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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.
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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



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



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 (Cafias 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” (Cafias et al., 2017, p. 352).



4.1 Theory of Concept Maps

Concept mapping was developed by Joseph Novak and his research team in the 1970’s (Novak & Caiias, 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, Inge¢, 2009, BouJaoude,
etal., 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;
Cafias, 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-Gonci 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.



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 1QI 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:

Q1: 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).



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. Q1 Q2 Q3 Q4 Q5 Avg.
Cmapl 33 2,8 2,8 25 2,4 2,7
Cmap2 39 33 33 3,0 31 33
Cmap3 4,0 31 35 31 2,9 33
Cmap4 4,0 33 3,6 2,9 25 33
Cmap5 4,5 4,1 4,1 4,5 4,1 4,3
Cmap6 39 3,8 34 2,6 25 3,2
Cmap7 2,1 2,3 25 2,1 1,8 2,2

Table 3. Average values of experts’ ratings

6.2 Results of Interdisciplinary Quality Index

Table 4 shows the 1QI for each of the seven concept maps.

Map No Cmapl | Cmap2 | Cmap3 | Cmap4 | Cmap5 | Cmap6 | Cmap7?
101 1,4 1,8 1,9 2,1 2,5 2,7 0,9

Table 4. Interdisciplinary Quality Index

Cmap 6 has highest 1QI. 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 1QI. The highest correlation was between Q2
(interdisciplinary links) and 1QI: 0,95. The lowest correlation was between question Q4 (focus question) and IQI:



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 1QI value, while experts rated Cmap number 5 the highest. If we are look at the
different components of the 1QI, we can see that Cmap number 6 has many more branch points than the Cmap
number 5, which leads to a higher 1QI. It seems that experts didn’t take the structure of the map into account as
strongly as the 1QI does. Still, the correlation analysis shows that 1QI correlates very highly with the expert’s ratings.
The figure 1 shows the values of 1QI and some expert ratings.
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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 1QI and expert ratings. It seems that the 1QI 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 1QI (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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Appendix. Sample concept map number 5.

Milk — is it always healthy?
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