos se realizé con ayuda de la técnica del mapa conceptual, para ello se utilizaron los
codigos y memos generados en Atlas Ti a fin de generar mapas tematicos que describian las concepciones
particulares de cada uno de los profesores; y mapas integradores que cumplieron la funciéon de agrupar las
concepciones compartidas de los docentes y al mismo tiempo identificar los contrastes o divergencias en su
pensamiento.

Tras haber realizado el proceso de codificacion y categorizacion, el siguiente paso en el modelo dicto la
identificacion de relaciones, entre los conceptos y codigos descritos en el discurso de los profesores, algunas de estas
relaciones fueron identificadas desde el momento de la codificacion; mientras que otras menos explicitas fueron
detectadas en momentos posteriores tras una lectura analitica de mayor cuidado. Durante esta ctapa fue posible
identificar las regularidades en los discursos de los profesores, éstas incluyen las premisas y proposiciones a partir
de las que se plantearon las preguntas de enfoque de los mapas conceptuales tematicos.

Una vez formuladas las preguntas de enfoque, se dio inicio a la construccion de los mapas conceptuales, en
ellos se integraron las afirmaciones expresadas por los profesores. En primera instancia se buscaron aquellas ideas
declaradas por el profesor que de manera explicita se correspondieran con los conceptos y codigos delimitados y que
en muchas ocasiones ya contaban con una estructura proposicional. Posteriormente se rastrearon ideas implicitas en
el discurso. Para ser organizadas en un mapa conceptual fueron traducidas a su forma de proposiciones,
simplificando la estructura gramatical, pero conservando el significado.

Al concluir esta etapa se contd con 40 mapas conceptuales tematicos, cuyo propoésito era el de representar el
pensamiento de los profesores de manera individual. Estos mapas corresponden a los codigos de ensefianza,
aprendizaje, conocimiento, estudiante, evaluacion, planeacion y autoconcepcion docente y perfil del docente. Una
vez generados estos primeros mapas conceptuales, se construyeron mapas conceptuales integradores, cuyo proposito
fue describir las concepciones compartidas de los profesores.
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Mapa 3. Ejemplo de mapa tematico. Este mapa describe la concepcion del profesor Fernando respecto al concepto de conocimiento.
Disponible para su consulta electronica en: https://cmapscloud.ihmc.us:443/rid=1PZSD2X4K-8FVN20-23GWHB

Mapa 4. Ejemplo de mapa tematico. Este mapa describe la concepcion de la profesora Margarita respecto al concepto de estudiante. Disponible
para su consulta electronica en: https://cmapscloud.ihmc.us:443/rid=1Q0GHO0182-KFLYXJ-8VF
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Para la construccion de los mapas integradores se utiliz6 la herramienta de Cmap Tools: “comparar un Cmap”
que permite encontrar conceptos o proposiciones semejantes entre dos mapas conceptuales. Esta funcidon del
programa permitio ir identificando las regularidades presentes en los mapas tematicos de cada uno de los profesores.
Debido a que los docentes no siempre expresaban su pensamiento a través las mismas etiquetas se hizo una segunda
comparacion, esta vez buscando proposiciones o conceptos expresados con sindbnimos o con una estructura inversa.

Figura 1. Se presenta un ejemplo de comparacion de mapas conceptuales a través de la herramienta “comparar cmap” en ¢l es posible apreciar
algunos elementos de coincidencia entre Los profesores Guillermo y Carlos respecto al concepto de Enseflanza.

La construccion de los mapas integradores permitiéo observar semejanzas contrastes y divergencias entre las
concepciones de los participantes. Al finalizar este procedimiento se obtuvieron siete mapas conceptuales. Para los
mapas de concepciones compartidas se unificaron términos que evocaban ideas semejantes y que los profesores
utilizan de manera indistinta (chavo, joven, estudiante, alumno) sin embargo se debid tener cuidado al momento de
abordar conceptos asociados semanticamente en los que el profesor si llega a hacer una distincidon (recursos,
artilugios). Ya que a pesar de que se utilizan etiquetas o palabras semejantes, el sentido que cada profesor otorga
puede ser cualitativamente distinto.

Veamos el ejemplo entre la concepcion de Ensefanza de los profesores Guillermo y Carlos: Aunque la etiqueta
de profesor aparece en ambos mapas, es posible apreciar las proposiciones “Cdtedra es dictada por el profesor’ y
“alumno otorga una categoria superior al profesor” en el mapa de Carlos, en tanto en el mapa de Guillermo pueden
distinguirse las proposiciones “profesor funge como facilitador” y “el dialogo hace participes a profesor y
estudiantes”. Aunque en ambos casos el concepto en comun es el de profesor, es posible apreciar que cada uno de
los docentes otorga un significado distinto a esta etiqueta, por un lado, Carlos se encuentra situado en una postura
mas cercana a los modelos tradicionales, mientras que Guillermo ofrece una vision mas abierta y en concordancia
con la teoria de la Nueva Cultura Educativa.

Los mapas compartidos son considerablemente menos ricos que los mapas individuales, esto podria deberse al
hecho de que a pesar de que en sus mapas los docentes incluyen los mismos conceptos, éstos son utilizados en
sentidos distintos y las relaciones que establecen en ellos son diferentes. Tomese como ejemplo los mapas
conceptuales de Guillermo y Fernando respecto a la enseflanza. Mientras Fernando conserva una vision mas
institucional de la ensefianza, su compafiero muestra un énfasis en el aspecto emocional. Los dos profesores
incluyen los conceptos comunes de: investigacion, universidad, reflexion, profesor, estudiantes y clases. Sin
embargo, las connotaciones de los conceptos en sus mapas son distintas.
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Ambos profesores incluyen el concepto de “investigacion”, incluso, los dos coinciden con la proposicion “la
ensefianza debe estar vinculada a la investigacion™ y la asocian con el concepto “Universidad’, pero Guillermo lo
hace para distinguir que la investigacion beneficia a la universidad, mientras que Fernando indica que la universidad
no promueve la investigacion. Fernando asocia el concepto de profesor con su clasificacion, la formacion
pedagdgica que debe recibir y los conocimientos que debe impartir, por otro lado, Guillermo lo retrata como
beneficiario de la investigacion, sus interacciones con los estudiantes, su trabajo como facilitador y los modelos
aprendidos a partir de la observacion de otros profesores.

Figura 2. Comparacion entre los mapas tematicos de Guillermo y Fernando respecto al concepto de ensefianza. En ¢l es posible observar las
coincidencias y divergencias en respecto a los mismos conceptos

3.2.2  Validacion de los Mapas Conceptuales

Dado que la investigacion tenfa como propdsito reflejar el significado del concepto de ensefianza desde la visién de
los profesores, una de las dimensiones en la metodologia implicaba someter los mapas conceptuales temadticos a la
valoracién por parte de los participantes, quienes ofrecieron una retroalimentacion. Esta accién brindd a la
investigacion de un mayor grado de confiabilidad, pero, lo mds importante fue que abrié un espacio reflexivo que
permitié a los maestros identificar elementos presentes en su practica educativa de los que no eran conscientes.

El proceso de elicitacion del pensamiento de los docentes supuso la generacion de nuevas formas de expresion

del profesor, como la integracion de nuevos conceptos o bien la generacion de ejemplos, que fueron integradas a los
mapas conceptuales. Estas expresiones, se presume, son producto de un proceso reflexivo detonado por la
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integracion del mapa conceptual como herramienta de analisis de las concepciones de los profesores. Este mismo
proceso implico un cambio en la l6gica de comunicacion entre los participantes y los investigadores. Este hallazgo,
se presume de gran valor, en principio porque el mapa conceptual funge como una herramienta de mediaciéon que
por un lado, hace visible los elementos que conforman su concepcion y por otro, permite entender como se
estructuran e interactuan cada uno de los conceptos presentes en su pensamiento

Es posible pensar, a partir del proceso analitico anterior, que el ejercicio reflexivo de los docentes puede ser
guiado por la interaccion entre el profesor y un mediador a través del didlogo y el intercambio y/o construccion de
representaciones que permitan evidenciar el pensamiento del docente.

4 Reflexiones Finales

Los mapas conceptuales, ademas de ser una herramienta que permiten representar las estructuras cognitivas de los
sujetos y el conocimiento cientifico, también constituyen un recurso invaluable en la aproximaciéon a las
concepciones de las personas. Las concepciones, al formar parte de los marcos subjetivos de los sujetos tienden a ser
menos evidentes y explicitos, pero juegan un papel importante en la toma de decisiones de las personas, tanto en su
vida cotidiana como en el ambito laboral.

La integracion de los mapas conceptuales como representacion externa del pensamiento puede considerarse
como una herramienta de mediacion para la comprension del pensamiento docente y la visualizacion de
regularidades y contradicciones entre las concepciones de los profesores. Suponemos que esta confrontacion
deberia promover el cambio conceptual en el pensamiento del profesor, no obstante, no se cuenta con elementos
suficientes para afirmar que existe alguna modificacion en el pensamiento a partir del ejercicio reflexivo, aunque
esta experiencia abre la posibilidad de preguntarnos como se modifican las concepciones de los profesores tras un
ejercicio reflexivo de esta naturaleza o de plantear si la construccion de mapas conceptuales puede integrarse a los
procesos formativos de los profesores.

La representacion visual conceptual ha plasmado de manera casi fiel las concepciones de los docentes, por lo
que puede concluirse que el mapa conceptual como técnica de analisis de las entrevistas es una herramienta
pertinente, aunque debe considerarse que para ello el investigador debe poseer un buen dominio de la técnica.

Los mapas conceptuales integradores permitieron responder a la pregunta: ;Cuales son las concepciones de los
profesores universitarios en torno a la ensefianza? Podemos encontrar que, para los profesores este concepto se
asocia a la transmision de conocimientos. El profesor tiene a su cargo esta tarea y generalmente la desempefia a
través de la oralidad basado principalmente en la reproduccion de practicas educativas observadas en otros
profesores.

Es posible identificar un contraste en el lenguaje cuando el profesor hace referencia a sus concepciones y
cuando describe de manera concreta sus practicas. Estas ambivalencias estan presentes de modo generalizado en los
mapas conceptuales que, por un lado, reflejan una postura tradicional y por el otro muestran un posicionamiento mas
cercano a la propuesta de la Nueva Cultura Educativa. Estas distancias pueden estar explicadas por el contacto de los
profesores con informacion que les permite pensar en su tarea a partir de estos enfoques, pero cuya reflexion no ha
sido suficiente para producir un cambio conceptual y por lo tanto accionar en el sentido que proponen estas teorias.
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Abstract. This paper presents the results of a research whose purpose is the development of a new instrument for the evaluation of
concept maps. This instrument is the result of previous research and is based on a double rubric. The first one includes the topological
items, that is, those that affect the concept map format. The second focuses on the content of concept maps and gathers semantic
items. For each of the elements of the two rubrics a weighting value is established, which consider the importance thereof. The
instruments have been applied to a group of 24 teachers from the different areas of compulsory education. The results are considered
satisfactory, and the instrument would be transferable to other cases than the one presented.

Resumen. En la presente comunicacion se presentan los resultados de una investigacién que tiene como finalidad la creacion de un
nuevo instrumento para la evaluacion de mapas conceptuales. Este instrumento, resultado de investigaciones anteriores, se basa en un
formado de doble rubrica. La primera de ellas recoge los items topologicos, es decir, aquellos que afectan al formato del mapa
conceptual. La segunda se centra en el contenido de los mapas conceptuales, y reune lo items semanticos. Para cada uno de los
elementos de las dos rubricas se establece un valor de ponderacion, que tengan en cuenta la importancia de este. Se han aplicado los
instrumentos a un grupo de 24 docentes de los diferentes ambitos de la educacién obligatoria. Los resultados se consideran
satisfactorios, y el instrumento seria valido para otros casos distintos del presentado.

Keywords: concept mapping; assessment; rubric

1 Introduccion

La evaluacién de mapas conceptuales (MC) es un tema que ha tenido una gran cantidad de aportaciones a lo largo de
los afios. En una de las primeras publicaciones que hace referencia a MC ya se mostraba un primer instrumento de
evaluacién (Novak & Gowin, 1988, pp. 53-57). Des entonces, han sido muchos autores que han tratado el tema.
Destacaremos algunos de ellos, siendo conscientes que no podemos ser objetivos por falta de espacio. Ya hicimos,
hace un tiempo, una comparacion de algunos de ellos (Prats, 2016).

Diferentes expertos del IHMC hicieron un estudio donde se recogian diferentes modelos de evaluacion (Coffey
et al., 2003). Norma Miller cre6 un doble modelo de evaluacion, en el cual nos hemos basado para el nuestro (Cafias
et al., 2006; Miller & Cafias, 2008; Miller, 2008). Una de las principales aportaciones de los instrumentos
propuestos por Miller es la diferenciacion entre un analisis topoldgico de los MC (que afecta a la estructura de este)
y un analisis semantico (que afecta los contenidos del MC). Con posterioridad, se hizo un estudio centrado en los
MC basados en tareas (Strautmane, 2012). Una de las aportaciones mas interesantes del referido estudio es el
desglose de los elementos a evaluar en un MC.

A pesar de que hemos analizado algunas herramientas para la evaluacion automatizada de MC, como por
ejemplo CmapAnalisys (Cafias, Bunch, Novak, & Reiska, 2013; Caifias, Bunch, & Reiska, 2010) no las hemos
considerado utiles para nuestro estudio, pues los MC en los que se basa nuestra investigacion presentan una gran
variedad de temas y contenidos. Ademas, una herramienta de este tipo permite el andlisis de los aspectos
topologicos, pero no de los semanticos.

2 Objetivos
Cuando iniciamos nuestras investigaciones sobre la evaluacion de los MC (Prats, 2013), partimos de una serie de

objetivos, que hemos ido concretando a lo largo de los afios. Veamos cuales se han conseguido y aquellos que
todavia estan pendientes de resolver.
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1. Para poder crear un instrumento de evaluacion, es necesario conocer los ya existentes. En nuestras
publicaciones de los ultimos afios, creemos que 1o hemos conseguido.

2. A partir de la informacion recopilada, crear un nuevo instrumento de evaluacion. En esta comunicacion

presentamos los primeros resultados del nuevo instrumento elaborado. Se presenta en las tablas 1 y 2, y

sera comentado con detalle.

Aplicar el instrumento a una muestra reducida y si es valido, a un grupo mayor.

Después de comprobar la validez de este, pasaremos a la difusion de los resultados obtenidos.

bl

3 Metodologia

Para la elaboracion de nuestro instrumento, decidimos partir de los diferentes elementos que forman un MC (Coffey
et al.,2003, pp. 5-7).

De manera simultanea se hizo una clasificacion de los items segiin se sean aspectos topologicos (afectan al
aspecto del MC) o semanticos (que afectan a sus contenidos). Queremos hacer notar que algunos items pueden
pertenecer a ambas categorias (Caias et al., 2006; Miller & Caias, 2008; Miller, 2008).

En una version inicial del instrumento, todos los items formaban parte de una sola rubrica. En las primeras
aplicaciones que se hicieron, se comprobd que era compleja su aplicacion, dada la gran cantidad de items, y no
permitia diferenciar MC que, si bien eran validos desde un punto de vista topolégico, no lo eran desde el punto de
vista semantico. Por ello, en la version final existe una doble rabrica: la primera recoge aspectos topologicos y la
segunda aspectos semanticos.

4  El Instrumento de Evaluacion

Ademads de clasificar los items del instrumento de evaluacién segtin si son topoldgicos o semanticos, tal como puede
verse en el apartado anterior, optamos por analizarlos segin el dmbito del MC al que afectaban. Se indican entre
paréntesis la referencia bibliografica de la que se ha extraido el item y, a continuacidn, si son topolégicos (T) o
semanticos (S), con un nimero que es el que corresponde a cada item en los instrumentos recogidos en las tablas 1 y
2.

4.1 Referidos al Conjunto del Mapa Conceptual

a) Pregunta de enfoque (Canas & Novak, 2012) (S01)
Se ha sefialado por parte de diferentes autores la importancia que tiene la pregunta de enfoque (focus question) en el
MC. Muchos de ellos carecen de este elemento, o bien la pregunta esta mal planteada. En caso de que esté presente,
debe analizarse si el mapa conceptual responde, en parte o totalmente, a la pregunta de enfoque.

b) Nivel de ramificacién (Miller, 2008) (Strautmane, 2012) (T04)
Se considera que existen ramificacion cuando “de un nodo, concepto o frase de enlace, salen 2 o mas lineas de
conexion” (Caiias et al., 2006). Se establecen diferentes categorias segin el nimero de ramificaciones existentes.

¢) Nivel de profundidad (Novak & Gowin, 1988) (T05)
El nivel de profundidad recoge el nimero de niveles que tiene el MC, empezando a contar a partir de aquellos que
tienen su origen en el concepto principal.

d) Estructura jerarquica (Prats & Ferrer, 2012, 2014) (T06)
Los MC deben tener una estructura jerarquica clara, empezando por la parte superior y sus elementos deben estar
bien organizados. Al mismo tiempo, la estructura jerarquica debe facilitar la comprension del MC.

e) Enlaces cruzados (Canas & Novak, 2012) (T08)
Se considera como tales a “aquellos que se dan entre conceptos de diferentes partes del mapa conceptual. Esto nos
muestra que un determinado concepto que forma parte de una parte del un mapa conceptual esta directamente
relacionado con otro de un fragmento distinto del mismo.” (Prats, 2013, p. 56)

f) Convergencia con el mapa de experto (Strautmane, 2012) (Novak & Gowin, 1988) (S07)
El mapa de experto hace referencia a un mapa modelo, creado por un experto. Se trata de comprobar el ntimero de
diferencias existentes en MC del experto y el MC que se esta evaluando.
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4.2 Referidos a las Proposiciones

a) Numero de proposiciones (Strautmane, 2012) (T03)
Ya en el primer instrumento de evaluacion de MC (Novak & Gowin, 1988) se proponia el nimero de proposiciones
como uno de los elementos a analizar. Se trata de categorizar este item en base al nimero de proposiciones.

b) La proposicion como unidad de significado (Novak & Gowin, 1988; Miller, 2008) (S05)
Si en el item anterior se analizan en nimero de proposiciones, aqui se pretende enumerar aquellas que sean validas y
significativas.

4.3 Referidos a los Conceptos

a) Concepto principal (Cafias & Novak, 2006) (S02)
El concepto principal, es, junto a la pregunta de enfoque, uno de los elementos que marcan el contenido del MC.
Con este item se pretende evaluar la relacion que tienen todos los conceptos con el principal, valorando también la
claridad de éste.

b) Tipologia de los conceptos (T01) (Miller, 2008)
En este caso, se trata de diferenciar los conceptos propiamente dicho de aquellos que presentan estructuras
complejas, y quedan, por tanto, fuera de la definicion de concepto (Cafias et al., 2006).

¢) Complejidad de los conceptos (Miller, 2008) (S03)
Cuando hablamos de la complejidad de los conceptos nos referimos a la relevancia de estos y a su relacion con el
concepto principal.

4.4  Referidos a las Frases de Enlace

Preferimos utilizar el término frase de enlace en lugar del de palabra de enlace. Ha existido una cierta confusion
entre los dos términos, y asi nos podemos encontrar con mapas conceptuales en los que las frases de enlace no son
significativas, o aportan poco al conjunto del MC. Quizés las frases de enlace més utilizadas sean “es” o “son”.

a) Existencia de frases de enlace (T02) (Miller, 2008)
A veces, existen la creencia errénea de pensar que la frase de enlace puede obviarse, es decir, intentar construir
proposiciones formadas unicamente por dos conceptos. En este item se evaliia si existen proposiciones mal
construidas por la falta de frases de enlace.

b) Calidad de las frases de enlace (Prats & Ferrer, 2012, 2014) (S04)
En relacion con lo dicho al principio del presente apartado, se intenta valorar con este item el uso de frases de enlace
que estén formadas por mas de una palabra y den sentido a la proposicion.

4.5  Referidos a otros Elementos del Mapa Conceptual

a) Existencia de ejemplos (Novak & Gowin, 1988) (T7)
Este criterio pretende valorar la existencia de ejemplos en la parte inferior del MC. Los ejemplos son el tnico
elemento (ademas de las frases de enlace), que no llevan ninguna forma a su alrededor. Ya figuraba en el modelo de
instrumento de evaluacion propuesto por Novak y Gowin.

b) Validez de los ejemplos (Elaboracion propia) (S08)
Si en el criterio anterior se evaluaba el nimero de ejemplos, en éste se trata de analizar si los ejemplos que se
proponen son validos o no.

¢) Existencia de recursos (que no sean otros mapas conceptuales) (Prats & Ferrer, 2012, 2014) (T09)
Con el programa CmapTools (Caiias ef al, 2004)), existe la posibilidad de afiadir recursos de diferentes tipos (texto,
sonido, imagen, video...). Con este criterio evaluamos si el mapa tiene recursos afiadidos.

d) Calidad de los recursos (Elaboracion propia) (S09)
Pretendemos evaluar, con este item, si los recursos que incorpora el MC son variados (texto, sonido, imagen,
video...), y ademas de calidad. Uno de los recursos mas utilizados son los enlaces a la Wikipedia, llegando a ser
mayoritario en el caso de algunos MC.

e) Enlace con otros mapas conceptuales (Coffey et al., 2003) (T10)
El enlace con otros MC (con CmapTools) permite evitar que estos tengan unas dimensiones que dificultan su
manejo. Se valora desde el simple enlace con otros MC hasta la creacion de verdaderos modelos de conocimiento.

f) Calidad de los mapas conceptuales enlazados (Coffey ef al., 2003) (S10)
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Complementario del item anterior, en este caso concreto se evalta la calidad de los MC en base a dos criterios: si los
MC enlazados son significativos respecto al mapa principal y si forman un modelo de conocimiento.

4.6  El Instrumento en su Conjunto

Tipo: B: Basico. Debe evaluarse

S: Secundario: No se considera imprescindible

Indicadores: se seiiala entre paréntesis la referencia bibliogrdfica y si son Topologicos (T) o Semanticos (S)
Peso: valor multiplicador para cada uno de los items de la rubrica, segun su importancia.
Se presenta a continuacion (Tablas 1 y 2), el instrumento completo. Presenta las siguientes caracteristicas:

a) Esta formado por dos sub-instrumentos distintos: uno que recoge los aspectos topologicos (tabla 1) y otro
que recoge los semanticos (tabla 2). Si bien es aconsejable la aplicacion simultanea de los dos
instrumentos, existe la posibilidad de utilizar s6lo uno de ellos.
En la columna Tipo, se establecen dos valores: basico (B), es decir, deberia evaluarse de forma obligatoria
y (S), que no se considera imprescindible. Este criterio puede variarse libremente por parte del aplicador, y
es, simplemente, una orientacion.

b)

¢) En la comuna Criterios de evaluacion (indicadores) figura el enunciado de cada uno de los items (o
criterios) de las dos rubricas. Entre paréntesis figura el tipo de criterio (que acabamos de ver) y un niimero
que corresponde al orden de este en las rubricas. Figuran también las referencias bibliograficas utilizadas
para el referido criterio. Téngase en cuenta que un mismo criterio puede aparecer en diferentes referencias.
Para no sobrecargar las tablas ni el contenido de esta comunicacion, se ha evitado una citacion masiva de
fuentes. Algunas de ellas ya se han recogido en la explicacion que hemos hecho de los criterios.

d) Las cuatro siguientes columnas retinen los criterios de evaluacion concreto de cada item, desde Muy bien
(3) hasta Mal (0). Los criterios pueden ser modificados por el aplicador, en base a las caracteristicas del
grupo que estén evaluando.

e) La ultima columna, Peso, incluye el valor de ponderacion de cada uno de los criterios de las dos rabricas.
Con ¢l se trata de potenciar el peso de aquellos items que se consideran mas importantes.

Criterios de
Tipo evaluacion Muy bien (3) Bien (2) Regular (1) Mal (0) Peso
(indicadores)

B Tipologia de los Sélo hay Predominan los Predominan las Sélo hay estructuras
conceptos (T01) conceptos. conceptos. estructuras mas mas complejas que el 10
(Miller, 2008) complejas que el propio concepto.

propio concepto

B Existencia de No faltan frases de | Faltan algunas Faltan muchas No hay frases de 10
frases de enlace enlace. frases de enlace. frases de enlace. enlace.
(T02)

(Miller, 2008)

B Numero de El mapa presenta El mapa presenta El mapa presenta El mapa presenta 2 o 8
proposiciones 15 proposiciones 0 | de 10 a 14 de3a9 menos proposiciones.
(Strautmane, 2012 | mas. proposiciones. proposiciones.

(T03)

B Nivel de Ramificacion Muy | Ramificacion Alta: | Ramificacion Ramificacion Baja o 9
ramificacion Alta: 7 0 mas 5-6 Media: 3-4 nula: 0-2
(Miller, 2008) ramificaciones. ramificaciones. ramificaciones. ramificaciones.

(Strautmane,
2012) (T04)

B Nivel de Profundidad muy Profundidad alta: Profundidad Profundidad baja o 9
profundidad alta: 6 o mas 4-5 niveles media: 2-3 niveles | nula: 0-1 niveles
(Novak & Gowin, | niveles
1988) (T05)

B Estructura Presenta una A pesar de tener su | La estructura no La estructura es 9
jerarquica estructura origen en la parte tiene su origen en confusa, no queda
(Prats & Ferrer, jerarquica clara 'y superior, presenta la parte superior clara la jerarquia de los
2012, 2014) (T06) | organizada. dificultades de del mapa. conceptos.

comprension.
S Existencia de Presenta méas de 10 | Presentade 6 a 10 | Presenta hasta 5 No presenta ejemplos. | 8

ejemplos
(Novak & Gowin,

ejemplos.

ejemplos.

ejemplos.
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Criterios de

Tipo evaluacion Muy bien (3) Bien (2) Regular (1) Mal (0) Peso
(indicadores)
1988) (T7)
B Enlaces cruzados | Existen 3 o mas Existen 2 enlaces Existe 1 enlace No hay enlaces 9
( Cafias & Novak, | enlaces cruzados. cruzados. cruzado. cruzados.
2012) (T08)
B Existencia de Presenta 10 o mas | Presentaentre 5y Presenta entre 1 y No presenta ningun 9
recursos (que no | recursos asociados. | 9 recursos 5 recursos recurso.
sean otros MC) asociados. asociados.
(Prats & Ferrer,
2012, 2014) (T09)
S Enlace con otros Forma parte de un | Existen mas de 2 Existen 1 0 2 No existen enlaces con | 10
mapas modelo de enlaces a otros enlaces a otros otros mapas
conceptuales conocimiento mapas mapas conceptuales
(Coftey et al., conceptuales, sin conceptuales, sin
2003) (T10) formar parte deun | formar parte de un
modelo de modelo de
conocimiento conocimiento
Tabla 1. Rubrica para la evaluacion de mapas conceptuales — I. Aspectos Topologicos
Tipo Criterios de Muy bien (3) Bien (2) Regular (1) Mal (0) Peso
evaluacion
(indicadores)

B Pregunta de Todos los La mayor parte de El MC responde | La pregunta de enfoque | 8
enfoque (Cafias & aspectos de la los aspectos de la solo no existe, o el MC no
Novak, 2012) (S01) pregunta de pregunta de parcialmente a la | responde a ella.

enfoque estan enfoque estan pregunta de
recogidos en el recogidos en el MC | enfoque.
MC.

