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Abstract. Concept maps are used by educators all over the world as a learning tool. In addition to help learn subject-matter content, 
concept mapping is considered to develop higher-order thinking skills. However, concept mapping is used most commonly as an 
assessment tool, and set within an activity that usually does not involve learning. Depending on how instructors use concept mapping 
with their students, they can facilitate increased learning of both subject-matter content and higher-order thinking skills, or it can be an 
activity with little impact in the students’ learning. In this paper we discuss under what conditions concept mapping can lead to learning, 
and what it takes for the students to get there. 
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1 Introduction 

Since its invention in the 1970s by Joseph Novak and his research team at Cornell University (Novak & Gowin, 1984), 
concept mapping has been proposed as a learning tool. Numerous studies have shown how concept mapping can 
enhance learning (Khodadady & Ghanizadeh, 2011; Martínez, Pérez, Suero, & Pardo, 2013) and our experience 
corroborates that, when used properly, concept maps are a valuable learning tool. Concept mapping has also been 
examined and used extensively as an assessment tool in many subject areas (e.g., Anohina-Naumeca, 2015; Buldu & 
Buldu, 2010; Jacobs-lawson & Hershey, 2002; McClure, Sonak, & Suen, 1999; Reiska, Soika, & Cañas, 2018; 
Robinson, 1999; Ruiz-Primo; Stoddart, Abrams, Gasper, & Canaday, 2000; Walker & King, 2003). In this paper we 
are interested in the use of concept mapping for learning. More so, we are interested in what is it that we learn when 
we construct a concept map? We propose that the amount and type of learning depends on how the concept mapping 
construction takes place.  

2 Higher-Order Thinking Skills vs Subject-Matter Content 

The TIMSS (Trends in International Mathematics and Science Study) assessment framework (Mullis & Martin, 2013) 
defines two kinds of domains: (1) content domains (subject knowledge) and (2) cognitive domains (thinking 
processes). In the TIMSS framework, content domains include subjects such as mathematics, biology, physics, 
chemistry, and social studies. The cognitive domains include knowing, applying and reasoning. They conceive 
knowing as a student being able to recognize concepts, relationships etc., recall and describe them and can give 
examples. The second cognitive domain, applying, regards the student as being able to apply “knowledge of facts, 
relationships, processes, concepts, equipment, and methods in context” (Mullis & Martin, 2013, p. 56). The third 
cognitive domain, reasoning, means that student can “analyze data and other information, draw conclusions, and 
extend their understandings to new situations. In contrast to the more direct applications of science facts and concepts 
exemplified in the applying domain, items in the reasoning domain involve unfamiliar or more complicated contexts” 
(Mullis & Martin, 2013, p. 56).  
 

The authors of the TIMSS 2015 Science Framework are of the opinion that the cognitive domain can’t be assessed 
in isolation, but must be assessed in context of the content domain (Mullis & Martin, 2013). Tricot & Sweller (2014) 
are of the same opinion. They distinguish between two domains: domain-specific knowledge and domain-general 
knowledge. They define domain-specific knowledge as memorized information and domain-general knowledge “can 
be used to solve any problem in any area” (ibid, p. 279). They conclude that teaching only domain-general knowledge 
is not possible and at schools should continue to focus mainly on domain-specific knowledge.  
 

As Agarwal (2018) has stated, educators and researchers have long argued whether higher-order learning can be 
developed directly or whether, as in progressing through Bloom’s Taxonomy, it needs to be based on factual 
knowledge. She (ibid, , p. 1) found out that “students’ higher-order learning increases most from higher-order retrieval 
practice, or no-stakes quizzes with complex materials that engage students in bringing what they know to mind. 



 

Although fact quizzes were beneficial for fact learning, they did not facilitate higher-order learning, contrary to 
popular intuition based on Bloom’s taxonomy.” 

 
In this paper, we’ll refer to the content domains, the domain-specific domains and factual knowledge as subject-

matter knowledge, while we’ll include the cognitive domains, domain-general knowledge and higher-order learning 
within the broader higher-order thinking skills (HOTS) term.  

