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Abstract: The evolution of concept mapping has benefitted from the robust 
theoretical basis provided by Ausubelian learning theory. However, for concept 
mapping to maintain its relevance and to keep pace with the evolutionary 
changes in the educational context, it is vital that educational researchers and 
classroom practitioners can augment this theoretical base with contemporary 
learning theories that will help to improve the application of concept mapping 
and increase the likelihood that the goal of meaningful learning will be 
achieved in practice. This involves shifting the focus of concept mapping from 
product to process and the role of the learner from ‘being’ to ‘becoming.’ The 
act of concept mapping needs to be viewed as a way of mastering learning 
rather than of mastering specific content. We propose the consideration of the 
explicit role of semantic waves as an improvement from simplistic knowledge 
representation towards the development of more complex knowledge modelling 

as a way of developing powerful knowledge structures. 

Keywords: Concept map; Knowledge modelling; Threshold concepts; 
Semantic waves; Pedagogic resonance 
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1. Introduction 

It has been 50 years since Joseph Novak created concept maps for representing 
knowledge (Correia & Aguiar, 2022). Unlike other visual organizers, concept mapping is 
built on a solid theoretical foundation from the ideas developed by David Ausubel 
(Ausubel, 2000). The Ausubelian notion that knowledge is formed by concepts and 
propositions justifies the need to include the linking phrase to explain the nature of 
conceptual relationships (Novak, 2010). The research involving concept maps developed 
from this starting point, as Novak and Cañas (2010) remind us: 

“The research program was based on Ausubel’s […] Assimilation Theory of 
cognitive learning, and an emerging constructivist epistemology that viewed 
knowledge as a human creation involving the construction on new concepts and 
propositions through the process of high levels of meaningful learning, as 
described by Ausubel, and Novak’s Human Constructivist epistemology.” (p.1) 

Re-examining the theoretical foundations of concept mapping is critical for 
achieving the expected outcomes (Cañas & Novak, 2006). Meaningful learning, a 
consequence of creating meanings from previous knowledge, is one the most often 
presumed results when teachers and students choose to use concept maps. Unfortunately, 
it is not so common in practice because concept mapping is often placed into a context 
that has low recipience for teaching innovation (Kinchin, Winstone & Medland, 2021) so 
that the higher-level objectives are never attained. Teaching and learning are complex, 
even ‘messy’ activities (Simmie, Moles & O’Grady, 2019), demanding a theoretical 
understanding that goes beyond the historical origins of concept mapping. This wider 
understanding is often lacking among teachers and students. In other words, it is 
necessary to explore contemporary educational theories to avoid the ‘Ausubelian trap,’ 
which limits the use of concept maps within a single theoretical perspective. This is a 
specific example of the ‘rigidity trap’ in academic practice that can be observed when 
teachers continue to engage in practices that run contrary to available evidence (Kinchin, 
2022). It is critical to challenge the dominant discourses in education (Kinchin & Gravett, 
2022). The concept mapping community has acknowledged this and according to Kinchin 
(2015): 

“At the 6th international conference in Brazil in 2014, comment was made that it 
was now time for academics to challenge the dominant discourses in education 
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through the application of concept mapping by integrating the tool with 
contemporary educational theories from both the psychology and the sociology of 
education.” (p.3) 

Considering learning based on changes in knowledge structures is a way of 
expanding the theoretical horizon that informs the use of concept maps (Kinchin & 
Correia, 2021). Fig. 1 presents three remarkable events in the learning process that need 
to be considered more carefully to appreciate their role in meaningful learning: periods of 
disjuncture, threshold concepts, and semantic waves. 

 

Fig. 1. Changes in knowledge structures during the learning process to increase expertise. Periods 
of disjuncture, threshold concepts, and semantic waves occur throughout the way 

• Periods of disjuncture: the transition between uncontextualized (linear structures) 
and contextualized knowledge (networks) does not follow a smooth path. It is an 
uncomfortable time for learners, requiring an ever-greater commitment to 
meaningful learning, in the detriment of rote learning (Hay, Kinchin & Lygo-
Baker, 2008). The periods of disjuncture mark the abandonment of linear 
structures, which prove to be useless to accommodate new information (Kinchin 
& Correia, 2021). 