B Concepto principal | El concepto Mas de lamitad de | Soélo unos pocos | No queda claro cudles | 8
(Cailas & Novak, principal los conceptos estan | conceptos tienen | el concepto principal
2006) (S02) mantiene relacion | relacionados conel | relacion con el del MC.

con todos los concepto principal | concepto
conceptos del principal.
MC.

B Complejidad de los Todos los Predomino de Numero bajo de | No existen conceptos 7
conceptos (Miller, conceptos son conceptos conceptos relevantes
2008) (S03) relevantes, y no relevantes, pero relevantes.

falta ninguno faltan algunos
importante. importantes.

B Calidad de las frases | Todas las frases Se combinan frases | Todas las frases | No hay frases de enlace | 8
de enlace (Prats & de enlace estan de mas de 1 palabra | de enlace son 1
Ferrer, 2012, 2014) formadas por mas | con otras de mayor | palabra, poco
(S04) de 1 palabra, y complejidad (2 o significativa.

dan sentido a la mas palabras)
proposicion

B La proposicion Todas La mitad o més de | Hay unas pocas | No existen 10
como unidad de proposiciones las proposiciones proposiciones proposiciones bien
significado (Novak estan bien estan bien bien estructuradas.

& Gowin, 1988; estructuradas. estructuradas. estructuradas.
Miller, 2008) (S05)

S Convergencia conel | El mapa presenta | El mapa presenta El mapa El mapa presenta mas 8
mapa de experto 4 o menos entre 5y 10 presenta entre 11 | de 20 diferencias con el
(Strautmane, 2012) diferencias con el | diferencias con el y 19 diferencias | mapa de experto.

(Novak & Gowin, mapa de experto | mapa de experto. con el mapa de
1988) (S06) experto.

S Validez de los Al menos el 75% | Al menos de los Al menos el Ningun ejemplo de los 8
ejemplos de los ejemplos ejemplos el 50% 25% de los que presenta es valido.
(Elaboracién propia) | son vélidos. son vélidos. ejemplos son
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Tipo Criterios de Muy bien (3) Bien (2) Regular (1) Mal (0) Peso
evaluacion
(indicadores)
(S07) validos.

S Calidad de los Los recursos son | Los recursos son de | Los recursos son | Los recursos no estan 8
recursos de tipologia tipologia y la mitad | relacionados con | relacionados con el
(Elaboracién propia) | variada estando de ellos estan el concepto concepto al que se
(S08) relacionados con | relacionados conel | asociado son asocian.

el concepto al concepto al que se €scasos.
que se asocian. asocian.

S Calidad de los Los MC Algunos de los Los MC No existen MC 10
mapas conceptuales | enlazados son aspectos de los MC | enlazados no enlazados
enlazados significativos, y enlazados son aportan aspectos
(Coffey et al., 2003) | ademas forman significativos significativos al
(S09) un modelo de respecto al mapa mapa principal

conocimiento principal

Tabla 2 - Rubrica para la evaluacion de mapas conceptuales — II. Aspectos semanticos

Este instrumento de investigacion ha sido validado por el Panel Internacional de Investigacion en Tecnologia
Educativa (PI2TE) en http.//edutec.es/panel
Agradecemos las aportaciones al mismo de Norma Miller.

5 Aplicacion del Instrumento

5.1  Poblacion y Seleccion de la Muestra

La poblacién estd formada, como ya habiamos hecho en estudios anteriores (Prats, 2013, pp. 124-126), por MC
creados por profesores de la ensefianza publica las islas Baleares que realizaron un curso de iniciacion a la creacion
de mapas conceptuales con CmapTools. La actividad se realiz6 en 17 ocasiones, entre los cursos académicos 2007-
08 y 2012-13. El niimero total de participantes fue de 382, es el total de la poblacién disponible.

Los participantes realizaban distintas actividades obligatorias, con las que iban creando MC. Para la actividad
final, debian presentar un MC principal, con sus correspondientes recursos, y que enlazase con otro MC.

La muestra seleccionada, para esta primera fase, ha sido la misma que en estudios anteriores: un grupo de los 17
disponibles. En este caso, n=24.

5.2 Aplicacion Experimental

En una primera aplicacion experimental, se ha aplicado al grupo antes mencionado. Esta primera aplicacion ha
permitido detectar posibles errores o problemas en el instrumento, que se corregiran para una fase posterior, con una
aplicacion a un minimo de cuatro grupos (n=+100).

Al tratarse de una evaluacion experimental del instrumento, y no de una aplicacion generalizada del mismo, se

ha prescindido del uso de la columna “peso” (o ponderacion), porque asi es mas facil una comparacion entre los
resultados de los diferentes criterios de evaluacion.

6 Resultado de la Aplicaciéon del Instrumento

Pasaremos a analizar los resultados de la aplicacion del instrumento, diferenciado entre el instrumento que analiza
aspectos topologicos y aquel que se centra en los semanticos.

Se debe tener presente que los MC de la muestra son el resultado de una serie de tareas, que eran corregidas por
los tutores, por lo que lo que estamos evaluando es el resultado final. Ademas, en las tareas se marcaban una serie de
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caracteristicas de los MC, si bien el tema y contenido de este eran de libre eleccion por parte de los participantes.
Por este motivo, la muestra presenta MC de diferentes areas de estudio, y destinados a todos los niveles de la
educacion obligatoria en las islas Baleares (Espana).

T01 T02 T03 T04 T0S T06 T09 T10
Media: 2,54 2,54 2,21 1,88 1,08 2,29 2,13 0,92
Mediana: 3 3 2,5 2 1 3 2 1
Moda: 3 3 3 1 1 3 2 1
Varianza 0,41 0,58 0,75 0,94 0,24 0,96 0,61 0,08
Desviacion Est. 0,66 0,78 0,88 0,99 0,50 1,00 0,80 0,28
Minimo 1 1 1 0 0 0 1 0
Maximo 3 3 3 3 2 3 3 1

Tabla 3 - Resultados de la aplicacion de la Rubrica Topologica

a) Aspectos topologicos

Se ha optado por excluir los items (T07 - Existencia de ejemplos) y (TO8 — Existencia de enlaces cruzados). El
primero por las razones que se explicaran en el apartado de Conclusiones y el segundo porque no existia ningiin
enlace cruzado en los mapas analizados. En lineas generales, la aplicacion del instrumento ha sido rapida y sencilla.

Si se observan los resultados que figuran en la Tabla 3, donde se analizan los resultados de la aplicacion desde
un punto de vista cuantitativo, podemos ver que los resultados mas bajos se dan en los items T04, TO5 y T10. Esto
se debe, en gran parte, a la mayor dificultad que presenta obtener valores elevados en los items mencionados.

S01 S02 S03 S04 S04 S05 S08 S09
Media: 1,13 2,79 2,42 2,00 1,00 1,96 2,29 1,63
Mediana: 0 3 3 2 1 2 3 2
Moda: 0 3 3 2 1 2 3 2
Varianza 1,69 0,25 0,58 0,50 0,00 0,71 1,21 0,40
Desviacion Est. 1,33 0,51 0,78 0,72 0,00 0,86 1,12 0,65
Minimo 0 1 1 0 1 0 0 0
Maximo 3 3 3 3 1 3 3 2

Tabla 4 - Resultados de la aplicacion de la Rubrica Semantica

b) Aspectos semanticos

Se ha optado por excluir los items (S06 - Convergencia con el mapa de experto) y (S07 — Validez de los ejemplos). El
primero no podia aplicarse por no existir un mapa de experto, dada la diversidad tematica de los MC analizados. En
el caso del segundo, se explicaran las razones en el apartado de Conclusiones. En lineas generales, la aplicacion del
instrumento ha sido mas compleja y lenta que en el caso anterior. Siempre el andlisis de aspectos semanticos es mas
complejo que el de los topologicos.

Si se observan los resultados que figuran en la Tabla 4, donde se analizan los resultados de la aplicacion desde
un punto de vista cuantitativo, podemos ver que los resultados mas altos se dan en los apartados (S02 - Concepto
principal) (S03 - Relevancia de los conceptos), y (SO8 Calidad de los recursos). La razén estaria en el tipo de control por
parte de tutores, y ya antes mencionado, para la elaboracion de los MC de la muestra.
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7  Conclusiones

Con base en la aplicacion del instrumento, establecemos las siguientes conclusiones:

a) Consideramos que los dos instrumentos que hemos empleado cubren la mayor parte de los aspectos que se
pueden considerar como significativos en un MC.

b) Deben eliminarse los items que hacen referencia a los ejemplos (T07 y S07). La razon es que no todos los
MC presentan ejemplos (no se les pedia en las instrucciones del curso), y a veces no queda claro si
determinados conceptos son ejemplos o no. No en todos los casos que figuran se emplea como frase de
enlace “como serian...” o frases similares.

c¢) Debe modificarse la redaccion del item (S04. Calidad de las frases de enlace). Tal como esta redactado,
establece una clara diferenciacion entre las frases de enlace formadas por una sola palabra y aquellas que
tiene mas de una. Pensamos que también deberian penalizarse aquellas que, a pesar de tener mas de una
palabra, presentan una redaccion confusa o bien su contenido no es ttil en el contexto en el que se utilizan.

d) En lineas generales, consideramos como satisfactoria la aplicacion del instrumento. No han existido
grandes dificultades para su uso, y los resultados nos dan una vision muy real de los MC analizados.

e) Pensamos que los instrumentos pueden aplicarse en contexto diferentes, y que la modificacion de aspectos
concretos de los items es relativamente sencilla.

8 Lineas Futuras de Investigacion

En primer lugar, se ampliara la aplicacion del instrumento a tres grupos mas del curso de formacion en MC con
CmapTools. Al mismo tiempo, y para diversificar la muestra, se piensan analizar MC de dos poblaciones distintas
mas:
a) Alumnado de sexto curso de Educacion Primaria (11-12 afios). Disponemos de una muestra de tres
cursos distintos, de alumnado en el CEIP Can Cant6 (Eivissa — Ibiza, Islas Baleares).
b) Alumnado universitario de los estudios del grado de Educacion, de la Universitat de les Illes Balears
(Espaiia).
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Abstract. The authors propose a way of instructing teachers who work with children of primary and secondary education, in the use
of concept map as support for learning. The objective of the study was to use the experience of the editions of the master's degree in
higher education, developed in the eastern central university, as an input to the diagnosis of the current state to elaborate
methodological indications that serve as a guide to the pedagogical task of the teachers, the important alternative of using concept map
as support for learning. Applying qualitative research methods: interview, observation and documentary analysis, a set of data and
information necessary for the fulfillment of the research objective was compiled. As a result of the study, we arrived at a preliminary
document that incorporates positive and negative experiences, from which the indications that were submitted to the consideration of a
stratified sample of the different editions concluded or in process were elaborated. Through the application of the IADOV technique, a
high degree of satisfaction with the proposal could be verified.

Resumen. Los autores proponen una manera de instruir a los docentes que trabajan con nifios de las ensefianzas primaria y secundaria,
en la utilizacion los mapas conceptuales como apoyo al aprendizaje. El objetivo del estudio fue utilizar la experiencia de las ediciones
de la maestria de educacion superior, desarrolladas en la Universidad Central del Este, como insumo del diagnostico del estado actual
para elaborar unas indicaciones metodologicas que sirvan de guia al quehacer pedagogico de los docentes en cuanto a la alternativa
importante de utilizar los mapas conceptuales como apoyo al proceso de ensefianza aprendizaje. Aplicando métodos de investigacion
cualitativos: entrevista, observacion y analisis documental, fue recopilado un conjunto de datos e informaciones necesarias para el
cumplimiento del objetivo de la investigacion. Como resultado del estudio se arribé a un documento preliminar que incorpora
experiencias positivas y negativas, a partir de las cuales se elaboraron las indicaciones que fueron sometidas a la consideracion de una
muestra estratificada de las diferentes ediciones concluidas o en proceso. Mediante la aplicacion de la técnica de IADOV se pudo
comprobar un alto grado de satisfaccion con la propuesta.

Keywords: learning, concept maps, pedagogical mediation, methodological indications

1 Introduccion

Los mapas conceptuales se elaboraron por primera vez en 1972 en el transcurso del programa de investigacion de
Novak en Cornell University, donde su equipo traté de seguir y entender los cambios en el conocimiento de las
ciencias que tenian los nifios (Novak y Musonda, 1991).

Durante un periodo relativamente largo los profesores elaboraban manualmente esquemas de mapas
conceptuales de forma manual. En la mayoria de los casos parecian derivaciones de los tradicionales cuadros
sinopticos que utilizaban los buenos maestros de primaria para enseflar varias materias. Las destacadas aportaciones
de Novak y Alberto Cafias, entre otros investigadores, elevaron la popularidad e importancia de esta figura en el
plano de la educacion. En la segunda mitad de la década del 80 y los afios 90, pocos maestros no intentaban aplicar,
a su forma, los mapas conceptuales en la educacion.

Varias herramientas de software fueron elaboradas para disefar, evaluar y utilizar los mapas conceptuales.
Ejemplo de son: Mindomo, para generar recursos infograficos y crear mapas conceptuales. Lovelycharts: para crear
diagramas, organigramas y otros mapas conceptuales con aspecto profesional. Creately: Herramienta que facilita la
participacion entre los alumnos para crear mapas conceptuales, diagramas y organigramas. MindMeister: Aplicacion
con la que se pueden crear mapas conceptuales e incorporar enlaces y documentos.

Tal como ocurre en todas las areas del conocimiento la integracion es siempre una fuerza impulsora, por eso
citamos la siguiente afirmacion de conocedores profundos del tema que tratamos en el articulo “fue la combinacion
del mapa conceptual y la Internet lo que lanz6 un mundo totalmente nuevo de aplicaciones y usos para la
elaboracion de mapas conceptuales, como lo ejemplifica el software CmapTools” (Caias ef al., 2004).
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La incorporacién de cualquier tecnologia en el aula demanda una mediacion pedagogica que, en esencia, se
precisa en la siguiente conceptualizacion. “Mediacion pedagogica es el tratamiento de contenidos y de las formas de
expresion de los diferentes temas a fin de hacer posible el acto educativo, dentro del horizonte de una educacion
concebida como participacion, creatividad, expresividad y racionalidad (Gutiérrez y Prieto, 2004)” (Ledn, 2014,
p.141).

Es valido lo expresado por Area y sus colaboradores al analizar la problematica educativa en la sociedad del
conocimiento. Area et al. (2005) expresan que existen cuatro ejes representativos de la problematica educativa a la
que se enfrenta la escuela en la sociedad del conocimiento, en los que las tecnologias digitales y los cambios en las
formas de comunicacion juegan un papel importante.

1) La superacion de una vision restrictiva de la alfabetizacion tradicionalmente centrada en la lectoescritura de
textos para asumir la necesidad de alfabetizar al alumnado en multiples lenguajes, formas y medios
expresivos de forma que la escuela se convierta en un garante de la igualdad de oportunidades en el acceso
a la cultura y la tecnologia de nuestra época.

2) Lainnovacion de los métodos de ensefianza y aprendizaje en el aula de forma que el uso de los ordenadores
se apoye en los principios del constructivismo social.

3) El analisis de los programas institucionales impulsados (...) destinados a integrar el uso de las nuevas
tecnologias en los centros educativos del sistema escolar.

4) El profesorado como protagonista de los procesos de innovacion educativa a través del uso pedagogico de
las tecnologias.

Los autores del articulo, en el proceso de fortalecimiento de la formacion de formadores mediante las maestrias,
poseen el criterio de que, en las investigaciones, no pueden abarcarse muchas variables, tecnologias y métodos
simultaneamente porque ello no favorece llegar a la profundidad de los aspectos incluidos en el objeto de estudio.
Por tal razon concentran su atencion en el presente trabajo en la elaboracion de recomendaciones para el uso de los
mapas conceptuales en la escuela, tomando en consideracion las buenas practicas internacionales y las
caracteristicas del entorno.

Bravo et al (2004), destacan que las actividades cognitivas e interpersonales s6lo ocurren cuando se establece el
intercambio; al razonar colectivamente con la resolucion de problemas y al ejercer presion social sobre los alumnos
poco motivados en el trabajo. El mapa conceptual esta relacionado con estos principios.

Las ideas se basan, fundamentalmente, en el articulo sobre como Iniciar a Estudiantes de Educacion Primaria en
la Elaboracion de Mapas Conceptuales, de los autores Canas & Novak (2009) y otras publicaciones de este y otros
autores que han tratado el tema, Miller & Carballeda, (2008), Novak & Gowin (1988), Novak & Musonda (1991).

En el estudio, los mapas conceptuales se tratan como mediadores, recurriendo a la definicion de mediacion
pedagdgica dada por Prieto (1995), quien expreso “La Mediacion Pedagogica, consiste en la tarea de acompaiiar y
promover el aprendizaje”. Los mapas conceptuales son el acompanante de mediacion pedagogica y las indicaciones
para utilizarlo el resultado de la investigacion.

2 Metodologia

La metodologia de trabajo tiene dos momentos o fases.
1) Diagnéstico de la situacion actual, donde se aplicaron los siguientes métodos cientificos:
e  Analisis documental. Revision de los resultados docentes de los maestrantes, lectura de vistas a clases,
tesis de los maestrantes, articulos publicados y otros documentos.
e Encuesta a una muestra estratificada de los estudiantes de diferentes rondas de la maestria de
Educacion superior (anexo 1)
e  Observacion participante en clases, jurados y otras actividades
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2) Valoracion de la propuesta
e Dos grupos focales, uno para valorar la propuesta y el otro para conocer sus consideraciones sobre la
importancia de los mapas conceptuales en el tratamiento del conocimiento y el aprendizaje.
e Laaplicacion de la técnica de Iadov para comprobar la satisfaccion con la propuesta

La recoleccion de la informacion para la valoracion de los datos se aplico a una muestra estratificada que toma
el 50% de los alumnos de 5 rondas. En el anexo 2 se muestran las guias de moderacion para la aplicacion de los
grupos focales y en el anexo 3 se presenta el cuestionario para la aplicacion de la técnica de ladov.

3 Resultados

La etapa de diagndstico permitié conocer que mas del 80% de los maestrantes no dominan la esencia de la técnica
de mapas conceptuales y que éstos se usan fundamentalmente para exponer determinados contenidos en clases. Se
desaprovechan las potencialidades de esta herramienta para contribuir a la identificacién de conceptos por parte de
los alumnos y sobre todo para establecer relaciones entre ellos. Ambas actividades contribuyen directamente al
aprendizaje de los temas que se estdn abordando en el aula.

En las respuestas de los entrevistados y en los documentos revisados no se pudo encontrar trazas indicativas de
un tratamiento adecuado a los mapas conceptuales. Resulta evidente el desconocimiento de las herramientas
informaticas disponibles para su elaboracion y evaluacion y de las potencialidades que tienen para apoyar el proceso
docente educativo.

3.1 Indicaciones Metodologicas para el Empleo de los Mapas Conceptuales

La propuesta para el uso de los mapas conceptuales en la enseflanza primaria y secundaria estd compuesta de tres
fases:

Fase 1. Identificacion y definicion de conceptos

El esta fase el profesor debe explicar la importancia del trabajo en equipo, la necesidad de leer atentamente el
documento entregado, que se haga una seleccion cuidadosa de aquellos conceptos de mayor relevancia en el
documento. Aqui el profesor intercambia con los alumnos y realizar las actividades grupales siguientes:

1. Conforme grupos de cuatro o cinco cada uno.

2. Seleccione un tema que esté contemplado en el contenido a tratar de su asignatura. Preferiblemente
imprima en una pagina del tema para cada equipo.
Solicite a los alumnos que extraigan los conceptos fundamentales que encuentres en el texto.
4. Solicite a un grupo que diga cuales conceptos encontraron. Los demas equipos aportan nuevos conceptos o

comentan sobre las definiciones.
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La seleccion del documento para este ejercicio resulta vital para el éxito de la actividad que se prepara.

Fase II. Determinacion las palabras enlaces y las proposiciones que se emplearan
Tan importante como identificar los conceptos en el tema es comprender como ellos pueden estar relacionados y
mediante qué palabra se establece este enlace. En este sentido se recomienda:
1. Solicitar al grupo de alumnos que seleccione dos conceptos y explique qué palabras proponen como enlace.
Una vez llegado a un consenso se registra esta pareja de conceptos.
2. Continuar formando esas parejas de conceptos hasta que se a agotadas todas las relaciones.
3. Los alumnos de cada grupo leeran las proposiciones encontradas y se analizaran en el aula
4. Explicar que una proposicion es una oracion con valor referencial o informativo. En el caso de la
construccion del mapa conceptual se trata de una proposicion siempre verdadera.

Fase I11. Elaboracion del mapa conceptual

El profesor recuerda los diferentes tipos de mapas conceptuales y se selecciona uno.

1. Seleccionar el concepto mas inclusivo. Este paso debe realizarse mediante intercambio con todo el grupo.
Debe tenerse claro el concepto del término inclusivo.

2. Con los elementos de las fases anteriores cada grupo elaborara su mapa conceptual.
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3. Se recomienda para ello el uso de una herramienta de software, que puede ser Cmaptools u otra
previamente seleccionada por el profesor.

4. Concluir cada rama del mapa con un ejemplo, siempre que sea posible. El profesor debe destacar la
importancia del proceso de gestion de conocimiento y el papel en ello de los mapas conceptuales.

5. Analizar los mapas elaborados. Explicar y comprobar que cada rama del mapa tiene sentido. Destacar la
importancia del mapa conceptual para el estudio independiente y para favorecer la compresion del
contenido tratado y el aprendizaje.

El profesor debe insistir en que mapas conceptuales diferentes pudieran estar igualmente bien elaborados.

4 Valoracién y Discusion de los Resultados

Los autores coinciden con Mendonga, (2013) cuando afirma que los mapas se realizan de forma progresiva, pueden
evidenciar la evolucidon del aprendizaje y mostrar en qué momento de la intervencion son mas eficientes. Esto se
puso de manifiesto en las encuestas y el grupo focal aplicado, donde se observé diferencias entre los que usaban los
mapas conceptuales de manera progresiva y los que lo realizaban de forma puntual. Igualmente subrayan la utilidad
de los mapas conceptuales como guia para generar la discusion sobre el contenido trabajado, para reforzar las ideas
importantes y para proporcionar informacion al profesor sobre la calidad del aprendizaje que se estd generando en el
contexto del aula, como sefialan varios autores sobre el tema.

Aunque los autores coinciden en el papel desempefiado por herramienta CmapTools en el proceso de
ensefianza, consideran que no siempre la imagen que se genera es atractiva para estudiantes de ensefianzas
elementales y han utilizado herramientas propias para generar imagenes graficas que resultan mas comprensibles
para todos, lo cual fue expresado por varios entrevistados.

Para valorar las indicaciones metodoldgicas para el empleo de los mapas conceptuales se realizé un grupo
focal con la participacion de ocho docentes, con los que se analizaron los puntos que aparecen contenidos en la guia
de moderacion (anexo 2). Como resultado de la aplicacion de esta técnica se concluyd que las indicaciones
metodologicas elaboradas son muy favorables para orientar el empleo de los mapas conceptuales en el proceso de
ensefianza aprendizaje, se destaco la coherencia de cada fase, su aplicabilidad y que facilita el trabajo del docente.
Se sefial6 también que esta actividad debe motivar al alumno en el aprendizaje del tema en cuestion.

Todos valoraron positivamente la contribucion de los mapas conceptuales a las ciencias pedagogica. Su
papel en el aprendizaje y en la organizacion y presentacion del conocimiento. El grupo considerd que esta actividad
debia realizarse entre dos y tres veces por asignatura.

Para la aplicacion de la técnica de ladov se incluyeron las preguntas cerradas en el cuadro logico y los datos
se recolectaron con el instrumento que aparece en el anexo 3. En el cuadro 16gico de Iadov aparecen reflejadas las
preguntas cerradas (Tabla 1).

Para el desarrollo de esta técnica se aplicé una encuesta que permitié conocer el grado de satisfaccion  de los
usuarios con la estrategia y sus caracteristicas en cuanto a:
e La necesidad de implementar indicaciones metodoldgicas para producir un cambio favorable significativo
en la aplicacion de los mapas conceptuales en la ensefianza primaria y secundaria.

e La incidencia de las indicaciones propuestas para la aplicacion de los mapas conceptuales en la ensefianza
primaria y secundaria.

e Laimportancia de capacitar a los docentes como premisa para la aplicacion de los mapas conceptuales en la
enseflanza primaria y secundaria.

° A partir del analisis de los resultados de las encuestas, basado en el cuadro logico de Iadov, se calcul6 del
Indice de Satisfaccion Grupal (ISG) seglin la formula que establece el método

ISG=67(+1+2(+0.5+2(0)+0(-05+0(-1)=0,94
72
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Como se aprecia, el indice de satisfaccion grupal es 0,94, lo que significa una clara satisfaccion con las
indicaciones metodologicas propuestas para utilizar los mapas conceptuales en la ensefianza primaria y secundaria.

(Considera que puede lograse un cambio significativo en el empleo de mapas
conceptuales para la enseflanza primaria y secundaria, sin disponer de
indicaciones que apoyen este proceso?

No No sé Si

(Si necesitas producir un cambio significativo en la manera de utilizar los mapas
Cuél es su criterio conceptuales en la enseflanza primaria y secundaria, emplearias indicaciones como
definitivo sobre las las que se proponen?
indicaciones propuestas?

Si No sé No | Si No sé No Si No sé No
Me gusta mucho 1 2 6 |2 2 6 6 6 6
No me gusta tanto 2 2 3 |2 3 3 6 3 6
Me da lo mismo 3 3 3 |3 3 3 3 3 3
Me disgusta mas de lo que 6 3 6 |3 4 4 3 4 4
me gusta
No me gusta nada 6 6 6 |6 4 4 6 4 5
No sé qué decir 2 3 6 |3 3 3 6 3 4

Tabla 1: Cuadro logico de Iadov.