3 Learning while Concept Mapping 

As stated earlier, learning occurs on two domains, subject-matter content and higher-order thinking skills. We will 
first analyze the learning of subject-matter content and then expand to learning and exercising higher-order thinking 
skills. 

3.1 Learning Subject-Matter Content 

Anywhere during the progress of a teaching/learning unit or module, the instructor might ask students to carry out 
concept mapping (Cmapping) activities. There are many types of Cmapping activities or tasks that the instructor can 
choose from (Cañas, Novak, & Reiska, 2012; Ruiz-Primo, Shavelson, Li, & Schultz, 2001; Strautmane, 2012). The 
purpose of the activity, e.g. whether it involves learning or assessment, is individual or in groups, helps the instructor 
determine the type of activity. For example, it could consist of asking to students to construct a Cmap starting from a 
given list of concepts or a focus question to answer, in order to assess prior knowledge at the beginning of the unit. 
This would help the instructor ascertain which students have problems with concepts that should already be understood 
and which students already understand concepts that are to be covered in the unit (Mason, 1992; Rebich & Gautier, 
2005). In this case, students would be expected to construct a concept map based on their prior knowledge, so no 
learning is expected. Similarly, students could be asked at the end of a unit to perform a Fill-in-Cmap task (Schau, 
Mattern, Zeilik, Teague, & Weber, 2001; Soleimani & Nabizadeh, 2012), where a previously constructed Cmap on 
the subject-matter has some of the concepts and/or linking phrases left black and the student needs to fill in the blanks. 
This is meant to be an assessment task, not a learning task, and so there is no learning of any kind expected or involved. 
Similar type of assessments, such as presenting Cmaps with errors for students to correct, or multiple-choice Cmaps 
(Correia, Cabral, & Aguiar, 2016; Moon, Johnston, & Moon, 2018) don’t result in any learning either. 
 

Subject-matter learning would be expected if the instructor asks students, for example, to construct a concept map 
about a particular topic and gives them time to consult other resources (the Web, textbook, peer students, etc.) during 
construction of the concept map. Students will need to study and learn aspects of the subject-matter that they don’t 
fully know or understand and that prevent them from completing the Cmap. As the student constructs the Cmap, 
subject-matter learning takes place. Selecting the concepts that go in the map, analyzing their relationships to 
determine the most appropriate linking phrases, and defining the hierarchical relationship between the concepts, for 
example, requires understanding the subject-matter and most likely involves learning.  

 
Figure 1 shows a “subject-matter knowledge” line that depicts the amount of subject-matter knowledge a student, 

or group of students, have on a topic. The further right on the line, the more subject-matter knowledge. On the left 
endpoint is the subject-matter knowledge that students have about the unit’s topic at the beginning of the unit. Along 
the middle is the subject-matter knowledge expected at end of the unit.  

 
 

Figure 1. Students’ subject-matter knowledge about a particular topic increases as a result of a Cmapping activity. 



 

 
As discussed above, a Cmapping activity that involves constructing a concept map will most likely result in an 

increased understanding of the subject-matter, that is, will result in subject-matter learning. The green circle in Figure 
1 shows the subject-matter knowledge at the beginning of a Cmapping activity, and the arrow depicts the “amount” 
of learning resulting from the activity. How much learning takes place (i.e. the length of the arrow) depends on many 
aspects, including the way the Cmapping activity is set up. We’ll discuss these below. 

3.2 Learning and Exercising Higher-Order Thinking Skills 

During the construction of a concept map, the organization of the concepts and construction of the propositions is an 
iterative process where the concepts are moved around, modified, added and deleted and the linking phrases are added 
and refined. The map constructor at this point is constantly analyzing – a higher-order thinking skill – whether the 
latest (or next) actions (move the nodes around, add a linking phrase, etc.) best represents his or her understanding of 
the topic. Time is often spent on thinking which of several possible linking phrases best reflects the relationship 
between two concepts. The linking phrases are often replaced by a better alternative, concepts may be added, deleted, 
or moved around, and the big ideas – the most relevant concepts of the map – may become evident as the map is 
constructed, if they haven’t already. This construction and refinement process is one of reflective thinking, a higher-
order thinking skill. Thus, during of the construction of a concept map, not only subject-matter content is learned, but 
higher-order thinking skills are learned and exercised. 
 