• Threshold concepts: the establishment of relationships between linear and 
networked structures is essential to contextualize knowledge, by bridging the 
gap between theory and practice. This relationship between different types of 
knowledge structures (chain and net) occurs through threshold concepts (Meyer 
& Land, 2006). They are responsible for the most significant conceptual changes 
(Kinchin & Correia, 2021). 

• Semantic waves: are pulses of cumulative knowledge-building where knowledge 
is transformed between relatively decontextualized, condensed meanings and 
context-dependent, simplified meanings, offering a means of enabling 
cumulative classroom practice (Maton, 2013). The semantic waves are critical to 
overcoming the gap between theory and practice, i.e., the emergence of expertise. 

This paper aims to explicitly acknowledge the role of semantic waves in the 
learning process to show the role that concept maps have in knowledge modelling. This 
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goes beyond mere knowledge representation. The next section of the paper considers 
feedback experiences as an indicator of the learning conception (i.e., whether learning is 
seen as the acquisition of content or development of metacognitive skills), which informs 
the use of concept maps in the classroom. Next, we define the semantic waves and 
present their role in the knowledge modelling process. Finally, we discuss practical 
implications for teachers and researchers who want to surf deeper waves, going beyond 
the familiar shallow waves we already know. 

2. Experiences of feedback to unveil the purpose of concept mapping 

The educational values to be pursued throughout the learning process influence the 
impact that concept mapping will have in the classroom. Cañas, Novak, and Reiska (2012) 
state the essential purpose of concept mapping in education is to assist learners in 
building powerful knowledge structures. They also pointed out that task instructions can 
broadly vary in terms of content and structure, resulting in activities from ‘memorize the 
teacher’s map’ (low freedom of content and structure) to ‘create your own concept map’ 
(high freedom of content and structure). There are many intermediate options available 
between these extremes that can be chosen to align teaching methods to the educational 
values shared within an educational institution. 

The evaluation of activities with maps can be valuable to characterize the 
educational values of the learning environments. McLean, Bond, and Nicholson (2015) 
show four feedback experiences that help us identify whether the focus of learning is on a 
final product to be obtained, or on the process that develops throughout the classes: 

• Feedback as telling (TEL): uni-directional transmission of ‘correct’ answers puts 
emphasis on a single, expert voice. This view of feedback assumes a passive role 
for the student in which dialogue does not contribute to understanding. 

• Feedback as guiding (GUI): the students are being pointed in the right direction 
so that they may learn by applying knowledge to practice. In such instances, 
students may start to think about feedback to help them work out the answer. 

• Feedback as developing understanding (DUN): requires students to be more 
active, using feedback as a tool in the construction or adjustment of knowledge 
structures. 

• Feedback as opening up a different perspective (OPE): it deliberately introduces 
different views and requires students to be actively engaged in interpreting and 
evaluating knowledge. It resonates with the idea of acquiring threshold concepts 
(Meyer & Land, 2006). 

Fig. 2 characterizes some of the differences in learning environments. The 
preference for the ‘feedback as telling’ and ‘feedback as guiding’ indicates that the 
teacher’s focus is on student acquisition of specific knowledge – the product. In such 
cases, feedback is passive and uni-directional, moving students towards an agreed and 
fixed knowledge structure that serves as an arbitrary endpoint for learning. In this context, 
concept maps serve to represent knowledge, facilitating the negotiation of meaning. 
However, discussions between teacher and student tend to be convergent and centered on 
the ‘right answer,’ that is, on the reference knowledge to be understood (e.g., the atomic 
model or how to solve a math problem). Frequently, students’ understanding is verified 
after the teaching period to check if the result is satisfactory for approval, ending the 
course’s activities and closing down further discussions. Most current applications of 
concept maps fit this description. 
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Fig. 2. Characterizing the learning environment from the experiences of feedback (TEL, GUI, 
DUN, and OPE). Focus on the product (red) represents most applications, whereas the focus on the 
process (blue) is likely to assist learners in building powerful knowledge structures. The purpose of 