5 Conclusiones

e La investigacion demuestra que los mapas conceptuales pueden servir de apoyo a las actividades docentes
de los niveles de primaria y secundaria

e A pesar del tiempo transcurrido y la profusa literatura cientifica publicada, existe atin falta de conocimiento
por parte de los docentes, sobre como utilizarlos en apoyo a al proceso de ensefianza aprendizaje.

e Las indicaciones metodologicas elaboradas, a partir consideraciones teoéricas y la realidad de los
maestrantes de la Universidad Central del Este, en Republica Dominicana, constituyen una guia para
utilizar los mapas conceptuales como alternativa de mediacién pedagodgica, en la enseflanza primaria y
secundaria.

e FEl indice de satisfaccion grupal de las indicaciones propuestas, demuestra la importancia y factibilidad de
uso en el proceso de ensefianza aprendizaje de manera inmediata.

6 Recomendaciones

e Estudiar el pensum del programa de maestria de educacion superior para proponer los temas en que puede
incorporarse estas indicaciones metodologicas como parte de sus contenidos.

e Evaluar al final de cada cuatrimestre los resultados de la aplicacion de las indicaciones metodologicas
propuestas, para introducir las modificaciones que resulten aconsejables.
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Anexo 1: Encuesta de recogida de informacion sobre el uso de los mapas conceptuales en el proceso de
ensefianza aprendizaje (aplicada a docentes).

1.
2.

*

10.
11.
12.
13.

Conoce la técnica de mapas conceptuales: Si~ No

Has utilizado los mapas conceptuales para la explicacion de algiin tema en el aula elaborados por usted:
Si  No
Conoces las herramientas de software principales que existen para construir mapas conceptuales: Si_
No_

Has utilizado alguna herramienta de software para construir mapas conceptuales: Si ~ No

Utilizas como método participativo la elaboracion de mapas con conceptuales por parte de los alumnos:
Si  No

Has estudiado alguna publicacion sobre como proceder para que los nifios elaboren sus propios mapas
conceptuales: Si ~ No

Utilizas la definicion de conceptos y sus relaciones para contribuir a la comprension de un contenido:
Siempre A veces  Nunca

Consideras util el uso de recursos esquematicos para presentar un contenido: Si ~ No_

Incluyes en tus actividades docentes la gestion de informacion y conocimiento: Siempre A veces
Nunca

Qué importancia atribuyes al aprendizaje colaborativo en el aula: Mucha -Poca  Ninguna
Dominas el concepto de mediacion pedagogica: Bien Regular mal

Le gustaria usar mapas conceptuales para explicar algun contenido de su asignatura: Si_ No

Estarias de acuerdo en recibir orientaciones metodologicas para ampliar tus conocimientos sobre mapas
conceptuales y utilizarlo como parte de tus métodos activos en el aula: Muy de acuerdo de acuerdo
me dalomismo  en desacuerdo en total desacuerdo

Anexo 2: Guias de moderacién para aplicacion de la técnica de grupo focal.
El analisis grupal se condujo por un moderador que sigui6 lo siguiente guia de moderacion:

a)

b)

Grupo focal para valorar la propuesta

Importancia de las indicaciones propuestas
Criterios sobre la estructuracion por fases.
Valoracion de cada una de las fases
Aplicabilidad de las indicaciones metodologicas

el S

Grupo focal para valorar la importancia de los mapas conceptuales en el tratamiento del

conocimiento y el aprendizaje.

1. Importancia de la técnica de los mapas conceptuales en el proceso de ensefianza aprendizaje de temas
de las asignaturas de primaria y secundaria

2. Apreciacion del grado de conocimiento de los docentes de estos niveles para utilizar mapas
conceptuales como recursos de aprendizaje.

3. Posibilidad de que los nifios de estas edades sean capaces de elaborar mapas conceptuales con la guia
del maestro

4. Resulta de interés una orientacion especifica para la utilizacion de mapas conceptuales en el aula.

5. Debe vincularse el concepto de mediacion pedagogica con la utilizacion de mapas conceptuales
apoyados por la tecnologia.

Anexo 3: Consulta a expertos para la valoracion de la propuesta (Técnica de Iadov)
Primeramente se brinda una explicacion sobre las caracteristicas de las indicaciones metodologicas y su fases. Las
preguntas planteadas son:

1.

Es usted profesor de: Primaria__ Secundaria

(Considera que puede lograse un cambio significativo en el empleo de mapas conceptuales para la
ensefianza primaria y secundaria, sin disponer de indicaciones que apoyen este proceso? SI  NO _ NO
SE
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Qué opinidn le merecen los mapas conceptuales: Alta normal  baja

(S1 necesitas producir un cambio significativo en la manera de utilizar los mapas conceptuales en la
ensefianza primaria y secundaria, emplearias indicaciones como las que se proponen? SI _ NO__ NO
SE

Mencione una herramienta de software que hayas utilizado para construir mapas conceptuales:

(Cual es su criterio definitivo sobre las indicaciones propuestas?

Me gusta mucho No me gusta tanto Me da lo mismo Me disgusta mas de lo que me
gusta_ No me gusta nada No sé qué decir__:
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Abstract. In modern life an increasing percentage of jobs require employees to think critically and creatively, and to be make
innovative but knowledge-based decisions. This requires the ability to connect different domain areas, to understand interdisciplinary
connections. One of the main difficulties in the attempt to improve interdisciplinary knowledge in schools is a lack of effective
assessment and evaluation tools. How to facilitate students’ demonstration of their interdisciplinary understanding by integrating
multiple source of knowledge from two or more disciplines is a constant challenge for educators. The primary focus of this study is to
explore the viability of assessing students’ interdisciplinary understanding through the construction of concept maps. In this study we
compare two methods of measuring the interdisciplinarity of concept maps. The results showed that the two methods (experts’ ratings
and Interdisciplinary Quality Index) correlate very highly.

Keywords: concept mapping, interdisciplinary learning, interdisciplinarity, assessment

1 Introduction

Modern jobs require employees to think critically and creatively, and to be able to make innovative decisions that
often require analyzing information and data from different disciplines. Therefore, a primary focus of the 21st*
century science classroom should be to develop students with profound knowledge understanding (You, et al., 2018;
Rimini & Spiezia, 2016; Ananiadou & Claro, 2009). This can be achieved by leading students to higher order
thinking skills that highlight problem solving, decision-making and question-asking capabilities (Cafias et.al, 2017,
Ghani et. al, 2017). In addition to that researchers emphasize the advantages of knowledge domain, which connects
different disciplines. In other words, subject content should be taught with the aim of developing student
interdisciplinary knowledge (Begg & Vaughan, 2011; Barisonzi & Thorn, 2003, Mansilla & Duraising, 2007). It
doesn’t mean that science teachers need to be experts in all disciplines, but they have to be able to give different
meanings of concepts so that students can use them together or develop new knowledge (Mansilla & Duraising,
2007). Thus, interdisciplinary education faces the needs of the modern world, where professional parameters are not
defined and there is no available toolbox with ideas or methods how to solve unknown problems. Therefore, creating
an interdisciplinary learning situation is one way to teach subject matter in interdisciplinary way (Klaassen, 2018).

One difficulty in pedagogical approaches to improve interdisciplinary knowledge is a lack of effective tools to
assess and evaluate interdisciplinarity (Repko, 2007, Ghani et. al, 2017). It is challenging for teachers to understand
how to enable students to demonstrate their interdisciplinary understanding by integrating multiple source of
knowledge from two or more disciplines. The primary focus of this study is to explore different methods of
assessing students’ interdisciplinary understanding by constructing concept maps.

The research questions of this study are:

1. What methods are there to measure the level of interdisciplinarity of concept maps?

2. Do the different methods lead to the different results?

In this paper interdisciplinarity is viewed as a major element in concept mapping. It is a process of integrating
two or more concept from different discipline by bringing a learner to create new meaning, perspective or approach,
that enhance formation of interdisciplinary knowledge (Novak, 2010, Reiska et al., 2018).

2 Interdisciplinary Understanding in Teaching and Learning Science

There is no easy answer to the question “How do we learn?” and not everyone learns in the same way. Students
bring different backgrounds and experiences with them to learning. The suitable and sustainable knowledge
structures are the base of interdisciplinary learning (Schaal, et al., 2010). Learning occurs when there is change in
learners’ knowledge structures. Meaningful learning takes place when learners relate new knowledge to that what
they already know” (Novak & Gowin 1984). Learning the different sciences involves understanding complex topics
that require subject-integration approaches in order to reach a long-term and conceptual understanding. The
conceptual knowledge involves interconnection of basic science concept from different disciplines, for example
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from chemistry and biology. Therefore, interdisciplinary teaching and learning in sciences may lead learners to
complex thinking and crosslinking abilities (Schaal, et al., 2010).

Interdisciplinary learning usually aims to identify solutions that foster breaking down the disciplinary
boundaries and integrate knowledge or skills to see larger context (Mansilla & Duraisingh, 2007). Davis (1995, p.
39) argued that interdisciplinarity requires for learners “considerably more help than they usually get” to understand
and use information because “problems come in ‘layers’ that need to be separated and analyzed, but solutions
usually need to be comprehensive, addressing the problem as a system, not as pieces”. He continues “in
interdisciplinary courses, where the focus is on developing critical thinking skills, employing multiple perspectives,

and relating information to some larger conceptual framework than the concerns of a single discipline”.

In learning natural sciences, we often face the fact that the learning goals and topics fall each in different subject
fields. One important aspect in learning sciences is to help students get in-depth conceptual understanding, and it can
be achieved through interdisciplinary studies (Schaal, et al., 2010, Shen, et al., 2014, You, et al., 2018). The
common aspect among widely used definitions of interdisciplinarity is the concept “integration”, which means
overlapping boundaries by integrating methods, knowledge, skills, theories and perspectives for creating something
new (Meneken & Keestra 2016, Repko, 2012, Mansilla, 2006, Schneider, 2004, Barisonzi & Thorn, 2003, Newell,
1997). Mansilla (2006) and Repko (2012) discuss that interdisciplinarity is a mode of thinking that brings together
individuals or groups to pursuit bodies of knowledge that integrate two or more disciplines with the goal to
understand multi-faceted issues. Mansilla (2006) brings out three important features about interdisciplinary
knowledge: (1) purposeful, that advance understanding (2) disciplined, that embody not only disciplinary finding,
but also the modes of thinking of the disciplines involved and (3) integrative, that add value of intertwine
disciplinary perspectives to leverage the understanding. The purpose of interdisciplinary teaching and learning is to
develop students’ cognitive and intellectual abilities to think, perceive, analyze, create and solve problems (Repko &
Szostak, 2016). As stated above, interdisciplinary studies engage students to solve the real-world complexities,
which means that problem-based approach is often used (Meneken & Keestra, 2016). The main characteristics of
interdisciplinary learning are listed by Klaassen (2018) and ASHE (2009).

Interdisciplinary learning approach may improve traditional learning skills like writing competencies,
communication, scientific reasoning and computer literacy (Field, et al., 2002). However, several authors believe
that interdisciplinary learning provides also enhancement of cognitive skills. (Ivanitskaya et al., 2002; Field, et al.,
2002). There is no good platform or method to assess these desired or predicted outcomes of interdisciplinary
learning. There are indeed evidences and best practices from the literature about positive interdisciplinary outcomes,
but this is still a challenge to design empirically improved ways to evaluate such claims (You, et al., 2018). In the
next paragraph we discuss the assessment challenges that are specifically related to interdisciplinary learning
outcomes.

3 Assessment of Students’ Interdisciplinary Understanding in Science

As discussed above there is now single definition of interdisciplinarity, no consensus of expected learning outcomes
or widespread level of integration in interdisciplinary studies (Field, et al., 2002). One of the main challenges of
interdisciplinarity is how to assess learners’ ability to integrate knowledge from two or more disciplines (Reiska, et
al., 2018, You, et al., 2018). For assessing interdisciplinary understanding, You et al. (2018, p. 380-381) emphasize
the role of disciplinary knowledge “In mapping students’ understanding of an interdisciplinary topic, it is important
to distinguish whether an inability to solve a problem is due to the lack of the disciplinary building blocks, or to the
inability to apply them together to solve interdisciplinary problems.” Additionally, many researchers have asked
how students will demonstrate not only a final product or solution, but also various parts of interdisciplinary
knowledge (Mansilla & Duraisingh, 2007, Mueller, et al., 2014). According to the ASHE Higher Education Report
(2009), there are three important components to consider in interdisciplinary assessment: (a) knowledge of key
concepts from the contributing disciplines; (b) knowledge of the connections among these key concepts, or the skill
of integration; (c) the ability to actively apply these concepts to an interdisciplinary problem or topic.

Field, et al. (2002) divides interdisciplinary assessment into indirect and direct methods. The indirect techniques

observe the quality and quantity of learners’ study outcomes. For example, surveys, interviews, and written
questionnaires are used to ask learners to reflect what they have experienced or achieved, but not directly what they
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have learned. Direct methods, on the other hand, assess whether or not the learners have achieved learning
outcomes, for example in the form of examinations (true or false, multiple-choice standardized tests etc.). In
addition demonstration by performance is also a direct, where students create their own unique response and
learning is revealed through the students’ performance on real tasks, e.g. projects, presentations, simulations,
portfolios. However, these tasks are not exactly the assessment techniques, they are rather measurement activities.
Field, et al., (2002, p. 265) added in their classification that “...we believe that effective assessment will require both
indirect and direct measures of learning, with an increasing emphasis on direct techniques.”

There are a number national and international assessment items designed for assessing interdisciplinary

understanding. For example:

1) PISA’s (The Program for International Student Assessment) aim is to assess fifteen-year-old students’
knowledge in science and how they can apply this in real-life situations where the elements of knowing are
interdisciplinary. According to OECD (2016)’s report, the capability in science requires learners three
forms of knowledge: (1) content knowledge, (2) knowledge of methodological procedures used in science
and (3) knowledge of reasons and ideas used by scientists to explain their claims. The assessed
understanding was selected from the fields of physics, chemistry, biology and Earth and space in science.
Nevertheless, the response types of the items were simple multiple-choice (e.g. single response from four
options, an answer that is a selectable element within a graphic or text) complex multiple choice (e-g. more
than one response from a list, selecting choices from a drop-down menu to fill multiple blanks “drag-and-
drop” responses) and constructed response (written or drawn responses). In addition to that, most of the
items focused on one or two discipline, for example “bird migration” item assessed knowledge from
biology, “meteoroids and craters” needed knowledge from Earth and space and physics and “running in a
hot water” knowledge from biology and procedural skills.

2) TIMSS (The Trends in International Mathematics and Science Study) science assessment has two
dimensions: (1) content knowledge that is specified in the subject matter and (2) cognitive understanding
that is specified to assess thinking processes. TIMSS assess at grade 4 students’ knowledge in the fields of
life science, physical science and Earth science and at grade 8 in the fields of biology, chemistry, physics,
and Earth science. The item in TIMSS were primarily in forms of multiple-choice and constructed-response
(Mullis, et al., 2013). No questions in TIMSS were found that required for students’ interdisciplinary
understanding (Liu, et al., 2008, You, et al., 2018).

3) NAEP (The National Assessment of Educational Progress) is the largest nationally representative
assessment in the United States that is intended to measure students’ ability to infer relationships using
scientific knowledge, link scientific ideas with social problems and integrate these ideas to make
conclusions. NAEP items require students to interpret data from tables and draw conclusion from
experimental results. The outcomes of these items are measuring the recall of isolated facts and logical
reasoning rather than interdisciplinary understanding (Liu, et al., 2008, You, et al., 2018).

The effective assessment methods of interdisciplinary understanding differ from a discipline-based approach.
For example, Mansilla & Duraisingh (2007) argue that the interdisciplinary assessment depends on: tasks - that
should invite students to built and demonstrate mastery of “whole” performances; standards and criteria - that should
be shared by faculty and students and evaluation approach - that should be ongoing and should provide feedback to
support learning. To conclude, when assessing the complex interdisciplinary knowledge, the close-ended methods
and multiple-choice tests do not adequately measure the outcomes we expect. Even the national and international
tests do not outstand their assessment approaches. Therefore, every empirical endeavor about assessing
interdisciplinarity is needed.

4  Assessing Interdisciplinarity with Concept Maps

Many authors have inferred that concept mapping can facilitate higher-order thinking skills in different learning
domains (Canas et al., 2017, Ghani, et al., 2017). However, “the process of constructing a concept map is arguably
more important than the final map, particularly if we are interested in learning and exercising higher-order thinking
skills” (Canas et al., 2017, p. 352).
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4.1  Theory of Concept Maps

Concept mapping was developed by Joseph Novak and his research team in the 1970’s (Novak & Caias, 2006) and
is based on Ausubel’s (1968) meaningful learning theory. It is a visual learning tool that consists of concepts
(usually surrounded by circles or boxes) and arrows that show the relationship between two concepts. Propositions
in concept maps consist of two or more concepts that are connected with linking words, and are an important
component of concept maps as they convey a learners’ understanding of one concept (Novak & Gowin, 1984;
Novak, 2010). The creation of an accurate proposition between concepts can show the higher level of understanding
that can be achieved by the learner. Thus, the construction of concept maps contributes to the learning process and
the students’ understanding, and to how the concept is permanently placed in their minds (Novak, 1990).

Concept maps have three important characteristics (Cafias et al., 2012): 1) hierarchical structure — represents the
particular domain of knowledge and usually is depicted as more general concept at the top of the map and the more
specific ones at the bottom. 2) cross-links - show relations between concepts in different subdomain areas on the
map. Cross-links are an important feature as they can represent a student’s ability to make creative leaps from one
part of the map to the other. 3) content — the concept map’s content, together with its structure, should respond to a
previously given focus question. Although concept maps are widely used in education to promote better
understanding in teaching and learning, there is still a big problem, that students cannot receive timely feedback
from teachers, which influence the students’ learning achievements. (Po-Han, et al., 2012, Ingeg, 2009, BouJaoude,
et al., 2003).

4.2 Concept Maps for Assessment

In using concept mapping as an assessment tool, two factors need to be considered: the type of concept mapping
task and the type of concept mapping scoring method. Ruiz-Primo (2004) put forward a directness of concept
mapping tasks, where directness is related to the amount of information that is provided with concept mapping task
that varies from high to low. High-directed tasks provide students with concept or linking words, but do not restrict
how maps may be drawn. A low-directed mapping technique gives freedom to decide which concepts and linking
words can be used and how many and in which way (Ruiz-Primo, 2004).

There are several measures for analyzing concept maps. By using a quantitative assessment method, a range of
characteristics can be assessed (Croasdell et al., 2003) e.g. number of concepts; number of propositions; number of
cross-links, which describe the size of concept maps. The structure of the map can also be described by centrality of
concepts, number of cross-links, density of concepts, inter and intra cluster proposition count and branch point
count. The main problem with such quantitative assessment methods is that they might make assumptions such as
that bigger maps are better. Actually, experts often produce smaller concept maps than novices do, because the focus
is placed on the most important concepts, which are then connected by highly informative statements (Kinchin 2011;
Caiias, Reiska & Novak, 2016). Thus, the quality of a concept map is shown by which concepts, linking word and
propositions are in the map. Typical quality indicators are the number of correct propositions, average rating of
propositions and relevance of concepts. Commonly, experts are used to assess the accuracy of propositions (Reiska,
et al., 2008).

4.3  The Use of Concept Maps to Assess Interdisciplinarity

There are numerous studies on the successful use of concept maps as an assessment or reflection tool (Tan, et al.,
2017; Popova-Gongci et al., 2012; Cafias, et al., 2012; Po Han, et al., 2012; Lopez et al., 2011; Ruiz-Primo, 2004;
Stoddart, et al., 2000;). On the other hand, there is not much literature on using concept maps to evaluate learners’
interdisciplinary knowledge. Borrego et al. (2009, p. 21) brings out the efficiency of concept maps by evaluating
students’ ability to make connections across different disciplines: “...this representational complexity makes them
ideal vehicles to evaluate one of the hallmarks of successful interdisciplinary collaboration: knowledge integration”.
Borrego et al. (2009)’s study included pre-and post concept maps with 10 students. Different faculty members
assessed the interdisciplinarity of these 20 concept maps and used a rubric that considered three map characteristics:
comprehensiveness, organization and correctness, and scored maps with points 1 to 3. In the study the time-
consuming manual process of assessing the maps raises questions about the efficiency of such assessment
procedure.
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Reiska et al. (2018) developed the Interdisciplinary Quality Index (IQI), a measure of the interdisciplinarity of a
concept map, and which can be calculated by a computer and can thus be easily applied to a large number of concept
maps. Concept maps with a high IQI score of tend to be characterized by a well-structured, correct subject matter
and interdisciplinary propositions. In their 2018 study, the decision of whether a proposition is interdisciplinary was
made by nature of the two concepts: a) if the concepts in the proposition were from the same subject matter they
defined the proposition as a disciplinary proposition; b) if the concepts were from different subject matter they
defined it as an interdisciplinary proposition.

5 Research Design, Methods and Data Collection

As stated earlier, the research questions of this study are:
1.  What methods are there to measure the level of interdisciplinarity of concept maps?
2. Do the different methods lead to the different results?

To answer these questions, we compare different methods for assessing interdisciplinarity of concept maps based on
seven sample maps. These seven sample maps were taken from a longitudinal study where high school students’
interdisciplinary understanding was evaluated in biology via the question “Milk - is it always healthy? (metabolism,
redox reaction, energy transformation etc.).

We chose these seven maps so that they were of different size, structure and content. The general characteristics
of these seven concept maps are displayed in Table 1.

Concept Proposition Avg. Propositions
Map no. Count Count Per Concept
Cmapl 23 22 0,73
Cmap2 29 29 0,97
Cmap3 29 34 1,13
Cmap4 27 27 1,00
Cmap5 30 36 1,20
Cmap6 28 35 1,17
Cmap7 18 17 0,57

Table 1. Main characteristics of seven concept maps

5.1  Expert Rating

We asked 8 experts to rate from 1 to 5 the seven concept maps, answering different the following questions about
the maps’ interdisciplinarity:

Ql: How many concepts from different subject areas (biology, chemistry, physics, geography, everyday life) are
used in this concept map?

Q2: How many connections are between concepts from different subjects?

Q3: How interdisciplinary is the concept map?

Q4: How good is the focus question answered?

Q5: How do you evaluate the concept map generally (correctness, size, structure)?

5.2 Interdisciplinary Quality Index (Reiska et al., 2018)

We calculated the value of the Interdisciplinary Quality Index (IQI) (Reiska et al., 2018) for all seven sample maps.
The IQI consists of three different sub measures of quality and quantity and the maximum IQI value is 3. The sub
measures are related to the number of correct interdisciplinary propositions, number of branch points and number of
2-scored propositions (high-quality and correct propositions, Table 2).
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Correct ID Branch Point 2-scored

Map no. propositions Count propositions
Cmapl 13 4 6
Cmap2 13 5 10
Cmap3 9 12 6
Cmap4 14 6 13

Cmap 18 6 16
Cmap6 18 11 13
Cmap7 9 3 3

Table 2. Values of measures for IQI calculation

6 Results and Discussion

6.1  Results of Expert Rating

Table 3 shows the average values of the experts’ ratings. We also calculated averages for all questions. The experts’
ratings show Cmap number 5 (see appendix) has the highest scores for every question. Four Cmaps are in average
scores almost equal good: 2, 3, 4 and 6. Among these, if we look only at the interdisciplinary connections, then
Cmap number 6 has higher ratings than the other three Cmaps (2, 3 and 4). Cmap number 7 has the lowest ratings.

Map no. Ql Q2 Q3 Q4 Q5 Avg.
Cmapl 3,3 2,8 2,8 2,5 2,4 2,7
Cmap2 3,9 3,3 3,3 3,0 3,1 3,3
Cmap3 4,0 3,1 3,5 3,1 2,9 33
Cmap4 4,0 3,3 3,6 2,9 2,5 33
Cmap5 4,5 4,1 4,1 4,5 4,1 4,3
Cmapb6 3,9 3,8 3,4 2,6 2,5 3,2
Cmap7 2,1 2,3 2,5 2,1 1,8 2,2

Table 3. Average values of experts’ ratings

6.2  Results of Interdisciplinary Quality Index

Table 4 shows the IQI for each of the seven concept maps.

Map No Cmapl | Cmap2 | Cmap3 | Cmap4 | Cmap5 | Cmap6 | Cmap7
1QI 1,4 1,8 1,9 2,1 2,5 2,7 0,9

Table 4. Interdisciplinary Quality Index

Cmap 6 has highest IQI. High values of 1QI resulted also for Cmaps number 5 and 4. Cmap number 7 has the lowest
1QI value.

6.3  Correlation between two the Methods

We calculated the correlations between the experts’ ratings and the IQI. The expert ratings related to the map
interdisciplinarity correlated significantly and very high with IQI. The highest correlation was between Q2
(interdisciplinary links) and IQI: 0,95. The lowest correlation was between question Q4 (focus question) and 1QI:
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0,59. Among the different components of IQI the branch point count correlated least with expert ratings
(correlations: 0,17 — 0,52).

Cmap number 6 has the highest IQI value, while experts rated Cmap number 5 the highest. If we are look at the
different components of the IQI, we can see that Cmap number 6 has many more branch points than the Cmap
number 5, which leads to a higher IQI. It seems that experts didn’t take the structure of the map into account as
strongly as the IQI does. Still, the correlation analysis shows that IQI correlates very highly with the expert’s ratings.
The figure 1 shows the values of IQI and some expert ratings.

Figure 1. IQI and experts’ ratings.

7  Conclusions

The study had as an aim to measure interdisciplinarity of concept maps with different methods and to compare the
methods. The results showed that experts’ ratings of the concept maps’ interdisciplinarity correlated very highly
with the Interdisciplinary Quality Index. Even if the overall correlation was very high, there are still some
differences between IQI and expert ratings. It seems that the IQI takes the structure of the map (number of branch
points) more into account than the experts do. The reason for that might be, that the experts were experts in subject,
not in concept mapping.

The correctness of concept maps seems to have very high influence on both the experts’ ratings and IQI (see
table 2 and table 3, Q2). This is also understandable, because it is impossible to have high quality and
interdisciplinary map without having high number of correct propositions.