Figure 2 shows the subject-matter knowledge line from Figure 1 in the x-axis, and has at the y-axis a similar 
higher-order thinking skills line, where moving up the y-axis implies increased higher-order thinking skills. This 
higher-order thinking skills line has a different time frame than the x-axis. While the x-axis represents the subject-
matter knowledge for a unit, module or course, the development of higher-order thinking skills is assumed to be long-
term, skills that are aggregated through different subjects and throughout the years. In the graph on the left, the green 
circle is at a position that shows that there had been learning in both subject-matter content and higher-order thinking 
skills before the Cmapping activity began. For simplicity, in this paper we will normalize the Cmapping activity and 
have it start at the origin of the graph, as in the graph on the right in Figure 2. As in Figure 1, the length and slope of 
the line representing the increase in knowledge should be taken as an indication or approximation based on our 
experience and the literature and should not be taken literally.  

 

 
Figure 2. In the graph on the left, students’ subject-matter knowledge about a particular topic and higher-order thinking skills increases as a result 

of a Cmapping activity during the development of a unit. On the graph on the right, we have moved the Cmapping activity to the origin of the 
graph, and we’ll use this representation throughout the paper. 

The development and exercise of higher-order thinking skills during a Cmapping activity, just as with the learning 
of subject-matter content, depends on the settings for the Cmapping activity. We will discuss three sets of conditions: 
(a) the instructions given to students, (b) how good Cmappers the students (and instructor) are, and (c) whether concept 
mapping is done as a process. 



 

4 Cmapping Activities 

4.1 Task Conditions 

Every Cmap should respond to a focus question (Novak & Cañas, 2008), which provides the reference or context for 
the map, and guides the students who should make sure the Cmap responds to the question. Unfortunately, very often 
the students are not provided a focus question, and left to ‘guess’ what the instructor really wants on the map. By 
having a focus question to work with, and knowing the instructor will be assessing whether the Cmap responds the 
question, guides the student to ask him or herself, “does the concept map answer the focus question?”, a process that 
requires not only reflective thinking, but also evaluation, two higher-order thinking skills. 
 

In addition, a dynamic focus question may lead to more explanatory concept maps (Derbentseva, Safayeni, & 
Cañas, 2006a) and cyclic concept maps (Safayeni, Derbentseva, & Cañas, 2005). A dynamic focus question usually 
provokes concepts being events instead of objects, which leads to dynamic propositions, resulting in explanatory 
instead of descriptive concept maps, which are considered to show deeper understanding (Cañas & Novak, 2006). By 
providing a good focus question, the instructor is able to lead the students to construct explanations – a higher-order 
thinking skill – which requires deeper understanding, and thereby lead to increased subject-matter learning. 

 
Providing the student with the root concept of the concept map as a starting point is not a common condition even 

though research has shown that providing a quantified root concept has a stronger effect on the resulting concept map 
than providing a corresponding focus. Furthermore, providing both a dynamic focus question and a quantified root 
concept leads to more dynamic thinking and results in explanatory concept maps (Derbentseva, Safayeni, & Cañas, 
2006b), again requiring that the student provide explanations instead of descriptions and leading to increased subject-
matter learning. 

 
Besides providing a focus question, a root concept, or both, the instructor can give the students a list of concepts 

to include in the concept map, as we mentioned in a previous section. The list of concepts could be used to assess prior 
knowledge, in which case no learning is expected. Or they could be concepts being introduced in the unit or module, 
maybe complemented by concepts students should already comprehend, and the students must construct the Cmap as 
they learn how the concepts are related as they aim to answer the focus question. It is not clear whether there is more 
learning of subject-matter content of higher-order thinking skills when provided by a list of concepts, but experience 
and research has shown that the same students construct better maps when given a list of concepts than under no 
conditions, and better maps than when provided with a text that includes the concepts (Soika, Reiska, & Mikse, 2012). 

 
Figure 3 depicts how much learning of subject-matter content and development and exercise of higher-order 

thinking skills can be expected from the construction of a single concept map. Even with a good focus question, other 
conditions have a higher impact on the amount of learning that takes place during a Cmapping activity, as is discussed 
below. 