This study used only seven maps and 8 experts to rate the maps. Still, the results are promising, and suggest we
should carry out the similar study with more maps and more experts to verify the results.
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ITINERARIOS FLEXIBLES DE APRENDIZAJE (IFA) COMO PROPUESTA DE FLEXIBILIDAD Y
AUTONOMIA ESCOLAR. UNA EXPERIENCIA DESDE EL “PLAN DIGITAL ITAGUI”

(FLEXIBLE LEARNING ITINERARIES (IFA), A PROPOSAL FOR SCHOOL FLEXIBILITY AND
AUTONOMY. AN EXPERIENCE AT “PLAN DIGITAL ITAGUI”)

Olga Lucia Agudelo, Maria Del Rosario Atuesta & Lina Maria Echeverry
Universidad EAFIT & Universidad de Santander UDES, Colombia

Abstract. The strategy of "Flexible learning itineraries based on concept maps" provides an innovative approach to help strengthen
the autonomy and motivation for learning in adolescent students, while using digital technologies and new learning environments.
This strategy was implemented through the laboratory of educational innovations implemented by EAFIT University with the support
of IDRC. A group of eight teachers and 128 students of grades 8 and 9 grades benefited by the Plan Digital Itagiii participate in the
learning process. The experience yielded qualitative information from students and teachers around eight categories that show benefits
and achievements of the strategy.

Resumen. La estrategia de "Itinerarios flexibles de aprendizaje basados en mapas conceptuales" provee un enfoque innovador para
contribuir al fortalecimiento de la autonomia y la motivacion por el aprendizaje en estudiantes adolecentes, mientras utilizan las
tecnologias digitales y nuevos escenarios de aprendizaje. Esa estrategia fue puesta en marcha a través del laboratorio de innovaciones
educativas implementado por la Universidad EAFIT con el apoyo de IDRC, con un grupo de ocho profesores y estudiantes de grados
8°y 9° beneficiados por el Plan Digital de Itagiii. La experiencia arrojé informacion cualitativa de estudiantes y profesores en torno a
ocho categorias que muestran beneficios y logros de la estrategia.

Keywords. Concept maps, itineraries, learning, flexibility

1 Introduccion

Con la motivacion que generan los retos planteados en un anélisis de modelos educativos internacionales como los
de Japdn, Finlandia, Singapur, Estonia y Canada, realizado por el equipo de investigacién de la universidad EAFIT,
los factores identificados en el reporte del Banco Mundial (2018) donde advierte sobre una crisis del aprendizaje y
las “20 Claves Educativas para el 2020” que plantea la Fundacion Telefénica (2013), se pretende llegar a las
Instituciones Educativas con innovaciones pedagdgicas que permitan avanzar por el camino de la calidad educativa,
haciendo uso efectivo de las TIC. Es asi como se proponen diversas estrategias orientadas a enfrentar los retos
identificados y tratar de dar respuesta a preguntas como: ;Qué actores y qué roles se requieren para transformar y
dinamizar el proceso de aprendizaje? ;qué escenarios para el aprendizaje, estrategias diddcticas y pedagdgicas
necesitamos para desarrollar en los estudiantes la autonomia, la colaboracidn, la adaptabilidad ante los continuos
cambios, el respeto a las diferencias, el uso apropiado de las tecnologias?

En la busqueda de estrategias pedagogicas que integren la autonomia, el reconocimiento de la diversidad, la
flexibilidad curricular, el uso transversal de las TIC (Tecnologias de informaciéon y comunicaciéon) como
herramientas de aprendizaje, el trabajo colaborativo y el rol protagonico del estudiante, o que pongan en evidencia
algunas de estas caracteristicas en el proceso de aprendizaje, se tomo la experiencia de los itinerarios flexibles con
mapas conceptuales como escenario de aprendizaje para estudiantes entre los 15 y 16 afios de edad, con el proposito
de fortalecer su autonomia y motivacion hacia el aprendizaje, partiendo de la promocion de reflexiones sobre sus
proyectos de vida.

Los profesores y estudiantes participantes, pertenecen a instituciones educativas oficiales del municipio de
Itagiii, en Colombia, beneficiadas por el Plan Digital Itagiii. Estas instituciones de acuerdo a sus contextos, modelo
pedagogico, plan de mejoramiento institucional y necesidades e intereses de su comunidad, se inscriben para ser
parte de las innovaciones que propone el laboratorio de la Universidad EAFIT. La experiencia que aca se presenta
conto con la participacion de las instituciones educativas Luis Carlos Galan, Ciudad Itagiii, Pedro Estrada y Maria
Josefa, quienes respondieron al llamado para aplicar los Itinerarios Flexibles de Aprendizaje, que hicieron uso de la
herramienta CmapTools (Caiias et al., 2004) y del LMS Brightspace como articulador del escenario de aprendizaje.
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2 Justificacion

Los itinerarios de aprendizaje basados en mapas conceptuales son un disefio instruccional con rutas, opciones y
recursos para apoyar el desarrollo de una competencia o un saber, aportando un entorno de aprendizaje que
posibilita una secuencia no lineal de actividades y facilita el acceso a objetos de aprendizaje que apoyan la
construccion de conocimientos. Estos itinerarios son definidos por Cafias y Novak (2010) como una aplicacion de
los mapas conceptuales que, en lugar de explicar un tema a través de proposiciones, orientan el proceso para adquirir
conocimiento, ocupdndose del ‘como’ en lugar del ‘qué. Los itinerarios flexibles combinan varias de las
caracteristicas deseables en las estrategias pedagdgicas que se plantean desde los estudios citados.

Los Itinerarios flexibles de aprendizaje conciben dentro de sus principios (Figura 1): la autonomia en el
aprendizaje, la flexibilidad y la colaboracion, la caracterizacion de los elementos, el rol protagénico de los
estudiantes, el uso de las TIC, todos estos aspectos coinciden en que pueden aportar respuestas en las preguntas
planteadas. (Salinas & Agudelo, 2016)
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Figura 1. Principios de los Itinerarios flexibles de aprendizaje. (Agudelo y Salinas, 2017)

Alineados con los estudios que dieron pie a esta experiencia, y buscando impactar en los procesos de
aprendizaje, se organiza una propuesta de formacion docente, como accion del Plan Digital Itagiii (2017), que
ademas de implementar la estrategia de Itinerarios Flexibles de aprendizaje, ofrece un proceso de formacion con sus
docentes, de manera que en las instituciones se deje capacidad instalada no sélo para la implementacion, sino para
su disefio.
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Figura 2: Fragmento del Itinerario Proyecto de vida. Agudelo & Salinas 2017

En la intervencion participan cuatro instituciones educativas del municipio de Itagiii: Ciudad Itagiii, Luis Carlos
Galan, Maria Josefa y Pedro Estrada, cada una de ellas con dos docentes de las areas de tecnologia e informatica y
Lengua Castellana. El Itinerario (Figura 2) que se desarrolla durante la intervencion propone abordar las siguientes
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competencias con estudiantes de los grados octavo o noveno: autonomia en el aprendizaje, gestion de la informacion
- busqueda, analisis, clasificacion y produccion de informacion-, que llevan a la construccion del proyecto de vida.
El itinerario se implementa en Cmap Cloud, y se incorpora en el entorno virtual -LMS- Brightspace facilitado por
D2L al Plan Digital Itagiii. Cada estudiante tiene un acceso a la plataforma y se acompaiia a los docentes en su
cambio de rol.

4 Aproximacion Metodolégica

La intervencion se organizé en cinco etapas: preparacion, formacién, implementacion en aula, seguimiento, cierre y
evaluacion.

4.1 Etapa de Preparacion

Teniendo en cuenta que el proceso se desarrolla de forma b-learning, en la etapa de preparacion se realizan acciones
orientadas a laa definicion de objetivos, la organizacidn de la plataforma tecnoldgica, seleccion y sensibilizacién de
poblacién a impactar, planeacion de agendas comunes para talleres presenciales y decision del periodo académico en
que se aplica el itinerario. El espacio disefiado para los docentes (Figura 3) permite desarrollar el proceso de
formacion y acceder a los recursos necesarios para el proyecto. Ademads, cuenta con herramientas para asesoria,
seguimiento y evaluacion en el proceso de implementacion.

Los contenidos se estructuraron en cinco modulos, donde los tres primeros corresponden al trabajo de dos
sesiones de formacion docente y una mesa de trabajo para la reflexion metodologica del escenario de aprendizaje;
ademas, contienen los recursos necesarios tanto para el trabajo presencial como virtual. El cuarto moédulo tiene los
espacios y servicios para acompafiar y asesorar a los docentes en el proceso de implementacion y el quinto mddulo
apoya el cierre de la intervencion. La figura 3 muestra el entorno virtual de apoyo al docente.

Contenido Comunicaciones v  Evaluaciones v  Editar curso  VideoConferencia Blog Conocimientos

previos
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Figura 3- Pagina inicial del espacio virtual para el docente- Fuente: https://citylabdigital brightspace.com/d2l/home/7123
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4.1.1 Objetivos

Es importante resaltar lo que se busca con la iniciativa de itinerarios de aprendizaje flexible y mas especificamente
con su incorporacion como iniciativa innovadora en el Plan Digital Itagiif:

Objetivo General: Experimentar nuevas estrategias de aula en ambientes de aprendizaje apoyados en TIC,
orientados al desarrollo del aprendizaje auténomo.

Con la iniciativa se intenta dar respuesta a las siguientes hipdtesis con los estudiantes:
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e Lametodologia /estrategia de itinerarios flexibles para el aprendizaje, desarrolla autonomia para el aprendizaje
en estudiantes de educacion basica y media.

e Lametodologia /estrategia de itinerarios flexibles para el aprendizaje, incrementa la satisfaccion de aprendizaje
en los estudiantes que lo aplican.

Y para los docentes:

e Incorporar los itinerarios flexibles en la practica educativa del docente, incrementa sus habilidades para el uso
de TIC, satisfaccion con su labor y la creatividad para la orientacion del aprendizaje de sus estudiantes.

e Acompaiar a los docentes para Incorporar los itinerarios flexibles en la practica educativa, reduce las barreras y
miedos para innovar en las practicas educativas

4.1.2 Muestra

En el proceso se conté con la participacion de las instituciones educativas Luis Carlos Galdn, Ciudad Itagiii, Pedro
Estrada y Marfa Josefa del municipio de Itagiii, que disponen de acceso a la infraestructura TI institucional y
cuentan con el apoyo de los directivos para implementar cambios en la organizaciéon de los ambientes de
aprendizaje, cuentan con docentes de dreas disciplinares Espafiol y tecnologia con manejo medio de
herramientas informdticas e internet, con acceso a infraestructura TI desde sus hogares e instituciones,
vinculados a los grupos escolares a intervenir y estudiantes de los grados 8° y 9° con acceso a dispositivos
tecnoldgicos conectados a Internet de las instituciones seleccionadas. En resumen:

Numero de Instituciones Educativas: 4 Instituciones, una de ellas con Sede y seccion.

Numero de docentes: 8 docentes

Grupos de estudiantes: 5 grupos de estudiantes de los grados 8° y 9°- 128 estudiantes en total, de los cuales el 50%
son hombres y 50% son mujeres, con edades oscilan entre los 13 y los 16 afios. El 11% son repitentes de grado.

4.1.3 Etapa de Formacion

La formacion busca que el docente adquiera conocimientos basicos sobre el trabajo con itinerarios (Figura 4), sus
caracteristicas, el rol que debe asumir y los principios de la implementacion (Agudelo, 2017). Se desarrollan dos
talleres presenciales, que cuentan con apoyo virtual mediante un itinerario flexible. En esta etapa se establece un
encuentro de revisién y contextualizacion del itinerario a aplicar con estudiantes, se seleccionan los participantes
segun condiciones del contexto y se definen las condiciones para la intervencion de la practica educativa.

Figura 4: Formacion a docentes en Itinerario flexibles de aprendizaje- Fragmento- (Agudelo & Salinas 2017)

4.2 Etapa de Implementacion en el Aula

Esta etapa de intervencidn tiene una duracién aproximada de 8 semanas correspondientes a un periodo académico
escolar. Una vez adaptado el itinerario por el docente segtin condiciones y contexto de la poblacién, el docente debe
gestionar los elementos del ambiente de aprendizaje que rodean su implementacién (recursos fisicos, tecnoldgicos,
logisticos y agendas).
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El trabajo de campo con los estudiantes en cada uno de los grupos, consiste en entregar a cada estudiante sus
credenciales para acceder al itinerario flexible bajo las condiciones ya definidas por el docente y que le llevara a
reflexionar sobre su proyecto de vida. Al iniciar el proceso con los estudiantes se realiza una encuesta en los grados
seleccionados (octavo o noveno) de las cuatro instituciones, con el fin de caracterizar la poblacion participante.
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Figura 5: Producto de estudiante — Estudiantes de Instituciones educativas oficiales del municipio de Itagiii — 2017.

En el entorno virtual desde donde accede a los itinerarios, se dispusieron cinco espacios para apoyar la
implementacion en el aula, el desarrollo de las competencias propuestas y que permiten convertirlo en un ambiente
personal de aprendizaje:

e Interactto: tiene el proposito de permitir a los estudiantes y docentes de cada Institucion comunicacion directa,
a través de chat y foros.

e Me informo y consulto: se encuentran todos los recursos del itinerario recomendados para el desarrollo de las
competencias: construccion de proyecto de vida, gestion de la informacion y uso de las TIC.

e  Produzco y reflexiono: contiene los blogs creados por cada estudiante en donde se puede visualizar el avance de
los productos propuestos en el itinerario y posibilita que entre compaiieros comenten sus trabajos.

e Me evalto: se encuentran criterios de autoevaluacion, cuadro de autocontrol y rubrica.

e Zona de recreo: el estudiante encuentra diferentes recursos didacticos que le ayuda a fortalecer las competencias
propuestas.

4.3 Etapa de Seguimiento

Durante la etapa de implementacion se realiza seguimiento tanto virtual como presencial a los profesores, para
resolver inquietudes sobre la plataforma tecnoldgica, la metodologia del proceso y los productos a realizar. El
espacio virtual de trabajo que se implement6 en la plataforma Brightspace-D2L1, permite que cada estudiante siga
su propia ruta de itinerario y hacer un seguimiento continuo al contenido consultado por el estudiante y a los
ingresos de sesion por institucién educativa.

4.4 Etapa de Cierre y Evaluacion

Una vez finalizada la implementacién del itinerario, se realiza el andlisis de todos los datos recolectados y la
triangulacion de los mismos para los casos de aplicacion. Esta fase busca resultados cualitativos y cuantitativos, a la
luz de los indicadores de desempefio establecidos para estudiantes y los aportes para la validacion de la iniciativa.

"'La plataforma Brightspace fue facilitada por D2L Corporation para complementar los servicios de formacion que ofrece el
laboratorio de ciudad CityLab de Itagiii, en el marco del proyecto de investigacion “Digital CityLab” del Plan Digital Itagiii
(https://citylabdigital.brightspace.com)
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5 Resultados

Para obtener datos de tipo cualitativo, se obtuvo informacién de la encuesta inicial a los estudiantes y docentes, las
fichas de observacion de los docentes, de la evaluacion en los foros que realizaron los estudiantes y se trabajé con un
‘focus group’ compuesta por representantes de los estudiantes de cada institucion y sus docentes, en el cual se aplicd
un instrumento de recoleccion de informacién y cuyo resumen se presenta en la Tabla 1.

Respecto al uso del computador en casa para actividades de aprendizaje y académicas, el 42% refiere que lo usa
entre dos y cuatro horas, y un 38 % lo usa menos de una hora al dia. En cuanto a las actividades que mas les gusta
desarrollar en clase para apoyar el proceso de aprendizaje son: videos, juegos y en menor proporcion las
explicaciones del profesor, y no les gustan las lecturas. En preguntas mas especificas sobre el itinerario que se
desarrolla, se pregunto si ha trabajado sobre su proyecto de vida, y un 47% dice haber trabajado en ello, frente a un
10% que no lo han trabajado o no saben qué es. El tipo de contacto que han tenido con mapas conceptuales es muy
representativo (78,5%), pero aun hay estudiantes que no han trabajado en ninguno de los dos procesos.

La implementacion finalizo satisfactoria y completamente en dos instituciones, mientras en otras dos continua
su ejecucion lentamente, por motivos de cambio de docente, agendas institucionales, o por dificultades relacionadas
con el disefio curricular. 78 estudiantes utilizaron el itinerario propuesto, desarrollando productos como: Blog, wiki
0 pagina web en la que incluyeron videos respondiendo a la pregunta ;Quién soy yo? después de buscar y analizar
informacion sobre su proyecto de vida y perfiles profesionales. También desarrollaron presentaciones sobre las
universidades, las entidades que los pueden apoyar, los perfiles ocupacionales, el curriculo relacionado a la carrera
elegida, las habilidades requeridas para la profesion, y finalmente establecen sus propios retos y plan de accion para
lograr sus metas (Figura 5).

Los estudiantes en general ingresaron a actividades especificas como el foro en el modulo Interactiio, a algunos
recursos de ‘me informo y consulto” como videos, documentos, imagenes, a las guias de los entregables en
“produzco y reflexiono” y al espacio de “me evalto” para diligenciar un test de perfil profesional. No ingresaron a
todos los juegos de la “zona de recreo.”

Respecto al registro por parte de docentes y estudiantes en relacion con las ocho categorias para reportar
apreciaciones, la tabla 1 recoge los aspectos comunes que destacaron de la implementacion de los Itinerarios
Flexibles para motivar la construccion de proyectos de vida por parte de los estudiantes, y de competencias y
habilidades observadas por los docentes.

tem Consolidado a partir del registro de Consolidado del registro de docentes
estudiantes

Desarrollo de Proyecto de vida: Logro de la competencia, no se Se evidenciaron comportamientos éticos,

competencias limitaron a lo que decia el IFA. Preguntas y actividades | habilidades tecnologicas y comunicativas.
muy interesantes. Los estudiantes estuvieron muy
Tecnologicas: realizacion de actividades de blog, participativos.
videos, trabajo en plataforma (dificultad para ingresos) | Se asocia la observacion a competencias:
Gestion de la informacion se cumplio. Comunicativas.

No es muy consciente de cada una de las competencias. | Tecnoldgicas.
Ciudadanas.

Metodologia El disefio del itinerario estd muy interesante, nos llevo a | Los estudiantes pudieron trabajar de manera
buscar y gestionar informacion, concientizar, auténoma, lo cual les agradé mucho.
entretenidos, las flechas dan orientacion.

-muy fécil de entender, no requiere explicacion. Pasoa | A los estudiantes les llam6 mucho la
paso por el profesor. atencion por el trabajo libre que iban
haciendo.

166



ftem

Consolidado a partir del registro de
estudiantes

Consolidado del registro de docentes

Rol del docente

-Guia.

- Apoyo.

- No es necesaria la presencia del profesor.
- No se requeria explicacion.

- Daba aportes.

- Los sintieron mas cercanos.

Observacion y acompaiamiento.

Rol de estudiantes

-Concentracion en las actividades.

- Mucha responsabilidad.

- Se notaba la alegria y motivacion.

- Se busca apoyo en los que iban mas adelante.
- Se puede adelantar cada uno por su cuenta.

Reflexivo y dindmico. Participativo,
colaborador y a veces disperso.

Se muestran interesados y motivados por el
trabajo, se hizo de forma libre y espontanea.
Algunos compartieron sus experiencias.

- se reia el profesor, mas relajado.
- Se brinda la oportunidad de que el profe atienda a
cada estudiante porque hay mas tiempo.

Interacciones -Trabajaron colaborativamente con los pares. Constantemente entre pares.
- interaccion total con el IFA-visualizacion completa de | Las relaciones entre estudiantes ayudaron a
las actividades. desarrollar las actividades de forma solidaria.
- A los padres se les vincul6 y les gusté mucho.
Recursos - La casa. Computador.
- WhatsApp. Celular.
- Sala sistemas. Tabletas.
- Problemas con la plataforma. Otros para desarrollar itinerarios flexibles.
Seguimiento/Evalu | - Flexibilidad. Periodicamente se hicieron revisiones en la
acion - Mejor manejo de las ausencias. plataforma y los estudiantes cumplieron con

lo propuesto.

El apoyo siempre fue constante y activo, la
plataforma permite de forma amigable,
acercarse para encontrar la informacion

Para destacar

- El proyecto de vida, un auto reconocimiento.

- Interaccion con la aplicacion.

- La motivacion y la claridad de lo que se tenia que
hacer.

- Producto — padres.

- Compromiso de los estudiantes.

- Aprendizaje auténomo.

- La tecnologia se hace invisible.

El compromiso de los estudiantes.
Dificultades con la de autenticacion en
plataforma.

En muchas ocasiones la plataforma no
recibia usuarios y contrasefias.

Tabla 1. Consolidado de los registros de estudiantes y docentes participantes de la implementacién del itinerario flexible sobre Proyecto de vida”.

Otros resultados obtenidos después de la implementacion son:

e Formacion de 8 docentes para la implementacion de itinerarios flexibles en sus practicas de aula.

e 128 estudiantes impactados con la implementacion del itinerario.

e Espacio virtual en donde se integraron la plataforma https://citylabdigital.brightspace.com/d21/home/7124 con
Cmap Cloud, para la formacion e implementacion del itinerario por parte de estudiantes, evidenciar interaccion
y colaboracion, ademas de los productos publicados.

entre pares, eleccion de ruta, manejo de ritmos de aprendizaje.
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Disefio de un ambiente virtual de aprendizaje para el desarrollo de los itinerarios

Desarrollo de tres competencias integrando las areas de tecnologia e informatica, emprendimiento y espaiiol.
Trabajo colaborativo entre los docentes evidenciado en el itinerario contextualizado

Trabajo colaborativo entre los estudiantes, evidenciado en el aula, el trabajo virtual y en la asesoria generada




e Flexibilidad del proceso representado en: diferentes ritmos de trabajo, diferentes actividades desarrolladas, las
opciones y elecciones en la implementacion.

e El aprendizaje autonomo se evidencia en la responsabilidad frente al proceso de aprendizaje, el autocontrol, la
toma de decisiones, el uso que hacen de la flexibilidad que les da el proceso y los roles que asumen en él.

e Validacion del proceso de implementacion y de la formacion.

6 Conclusiones

Después de la ejecucion de las etapas mencionadas se observo que el rol del maestro fue de orientador y de apoyo en
el proceso de aprendizaje de los estudiantes; en un primer momento, se establece la metodologia de trabajo y luego
el estudiante de manera auténoma y variada entre ellos recorren el itinerario de aprendizaje, revisan recursos y
elaboran productos; demostrando motivacién por el conocimiento y el aprendizaje.

Los maestros demuestran dominio en conceptos curriculares, estrategias metodologicas y mapas conceptuales y
manifiestan interés en participar en la formacion en disefio de sus propios itinerarios; teniendo en cuenta el plan de
estudios y lineamientos curriculares.

La responsabilidad y autonomia en el desarrollo de las actividades, a las que el estudiante accedio a través de
una plataforma virtual que incluia instrucciones, fue monitoreada con el nimero de ingresos a plataforma en cada
mes, con un total de 759 ingresos. El mas comtin es el ingreso de mas de 2 horas con 392 ingresos seguido por el de
mas de 3 horas con 261 ingresos, luego tenemos los ingresos de mas de 4 horas con 61, el de mas de 5 horas con 27
ingresos, luego el de mas de 2 horas con 11, mas de 7 con 4 ingresos y mas de 8 horas con 1 ingreso, finalmente el
de mas de 10 horas con 2 ingresos. Esto refleja que los estudiantes permanecen en plataforma un promedio de 3 o 4
horas; finalmente se evidencia que el 52% de los estudiantes ingresan mas de 2 horas. Es de destacar que el 82.2%
de los estudiantes de la I.E Luis Galan ingresaron a revisar todos los contenidos del Itinerario flexible.

Las interacciones que se generan entre maestro- estudiante y estudiante — estudiante son de colaboracion y de
transferencia de conocimiento. La implementacion de la iniciativa “Itinerarios Flexibles de aprendizaje basados en
mapas conceptuales” demostrd que el proceso de ensefianza se centra en el estudiante, donde ¢l es el protagonista,
aplica los conocimientos aprendidos, teniendo un rol activo.

El itinerario trabajado generé mucha motivacion en los estudiantes, por la relacion directa con su propia vida. El
proyecto de vida logro invisibilizar la tecnologia y la gestion de la informacion, como competencias que también se
trabajaron, aunque si hay conciencia en estudiantes y docentes frente a los logros alcanzados en las dos tltimas. Los
estudiantes demuestran interés por el tipo de metodologia que se implemento, para ellos es novedosa y se motivan
en la elaboracion de los productos.

El trabajo con itinerarios flexibles, en palabras de los participantes, docentes y estudiantes, estd muy bien
estructurado, facilita el aprendizaje, permite flexibilidad en el proceso y estimula los procesos de autonomia. Hay un
cambio significativo en varios elementos que conforman el ambiente de aprendizaje: el rol del docente, el rol del
estudiante, las interacciones que se generan, la organizacion de los espacios y tiempos.

7 Proyeccion
La participacién de los estudiantes en los espacios virtuales deja gran cantidad de informacién personal que es
pertinente que sea analizada por los docentes y de ser el caso, generar intervenciones con profesionales que puedan

apoyar a los jovenes.

Se generan compromisos en las instituciones que no terminaron la implementacion de los itinerarios para
trabajar con los estudiantes en el transcurso del afio.

Los docentes participantes en el proceso desean formarse y disefiar sus propios itinerarios, junto con otros
docentes en las instituciones participantes que estan interesados en conocer mas sobre la estrategia y por lo tanto
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desean participar en un proceso de formacion. El disefio de itinerarios enfocados en otras competencias, permitira
evaluar el grado de motivacion que se genera cuando el contenido no esta tan relacionado con su vida personal.
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Abstract. Bloom’s Taxonomy is important to instructional design. Bloom’s cognitive domain is relied upon by educators to craft
learning objectives that drive content and activity selection for the classroom. Educators strive to engage their students in higher-order
thinking skills and concept mapping has been demonstrated to be a good tool to engage a student in higher-order thinking skills as
well as promoting meaningful learning. However, all too frequently, educators have students complete “fill in the blank” concept
maps that can be graded as correct or incorrect. This task encourages rote learning rather than promoting critical thinking skill and
meaningful learning. This paper will review the complete Bloom’s Taxonomy and suggest learning objectives for concept mapping
that would significantly increase the likelihood of students being more fully engaged while creating an environment where meaningful
learning can occur. The author concludes by examining how two common concept mapping activities engage different levels of
learning and predicts their effectiveness toward creating a meaningful learning experience.

Keywords. concept map, meaningful learning, learning objective, instructional design, Bloom’s Taxonomy, cognitive domain,
interpersonal domain, psychomotor domain, perceptual domain, affective domain

1 Introduction

Classroom teachers are expected to be cognizant of Bloom’s Taxonomy when they are creating or revising
curriculum and assessments (instructional design). Few recognize Bloom’s Taxonomy is more than the cognitive
domain so this paper will seek to apply all the learning domains to concept mapping. It is all an attempt to make
education measurable and meaningful. David Ausubel (1978) defines the process of “meaningful learning” as
actively linking new learning to their prior knowledge. Meaningful learning contrasts with rote learning, in which
learners memorize arbitrary concepts, do not link them to prior understanding, and consequently, do not store them
in long-term memory nor have access to them for future problem-solving and decision-making. Joseph Novak
(1998) stipulates that meaningful learning requires:

1) the learner to possess relevant prior knowledge in order to successfully acquire new knowledge
2) concepts to be presented in a manner that the learner finds them meaningful
3) the learner to choose to learn.

Meaningful learning tends to organize concepts in a hierarchical fashion which enables long-term retention and
application of those concepts. Two key characteristics of meaningful learning that will be focused on in this paper
are progressive differentiation and integrative reconciliation. Progressive differentiation occurs when the learner
adds subordinate (more specific) concepts to a superordinate (more general) concept. However, integrative
reconciliation occurs when a learner restructures their conceptual understanding under a new overarching concept.

Conceptual maps are visual representations of knowledge that clarify relationships among multiple concepts
and are commonly employed in classrooms. A concept map (cmap) is a special type of conceptual organizer
originally designed for science education research about learner’s thinking process and is a visual representation of
meaningful learning.

This paper seeks to provide specific and measurable learning objectives for concept mapping based on the
complete Bloom’s Taxonomy (cognitive, interpersonal, affective, psychomotor, and perceptual domains). It will be
shown that concept mapping can reach the entire cognitive domain and all the other domains.

2 Bloom’s Taxonomy of Learning Domains

In the 1950s, Benjamin Bloom and his colleagues developed a framework for understanding and communicating
about learning objectives and it has come to be known as Bloom’s Taxonomy (Bloom, et. al., 1956). Their
taxonomy is composed of two dimensions: domain and level. A domain is a realm of human experience in which
learning can occur. These include the cognitive, psychomotor, affective, interpersonal, and perceptual domains.
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This paper will elaborate on how concept mapping can touch upon each of these domains to achieve meaningful
learning. Each of these domains is composed of levels which detail the level of learning. The levels are arranged in
a hierarchical order where the learner is meant to progress from the most simple to complex with prerequisite
skills/knowledge at the base of the hierarchy. Therefore, Bloom’s Taxonomy is well suited to aid in meaningful
learning. This paper will now briefly describe each domain and attempt to demonstrate how concept mapping can be
employed to satisfy many of Bloom’s Taxonomy.

2.1  Cognitive Domain

Bloom’s Taxonomy has provided a common language for educators which has aided in collaboration to develop and
select learning content, activities, discussion questions, assignments, and assessments. However, in 2001, Anderson
and Krathwohl published an updated version of Bloom’s Taxonomy which focused on the cognitive domain. Their
aim was to change the original focus from static learning objectives to a dynamic classification system which
employs action words to describe the cognitive processes utilized by the learner. This updated classification system
is known as the Revised Bloom’s Taxonomy and will be the taxonomy this paper will utilize. The cognitive domain
is focused on intellectual abilities from concrete operations like recognition of facts to abstract skills like producing
new or original work. Another one of Anderson and Krathwohl’s innovations was to break the cognitive domain
into two dimensions: process and knowledge. The cognitive process dimension consists of the following levels
listed from lowest to highest: remember, understand, apply, analyze, evaluate, and create. Each of these will be
considered below. The second dimension of the cognitive domain is knowledge which is concerned with the types
of knowledge or “ways of knowing.” These include the following which are listed from the most concrete to
abstract:

e Factual: Factual knowledge is declarative knowledge which is generally accepted as fact that can be
learned by rote like terminology and specific details. These make up the basic elements of a topic.

e Conceptual: Conceptual knowledge is explanatory and summarizes major ideas and their parts. It can
include knowledge of classifications and categories, principles and generalizations, as well as
knowledge of theories, models, and structures.

e Procedural: Procedural knowledge is concerned how to do a task including knowledge of subject-specific
skills and algorithms, of subject-specific techniques and methods, and knowledge of criteria for
determining when to use appropriate procedures.

e Metacognitive: Metacognitive knowledge is concerned with the awareness of one’s thought processes.
This includes strategic knowledge, knowledge about cognitive tasks, and self-knowledge.

Each of these levels of the cognitive knowledge dimension will be incorporated into the discussion on the
cognitive processes levels below which are summarized in table 1.

2.1.1 Remember

Remembering is the most fundamental cognitive process skill because it involves using recognition or recall to
retrieve knowledge from long-term memory. Concept maps are a graphical display of a person’s knowledge.
Therefore, concept mapping inherently must involve the whole spectrum of the knowledge dimension.

e Factual: On the factual level (the most concrete level), concept mappers are asked to define a concept and
list concepts that are related to the focus question. A practice often employed when using concept
mapping is called a parking lot, a list of concepts that are to be developed into a concept map. An
appropriate concept mapping learning objective would be “Students will be able to list relevant
concepts related to a focus question.” Another learning objective would be “Students will be able to
define a particular concept.”

e Conceptual: Moving up to the conceptual level of knowledge dimension, the concept mapper now uses
their explanatory or summarizing ability. The learner needs to review a cmap to recognize the
knowledge already present and reflect upon what still needs to be added so that the cmap is a complete
expression of their understanding. A concept mapping learning objective would be “Students will be
able to recognize what is already represented in the cmap and what might be useful to more fully
address the focus question.

e Procedural: It is not enough to have learners to just observe cmaps. The true value of a concept is only
unlocked when the learner actively constructs his own. During the process of constructing a cmap, the
concept mapper must recall how to construct a cmap to graphically display their knowledge. Therefore,
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students need to know the steps involved in building a cmap. An appropriate concept mapping
learning objective would be “Students will be able to recall how to construct a cmap.”

e Metacognitive: For a concept map to be valuable to the learner, he/she has to value cmaps as a way to
retain information. An appropriate concept mapping learning objective would be “Students will be
able to identify cmaps as a way to retain knowledge and express their understanding to others.”

2.1.2  Understand

For a learner to demonstrate an understanding of a concept he/she must make sense out of knowledge or explain a
particular. Some action words that carry a connotation of understanding are restating, interpreting, summarizing,
paraphrasing, or translating knowledge. Examples of a learner demonstrating understanding are having them find
the main idea of a text, summarize a text, or explaining the trends and their significance.

e Factual: On the factual knowledge level, understanding can be applied to be seen in concept mapping
when a learner generalizes from a perceived reality or labels a concept. An appropriate concept
mapping learning objective would be “Students will be able to generalize from a perceived regularity
to label a concept.”

e Conceptual: On the conceptual level, a typical concept mapping task that would apply is to arrange
concepts in classes or categories according to shared qualities or characteristics. A concept mapping
learning objective would be “Students will be able to classify concepts into appropriate groupings.”

e Procedural: Understanding requires the learner to not just recall or state the steps to build a cmap as they
did on the knowledge level, but it requires him/her to paraphrase or summarize the steps. A concept
mapping learning objective would be “Students will be able to summarize the steps to construct a
cmap.”

e Metacognitive: Understanding, as applied to concept mapping, could involve the reader of a cmap to
make a prediction. A concept mapping learning objective would be “Students will be able to make a
prediction based on cmap.”

2.1.3  Apply

Apply is the highest level of the lower-order thinking skills which are characterized as having correct or incorrect
answers. This cognitive processing skill level requires a learner to carry out or use a procedure in a given situation.
For example, a learner can select, transfer, and use data and principles to complete a problem or task with a
minimum of direction.

e Factual: Educators who provide their students with cmaps as graphic organizers could use these cmaps as
a means for the student to answer simple questions about the topic at hand. An appropriate learning
objective would be “Students will be able to respond to questions relying on a concept map.”

e Conceptual: In the classroom, it is common for concept mappers to work together on a cmap or review
each other’s cmaps. A concept mapping learning objective would be “Students will be able to provide
advice to another concept mapper.”

® Procedural: As a learner constructs a cmap there are certain rules he/she needs to follow which include all
1) concepts go in circles and 2) linking phrases go on lines. Some concept mapping tasks provide
students with a list of concepts and linking phrases for them to use. Other times the concept mapper
could have generated a list of propositional phrases which they need to circle the concepts and
underline the linking words. A concept mapping learning objective would be “Students will be able to
apply the appropriate rules to a set of propositional phrases.”

® Metacognitive: On the metacognitive level of the apply level, the learner could choose concepts from a
text and choose explicit linking phrase to express the relationship between two concepts. Additionally,
the learner could be asked to decide whether a particular cmap appropriately addresses the focus
question. Some concept mapping learning objectives would be “Students will be able to choose
concepts from a text and linking phrases” and “Students will be able to decide whether the cmap is
helpful.”
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2.1.4 Analyze

The analyze level of Bloom’s Taxonomy is the lowest level of the higher-order thinking skills. These higher-order
thinking skills require the learner to self-generated reasoning, critical thinking, problem solving, and creative
thinking (Barak & Dori, 2009; Brookhart, 2010). Mizraie et al. (2008) employed concept mapping with their
students and determined these higher-order thinking skills are characteristic of meaningful learning.

Factual: Analyzing involves the breaking down of information into parts and finding the evidence to
support any generalizations they are making. A key skill for concept mappers to do is break a text up
into propositional phrases which are short statements that composed of two concepts and linking words
to relate them. These propositional phrases are the backbone to any concept map. A concept mapping
learning objective would be “Students will be able to outline a text into a series of propositional
phrases”. Another learning objective could be “Students will be able to break down a concept into
propositional phrases.”

Conceptual:  One of the key characteristics of Ausubel’s meaningful learning is progressive
differentiation, adding more specific concepts beneath a more general concept. Since this involves
defining or elaborating on the relationship between concepts it clearly fits the conceptual level of the
knowledge dimension. An appropriate concept mapping learning objective would be “Students will be
able to progressively differentiate between concepts.”

Procedural: Another key skill for concept mappers is to be able to take a draft of a cmap and organize it
into a visually pleasing and clear graphical display of the learner’s knowledge. Therefore, an
appropriate learning objective would be “Students will be able to organize a cmap to be aesthetically
pleasing.”

Metacognitive: Cmaps will clearly display certain structural features like spokes, chains, networks, and
cycles (Kinchin ef al., 2000) which are indicative of the learner’s understanding. The learner can also
determine their depth of learning by comparing their present cmap to their first version. Gorman &
Heinze-Fry (2015) provide a qualitative rubric for this which combines the work of Kinchin et al.
(2000) and Hay (2007). A concept mapping learning objective would be “Students will be able to
analyze a cmap for evidence of meaningful learning.”

2.1.5 Evaluate

Evaluate was moved from the top of Bloom’s original taxonomy and placed on the second highest level in the
revised version (Andrerson & Krathwohl, 2001). This cognitive process is concerned with making judgments based
on criteria or standards. For a learner to effectively evaluate, he/she must make decisions based on in-depth
reflection, criticism, and assessment.

e Factual: Once concept mappers have brainstormed relevant concepts they are often faced with the
challenge of having too many concepts. Typically, a cmap should be limited to 15-25 concepts to
remain intelligible. An appropriate learning objective would be “Student will be able to select the
most appropriate 15-25 concepts that address the focus question.” Once the learner has narrowed the
list to the most relevant concepts, the need to rank the concepts from the most general concept to the
most specific concept for this particular situation. Therefore, another learning objective could be
“Students will be able to rank order concepts from the most general to the most specific concept within
the context of the focus question.”

e Conceptual: A key skill when evaluating a concept map is to assess the validity of the propositional
phrases. These propositional phrases can be made by an individual (Analyze + Factual learning
objective) or by a software program like CmapTools. In either case, these propositional phrases allow
the evaluator to assess the validity of the statement on its own merits and modify them as needed. A
learning objective would be “Students will be able to assess the validity of propositional phrases.”

e Procedural: There is a myriad of different types of graphic organizers that help classify ideas,
communicate effectively, and facilitating the learners’ comprehension of newly acquired information.
Each type has its own advantages and appropriateness for a particular task. A learning objective would
be “Students will be able to evaluate the appropriateness of using concept mapping.”

e Metacognitive: Once a cmap has been constructed, the next step is to reflect on how well the cmap
addresses the focus question it is seeking to answer. There might be missing concepts or links not
obvious before but now they have become apparent and can be fixed. A learning objective would be
“Students will be able to reflect on how well the cmap concisely addresses the focus question.”
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Table 1: This is a table of learning objectives which should be preceded by “Students will be able to....” Each objective was constructed
with a verb associated with the Revised Bloom's Taxonomy (Anderson and Krathwohl, 2001) cognitive dimension. The gray section
highlights the cognitive dimensions that Mizraie et al. (2008) determined were characteristic of meaningful learning.

2.1.6  Create

The pinnacle of critical thinking within the Revised Bloom’s Taxonomy is the ability to create which involves
putting elements together to form a coherent whole as well as to reorganize into a new pattern or structure. As part
of this cognitive process, the learner originates, integrates, and combines ideas into a product, plan, or proposal new

to him/her.

e Factual:

CmapTools (Cafias et al., 2004) software by Institute for Human and Machine Learning

(https://cmap.ihmc.us/) allows students to link any digital resources to any concept or linking phrase.

For example, if a learner pulls an important concept from a website, video, or paper they can attach it
to the concept for reference later on. Pictures can also be added to lend to an illustrated cmap which
emphasizes certain concepts. A learning objective related to this would be “Students will be able to

add resources (e.g., web links, videos, pictures) to a cmap in support of the concepts.

e Conceptual: A key feature of meaningful learning according to Ausubel is integrative reconciliation which
concerns the restructuring of conceptual understanding. This can be viewed in a cmap as cross-linking
between two concepts which are in different parts of the cmap. Kinchin et al. (2000) note these cross-
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links form a network indicative that the learner understands the topic and therefore demonstrating
meaningful learning. Another type of integrative reconciliation is when the learner identifies a more
general concept not already present in the cmap and he/she makes it superordinate to concepts already
present. A appropriate learning objective for this would be “Students will be able to restructure
conceptual understanding through integrative reconciliation.”

e Procedural: The ability to draft a cmap is an important skill and requires procedural knowledge. Cmaps

can be sketched on paper, on surfaces with sticky notes or with software. You can even link concept
maps together into what is called a knowledge model, a collection of two or more linked cmaps. For
instance, you could have a concept like “frog” as a subordinate concept in one cmap but link it to
another concept map which has “frog” as the superordinate concept. This second cmap contains all
concepts related to what a “frog” is. A learning objective for this procedural knowledge would be
“Students will be able to compose a cmap/knowledge model.”

e Metacognitive: Creating a cmap by following a procedure is one thing and it is another to negotiate the

meaning of the relationship between two concepts. Learners often do not have much trouble coming
up with concepts to add to a cmap. However, what they do find difficult is finding the precise words to
use as the linking phrase. It often takes much thought and adjustment of those words as the learner
actively ponders the true relationship between the concepts. When creating a cmap with others or
some else is reviewing a cmap it often results in a conversation about a particular set of linking words.
The two then enter a negotiation as to what the relationship is between the two concepts. Thus, an
appropriate learning objective would be “Students will be able to negotiate meaning with others.”

2.2 Interpersonal Domain

Next, we will consider the interpersonal domain of Bloom’s Taxonomy which seeks to elaborate on the interaction
between people. Fournier et al. (2008) stipulated the interpersonal domain is context specific and characterized by
patterns of behavior and attitudinal dispositions toward others. Some examples of interpersonal skills are listening,
speaking, writing, non-verbal communication, assertiveness, managing interpersonal stress, group decision making
and problem solving, and understanding the causes of communication failures. There are six levels of the
interpersonal domain which are listed below from lower to higher-order:

e Seeking and Giving: This skill involves asking and offering facts, opinions, or clarifications from others.

When constructing a cmap, seeking and giving is a fundamental skill from finding the information
about the concepts to negotiating meaning. A concept mapping learning objective would be “Students
will be able to ask and offer concepts and clarification from others while constructing a cmap.”

Proposing: A person who proposes a new concept or suggestion needs to do so in a manner so it will be

considered and accepted. A concept mapping learning objective would be “Students will be able to
present their concept map to others and not impose it but use the cmap as the start of a conversation.”

Supporting: Supporting involves assisting another toward their goal. Cmaps are a work in progress and a

start for a conversation. There will be good and bad parts on the cmap but the reviewers are to build
up the other person by providing constructive feedback. A learning objective would be “Students will
be able to provide support to others during the concept mapping process.”

Including: This skill is concerned with making sure that others are involved in the discussion of ideas. A

concept mapping learning objective would be “Students will be able to ask for opinions from others
and welcome their feedback.”

Disagreeing: Disagreeing occurs when a person offers a contradictory opinion with discretion and

consideration. Learning is forged through challenges. Cmaps get better because others take time to
review them and offer their constructive feedback. A learning objective would be “Students will be
able to offer a contradictory opinion considerately.”

Summarizing: To summarize is the ability to restate something in an abbreviated form. It is an important

skill for a listener to summarize what he/she just heard as to confirm understanding. Being an active
listener is a crucial part of negotiated meaning. A concept mapping learning objective would be
“Students will be able to be an active listener during the concept mapping process.”
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2.3 Affective Domain

The affective domain was described by Kratwohl et al. (1964) as the way people react emotionally and their
empathy focusing on the awareness and growth in attitude, emotion, and feelings. Meaningful learning theory states
that the person be willing to learn so the affective domain needs to be tapped into for meaningful learning to occur.
The affective domain has five levels which are listed below from lower to higher-order:

e Receiving: A person who is receiving is one who pays attention, considers, and attends to information.
Some examples of receiving include the ability to listen for, read, view, respond to, meditate, ponder,
reflect, contemplate, and differentiate. It is important to note the receiving does not imply that the
learner has made any decision about the new information, but has agreed to take the information in.

e Responding: Responding involves actively participating in or interacting with a new concept. Having a
discussion about a topic would be an example of responding. A person who responds would volunteer,
comply with, follow, commend, spend leisure time in, or acclaim. A learning objective would be
“Students will be able to willingly participate in the concept mapping process.”

e Valuing: A person values something when he/she perceives it to be worthwhile, useful, helpful,
meaningful, or justifiable. Valuing would be indicated by a person showing increased measured
proficiency in, relinquishing, subsidizing, supporting, or debating. We can clearly see this as part of
the concept mapping process of negotiated meaning because part of the process is a debate. The
learner has to place value on a topic to meaningfully learn which can be measured as discussed above.

e Organization: Organization involves fitting new concepts into your existing understanding and deciding
how it makes sense to you. One who organizes would discuss, theorize, formulate, balance, or
examine. Organization is most certainly a valued skill as one concept maps. A concept mapping
learning objective would be “Students will be able to organize the concepts and linking lines a cmap so
it is visually pleasing.”

e Characterization: Characterization by value set means the learner has incorporated the new value into
his/her thinking and way of being. Some examples of this would include revising, requiring, avoiding,
resisting, managing, and resolving. A concept mapping learning objective would be “Students will be
able to incorporate concept mapping into their learning process.”

2.4 Psychomotor Domain

In the ideal classroom, students would be engaged in activities that require them to leave their seat and move around.
It is an important way to engage the learner and help them make long-term memories. Kilber et al., (1970) and
Simpson (1971) were one of the first to elaborate the psychomotor domain is associated with physical skills like
speed, dexterity, grace, use of instruments, expressive movement, dance, and athletics. There five levels which are
listed below from lower to higher-order:

e Movement: Movement is the most fundamental level and includes basic actions of the limbs like lifting,
reaching, pointing, swinging, walking, and turning. If one is constructing a cmap they are actively
writing, sketching, typing, or just moving in general.

e Coordination: Coordination involves the synchronized movement of the limbs and head including typing,
lifting, carrying, dancing, positioning, connecting, and aligning.

e Performance: Performance involves the ability to execute a complex pattern of coordinated movements
including to carry out, complete, portray, demonstrate, present, construct, assemble.

e Adaptation: Adaptation involves the ability to alter performances in response to new circumstances
including to modify, update, syncopate, convert, and adapt.

e Origination: Origination involves the ability to create new forms of performances including to compose,
choreograph, orchestrate, produce, and coach.

2.5  Perceptual Domain

The last of the commonly accepted learning domains is the perceptual domain which involves extraction of
information from stimuli. The perceptual domain is key to developing expertise as experts efficiently filter out
important information and recognize patterns in that information. Perceptual learning is task specific and occurs
mostly non-verbally. Moore (1967) elaborated on five levels of perceptual learning which are listed below from
lower to higher-order:
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Sensation: Sensation is the awareness of some stimuli through the five senses (sight, smell, hearing, taste,
and touch).

Figure Perception: Figure perception is the awareness of basic components in a formation of a concept
(magnitude, form, location, position, etc.) and their relationships to each other and the whole. It also
expands to an awareness of relationships between the parts and the background, or between the
stimulus and its context. An example of figure perception is who you identify an object apart from its
surroundings. A learning objective related to concept mapping would be “Students will be able to
recognize key structural components of a concept map (e.g., spoke, chain, network, and cycle).”

Symbol Perception: Symbol perception is the awareness things that have an attached meaning and form
including the ability to name and assign them to appropriate classes as well as to define the similarities
and differences between them. An example of this would be to recognize the difference between the
letters I and J. A concept mapping learning objective for symbolic perception would be “Students will
be able to name and classify concepts.”

Perception of Meaning: Perception of meaning is the awareness of the significance or value of a behavior,
object or symbol including the discovery of new relationships, cause-effect relationships,
generalizations, and implications enabling decision making and problem solving. The ability to
generalize, understand implications, and make decisions all fall in the realm of perception of meaning.
An example of perception of meaning is the ability observe the face and body language of another
person and know their emotional state. This skill is closely related to integrative reconciliation. A
concept mapping learning objective would be “Students will be able to evaluate a concept map and
establish new relationships between previously unconnected concepts” and “Students will be able to
provide advice based on a concept map.”

e Perceptive Action: Perceptive action is sensitive differentiation and accurate observation enabling

diagnostic, explanatory, and predictive ability to guide performance. People who display this skill

demonstrate a successful analytical or global approach to problem solving. An example of this is a car
mechanic running test on a vehicle and being able to diagnose the problem. A learning objective
would be “Students will be able to review a cmap and help guide the concept mapper.”

3 Discussion

Educators do not realize or reflect on how many domains and levels of the complete Bloom’s Taxonomy concept
mapping can engage. Science textbooks will sometimes have a “fill in the blank” concept map in their chapter
review but these tend to have the structure of the cmap already established and the students are plugging in the
concepts. The linking words are already present and part of the structure of the cmap. This is the lowest level of
concept mapping task and table 2 demonstrates there is little critical thinking or meaningful learning occurring in
this activity. Additionally, this activity is usually done individually by the learner. It is clear after reviewing the
levels of learning that are touched upon in this concept mapping activity that they mostly stick to the lower-order
thinking skills. Unfortunately, all too often educators will have their learners engaging in this lowest level of
concept mapping and think they are encouraging their student to think. However, the evidence is clear from
complete Bloom’s Taxonomy that meaningful learning is not occurring. Therefore, this is a rote learning exercise.

On the other end of the concept mapping spectrum, learners have to generate their own concepts and linking
phrases based on a focus question. The learner is not provided with a structure for the cmap. Novak and Canas
provide a concept map flow chart of the steps involved in constructing a concept map like this
(http://cmapskm.ihmc.us/). Once the learner is assigned the focus question, he/she would follow these steps:

Suggest relevant concepts

Narrow that list to 15-25 relevant concepts

Rank order those concepts from most general to most specific.

Start constructing a cmap with the top four concepts.

Choose explicit linking words to define the relationship between concepts
Continue to build the hierarchy by progressively differentiating concepts
Search for possible cross-links between concepts in different branches
Reposition and refine the cmap structure.

NI W=
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If the learners are allowed to work together on their cmaps either for the whole or part of the process, much of
the complete Bloom’s Taxonomy can be touched upon to give learners increased odds of learning meaningfully. It
is important to emphasize that concept mapping is a process that involves feedback and revision to effectively
practice those higher-order thinking skills. Table 3 graphically shows which levels and to what depth they are
touched upon in this process. The educator can add other learning objectives from table 1 which were not covered
in this simple construction of a concept map to cover more levels. Table 3 does account for the possibility that the
learner will restructure their knowledge (create + conceptual knowledge levels) which would only be evident to the
observer if they had at an initial cmap to compare to. An educator could require students attach resources to their
concept and this would then add another level of higher-order thinking to the activity (create + factual knowledge
levels). Having learners evaluate other cmaps is a valuable activity and this can be done by simply reviewing a list
of propositional phrases generated from the cmap (evaluate + conceptual knowledge).

Cognitive Domain
Knowledge Process
Dimension Dimension Remember Understand Apply Analyze Evaluate Create
Factual Knowledge v
Conceptual Knowledge
Procedural Knowledge
Metacognitive Knowledge
. king/Givin; Pr in, rtin; Includin, Disagreein mmarizin;
Interpersonal Domain Seeking/Giving oposing Supporting cluding sagreeing | Su zing
. . Receivin, Respondin, Valuin Organization | Characterizin,
Affective Domain £ P £ £ £ £
. Movement Coordination | Performance | Adaptation Origination
Psychomotor Domain
. Sensation Figure/Ground Symbol Meaning Action
Perceptual Domain v

Table 2: A table of the complete Bloom’s Taxonomy with check marks for all learning skills that would be touched upon during construction of
a “fill in the blank” concept map where the structure, concepts, and linking phrases are provided.

Cognitive Domain
Knowledge Process
Dimension Dimension Remember Understand Apply Analyze Evaluate Create
Factual Knowledge V4 4 V4
Conceptual Knowledge V4 4 v V4
Procedural Knowledge v V4 V4 v
Metacognitive Knowledge v
. Seeking/Givin; Proposin, Supportin, Includin,; Disagreein Summarizin,
Interpersonal Domain ¢ £ posing PP £ £ £ £ v £
Receivin, Respondin; Valuin, Organization | Characterizin,
Affective Domain £ P v & g & £
. Movement Coordination | Performance | Adaptation Origination
Psychomotor Domain v P i
. Sensation Figure/Ground Symbol Meanin; Action
Perceptual Domain £ ¥ £ v

Table 3: A table of the complete Bloom’s Taxonomy with check marks for all the skills that would be touched upon when one creates a concept
map where the learners generate the concepts, linking phrases, and structure.
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In conclusion, it is hoped the learning objective for concept mapping proposed in this paper will aid educators
in understanding the learning skills they can tap into and provide them with the learning objectives to promote
meaningful learning in the classroom. Bixler et al. (2015) points out that learners find concept mapping easy but if
concept mapping is not frequently practiced and the skill honed critical thinking is not improved. Educators need to
see concept mapping as part of the learning process and not just an assessment tool and should know how to cmap
well (Caiias et al., 2017). Learners need to be taught “how to think™ rather than “what to think.” If educators truly
desire to increase higher-order thinking skills they will target the appropriate learning objectives and develop
activities so that students can meet those objectives.
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Abstract. Because of the implementation of bilingual programmes in Spanish primary schools, both instructors and learners need to
select a methodology for efficiently transferring and summarising the managed curricular content during the teaching and learning
process. Concept mapping is an ideal methodology to use in a bilingual classroom; however, primary bilingual students may experience
difficulties in hierarchically organising the managed curricular content. Such lack of organisation of information causes students to
create less accurate concept maps and, consequently, less accurate summaries from the content. To solve this problem in organisation,
we suggest the step-by-step use of some graphic organisers, which complement concept mapping. The suggested method for the
transposition process from texts to paragraphs involves handling texts, creating concept maps and transposing concept maps into
paragraphs. The results are well structured and summarised paragraphs facilitating cognition. In education, this pedagogical method is
usefulness to students as they try to efficiently manage the curricular information, acquire meaningful knowledge, learn self-regulation
and confidently answer summative exams.