 
Figure 3. The learning in subject-matter content and development and exercise of higher-order thinking resulting from the construction of a 

single Cmap, with and without a good focus question, and no interventions. 



 

4.2 Are My Students Excellent Cmappers? 

Figure 3 assumes that the students can construct good Cmaps, more so excellent Cmaps as explained below, given a 
good focus question or root concept. However, our experience is that most students never reach the point as a Cmapper 
(a constructor of Cmaps) where they really use concept mapping as a learning tool and as a tool to develop higher-
order thinking skills (Cañas, Reiska, & Möllits, 2017). In fact, we believe that Figure 3 is pretty optimistic in terms of 
what you can achieve with the construction of one single Cmap, as we will explain.  

 
Cañas, Novak & Reiska (2015) introduced the distinction between good and excellent Cmaps, and thus good and 

excellent Cmappers. A good Cmap has a good structure and good content. An excellent Cmap, not only responds to 
the focus question, it explains the response in a clear fashion. Excellent Cmaps are explanatory, not descriptive. They 
are concise, and don’t have superfluous concepts, linking phrases or propositions that are not relevant to the topic or 
don’t help answer the focus question. They are clear and communicate the key ideas. Constructing an excellent Cmap 
requires a clear understanding of the topic being mapped. If the Cmapper is an expert in the subject area, then there 
might be no subject-matter learning involved. But if the Cmapper is a student who started building the map when he 
or she didn’t know the subject, and the construction of the map was part of the learning process, then clearly subject-
matter learning took place. We mentioned above that constructing a concept map involved higher-order thinking skills, 
including analyzing, reflective thinking, evaluation and explanations. Expressing knowledge in the most concise and 
explanatory way involves a high level of synthesis – a higher-order thinking skill. Good, well selected crosslinks, 
which link concepts from different subdomains of the concept map, are a key aspect of excellent Cmaps. Crosslinks 
are often considered to show broad understanding and have been referred to as representative of creative leaps on the 
part of the Cmap constructor and are considered important in the facilitation of creative thinking (Novak & Cañas, 
2008), a higher-order thinking skill. Presence of good crosslinks in their Cmaps reflect broad understanding of the 
topic on the part of the students. Overall, constructing an excellent Cmap, particularly one for a topic which the student 
is learning, involves a substantial amount of higher-order thinking skills. Figure 3 actually reflects the learning, both 
in subject-matter content and higher-order thinking skills, for students who are Excellent Cmappers. 

 
Getting to build good Cmaps is hard, and getting to build excellent Cmaps much harder. It takes time and practice 

to become an Excellent Cmapper. There is a learning curve in constructing Cmaps that is usually reflected in the 
concept map’s size, as shown in Figure 4, which show the size of the Cmaps from the time persons starts concept 
mapping to the time they reach Excellent Cmapper (Cañas et al., 2017). New users who are learning what Cmaps are 
about and possibly at the same time learning how to use the software tool to construct them will initially build small 
maps. Often the initial struggle is figuring out what concepts are, what are linking phrases, and what are propositions. 
As they become more comfortable with the process of constructing a concept map, their maps become larger, as now 
the struggle is with the content. Users ask themselves what concepts are missing, and whether the concept map is large 
enough. Typically, at this point users are figuring out that coming up with the best linking phrase to construct a 
proposition is among the hardest parts of building a concept map. At this point are approaching the point where they 
can build Good Cmaps. In terms of Figure 4, they are still to the left of the dotted line. 
 

 
 

Figure 4. The time it takes to reach Excellent Cmapper as reflected in the size of the Cmaps built, from Cañas et al (2017). 

Users who continue building concept maps, and who get feedback on their maps, will begin to spend time thinking 
about their maps in terms of the key features of Excellent concept maps: are the main, key concepts and ideas clearly 
represented? Does the map clearly respond to the focus question? Are all concepts and propositions relevant to the 



 

topic and help answer the focus question? Are all relevant concepts included? Is every linking phrase the best option 
to express the relationship between the particular concepts? Could the same explanation be presented in a more concise 
map? As these questions become second nature to the Cmapper he or she is moving through the point in time depicted 
by the dotted line in Figure 4, becoming an Excellent Cmapper, and the mapping process now requires more of the 
higher-order thinking skills described above. The concept maps become smaller – in concept mapping, larger is not 
always better (Kinchin, 2014). 