Keywords: Concept mapping, visual organisers, self-regulation, bilingual primary education.

1 Introduction

From its experience with bilingual programmes and as a way to foster foreign languages non-linguistic disciplines
(DNL), the Spanish Regional Ministry of Education in Castilla-La Mancha considers the specialisation and training
of DNL instructors in the didactical and instructional methodology to be used in such programmes to be a priority
(Decree 47/2017). Despite teachers’ specialisation and training, one of the problems that primary students still face in
the bilingual English-Spanish classroom is the lack of a method that allows them to handle, process, and meaningfully
learn the curricular information in their textbooks (Gémez, Arias, & Lirio, 2016). In this regard, the main goals in
most bilingual programmes are to form a well-designed instruction and to create a protocol for observing the results
of the bilingual instruction held in such programmes (Herndndez & Torres, 2010). Regarding integrated instruction,
in a previous research set in a bilingual school, we observed that most of the Spanish primary students did not know
how the information within their foreign language (L2) textbooks was organised. We also found that most of these
bilingual learners encountered problems identifying the lexical categories of words within their books and other
foreign language texts (Gomez et al., 2016) and that the three Sections and the nine Topics found in the students’
textbooks were interpreted by the students as isolated chunks of information rather than an entity.

To improve students’ communicative competences in the L2, the Regional Ministry of Education promotes the
integration of the schools from this autonomous community to the coveted bilingual and plurilingual status. Such
language promotion requires not only the instruction through an integrated curriculum but also a specific training plan
for the teachers. Efficient instructional design for the content and language integrated learning (CLIL) curriculum
implies the awareness of a specific pedagogical methodology (Decree 47/2017, Arts. 3, 25, 37, 38, 39). For Bruner
(1999), content can efficiently be taught to any student at any age, and the main factor to be considered by the instructor
is how the child perceives things. The author also states that children cannot discern by themselves the new techniques
for self-learning and self-regulation. Thus, if DNL instructors are ineffective in transmitting pedagogical principles,
learners will tend to learn by rote and by trial and error. To eliminate this way of learning the explicit bilingual
curriculum, the Regional Ministry of Education believes that training teachers in specific pedagogical methods must
become a priority. Referenced pedagogical concern does not represent a contemporary topic in the infant and primary
education in Castilla-La Mancha. Manzanares and Galvan-Bovaira (2012) have published a study about the
importance of the in-service teachers’ training factor in this region.

When planning the instruction, one of the principles that DNL teachers should consider is that the learning,
teaching, and assessment theories used in bilingual classrooms must be consistent with one another. Training bilingual
students in meaningful learning then evaluating them and asking for literal answers will result in their getting lower
marks (Ausubel, Novak, & Hanesian, 2010; Gémez, Lirio, Gémez, & Garrote, 2018). For example, when using
concept maps to train students, applying Ausubel’s theory of assimilation and meaningful learning is critical for
student evaluation. In symbiosis with such learning-evaluating principles, concept maps can be used for both formative
and summative aims (Mintzes, Wandersee, & Novak, 2005). Assessments must also offer the examinees learning
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opportunities that are linked to concepts they already know (Moreira, 2012). The main issue in the bilingual classroom
is not only that instructors need to be aware of the triad teaching-learning-evaluating but also that they must provide
students with the appropriate tools for success in such a globalised world. For Campelo and Bertholo (2016), today’s
societies are facing new labour forces where citizens use new technologies and are socially connected. Taking this
situation into account, is it appropriate to ask students to memorise content and offer it back up literally in a summative
exam? Would it be fair to ask primary students to make concept maps using CmapTools as a summative exam instead?

Concept mapping can lead students to achieve academic success and become more creative, both of which the
Regional Ministry of Education expects from bilingual primary students. Consistent with this idea, to improve the
educational system, educators should use concept maps at all educational levels (Campelo et al., 2016). Regarding
such use of concept maps, Novak (2010) also affirms that education can be significantly improved simply by adopting
more efficient theories of learning as well as pedagogical models and tools, thus empowering students to create their
meaningful knowledge. With cognition, concept mapping, bilingualism, and primary education in mind, we
recommend the implementation of concept maps in bilingual schools from the earliest ages onward. Although our
research revealed outstanding results, during the instruction, we found that the students were not as successful as
expected in identifying, grouping, and categorising nouns (Gomez et al., 2016). Mintzes et al. (2005, p. 78) mention
that ‘several new teaching strategies [. . .] include a range of graphic organizers. Thus, we encourage the use of graphic
organisers in addition to concept maps such that students can, in a step-by-step fashion, truly assimilate concept
mapping as a routine, learning-process technique.

2 Graphic Organisers as Cognitive Facilitators in the Bilingual Programmes

Graphic organisers other than concept maps are not powerful learning tools, but they constitute ‘[. . .] a powerful way
to help students see some of the ways that information can be organized and stored’ (Jackson, 2011, p. 62). These
organisers are simpler than concept maps because the grouping and organising rule °[. . .] is less complex than the sum
of all the distinguishable features of all the elements in the collection’ (Bruner & Olver, 1966, p. 417). In other words,
basic organisers show grouped, unlinked, or isolated ideas, whereas concept maps show concepts formed by
propositions. Some basic organisers can serve as the substructure for the bilingual primary student to later create a
solid concept map that allows him or her to meaningfully learn the managed curricular content. Identifying, grouping,
and classifying nouns also requires knowledge, strategy, combination, relation, selection, and association (Bruner et
al., 1966). Creating a new concept map that combines the multiple attributes previously selected and organised by the
students will stimulate their cognitive structures as well as a more meaningful knowledge of the concepts represented
in the concept map. Though Piaget’s stages are still referents in education, children’s cognitive developmental stages
can be improved or delayed simply by providing the appropriate stimuli or deprivation (Ausubel, 1968).

When acquiring cognition in the L2, an adequate stimulus for the primary students might be to make them aware
of how knowledge is built through sequentially using related tools up to the point of creating a concept map. Instructors
should make bilingual students aware of the sequential relatedness and the degree of dependence of the curricular
content being transferred (Gagné, Briggs, & Wager, 1992). Learners’ cognitive and grouping structures are somewhat
different from the combinatorial cognitive structures in propositional operations (Piaget, 1959). Hence, every concept
map is expected to be different. For this reason, the organisers used in a sequence will imply less complexity than the
subsequent propositional and combinatorial framework represented in a concept map. Because of the influence of
syntactical and grammatical structures in both code-switching and transference (Clyne, 2000), in the primary bilingual
schools, transfer would be a problem that affects DNL teachers. When the students do not master the sequential
relationship and dependence of the content, it is impossible for them to successfully progress unless the content is
rotely learned; if the new content is to be learned meaningfully, clear subsumers should exist in the learners’ cognitive
structures (Ausubel & Robinson, 1972).

In the DNL subjects linked to science, concept relatedness is a relevant factor for the students to later represent
the subjects as networks of knowledge (Clariana & Kozlov, 2016). However, regarding the students’ previous
knowledge and learning strategies, how deep should the initial anchoring idea be? To acquire meaningful learning,
‘[. . .] the existence of relevant anchoring ideas is the primary prerequisite for subsequent learning and, by definition,
for sequential transfer’ (Ausubel et al., 1972, pp. 143—144). However, the bilingual Spanish primary students do not
always have that previous knowledge regarding content and metacognition. In our study, some students recalled part
of the concepts they had learned the previous year, but most of them did not. Additionally, we observed that some
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concepts from the new textbooks were unknown to the students both in their mother tongue (L1) and in the L2. In this
regard, even if the learners store new ideas in relation to previous subsumers, the new concepts are dissociable from
the anchoring ideas during the retention period (Ausubel, 1968). In any case, the relation of new content or tasks is
crucial for both learning and transfer (Ausubel et al., 2010). According to Haskell (2011, p. 3), transfer of learning
refers to the appliance of previously acquired knowledge ‘[. . .] in different contexts, and to recognize and extend that
learning to completely new situations.

2.1 Skimming and Scanning L2 Texts

For some bilingual students, simultaneously inferencing and assimilating the information in their textbooks represents
a challenge unless they have the methodological skills to succeed. Reading and learning strategies, creativity, and
complex thinking skills should be taught concurrently during the curricular content instruction. That is to say,
‘Bilingual students must [emphasis added] be taught how to learn’ (Brisk, 2006, p. 155). When the comprehension of
any text is total, reading skills involve multiple factors and extensive previous knowledge (Gagne et al., 1993). For
bilingual primary students, the first step to consider is the early identification of lexical categories of words from texts,
especially the noun category. The identification of lexical categories in textbooks leads the bilingual learners to a
better comprehension of the content (Brisk, 2006). For this reason, efficient DNL instruction should start with
skimming, scanning, and identifying word categories. Particularly for some bilingual (Spanish-English) primary
students, ‘Learning to read effectively presents a dilemma. Words and phrases are hard to read when they have little
or no meaning [and the concept is unknown even in their mother tongue], yet reading is a powerful way to learn
meanings’ (Novak & Gowin, 1984, p. 43).

2.2 Word Recognition and Understanding

Subject matter —the explicit content that characterizes the curriculum—refers to the conventionalised meaning of a
discipline made up of lexicon, regulations, concepts, models, and theories represented in a formal, logical fashion
(Phye, 1997). Learners’ academic performance in identifying and understanding concepts within texts implies a set of
knowledge about vocabulary and methodology; however, the traditional methods for measuring concept formation
are inadequate because they overlook the dynamics and evolution of concept acquisition in children (Vygotsky, 1986).
For Caiias et al. (2004, p. 135), ‘[. . .] the need to identify relevant concepts may require effort that distracts from the
task of creating meaningful propositions. In any case, we mentioned that most Spanish bilingual primary students
have a ‘[. . .] limited awareness of the formal meaning and logic of academic disciplines’ (Phye, 1997, p. 49), so
concept discerning/understanding also implies the understanding of text organisation. In terms of process, it is not
possible for a child to form concepts about task accomplishment without sufficient tangible experience (Ausubel,
1952). Student success in word recognition and understanding is also influenced by the varied sets of the information
involved in the teaching and learning process (phonology, semantics, and the student’s familiarity with the text).
Furthermore, it is certain that lexical word recognition is not a trustworthy indicator of understanding in discrimination
tasks in which words and non-words must be distinguished from one another (De Groot, 2011).

2.3 Hierarchisation of the Information

Mintzes et al. (2005) observed that some students have problems hierarchically organising information. These authors
also found that an inability to think hierarchically and link ideas can lead students to misuse the information they
handle. It also appears that object categorisation is influenced by bilingualism (Bassetti & Cook, 2011). Students who
lack hierarchisation skills may not have problems if, when skimming and scanning texts, they are aware of the word
categories they are looking for. Are the categories singular or plural? Countable or uncountable? Or maybe abstract?
To help students grasp and organise such information as well as manage these substantives, instructors could start by
teaching students the concepts, perceptions, and patterns of thing-words and invisible-words. Thing-words pertain to
touchable things (tree, dog, car, book), and while they are nouns as well, invisible-words are linked to abstract concepts
(thought, dream, inference, confidence). Other substantives, such as mass-words, do not represent the idea of a thing
that possesses specific features or boundaries (Jespersen, 1956). As a useful source, when identifying, extracting, and
organising information, bilingual students should be aware of substantives as either material or immaterial. For
Glasersfeld (1995), the basis of classification and categorisation remains in the construction of equivalence, where a
cluster of characteristics used as templates or prototypes distinguishes a specific item from other constructs in present
and future situations. That is to say, making primary students aware of the fixed and rigid (one-dimensional) basic
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commonalities of the noun categories will help them to hierarchise more flexible (two-dimensional) objects in future
situations (Craig, 1986).

2.4 From Diagramming to Concept Mapping

Crandall et al. (2006, p. 51) note that ‘the idea of using diagrams to express logical statements has a rich history in
mathematics [. . .]. The modern [emphasis added] idea of Concept Mapping takes this a step further, into the “user
friendly” expression of meanings’. Our main idea and goal for the use of concept maps in bilingual programmes are
the same as those presented by Aguiar et al. (2016), where concept maps are used to summarise fairly large documents.
In our current research, in addition to visual facilitators, we used concept mapping for the students to transpose the
information from their textbooks into paragraphs to later be studied for exams. Regardless of the students’ academic
level, a very common use of concept maps since their inception is in science subjects (Novak, 2010); this use has even
been applied to longitudinal studies (Novak, 1991) in schools. The effectiveness of these visual facilitators is that
knowledge can be expressed in two dimensions: representational and organisational. Another particularity of concept
maps is the way in which the substantives are linked. On a concept map, the previously mentioned concepts are linked
by verbal structures that form semantic units called propositions (Cury et al., 2014).

From the earlier mentioned theoretical background, the general goal of the instructional programme is to teach
bilingual primary students to summarise information through concept mapping such that they can concisely study for
each summative exam. Besides, the specific objectives of the same instructional programme is to train students in
noun category identification within L2 texts, as well as noun classification, propositions recognition, concept mapping,
summarising, and paragraphing for the late study.

3 Methodology

The study that originates this proposal consisted of a didactic intervention where, by means of a didactic approach,
we attempted to address concept mapping in a primary bilingual school located in Castilla-La Mancha, Spain. To
achieve our goal, we implemented the use of concept maps in this school for one academic year. The instructional
programme for the meaningful retention of knowledge by means or a foreign language (PIRSC-L2) was applied to
fifth graders, and the concept mapping instruction was simultaneously carried out with the instruction of the curricular
content (Goémez et al., 2016; 2018). Sample encompassed sixty students not randomly assigned to experimental (n =
30) and control (n = 30) groups. Also, the instruction consisted of three, three-month stages carried out over the nine-
month academic year where:

* Stage 1 was a training period in which the students were taught the basics and the underlying psychological theory
of concept maps

* Stage 2 was the production period during which every student individually, in pairs, and in groups created concept
maps about each topic from their textbooks

» Stage 3 was the display and assessment period in which the pupils made concept maps and gave feedback to one
another using an evaluation rubric elaborated by the instructor

A tacit purpose of the concept mapping instruction was to generate in these bilingual learners cognitive schemas
to be recalled during future learning situations. Based on Ausubel’s meaningful learning theory (1963), we believe
that the learning techniques acquired by the students are meant to be meaningful, so any material being learned serves
as an activator for concept mapping. Since the students’ awareness and self-regulation implies metacognition (Mercer,
2000), we made the students aware of the teaching process from the earliest stages of the instruction. The instructor’s
first task before applying the subsequently designed instruction was to make the bilingual students in our experiment
aware of the process' in which they would be involved. As a result, with the exception of diagramming, the objectives
of the experiment were successfully accomplished by the majority of these bilingual students.

1 Students involved in the research were explicitly told the main goal and objectives of the instructional programme.
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4 Intervention

Notwithstanding that the primary students enrolled in the programme were not trained on visual organisers other than
concept maps, during the instruction, they were given abundant examples through the diagrams shown below. The
diagrams were specifically made by the instructor to exemplify and clarify some concepts. In our opinion, had we
asked the students to use organisers to reinforce the concept mapping process, more students would have more
efficiently accomplished the reference goal of summarising information through concept maps.

4.1 STEP I: Textbook Information to Be Scrutinised

To identify the learners’ previous knowledge about the topic (biodiversity protection), the first activity consisted of
brainstorming and wh- questions. After brainstorming and a debate, the students individually read the text to get a
general idea of it. During the active reading process, the students were asked to scrutinise the text, paying attention to
substantives and unknown words. The 176-word text managed by the bilingual primary students for this activity is as
follows:

Endangered species are those which are in danger of extinction. Wildlife protection groups keep lists of
endangered plants and animals in order to protect them. National parks and biosphere reserves are created to
protect wildlife and its environment. The Iberian linx is the most endangered cat species in the world. It exists
only in the wild in some areas of Southern Spain. The Iberian Imperial eagle is an endangered species living
only in restricted areas of Spain. It is considered the rarest bird of prey in the world. Monfragiie National Park
in Céaceres is an outstanding example of Mediterranean forest. This park is considered a bird watchers’ paradise
because it has both the biggest colony of black vultures and the highest concentration of imperial eagles in the
world. Dofiana National Park is an area of marshes and sand dunes in southern Spain. The park has a
biodiversity that is unique in Europe. It is a refuge for some endangered species, such as the Iberian imperial
eagle and the Iberian linx, as well as numerous migratory birds. (Bacon & Riach, 2014, p. 85)

4.2 STEP 2: Noun Selection, Understanding, and Organisation

It is necessary to point out that all the activities from Stage 2 onward also encompassed the transposition of all the
topics from the textbook into summarised paragraphs through concept mapping. In the following steps 1-3, we show
one of the constituent elements of the instructional programme pertaining to the transposition process (from text to
paragraph). To exemplify the explanations and make them more understandable, some activities accomplished by a
student are included (Figs. 2, 3, and 7). The steps shown below will be presented in the same order as instructed;
however, we will mark the introduction of the organisers we believe adequate for a more efficient understanding and
creation of concept maps by the students as a ‘Suggested Step’.

After a session of brainstorming, enquiring, and reading, the students were divided in pairs and asked to identify
nouns in the reading material and note them down. Though the students’ noun discrimination was largely accurate, a
tendency to remain within the instructional programme was observed. For example, adjective and noun compounds
were identified as one word (i.e., Iberian Lynx and Iberian Eagle). Because of this peculiarity, during concept mapping,
the students repeated the same words in their concept maps more than once (the example can be seen in the last Fig.
6). At this point, to make students aware of the lexical or grammatical word categories, we suggest the inclusion of
pie charts or bar graphs.

4.2.1 Suggested Step (pie and bar charts)

Used as guidelines for students to be aware of the quantity, frequency, and size of the information appearing within a
foreign language text (total or partial number of nouns, verbs, adjectives), bar and pie charts can help bilingual students
to visually observe how many and how frequently lexical or grammatical word categories do appear in a given L2
text. For example, if nouns appear twice as much as verbs and adjectives put together, the area of such graphic
representation concerning noun data would be bigger than the areas representing verbs and adjectives. To visually
represent percentages, pie charts are the most common visual organisers to show data (Harris, 1996). To present
percentages, bar charts are:
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A variation of the proportional area chart family. In a bar chart, the size of each bar is proportional to the value
it represents. Bar charts do not have scales, grid lines, or tick marks. The value that each bar represents is shown
on or adjacent to the data graphic. The major purpose of the graphical portion of a bar chart is to visually orient
the viewer to the relative sizes of the various elements of a data series. With a quantitative scale on the
horizontal axis, the graphic is frequently called a bar graph. (Harris, 1996. p. 27)

Nouns Adjectives Verbs

0,
28% 40%

32%

Figure 1. Hypothetical frequency of words appearing in an L2 text.

4.2.2  Noun Understanding (tables)

To understand, clarify, contextualise, and identify word categories and meanings, students were allowed to use
English-Spanish dictionaries. Depending on the activity, the dictionaries were used individually, in pairs, or even in
groups. Because most of the concepts were unknown to the students in both the L1 and L2 languages, to ensure that
the concepts were understood in both languages, content from the text was acquired in English during the classroom
instruction, then key words were reinforced in the Spanish language as homework (in individual and non-compulsory
tasks). The glossary homework tasks consisted of listing the nouns, verbs, and adjectives, then putting them in a table
organiser to be used for translation and contextualisation into the Spanish language. One weakness of the table we
detected is that we did not design it to leave enough space for students to write in the Spanish propositions. The
bilingual students were asked to contextualise sentences as follows:

* Translate the word into Spanish and look for the same word in the textbook
* Contextualise the word in Spanish and write the Spanish propositions using the given word

Notwithstanding that the glossary tasks were not compulsory during the course and that they were assigned for
homework, almost all the students performed these tasks. In our opinion, it is crucial that key words be provided such
that the bilingual primary students succeed on the exam. When learners are aware of the specialised lexicon through
writing brief sentences about it, they gain a more appropriate understanding and undertake the ulterior classroom
summative tasks more successfully. These pre-tasks with this lexical approach to every topic ensure the understanding
of the key words as ideas and concepts for the comprehension and interpretation of subsequent concept mapping
activities. Figure 2 shows a glossary example. The glossary tables and tasks where each word category was also
identified as (n.) noun, (adj.) adjective, or (v.) verb were designed by the instructor.

Figure 2. Organiser (table) for students to accomplish the task and understand the new concepts in their mother tongue.
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4.2.3  Euler and Venn Diagrams

For us, one of the most successful organisers to make students aware of the concepts of hypernyms and hyponyms as
well as the similarities, differences, and commonalities between things are Venn diagrams. These graphic tools
describe the relationship between two or more sets of information by positioning circles that represent the information
(Fig. 3). These organisers are classified as conceptual diagrams because, as in our case, they ‘[. . .] can be rapidly
understood, tend to have a significant impact on the audience, and may be remembered longer than the same subject
presented using words and numbers alone’ (Harris, 1996, p. 100).

Figure 3. Information from the most general to the most specific.

4.2.4  Suggested Steps for Noun Organisation (binary key, T-charts, tables, and Carroll diagrams)

Despite the process of instructing students until their concept mapping was successful, we observed that the bilingual
students had trouble categorising words. For noun organisation and pre-concept mapping organisation, we suggest the
use of some kind of organisers. For example, for learners to conceive the dichotomy of concepts, binary keys can
serve as a baseline for students to divide the information into two parts. Using a series of closed questions, these binary
(yes/no) diagrams lead the students to find only two possible answers to the questions they are aware of (Fig. 4).
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Figure 4. Through enquiring key questions, students can get yes/no answers.

More recommended organisers for bilingual students would be T-charts (anew tables) and Carroll diagrams. The
justification for these organisers is that students can arrange the information in a hierarchical fashion for later use in a
concept map. For example, we believe that a table with columns and rows represents words more visually than a table
with columns only. Moreover, the organisation of and comparisons and relationships between words will be more
rapidly stored and referenced by the students to be later transposed into a concept map. With these suggested
organisers, we believe that CLIL students can organise the information more efficiently and create more accurate
concept maps. These basic and easy-to-use organisers can be used to display yes/no information, show different parts
of the curricular content topics, and categorise the information into hypernyms and hyponyms. Figure 5 shows the
ideal uses of these organisers.
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Figure 5. Charts to organise and classify the information in a hierarchical fashion.

4.3 STEP 3: Concept Mapping and Paragraphing

In the method we applied in the bilingual school during the experiment, three types of concept maps were handled:
short, average, and large. Short concept maps were made by both the instructor and the students to get a general idea
about a given topic. Average concept maps were the most common and used in the classroom by both the students
and the instructor to provide explanations and presentations about the topics. Finally, large concept maps were made
in groups of six at the end of every didactic unit/unit of work, where the groups of students had to represent and
explain to their peers the content from the unit. During the course of each didactic unit, the students made average
concept maps from each topic (Fig. 6). All the students’ creations were then transposed to paragraphs and subsequently
used to study the topics for the exams.

Figure 6. Concept map created by a 10-year-old from the 176-word text referenced in 2.1.

4.3.1 Paragraphing the Concept Map

The concept mapping process concluded with paragraphing, where the students had to transpose the information from
their concept maps into paragraphs. The aim of this activity was to help bilingual students summarise the information
from their books through concept mapping. During the transposition process from the book to the original paragraph,
the pupils themselves managed all the information to be learned for the exam (including concept mapping). The result
of such high-order thinking skills can be observed in Figure 7, which shows that the original 176-word text referenced
in 2.1 has been transposed into a 47-word paragraph.
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Figure 7. Summary made by a 10-year-old student through concept mapping (from 176 words to 47 words).

Paragraph in Figure 7 above illustrates that biodiversity protection is the main idea, whereas the controlling ideas
are the endangered species living in the biosphere reserves and the national parks. Also consequential is that the first
sentence encompasses the organised ideas that will later be developed, explained, and exemplified in the subsequent
sentences within the same paragraph. In our opinion, a primary student can only create such an original and
professional paragraph through a concept map. Besides implying high-order thinking skills, the complexity involved
in the transpositional process also implies the student’s awareness of the metacognition involved in concept mapping.

5 Conclusion

In our attempt to introduce concept mapping to Spanish bilingual primary schools, we observed that concept maps are
efficient tools for students to help them absorb the curricular information to be learned. However, in teaching concept
mapping to students, hierarchising information can be a challenge for some of them (Mintzes et al., 2005). With regard
to the instructional design, a limitation of our previous study was the omission of organisers that allowed learners to
accurately organise information. Despite such a limitation, the students successfully achieved the main goal of
transposing the information through concept mapping where, at the end of the PIRSC-L2, most students were able to
scrutinise the texts, extract the relevant information from them, make a concept map with the selected information,
and transpose the information from the concept map into a paragraph for the late study of the information. In this
regard, Novak (2010) sees concept mapping as an efficient technique for learners to study. The consequence of such
an act of metacognition empowered the students to autonomously learn the curricular information for the exams.
However, to discover if student empowerment has both practical and theoretical consequences like self-regulation and
cognition we will turn this proposal into a future research whose expectation is to apply the entire process and
subsequently collect data sufficient for a quantitative analysis.
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Abstract. Graphic organizers are a tool to facilitate cognitive processes that serve to represent and generate knowledge. In the present
study, a proposal has been constructed that aims to strengthen reading skills in students of first semester of higher education who do
not meet the standards set by the Ministry of National Education of Colombia (MEN). This research is based on the use of three types
of graphic organizers (textual radiography, concept maps and conceptual mindfacts) as support tools to strengthen the development of
reading skills, specifically comprehension and interpretation skills. The study was developed with first semester students of a regional
university of technological nature located in the Department of Tolima. A diagnostic test was carried out with two short texts, one
journalistic and one literary; followed by an interview with a series of open questions. Results from the test showed low student
performance. During the following academic semester, a didactic strategy based on the use of the abovementioned graphic organizers
is proposed and developed. Subsequently, a post-test is applied with the same two texts and questions. The results of this test show
that graphic organizers contribute to the consolidation of reading skills, and on the other hand indicate that each graphic organizer
fulfills a specific function: the textual radiography serves to verify the thematic coherence and facilitates the extraction of subtopics
and main ideas. In addition to this, the concept map helps to find the conceptual network on which the text is based, as well as the
hierarchy of the concepts that make up this network, while the conceptual mindfacts facilitate the delimitation of the macro conceptual
categories. In this way, graphic organizers, used together as tools for organizing and representing ideas and concepts, allow the
development of text comprehension and interpretation.

Resumen. Los organizadores graficos constituyen una herramienta para facilitar procesos cognitivos que sirven para representar y
generar conocimiento. En el presente estudio, se ha construido una propuesta que tiene como objetivo afianzar las competencias
lectoras en estudiantes de primer semestre de educacion superior que no alcanzan los estandares que plantea el Ministerio de
Educacion Nacional (MEN) de Colombia frente a dichas competencias. Esta investigacion se basa en el uso de tres tipos de
organizadores graficos (la radiografia textual, los mapas conceptuales y los mentefactos conceptuales) como herramientas de apoyo
para afianzar el desarrollo de las competencias de lectura, concretamente las competencias de comprension e interpretacion. El estudio
se adelantd con los estudiantes de primer semestre de una corporacion universitaria regional de caracter tecnoldgico ubicada en el
Departamento del Tolima. Para ello, se realizé una prueba diagnostica con dos textos cortos, uno periodistico y otro literario; seguido
de una entrevista con una serie de preguntas abiertas. Los resultados de la prueba mostraron un bajo rendimiento estudiantil. Durante
el siguiente semestre académico, se plantea y desarrolla una estrategia didactica basada en el uso de los organizadores graficos
mencionados. Posteriormente, se aplica una prueba de salida con los dos mismos textos y preguntas. Los resultados de esta prueba
evidencian que estos Ultimos contribuyen al afianzamiento de las competencias lectoras en estudiantes universitarios de primer
semestre pero ademas, indican que cada organizador grafico cumple una funcion especifica dentro de la propuesta: la radiografia
textual sirve para verificar la coherencia tematica del texto y facilita la extraccion de subtemas e ideas principales, el mapa conceptual
ayuda a hallar la red conceptual sobre la cual se basa el texto asi como la jerarquia de los conceptos que componen esta red, mientras
que el mentefacto conceptual facilita la delimitacion de las macro categorias conceptuales. De este modo, los organizadores graficos,
usados en conjunto como herramientas para la organizacion y la representacion de ideas y conceptos, permiten el desarrollo de la
comprension e interpretacion de textos.

Keywords: organizadores graficos, mapas conceptuales, radiografia textual, mentefactos conceptuales, competencias lectoras,
organizacion grafica del conocimiento.

1 Introduccion

Las instituciones educativas de educacién media en Colombia tienen como fin preparar al estudiante para ingresar a
la educacion superior. La preparacion de dichos estudiantes estd dada, entre otras, por competencias que usualmente
define el Ministerio de Educacion Nacional (MEN) el cual establece unos indicadores de desempefio de dichas
competencias que les permite a los estudiantes acceder a la educacidén superior con los niveles de formacién
esperados. Sin embargo, hablamos del “deber ser” pues el “ser” de la educacién media en el pais evidencia que los
estudiantes ingresan a la universidad sin desarrollar de manera adecuada las competencias que se supone deben
haber adquirido para afrontar los retos de los estudios universitarios.

En el caso de la presente investigacion se busco afianzar el desarrollo de las competencias lectoras del tipo
“comprension” e “interpretacion” las cuales estan definidas en los estdndares del Ministerio de Educacion Nacional
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de Colombia. Para el desarrollo de estas competencias, se propuso el uso de 3 tipos de organizadores graficos, a
saber: mapas conceptuales, mentefactos conceptuales y radiografias textuales.

La investigacion se llevo a cabo en el Programa de Derecho de la Universidad de Ibagué -UI- en convenio con
La Corporacion de Educacion del Norte del Tolima -Coreducacion-, institucion universitaria de caracter regional y
tecnologico ubicada en Honda, Tolima.

La poblacion incluyé estudiantes de primer semestre del Programa de Derecho de la Corporacion Universitaria
que cursaban la asignatura de Metodologia de la Investigacion en el semestre 2017-A a los cuales se les aplicd una
prueba diagnostica con el objetivo de evidenciar si existia un bajo nivel de desarrollo de las competencias de
comprension e interpretacion textual.

La prueba diagnodstica constaba de 2 textos cortos: uno periodistico y otro literario. Al primer texto se le
asignaron 13 preguntas y al segundo 14. Dichas preguntas buscaban dar cuenta de las competencias de comprension
e interpretacion de textos que tenian los estudiantes y fueron formuladas segun los niveles de desempefio de
competencias lectoras que define el MEN, y disefiadas de acuerdo con las pautas pedagogicas para elaborar
evaluaciones diagnodsticas propuestas por el Ministerio de Educaciéon Argentino (2012). Para el analisis de los
resultados, se tuvieron en cuenta solo las respuestas de quienes cumplieran con los siguientes requisitos: estudiantes
egresados de educacion media sin titulos de educacion superior, por un lado; y estudiantes con titulo de educacion
superior otorgado por el colegio de donde egresaron, por el otro (colegios técnicos, por ejemplo).

La muestra se definié en 16 estudiantes de un total de 26 que cumplian los requisitos anteriormente descritos
para responder a la pregunta de investigacion que orientd el estudio: “;Existe una relacion entre el uso de los
organizadores graficos y el afianzamiento de las competencias lectoras en los estudiantes universitarios de primer
semestre?”

El analisis de los resultados de la prueba de entrada arrojé lo siguiente: el valor promedio para las preguntas con
nivel alto fue de 4,08 sobre 10. El valor promedio para las preguntas con nivel medio fue de 3,07 sobre 7. El valor
promedio para las preguntas con nivel medio fue de 1,32 sobre 4.

Luego de la implementacion de la propuesta, estos resultados mostraron avances significativos en todos los
niveles que contemplaba la prueba.

2 Marco Conceptual

Para la construccion del marco de referencia conceptual se redactaron dos preguntas orientadoras: ;por qué el
proceso de lectura es considerado en su fundamento, un proceso de organizacion de informacién?, ;cudl ha sido el
aporte de los organizadores graficos (OG) en el desarrollo de competencias lectoras?

Las anteriores preguntas, cumplen un papel orientador que busca servir como marco de referencia conceptual
que apoya la propuesta del uso de “Organizadores graficos para afianzar las competencias lectoras en estudiantes
universitarios de primer semestre”. Esta propuesta se pregunta si existe una relacion entre el uso de los
organizadores graficos y el fortalecimiento de las competencias lectoras en los estudiantes universitarios de primer
semestre, particularmente, las que se refieren a los procesos de comprension e interpretacion de textos.

2.1  Proceso Lector

Tomando como base los procesos psicolingiiisticos implicados en la lectura se plantea que el proceso lector inicia
con una identificacion visual que va desde las letras hasta la idea de la oracion, el parrafo, los capitulos, etc. Todo lo
anterior genera redes relacionadas entre si que esquematizan mentalmente la informacion. Desde este punto de
vista, el lector elabora una red a partir de cuatro clases de ideas: (a) ideas extraidas del texto; (b) ideas activadas
durante la lectura, procedentes del almacén de su memoria a largo plazo; (c) macro proposiciones o ideas
importantes elaboradas y seleccionadas de forma estratégica, y (d) inferencias puente o conexiones entre ideas
textuales.
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De esta forma, la lectura, en su definicion, es entendida no s6lo como un ejercicio de decodificacion de
simbolos portadores de informaciéon no solo desde el punto de vista lingiiistico, sino ademas de contenido
metalingiiistico por cuanto funge como una herramienta de adquisiciéon de informacion de la realidad (tanto natural
como artificial) que le permite a la persona adquirir herramientas de tipos socio cultural para que pueda convertirse
en un sujeto activo y participativo en sus multiples dimensiones. Al respecto, Olaechea (1986) afirma que la lectura
es cerca de quince veces mas efectiva como recurso de adquisicion de informacidon que la observacion. Por otra
parte, Gimeno-Sacristan (1999) sostiene que la lectura, junto con la escritura, son herramientas constructoras del
sujeto, pero también de la cultura. Desde esta perspectiva, constituye una obligacion de la escuela, preparar a sus
estudiantes en el ejercicio de la lectura, no solo porque es uno de los pilares de cualquier proceso formativo, sino
adicionalmente, porque con la lectura nos enfrentamos al desarrollo de habilidades del pensamiento que son
fundamentales en la adquisicion de contenidos y de saberes tanto tedricos como practicos, e incluso axioldgicos.

Ahora bien, en la tarea de ensefiar procesos de lectura en la escuela, existen al menos tres enfoques que
identifica Jiménez (2014, p. 66):

el enfoque sintético (bottom up, que aconseja comenzar el proceso de comprension por
las palabras, modelo ascendente o data-driven), el modelo analitico (top down, que
recomienda empezar dicho proceso por los aspectos mas generales del texto, modelo
descendente o conceptually driven) y el modelo interactivo (entendido como la
complementacion del bottom up con el top down), siendo este ltimo el mas usado en los
ultimos afios.

Todos estos enfoques apuntan a que es posible adentrarse, desde distintos métodos y estrategias, en procesos de
desarrollo de la comprension de lectura a partir de ejercicios de organizacion, relacionamiento y jerarquizacion de la
informacion. Estas propuestas estdn recogidas en estudios como los de Holmes (1965) que abordan el modelo del
sustrato de Gough y Tunmer (1986) basado en un modelo de procesamiento de la informacion; aparecen también los
estudios de Rumelhart, Hinton & Williams (1986) con su enfoque basado en el modelo interactivo, o Kintsc & Van
Dijk (1978) que abordan el modelo inferencial. La presente investigacion se apoya en modelos que mezclan varios
enfoques como los de Gough y Rumelhart en los cuales se considera la lectura como un ejercicio de adquisicion de
informacion el cual ha sido estudiado ampliamente por la psicologia cognitiva. Asi pues, desde esta perspectiva,
adquiere relevancia preguntarse por los aspectos que favorecen u obstruyen dicho proceso. Algunos de estos
aspectos estan explicados desde las teorias de adquisicion y procesamiento de la informacién como la Teoria de la
Carga Cognitiva de Sweller (1988), la Teoria de la Codificacion Dual de Paivio (1991) y la Teoria de los Esquemas
de Rumelhart (2000).

Vale aclarar que la investigacion en ciernes, apunta hacia el estudio del papel que pueden jugar los
organizadores graficos de informacion tales como las radiografias textuales, los mapas conceptuales (Novak, 1988;
Novak & Canas, 2006) y los mentefactos conceptuales (De Zubiria, 2000), en el desarrollo de habilidades para la
representacion, la organizacion y el procesamiento de conceptos e ideas, las cuales se consideran fundamentales en
los procesos de pensamiento que subyacen a la comprension e interpretacion de textos.

2.2 La Representacion Grafica del Conocimiento y los Organizadores Graficos

En la representacion gréafica del conocimiento se tienen como base teorias concernientes al procesamiento de la
informacién por parte del ser humano, es decir, aquellas teorias que estudian cémo, una vez proporcionada la
informacién al sujeto, este la convierte en insumo para apoyar procesos de generacion de conocimiento.

Son varios los estudios que consideran el papel y la importancia de los organizadores graficos (OG) en procesos
de representacion, organizacion y procesamiento de informacién. En la literatura cientifica, sobresalen las
investigaciones de Novak (1988), O'Donnell, Dansereau & Hall (2002), Hay, Kinchin & Lygo-Baker (2008); en
ellos se examina, por ejemplo, el uso de mapas conceptuales en el desarrollo de procesos de aprendizaje. De esta
forma, el estudio del origen de la representacion grafica como forma de representacion, organizacion y
procesamiento de informacion, describe a los organizadores graficos como herramientas que se pueden usar en el
campo educativo para favorecer procesos de adquisicion, comprension, interpretacion y recordacion de la
informacion.
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Segun estos estudios, los OG sirven para modelar la manera como el cerebro humano lleva a cabo tareas
relacionadas con la adquisicion, el procesamiento y la gestion de la informacioén, con el proposito de que esta pueda
ser usada como insumo en tareas de generacion de conocimiento y en procesos de desarrollo del aprendizaje (lo que
plantea sus posibilidades desde el contexto escolar). Asi pues, en el campo de la educacion, estos OG, se centran en
el estudio, el desarrollo y el uso de recursos (algunos digitales y otros no), que pueden servir como apoyo en los
procesos de ensefianza y aprendizaje. En este contexto, el interés cada vez mayor por parte de educadores,
estudiantes y padres de familia sobre el impacto de estas herramientas, debe centrarse en la posibilidad que ofrecen,
en la soluciéon de problemas de aprendizaje como el bajo desempefio en competencias de lectoescritura, o el escaso
nivel de desarrollo de pensamiento formal, conceptual y argumentativo, entre otros.

Las investigaciones acerca del uso de OG en la representacion grafica del conocimiento son objeto de proyectos
como los que se adelantan en el Institute for Human and Machine Cognition (IHMC) liderado por el reconocido
investigador educativo Joseph Novak y el experto en Informatica Computacional, Alberto Cafias (Novak & Canas,
2006). Estos investigadores sostienen que el desarrollo de habilidades del pensamiento ligado a tareas como la
jerarquizacion de la informacion, la codificacion y decodificacion de los datos, y hasta la misma nominalizacién de
los conceptos, reflejan el nivel de desarrollo del pensamiento de los individuos, y obedecen a tareas que pueden
ensefarse en la escuela y potenciarse a partir del uso de algunas herramientas (algunas informaticas) que emulan y
hacen “visible” las tareas cognitivas que se llevan a cabo en el cerebro de los aprendices. Este tipo de tareas, tal
como sucede en la creacion de mapas conceptuales con herramientas como CmapTools o Mind Manager, pueden
capturar y reflejar de manera sistematica, las relaciones y significaciones conceptuales y semanticas que hace un
aprendiz sobre un concepto o fendmeno (Park, 2007).

En todo caso, esta por estudiarse de modo mas profundo, la manera como se puede medir el impacto de dichos
recursos en tareas especificas tales como la lectura, la escritura y la solucion de problemas que implican el uso de
logica formal y no formal, en areas que van desde la matematica hasta el lenguaje.

2.3 Las Herramientas de Representacion Grdfica del Conocimiento: Usos Educativos en Procesos de
Lectura

A nivel nacional, puede citarse el estudio elaborado por el Instituto para el avance de la investigacion en educacion,
publicado por el Ministerio de Educacion Nacional y el Portal Educativo Eduteka titulado Organizadores Graficos
(OG): revision de Investigaciones con Base Cientifica (Instituto para el Avance de la Investigacion en Educacion
(IARE), 2007). Este estudio sefiala que, debido a las caracteristicas sociales y culturales de los estudiantes del nuevo
milenio, estos privilegian y usan mas frecuentemente el sentido de la vista, por lo cual se hace necesario potenciar lo
que alli denominan el aprendizaje visual, entendido como una estrategia de enseflanza y aprendizaje que utiliza OG
con el proposito de aprender mas efectivamente. Esto ratifica algunos postulados de Regidor (2005), segun los
cuales a través de la vista se capta mas del 80% de la informacion que llega a nuestros sentidos. En segundo lugar, el
estudio refleja una correlacion entre el uso de los OG (digitales y no digitales), y el desempeiio de los estudiantes en
los diferentes grados escolares. Los hallazgos demuestran, por ejemplo, que el uso de estos organizadores,
minimizan la carga cognitiva de los estudiantes en tanto se centran en el desarrollo de esquemas graficos que
plasman las relaciones entre los conceptos estructurantes de una red conceptual o semantica, dejando de lado el uso
de aquellos conceptos no estructurantes que no es posible “captar” al menos en los primeros acercamientos que se
hacen a un concepto o idea.

Dentro del grupo de los OG, se encuentran los mapas conceptuales, los mapas de ideas, los diagramas causa-
efecto, los mentefactos conceptuales, los diagramas de Venn, las radiografias textuales, etc. Esta claro que estas
herramientas son usadas en contextos y con propdsitos distintos, pues facilitan operaciones cognitivas diversas como
la categorizacion y la proposicionalizacion, entre otras. Asi, la relacion entre pensamiento y los OG, radica en la
posibilidad que estas ultimos ofrecen en el desarrollo y fortalecimiento de operaciones mentales que configuran el
pensamiento.

A proposito de lo anterior, Agustin Campos Arenas (2005) cita en su libro “Mapas conceptuales, mapas
mentales y otras formas de representacion del Conocimiento” a Donald F. Dansereau, Profesor Emérito de
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Psicologia y Asesoramiento cientifico de la Texas Christian University (TCU), quien asevera que los OG benefician
el desarrollo de las habilidades comunicativas de los estudiantes que las emplean porque:

Diagnostican su estructura permitiendo identificar problemas lingiiisticos.

Facilitan el desarrollo y la asimilacion de vocabulario.

Mejoran la discusion grupal de un contenido o dominio especifico.

Facilitan la integracion de informacion contenida desde diversas fuentes.

Mejoran la esquematizacion de contenidos.

Son una manera eficaz de identificar las ideas fundamentales y las relaciones entre conceptos de diferente

nivel de complejidad.

e Conducen a la formacion de imdgenes mentales que pueden usarse para guiar el recuerdo de proposiciones
verbales.

e Ayudan a compensar el deficiente desarrollo de habilidades verbales de los estudiantes.

Se afiadirian a las anteriores, razones como las que expresan Tony Buzan (2013) y el mismo Joseph Novak
(1988), quienes sefialan que algunos OG como los mapas mentales y los mapas conceptuales, ayudan a los
estudiantes de cualquier disciplina, a aprender a aprender, a retener mayor y mejor informacion, y a construir
estructuras cognitivas cada vez mas organizadas y logicas.

3 Metodologia

El paradigma en el cual se inscribe la investigacion es el cualitativo. La metodologia en la que se basa es la
Investigacion-Accion y los instrumentos de recoleccion de informacion incluyeron entrevistas, diarios de campo,
pruebas de entrada y salida. La poblacion muestra fue seleccionada por conveniencia y consta de 16 estudiantes de
pregrado quienes cursan primer semestre de universidad. Los investigadores evaluaron la validez de la prueba de
entrada y salida antes de su implementacion. Los datos cuantitativos recogidos en la prueba se analizaron
estadisticamente.

4 Diseiio e Implementacion de la Propuesta
La implementacion de la propuesta se llevo a cabo a partir del siguiente procedimiento que involucrd 5 fases:

e Fase 1: Lectura de un texto previo

e Fase 2: Construccion de una radiografia textual donde se le solicitd al estudiante revisar si es posible que
cualquier persona que lea su radiografia textual pueda comprender el contenido del texto sin tener que leerlo.
Luego de ello, se le pide que determine si el texto tiene coherencia y teniendo una vision global del texto, que
ubique la idea principal y 3 ideas secundarias del texto.

e Fase 3: Realizacion de un mapa conceptual. Alli se le pidio a los siguientes que recordaran que la idea del mapa
conceptual era conceptualizar y permitir la jerarquizacion de los conceptos de la red conceptual del texto. Al
finalizar se solicitaba al estudiante que verificara si los conceptos expresados y explicados en el texto se
encontraban dentro del mapa.

e Fase 4: Realizacion de un mentefacto conceptual que diera cuenta de un ejercicio de explicacion conceptual del
tema central desarrollado en el texto. Dicho mentefacto conceptual debia sefialar los cuatro componentes de un
concepto, es decir la supraordinacion, la exclusion, la infraordinacion y la isoordinacion. Para ello, el estudiante
debia apoyarse de los dos primeros OG.

o Fase 5: Responder las preguntas de la prueba.

Una vez desarrolladas las 5 fases, se aplico la prueba final con la cual se evalud la incidencia de los OG en el
afianzamiento de las competencias lectoras de dichos estudiantes. A partir de alli, se analizaron comparativamente
los resultados de las pruebas de entrada y de salida aplicadas a los estudiantes.

El proceso de implementacion de la propuesta implico:
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1. Planeacion: la aplicacion de la propuesta debia guardar armonia con la asignatura donde se llevaria a cabo.
En este caso, la asignatura seleccionada fue la de Metodologia de la Investigacion aplicada al Derecho en la
cual se integraron los OG al Plan de Asignatura. Alli se plane6 la aplicacion de la propuesta clase a clase
(con una duraciéon de un semestre académico correspondiente a 16 semanas). La orientacion sobre lo que
son y como funcionan los organizadores graficos se planeo6 y ejecuté desde el primer dia de clases.

2. Uso de herramientas TIC: para llevar a cabo la investigacion y realizar seguimiento del Plan de la
Asignatura, se hace uso de una pagina web disefiada por los investigadores. La pagina web fue una
herramienta usada en clase tanto para el desarrollo de la misma como para la realizacion de actividades
extra-clase. En ella se desarroll6 todo el Plan de Asignatura, por lo que el estudiante tenia la posibilidad de
encontrar los temas explicados, ejemplos y ejercicios dentro de la pagina web. Adicionalmente, se ofrecio6 a
los estudiantes la posibilidad de trabajar con el programa Cmap Tools para la construccion de los mapas
conceptuales que fue uno de los OG usados en la investigacion.

3. Una vez enfatizada la importancia de organizar el pensamiento, se procedié a orientar a los estudiantes en
el uso que se puede evidenciar en los OG propuestos para afianzar las competencias lectoras, ya que cada
uno tiene una funcion especifica la cual se aplico dentro de la estrategia didactica para afianzar
competencias lectoras

La implementacion involucré entonces el uso de tres OG, en su orden: la radiografia textual, el mapa conceptual
y el mentefacto conceptual. El uso de cada uno de estos busco, a través de un proceso de deconstruccion del texto,
encontrar la 16gica con la cual fue armado el texto. Entendemos para ello que la construccion de un texto responde al
menos a dos procesos: uno que corresponde a un proceso de configuracion del texto desde la estructura tematica, y
una vez definida esta, un segundo proceso de configuracion desde la estructura conceptual y argumentativa. Estas
configuraciones, en conjunto, denotan el entramado logico con el cual se armo el texto.

De este modo, la radiografia textual busco verificar la coherencia tematica del texto y facilitar la extraccion del
tema (topico general), los subtemas (que definen la orientacion tematica de cada parrafo), y los minitemas de cada
subtema (que corresponden a las ideas que configuraran mas tarde las oraciones con las que se construyen los
parrafos). Asi, el tema representa la macro categoria tematica/conceptual sobre la cual se engloban y desarrollan los
distintos subtemas que componen el texto. Los subtemas describen las categorias tematicas/conceptuales particulares
sobre las cuales se configura el armado de los parrafos del texto y reflejan tanto la coherencia tematica como la
logica de construccion (inductiva o deductiva). Entre tanto, los minitemas u oraciones representan las ideas que
denotan los argumentos que el autor us6 y que expreso en forma de oracion.

El mapa conceptual que se extrae del texto sirvio para deconstruir la red de conceptos abordados y desarrollados
por el autor, asi como la jerarquia de los conceptos que la componen. Otra intencion del proceso de construccion del
mapa conceptual del texto es encontrar los nodos conceptuales para empezar a determinar si estos, asi como la
misma red, coinciden con la organizacion tematica que se obtuvo de la radiografia textual. En esto ultimo resultd
muy util el uso de CmapTools pues el programa ayuda a encontrar y visualizar rapidamente estos nodos.

Por ultimo, el mentefacto conceptual, que en su proceso de configuracion implica la determinacion de
categorias de supraordinacion, exclusion, infraordinacion e isoordinacion, se us6 como un OG (especialmente util en
los textos periodisticos y cientificos) que permitia conocer si conceptualmente, el tema habia sido abordado y
explicado en su totalidad como concepto por parte del autor.

De esta manera, y una vez explicados los usos, funciones y modos de construccion de cada OG, lo que se hizo
con los estudiantes, fue desarrollar y proponer actividades de comprension de lectura que debian ser abordadas
primero, a partir de un proceso de deconstruccion de los textos que eran objeto de analisis en las sesiones de trabajo
en las cuales se abordaron textos periodisticos, literarios y cientificos. Una vez se deconstruian, se les entregaba una
prueba con preguntas de comprension e interpretacion de los textos trabajados en clase. También, y a modo de
actividades extraclase, se realizaron simulacros evaluativos que prepararon al estudiante para la aplicacion y uso
formal de los organizadores graficos tanto en la asignatura orientada como en el resto de asignaturas que cursaban.
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5 Resultados de la Aplicacion de la Propuesta

Es de anotar que la sistematizacion de los resultados de la evaluacion, por ahora abarca un 40% del analisis de la
informacion por lo que todas las afirmaciones deben considerarse parciales. La realizacion de la prueba de salida
(postest) se llevo a cabo en la penultima clase. Las condiciones de realizacion de esta evaluacion fueron las mismas
que para la prueba de entrada (diagnostico). Para ello, se aplicé la prueba final a todos los estudiantes del curso (26)
pero unicamente se tuvo en cuenta a los 16 estudiantes que cumplian los requisitos “egresados de educacion media
sin titulos de educacion superior” y “con titulo de educacion superior otorgado por el colegio de donde egresaron
(Colegios técnicos, por ejemplo).”

Al igual que sucedi6 con la prueba de entrada, las respuestas se clasificaron en respuestas “correctas”,
“parcialmente correctas” e “incorrectas”. También se tuvo en cuenta el nimero de respuestas que los estudiantes
contestaron durante la hora y media que tomo la prueba, observando la facilidad o destreza con la que los alumnos
respondian a los cuestionamientos. Tuvieron un promedio de 3.3 minutos para resolver cada pregunta de la prueba.
Adicional a ello, cada pregunta tenia uno de los siguientes 3 niveles de dificultad, a saber: alto, medio o bajo. Las
preguntas de nivel alto tenian un valor de 10 puntos, las de nivel medio un valor de 7 puntos y las de nivel bajo un
valor de 4. Para una evaluacion que presente el total de sus respuestas de forma correcta, se deberia obtener una
puntuacion total de 222 correspondiente a la respuesta de todas las preguntas con un 100% de asertividad.

Para indicar que el estudiante cumplia con niveles altos en términos de las competencias lectoras, debia superar
el 80% de la puntuacion total. Para cumplir con niveles medios debia superar el 60%, de lo contrario, se determina
que el estudiante no cumple con los estandares establecidos por el Ministerio de Educacion Nacional.