 
Unfortunately, most students never reach the tipping point of the curve, they remain to the left. This means that 

they don’t benefit from the development and exercising of higher-order thinking skills and the learning of subject-
matter content that excellent concept mapping can foster. Many authors have written that concept mapping is easy to 
learn and use (Fiedler & Salas; Wei & Yue, 2016). Bixler et al. (2015) report that when provided concept mapping in 
a modest dose, students were not able to improve critical thinking skills, but students perceived the process of concept 
mapping as easy to use and learn. But this simple construction is way at the left of the dotted line.  

 
The most common use of concept mapping is for instructor’s assessment of students’ subject-matter content. 

Students are usually given one chance to draw the map, as part of an assignment or test, and the instructor evaluates 
it. Given the tendency of assessment rubrics to rely on structural measurements (Kinchin, 2014), students will figure 
this out and tend to build as large a concept map as possible with as many crosslinks as they can figure out. Seldom 
do they get any feedback on the quality of the maps, or the opportunity to revise them. Often, they are only given a 
few minutes of introduction on concept mapping before being asked to construct the concept maps. This setting does 
not lead to developing students as Excellent Cmappers, and leaves them on the left of the dotted line in Figure 4. 

 
On the other hand, students who are given the opportunity to work on their maps as they learn the subject-matter 

and get feedback from the instructors and peers will begin to apply their higher-order thinking skills, resulting, for 
example in discriminating between key and irrelevant concepts, their maps becoming better built structurally and 
content-wise, and more precise, as was reported by Dowd, Duncan & Reynolds (2015). To make sure that their 
students are learning subject-matter content and developing and exercising higher-order thinking skills during their 
concept mapping sessions, instructors need to make sure they have the practice and support to become Excellent 
Cmappers. 

4.3 Concept Mapping as a Process 

Excellent student Cmappers can learn substantial subject-matter content and develop higher-order thinking skills while 
they individually construct their concept map, and not yet reach the full potential of concept mapping as a learning 
tool. To achieve the full potential, concept mapping in the classroom must be seen as a process, as part of the whole 
learning activity, and not as an isolated task.  

 
Consider the case mentioned in a previous section, where at the beginning of the unit or module the instructors 

give their students a list of concepts and ask the students to construct a concept map with those concepts, as a way to 
assess prior knowledge. Let’s assume that initial concept map was based on a good focus question. Now, what if those 
initial concept maps are not discarded, but used as part of the learning process for the unit. The students would get 
feedback on their concept map, and would be asked to enhance the map as they learn more about the subject-matter 
content. Most likely the concept map did not have all concepts well linked and integrated (i.e. it was not an Excellent 
Cmap), but it can be taken as the starting point to learn about the subject matter. The concept map could guide the 
search and for information, e.g. concepts that the students didn’t know or understand well, and then content learned 
would be used to enhance the map, which would reflect the increased understanding and learning. If the software tool 
being used to construct the concept maps allows it, e.g. CmapTools (Cañas et al., 2004), resources and concept maps 
can be linked into a Knowledge Model. At the end of the unit, the concept map(s) (particularly when compared to the 
initial map), would be evidence of the learning that took place. Novak & Cañas (2004) refer to this as a New Model 
of Education. The construction of the concept map(s) is a process, it’s not a single-shot action 

 
There are many changes in the conditions in which a concept map is constructed that can lead to increase in 

learning of subject-matter content and higher-order thinking skills. One of them is having the concept map built in 
small groups of students. While constructing a concept map as a group, students must carry on a negotiation of 
meaning, in particular during the construction of propositions. This meaning negotiation, in fact, is one of the richest 
subject-matter content learning aspect of concept mapping, and leads to a constant argumentation, a higher-order 



 

thinking skill, among students and between the student(s) and the instructor. We reflect this increase in learning in 
Figure 5. With the group work, the amount of subject-matter content and higher-order thinking learning would 
increase. 

 
Figure 5. The learning in subject-matter content and development and exercise of higher-order thinking resulting from the construction of a 

single Cmap, without a focus question, with focus question, and group working with focus question, and no interventions. 