El analisis de los resultados arrojo lo siguiente:

a. El valor promedio para las preguntas con nivel alto fue de 7.63 sobre 10
b. El valor promedio para las preguntas con nivel medio fue de 5,29 sobre 7
c. El valor promedio para las preguntas con nivel medio fue de 2,8 sobre 4

Como se evidencia, para las preguntas con nivel alto, medio y bajo, los estudiantes lograron superar un 60% de
respuestas correctas del valor asignado a las preguntas de nivel alto, medio y bajo, lo que significa que los
estudiantes cuentan con niveles medios de comprension e interpretacion para todos los niveles de preguntas. El
100% logro resolver el cuestionario en su totalidad.

Lo anterior evidencia que efectivamente existe una relacion entre el uso de OG y el afianzamiento de las
competencias lectoras en estudiantes universitarios de primer semestre, cumpliendo asi con el objetivo de la
propuesta en la cual se pretendia afianzar estas competencias en estos estudiantes.

6 Recomendaciones

Segun el analisis de resultados realizado, se puede concluir que la estrategia didactica que tiene que ver con el uso
de los OG para afianzar las competencias lectoras, efectivamente funciona segiin los objetivos de la propuesta y de
la investigacion. Sin embargo, se encuentran recomendaciones que surgen también de este analisis.

Estas recomendaciones se refieren por ejemplo a los textos sobre los que se pretenda aplicar la estrategia
didactica propuesta en esta investigacion. Dichos textos deben cumplir los siguientes requisitos:

a. El texto debe ser coherente, de manera que pueda construirse un mapa conceptual y posteriormente un
mentefacto; de otra forma, la construccion de los anteriores OG se convertira mas en una labor intuitiva que
en un ejercicio académico. Es por ello que el primer paso es verificar la coherencia del texto por medio de
la radiografia textual.

b. No deben superar las cuatro paginas a un espaciado de 1 y una letra tamafio 12. De lo contrario, el primer
paso -construir una radiografia textual- seria una tarea inacabable en tiempos prudenciales, adicionalmente,
la construccion de un mapa conceptual se prestaria mas para confusiones que para ejercer una tarea de
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comprension e interpretacion de un texto. Lo anterior, basado en la experiencia con los estudiantes sujeto
de la investigacion, quienes, con ejercicios preparatorios para la prueba final, demostraron que una
extension mayor no solo ocupa mas tiempo, sino que evidencia mas interrogantes por parte de los
estudiantes y menores resultados frente al objetivo inicial.

c. Los estudiantes necesariamente deben haber apropiado la construccion de los organizadores graficos
propuestos pues de otra manera la estrategia no podria aplicarse segun el objetivo de afianzar competencias
lectoras.

d. Igualmente, los estudiantes deben estar preparados para identificar cual es la funciéon de cada organizador
grafico dentro del andlisis del texto.
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Abstract. We present in this paper an analysis of the causes of interpersonal violence between male inmates in the Spanish context.
Through a cycle of biographical interviews applied to 8 inmates -violent and non-violent men-, we created concept mapping to
represent the knowledge generated in the research. To do that, we are categorized the perceptions of the inmates and we stablished
what are the main influences in violent behavior in prison (criminal trajectory, family environment, type of crime and violence
exercised previously, both by them and to them), and within them its key elements. From the content of the interviews analyzed,
coded and categorized, it was transformed the conceptual content into concept mapping, one for each of the interviews. Also, was
established, through its integration, a global knowledge model on interpersonal violence in prisons, which resulted in a global map of
main categories and key elements of the interpersonal violence. The most important key elements represented in the global map were:
violence as the natural status in jail and the violent acts that occur in prison; the abuse and traffic of drugs -in jail or before-; the family
and its level of structure; and the type of crime for which the inmate has been convicted.

Resumen. Se presenta en esta comunicacion un andlisis de las causas de la violencia interpersonal entre reclusos hombres en el
contexto espafiol a través de un ciclo de entrevistas biograficas aplicado a 8 reclusos —violentos y no violentos-. Se han empleado
mapas conceptuales para representar el conocimiento generado en la investigacion, categorizando las percepciones de los internos y
estableciendo los ambitos que influyen en el comportamiento violento en prision (trayectoria delictiva, ambiente familiar, tipo de
delito y violencia ejercida anteriormente, tanto por ellos como sobre ellos) y, dentro de cada uno de ellos, sus elementos clave. A partir
del contenido de las entrevistas analizado, codificado y categorizado, se transformé dicho contenido en mapas conceptuales, uno por
cada una de las entrevistas, estableciendo a través de su integracion un modelo de conocimiento global sobre la violencia interpersonal
en las prisiones, que dio lugar a un mapa global de categorias definidas y elementos clave del proceso dentro de ellas. Los elementos
clave mas importantes representados en el mapa global elaborado son: la violencia como estatus natural en las prisiones y los actos
violentos que se producen en ellas; el consumo y trafico de drogas —dentro de la prision o con anterioridad al ingreso-; la familia y su
nivel de estructuracion; y el tipo delictivo por el que el interno ha sido condenado.

Keywords: concept mapping, violent behavior, prisons, inmates

1 Introduccion. Contextualizaciéon en la Investigacion

El comportamiento violento en los seres humanos ha sido y sigue siendo ampliamente estudiado desde muy distintas
disciplinas y perspectivas, siendo los fendmenos violentos también un foco de interés permanente en nuestra
sociedad actual (Vargas, 2001; Sanmartin, 2013; Ghiglieri, 2005). Si bien agresion y violencia aparecen en multiples
situaciones, el comportamiento violento tiene implicaciones especificas cuando hablamos de contextos de gran
complejidad, como son los centros penitenciarios, en los que las personas estdn privadas de libertad y se relacionan
con otros reclusos y con profesionales (funcionarios de vigilancia, psicélogos, sanitarios, educadores, etc.) en formas
reglamentadas y en tiempos y espacios determinados.

Es en el contexto de los centros penitenciarios de Espafia en el que se focalizd nuestra investigacion,
considerando el comportamiento violento en dos sentidos: (a) como elemento delictivo que provoca el ingreso en
prision de determinadas personas; (b) como factor distorsionador de la vida en los establecimientos penitenciarios.
Estos dos componentes nos permitieron realizar la propuesta de caracterizar los elementos que favorecen o frenan
los comportamientos violentos de los internos (en ambos sentidos), a través de su propia voz y de la de los
profesionales que trabajan en los centros penitenciarios (Chico, 1997; Rodriguez, Lopez y Andrés-Pueyo, 2002) y, a
la vez, establecer las funciones de los educadores y transformarlas en competencias necesarias para el desempefio de
sus funciones (Gijon, M.K., 2017).

Para conseguir los objetivos propuestos, se establecié un disefio metodologico en el que se determind una
secuencia logica de distintos instrumentos de obtencion de datos: (a) un grupo focal a profesionales del medio
penitenciario para tener un primer acercamiento a los elementos clave que caracterizan los comportamientos
violentos entre los reclusos; (b) un instrumento biografico narrativo (ciclo biografico de tres entrevistas) a ocho
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reclusos para caracterizar, a través de sus percepciones, los elementos clave de la conducta violenta en el medio
penitenciario; (c) un grupo focal a educadores del centro penitenciario para conocer las dificultades que
experimentan en su trabajo y la potencialidad del mismo para la prevencion de los comportamientos violentos; (d)
analisis de los documentos oficiales que establecen las funciones de los profesionales de centros penitenciarios
(especificamente de los educadores) con el objeto de establecer las competencias que les son necesarias y sobre las
que se podria realizar una propuesta formativa. Los instrumentos descritos se aplicaron en el Centro Penitenciario
Sevilla II, previa autorizacion de la Secretaria General de Instituciones Penitenciarias (dependiente del Ministerio
del Interior de Espafia).

Los resultados de nuestra investigacion, presentados como disertacion doctoral, permitieron: (1) Establecer una
amplia base documental sobre el comportamiento violento, tanto a nivel general como especificamente en el
contexto penitenciario; (b) Categorizar las percepciones de los internos en cuanto a los elementos clave que
favorecen o frenan el comportamiento violento en torno a cuatro categorias (causas de entrada en prision, trayectoria
delictiva, contexto de la prision y factores personales), siendo los resultados representados mediante el uso de mapas
conceptuales —concept mapping-; (c) Definir las competencias que deben poseer los educadores de centros
penitenciarios, a partir del analisis de los documentos que establecen sus funciones y de la aplicacion de un grupo
focal a educadores; (d) Y realizar orientaciones para el disefio de una propuesta formativa modular dirigida a los
educadores en centros penitenciarios.

La exposicion a través de mapas conceptuales de los resultados de las entrevistas en profundidad efectuadas es
el aspecto en que nos centraremos en esta comunicacion.

2 Mapas Conceptuales para Representar el Conocimiento

Los “mapas de conocimiento”, derivados de los mapas conceptuales definidos por Novak y Gowin (1984), han sido
empleados ampliamente en el mundo educativo, profesional y empresarial (Ibafiez, Gijén y Gonzélez, 2014). En el
modelo actual de mapa conceptual que mas se ha desarrollado, han intervenido, entre otros, el propio Novak, siendo
Gonzélez (2008) quién ha sistematizado el uso en la enseflanza superior de los mapas conceptuales y el diagrama
“V7,

Asi pues, la literatura sobre el uso de los mapas y de las herramientas digitales que se han creado para ello es
dilatada, aunque en el caso de los estudios sobre violencia no hemos encontrado referencias (especificamente su uso
ha sido menor). En un contexto de conflicto internacional, podemos citar aqui el uso dado por el ejército canadiense
para la caracterizacion de los talibanes en Afganistan en el proceso de formacion de soldados que se destinaban al
frente (Moore, 2012).

Una vez que se categorizaron y codificaron las entrevistas realizadas a los ocho reclusos del centro penitenciario
Sevilla II, se procedi6 a la confeccion de los mapas conceptuales para la representacion del conocimiento obtenido.
En una primera fase, se consideraron todos los codigos existentes en el analisis, independientemente de su
frecuencia o del numero de internos que hablaron sobre el tema incluido en el codigo. Posteriormente, se refind el
mapa, eliminando los codigos con frecuencias bajas no significativas o que soélo eran indicadas por un interno. Este
mapa puede ser considerado ya un modelo de conocimiento, que recoge los elementos clave que refuerzan o frenan
el comportamiento violento en el medio penitenciario.

En una segunda fase, se confeccionaron, a partir de los co6digos incluidos en el modelo de conocimiento, los
mapas de los ocho reclusos entrevistados.

El resultado del proceso descrito anteriormente es el que se incluye en las Figuras 1, en la que se incluyen las
categorias finales depuradas. Los colores representan las cuatro metacategorias basicas: Factores personales y
familiares (azul); Trayectoria delictiva (naranja); Causas de entrada en prision (verde); y medio penitenciario (rojo).
Para las categorias mas representativas se usé un trazo mas grueso en el mapa.
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Figura 1. Caracterizacion del comportamiento violento (categorias depuradas)
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Una vez se presentaron en forma de mapas globales la caracterizacion inicial del comportamiento violento, se
incluy6 la representacion de las percepciones individuales de Alvaro, Bruno, Carlos, David, Enrique, Fabian,
German y Hugo en ocho mapas conceptuales, de los que incluimos un ejemplo (Véase la figura 2).

Figura 2. Percepciones de Alvaro
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3 Resultados: Representacion Global del Comportamiento Violento

La comparacidn de los distintos mapas individuales ha permitido confeccionar un mapa general que representa las
percepciones mas claras que, por parte de los ocho internos participantes, caracterizan los elementos clave del
comportamiento violento en el medio penitenciario.

En la Figura 3, se puede ver el mapa global, que caracteriza el comportamiento violento, sus categorias y las
relaciones entre ellas, en torno a:

Factores personales. Por una parte, destaca el comportamiento violento previo al encarcelamiento, conductas
que son llevadas a cabo desde una edad temprana. Es resefiable que los reclusos valoran y tienen presente el apoyo
de sus familiares en el exterior de la prision.

Trayectoria delictiva. Dos codigos sobresalen en esta area tematica: el precoz inicio de la carrera delictiva, que
continuard en la edad adulta; y el tipo delictivo, en el que predominan los delitos en que se emplea la violencia de un
modo u otro.

Causas de entrada en prision. En este caso, son tres factores los que parecen determinar, segin las percepciones
de los reclusos entrevistados, la comision de delitos y la ulterior condena a privacion de libertad por los mismos. Se
trata de la influencia negativa del entorno donde crecieron, la pertenencia a familias no normalizadas, asi como
problemas de drogadiccion, en ocasiones, desde la infancia.

Medio penitenciario. En general, la percepcion del medio penitenciario es que se trata de un ambiente violento.
Esta violencia tiene diversas manifestaciones y causas, entre las que destacan la violencia para conseguir 0 mantener
determinado estatus en prision y la ocasionada por las drogas, ya sea por los conflictos que generan los reos cuando
estan bajo su efecto o por los motivados por el comercio ilicito de estas sustancias.

4 Discusion

Los resultados obtenidos en nuestra investigacion no difieren de los hallazgos de investigaciones anteriores a nivel
internacional, si bien nosotros nos centramos en las posibilidades de la educacion en el ambito penitenciario para la
prevencion y reduccion de la violencia en prisiones. A pesar de la diferencia de contextos personal, social y
penitenciario-legal, parecen existir unos aspectos generales comunes en la violencia interpersonal a todos ellos.

Por ejemplo, podemos indicar que las categorias y elementos clave establecidos en nuestra investigacion son
coincidentes en su conjunto con los vinculados al nivel de violencia en las prisiones a nivel internacional. Asi, la
organizacion internacional no gubernamental Penal Reform International, en su documento Global Prisons Trends
(PRI, 2015), ha identificado como elementos que influyen en el nivel de violencia en las prisiones, entre otros, la
violencia ejercida en la infancia sobre los reclusos, el consumo de drogas, la estructura familiar o el tipo de
tratamiento que se recibe en prision.

Por otra parte, si comparamos las percepciones de nuestros internos con los resultados con un estudio de corte
cualitativo similar al nuestro, realizado en 2005-2006 en California, con 35 hombres y 35 mujeres exconvictos
(Trammell, 2012), observamos la existencia de una “cultura” de violencia en prision, que coincide basicamente con
la percepcion de que el medio penitenciario es violente y que en su estructura y funcionamiento esta violencia es
pate importante de la forma de relacionarse los internos. En este mismo estudio, las causas de entrada en prision y,
especialmente, el consumo y trafico de drogas, se presentan como elementos clave de la violencia interpersonal,
coincidiendo también con nuestros hallazgos en el contexto espaifiol.

Finalmente, como en nuestro estudio, la importancia de la familia —tanto en la infancia como durante la
estancia en prision- se destaca en estudios internacionales, como uno de los factores mas importantes para el

encarcelamiento y como uno de los elementos claves para el control de la violencia interpersonal (Travis y Waul,
2003).
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Figura 3. Caracterizacion del comportamiento violento (categorias finales)
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5 Conclusiones

La categorizacion y representacion de las percepciones de los reclusos sobre las claves de la violencia interpersonal
en prisién nos permiten establecer unas primeras conclusiones —con las limitaciones derivadas del tamafio de la
muestra estudiada-, sobre algunas de aquellas, lo que permitird establecer las lineas de trabajo posterior para
profundizar en la violencia en el medio penitenciario, y la orientacién de medidas para su prevencioén. Son tres las
recomendaciones que en este sentido podemos concluir a partir del estudio.

En primer lugar, podemos destacar que la biografia en la infancia y, sobre todo, el ejercicio de la violencia en
esta etapa es considerada como un factor clave para la existencia de violencia interpersonal en prision, lo que se
puede vincular también a la importancia que se concede a la estructura y apoyo familiar. Este hecho reforzaria la
necesidad de desarrollo de politicas sociales para la prevencion de la violencia doméstica o familiar, especialmente
la ejercida sobre los individuos en edades tempranas.

En segundo lugar, la trayectoria delictiva —en especial cuando se inicia en los jovenes- es también considerada un
factor clave para el desarrollo, lo que requerird de una atencion especial a los jovenes que han cometido delitos por
primera vez o que se encuentran inmersos en un contexto social de violencia cotidiana (barrios marginales, etc.).

Por ultimo, la formacion de los profesionales de instituciones penitenciarias para el trabajo con reclusos
violentos y el apoyo a los reclusos para su formacion en prision parece ser el tercer elemento clave, en este caso, ya
en el entorno de la prision.
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Abstract. While the world has achieved some progress towards gender equality and women’s empowerment, it is evident that there is
still a shortage to achieve equality between men and women at the social and labour levels. According to the 2030 Agenda for
Sustainable Development, 17 Sustainable Development Goals (SDG), were adopted to come into force since 1 January 2016. Among
these objectives, the 4™ (Ensure inclusive and quality education for all and promote lifelong learning) and the 5" (Achieve gender
equality and empower all women and girls) were taken into account for designing an activity in the context of a Science education
class of students of both sexes of the Bachelor’s Degree in Primary education. Also, previous research (Sjoberg & Schreiner, 2005)
showed evidence of the decrease in girls’ interest for science and science related jobs or studies. Once the activity was implemented,
results indicated students of BDPE enjoyed inquiring about scientific women who had to face difficulties and confront the society of
the time, especially in professions considered more appropriate for men. They also created a concept map on each of the scientific
woman selected by each group explaining why they had chosen her. These students, as future teachers, through activities in which
they work on gender equality, will be the germ of an educational network, which can help in the achievement of the previously
mentioned objectives.

Keywords: gender equality, science education, CmapTools, Bachelor’s degree in primary education, concept mapping

1 Introduction

Even if some progress towards gender equality and women’s empowerment is being achieved in the last decades,
there is still a shortage to become equal in the social, economic and labour fields although this gap is greater in
developing countries. The 2030 Agenda for Sustainable Development is a plan of action for people, planet and
prosperity which seeks to strengthen universal peace in larger freedom (United Nations, 2015). In this Agenda, 17
Sustainable Development Goals (SDG) were adopted, containing 169 targets, which seed to realize the human rights
of all and to achieve gender equality and the empowerment of all women and girls.

In the last 15 years, the international community has made a great effort to inspire and promote the participation
of women and girls in science. Unfortunately, they continue to face barriers that prevent them from participating
fully in this discipline. According to a study conducted in 14 countries, the probability of female students
completing a bachelor's, master's and doctorate in some science-related subject is 18%, 8% and 2%, respectively,
while the probability for male students is 37%, 18% and 6%. Although in the first world these percentages decrease,
there is still a gender difference in terms of access to positions of greater responsibility (United Nations, 2015).

Other authors (Kenway & Gough, 1998) published an article with a focus in gender and science education,
observing three distinct though not unrelated perspectives already mentioned in previous papers (Kaminski, 1982;
Manthorpe, 1982). In the first place, the intellectual potential of girls was seen as a meaningful but untapped labour
source for science and technology. The second perspective was concerned with equity and sought to identify and
reform those factors which were seen to impede girls' achievement in science. The third focus was on the under-
representation of women in science, arguing that the male nature of the practice of science was oppressive for
women, hence their “science avoidance”. Overall the emphasis was on research which could help getting more girls
to study science and follow scientific careers (Kenway & Gough, 1998). For Butler (1983) many factors had been
identified as contributing to the lack of girls and women in science courses and careers, among which she mentioned
social factors (role models and sex role stereotyping), educational factors (enrollment patterns, parents/teachers
expectations, classroom and extracurricular activities) and personal factors (spatial visualization).

More recent research (Sjoberg & Schreiner, 2005), focused on an international project called ROSE (Relevance
Of Science Education), supported by the Research Council of Norway. It aimed to improve the theoretical
understanding of the factors related to the relevance of the contents of science curricula in different cultural
contexts. The theoretical foundations of the ROSE project assumed that scientific literacy and technology is
necessary for the democratic participation of citizens in the techno-scientific decisions, personal autonomy and
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socio-economic development of the nations. Likewise, in ROSE it was argued that scientific education must also
promote gender equity and cultural diversity (Acevedo, 2005). The population under study was that of students who
were about to finish secondary education (15-16-year-old). Spain participated in the project, although only with
students from the Autonomous Community of the Balearic Islands (Vazquez & Manassero, 2004). ROSE analyzed
the information provided by the participating students about different factors that could influence the attitude
towards science and the motivation to learn sciences (Sjeberg, Schreiner & Stefansson, 2004), such as:

(1) Science and technology: the variety of related extracurricular personal experiences with science and
technology

(i1) Trust in Science: interest in learning different science topics and technology in different social contexts
(cultural, political, religious, linguistic, etc.)

(iii) Future and environment: the various points of view about school science derived from the previous
experiences

(iv) Experience in school science: beliefs about the nature of science and perceptions about scientists

(v) Future work, plans and priorities: values, interests, aspirations, priorities and personal future expectations
(vi) Work in science and technology: own feelings regarding the multiple environmental challenges

Results showed in (i) there was a broad agreement about the importance of science, technology and research in
all countries, although in rich countries, youth were more ambivalent than adults, especially, girls. In most countries
there was relatively little confidence in what scientists say, the girls trusting even less than boys. In (ii) science was
not believed to be neutral and objective, being again the girls the ones believing it even less than the boys. This
opinion was more indecisive in the less developed countries (Acevedo, 2005). In (iii), in all countries, it was
believed that more attention should be given to the protection of the environment (boys less than girls, especially in
many developed countries). Also (girls more than boys) thought environmental problems should not be left to the
experts alone. Girls believed more than boys, S&T could not solve all environmental problems, and this belief was
higher in developed countries. In (iv) in developed countries, students liked less school science than other subjects,
(girls liked it less than boys), whereas in developing countries, they believed school science shows exciting new
jobs. In (v), boys and girls from all countries (boys less than girls) would like to work on something that is
important and significant, appropriate to their attitudes and values. In all countries (more in less developed
countries) girls like more than boys help others. The boys of the Nordic countries give less value to this aspect. In all
countries, boys would like more than girls to work with machines and tools being girls very reluctant to this in
developed countries. In (vi), students from developed countries (especially girls) did not want to be scientists. Girls
from developed countries did not want to work in technology (especially in Japan and in the Nordic countries). The
boys were less reluctant to this in developed countries (except in Japan) and favorable in less developed countries.

It is inside the 4" point of ROSE project (beliefs about the nature of science and perceptions about scientists) in
which we considered to develop our didactic activity, as a germ to bloom in society, being conscious and humble
enough about the possibilities of contributing to a little change in students’ perception. For that, we assumed the 5"
SDG (Sustainable Development Goal) of the 2030 Agenda (United Nations 2015), which tries to achieve gender
equality and empower all women and girls, by designing a didactic activity in the context of a Science education
class of students of both sexes of the BDPE. The didactic tool we decided to use was Concept Mapping through
CmapTools (Cafias et al, 2004)), since it is a process of meaning-making and constitutes an advanced organizer
(Willerman & Mac Harg, 1991). This implies taking a list of concepts, concept being a perceived regularity in
events of objects or records of events or objects, designated by a label (Novak, 1998; Novak & Gowin, 1984; Cafias
et al., 2000) and organize them in a graphical representation where concepts are linked by connectors, forming a
proposition with absolute meaning by itself.

The general aim of this work was to contribute to the scope of this “equal opportunities” for girls and boys, by
changing the current educational paradigm. For that, a didactic activity was designed for students of the BDPE,
consisting in the inquiry of scientist women who faced difficulties to perform their professional careers and brought
their knowledge, invention or discovery to humanity. This way, they could become references for the future girls
who have to overcome preconceived ideas about science in most countries, as indicated by the ROSE project
(Sjoberg & Schreiner, 2005).
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2 Material and Methodology

In order to achieve full and equal access to and participation in science for women and girls, and further achieve
gender equality and the empowerment of women and girls, the United Nations General Assembly adopted resolution
A/RES/70/212 (Resolution adopted by the General Assembly of United Nations on 22 December 2012), declaring
11 February as the International Day of Women and Girls in Science. It is under this frame the following didactic
activity (Table 1), was designed for a classroom of 62 Bachelor’s Degree Primary Education students at the
Universidad Publica de Navarra (Pamplona, Spain).

PRACTICAL ACTIVITY 3:
TITLE “INTERNATIONAL DAY OF WOMEN AND GIRLS IN SCIENCE: FEBRUARY
11th ”

DESCRIPTION | Inquiry activity and oral exhibition by groups:

February 11th is the International Day of Women and Girls in Science. According to the
United Nations, science and gender equality are vital to achieve the Sustainable
Development Goals, included in the 2030 Agenda (which includes the 17 Sustainable
Development goals to transform our world). In the last 15 years, the international
community has made a great effort to inspire and promote the participation of women and
girls in science. Unfortunately, they continue to face barriers that prevent them from
participating fully in this discipline. According to a study conducted in 14 countries, the
probability of students completing a bachelor's, master's and doctorate in some science-
related subject is 18%, 8% and 2%, respectively, while the probability for male students is
37%, 18% and 6%. Although in the first world these percentages decrease, there is still a
gender difference in terms of access to positions of greater responsibility. To contribute to
the scope of this "equal opportunity”, the choice of a scientific woman or inventor who in
your opinion has contributed to change the course of the world or whose contribution to
science is significant, has been considered as a practical activity. Inquire about her life and
work and reflect on what difficulties you have encountered or could find in her
professional life according to the time she lived or lives. Justify the reason for your choice
and if her contribution had its application in science or served to improve the welfare of
humanity and in what sense.

SPACE Ordinary classroom

TIME A practical class of the subject “Teaching Natural Sciences”, which belongs to the second
course of BDPE.

RESOURCES:

-HUMANS - Teacher and practical groups (15)

-MATERIALS | - Mobile, laptop, internet, paper, pen, blackboard.

GROUPS Medium groups (15)

ANNEXES http://www.un.org/es/events/women-and-girls-in-science-day/

http://www.un.org/sustainabledevelopment/es/mdgs/

CROSS- Integral education, Sustainable development
CUTTING Moral and civic education, Gender equality
ISSUES

EVALUATION | Teacher's rubric and rubric for peer evaluation. The final grade will be the average score
obtained in both rubrics.

Table 1: This table represents the activity designed for commemorating the International Day of Women and Girls in Science.

As a tribute to all the scientist women who had made a relevant discovery for humanity, students in medium
groups (15 groups in total), had to make the choice of a scientific woman or inventor who in their opinion had
contributed to change the course of the world or whose contribution to science was significant. They had to inquire
about her life and work and reflect on what difficulties she could have encountered or could find in her professional
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life according to the time and place she lived or lives. Later on, students had to justify the reasons for their choice
and if the scientist’s contribution had its application in science or served to improve the welfare of humanity and in
what sense and if she had obtained recognition for it. Once this work was done, they had to select the relevant