 
Concept mapping as a process involves a series of interventions. Each of these interventions results in a 

subsequent modification to the concept map. An intervention could be a question that leads to the modification of the 
map. For example, as the students are building their concept maps, the instructor could come by and ask them questions 
about the map. Even when given a focus question, during the map construction other questions will arise, not only 
from the instructor, but also map constructors themselves or from fellow students that will lead to the expansion of 
the maps or construction of other maps. The process of construction should be a continuous questioning between the 
student and the instructor, a higher-order thinking skill. 

 
We refer to one or more interventions and the subsequent modifications on the concept map as an iteration, such 

that concept mapping as a process is a series of iterations from the initiation of the construction of the concept maps 
to when they are done (which don’t necessarily match the beginning and the end of the unit or module). 

 
Different types of interventions can lead to different quality of iterations. For example, automated quantitative 

feedback on the structure or topology of the concept map could be considered a low-quality intervention. Simple 
feedback from the instructor would be a somewhat higher quality intervention. While an extensive group discussion 
on the content and structure of a concept map and whether it responds to the focus question would be a high-quality 
intervention. Iterations involving questioning, feedback and critique interventions by the instructor and peer students, 
together with group discussions on the concept maps constructed by teams of students, who are constantly 
collaborating and negotiating in their teams, can result in increased subject-matter content learning and increase 
development and exercising of higher-order thinking skills. Among other possible interventions, we include 
argumentation, searching for information, presentations, etc. Figure 5 shows how low-quality iterations result in little 
increases in learning while high-quality iterations will result in larger increases.  

 
Even simple feedback can be motivating to students. In an experiment carried out by Miller et al (2010) with 

elementary school students in Panamá, students were so excited that experts remotely annotated their concept maps, 
that even if the feedback was just complimentary and not content-related, they were motivated to continue working 
and improve their maps, and their resulting Cmaps were just as good as those of students who received content-related 
feedback, in contrast with students who did not receive any feedback at all and did not feel motivated to continue 
working on their maps. Pérez Rodríguez et al (2006) report on the use of several iterations that involved peer feedback 
and commenting by groups of university students in a physics course, resulting in an increased learning compared to 
the traditional teaching method. Chiu et al (2000) found in an experimental study on collaboration during concept map 
construction that the greater the interaction, particularly high-level interaction processes, the better a group performed. 
And De Simone et al (2001) write that during a collaborative concept mapping study, participants said that concept 



 

mapping provided them with clear, concrete feedback for self-evaluation and facilitated the role of group sharing and 
discussion, and suggested that groups should present their map to the whole class for critique. They wanted more 
feedback on what makes a good map, and constructive, ongoing feedback on both the mapping process and their 
subject-matter content understanding. 

 
The combination of Excellent Cmappers with high-quality iterations leads to increased subject-matter content 

learning and development and exercising of higher-order thinking skills. It takes time to get students to construct 
excellent concept maps, and generating quality interventions also takes time, practice and experience. But once an 
instructor has all these conditions together, students during their concept mapping activities will be able to achieve 
the level of subject-matter content and higher-order skills learning on the top-right quadrant as shown in Figure 7. 

 

 
Figure 6. On the left, low-quality iterations result in small amounts of increased learning, while on the right high-quality iterations result in larger 

amounts of increased learning 

 
 
 

 
Figure 7. Excellent Cmappers learning though high-quality iterations can reach the top-right quadrant. 

5 Conclusions 

The literature and our own personal experience have taught us that concept mapping can lead to increased subject-
matter content learning and to the development and exercise of higher-order thinking skills. But our experience has 
also shown us that in a large number of cases, the way concept mapping is used in the classroom does not lead to any 
of the two. In this paper we have discussed that the level of expertise of the students of concept mappers, together 



 

with the type of conditions concept mapping takes place can make a difference in whether the concept map is being 
used as a learning tool or not. Taking the time to help the students become Excellent Cmappers, and planning the 
concept mapping activities as a series of iterations with high-quality interventions can result in not only increased 
learning of both subject-matter content and higher-order thinking skills, but increased participation, interest and 
motivation on the part of the students. 
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