concept mapping addresses different goals (grey boxes) in each case 

The focus on the process extends the purposes of concept mapping in the 
direction of knowledge modelling. The preference for ‘feedback as developing 
understanding’ and ‘feedback as opening up a different perspective’ requires more active 
student engagement and tends towards the construction of personal knowledge structures. 
The discussions between teacher and student are divergent and involve a ‘contextual 
knowledge’ that does not present a single ‘right answer’ (e.g., choose a preferred painter 
among famous artists or select political initiatives to deal with the pandemic). The 
coherence in argumentation is under scrutiny, and it is developed only after a period of 
reflection. Different viewpoints may be accommodated, which opens doors to further 
learning. The concept maps assist knowledge modelling rather than be limited to the 
representational stance. Therefore, pedagogic resonance, i.e., the bridge between teacher 
knowledge and student learning, moves the student development from ‘being’ to 
‘becoming.’ It increases the levels of metacognition that are implicit in this context and 
encourages a better fit with the development of powerful knowledge structures. 
Unfortunately, the applications of concept maps in the classroom rarely fit this 
description, and activities are often terminated prematurely once the content has been 
‘covered,’ and before any critical, higher-order learning has been activated. 

The development of ‘powerful knowledge structures’ (as described by Young & 
Muller, 2013) requires a learning cycle that includes both product and process focus (Fig. 
2). The first helps deal with the periods of disjuncture when knowledge is 
uncontextualized (occurrence of rote learning and low levels of meaningful learning, see 
Fig. 1). The latter contributes to overcoming threshold concepts, which is necessary for 
the contextualization of knowledge (high levels of meaningful learning, see Fig. 1). As 
the most recurrent applications of concept maps value the focus on the product 
(knowledge representation), the implications for the learning process end at the periods of 
disjuncture and do not reach the following critical stages (threshold concepts and 
semantic waves, see Fig. 1). The role of threshold concepts in understanding is described 
by Meyer and Land (2006) as follows: 



   

 

   

   

 

   

   

 

   

   386 P. R. M. Correia et al. (2023)    
 

    

 

 

   

   

  

   

   

 

   

       
   

“A threshold concept represents a transformed way of understanding, or 
interpreting, or viewing something without which the learner cannot progress. As 
a consequence of comprehending a threshold concept there may thus be a 
transformed internal view of subject matter, subject landscape, or even world view. 
[…] Such a transformed view or landscape may represent how people ‘think’ in a 
particular discipline, or how they perceive, apprehend, or experience particular 
phenomena within that discipline (or more generally).” (p. xv-xvi) 

Meyer and Land (2006) also offer key characteristics of threshold concepts that 
distinguish them from other important ideas within a discipline. Threshold concepts are 
likely to be: 

• Transformative: they result in a change in perception of a subject and may 
involve a shift in values or attitudes. 

• Irreversible: the resulting change is unlikely to be forgotten. 

• Integrative: it ‘exposes a previously hidden interrelatedness’ of other concepts 
within the discipline. 

• Bounded: it serves to define disciplinary areas or to ‘define academic 
territories.’ 

• Potentially troublesome: students may have difficulty coping with the new 
perspective that is offered. 

If the threshold concepts are helpful to bridge the gap between theory and practice, 
the semantic waves are vital to overcoming it (Fig. 1). 

3. Surfing semantic waves 

Not all ‘knowledge’ is the same (Kinchin, Möllits, & Reiska, 2019) – it can be 
distinguished qualitatively in terms of its technical density (semantic density, SD) and its 
closeness to practice (semantic gravity, SG) as described by (Maton, 2013). Fig. 3 show a 
concept map to represent the main conceptual relations SD and SG. 

Semantic gravity (SG) refers to the degree to which meaning relates to its context. 
Semantic gravity may be relatively stronger (+) or weaker (−) along a continuum of 
strengths. The stronger the semantic gravity (SG+), the more meaning is dependent on its 
context; the weaker the semantic gravity (SG−), the less dependent meaning is on its 
context. Semantic density (SD) refers to the degree of condensation of meaning within 
socio-cultural practices, whether these comprise symbols, terms, concepts, phrases, 
expressions, gestures, clothing, etc. Semantic density may be relatively stronger (+) or 
weaker (−) along a continuum of strengths. The stronger the semantic density (SD+), the 
more meanings are condensed within practices; the weaker the semantic density (SD−), 
the less meanings are condensed. 
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Fig. 3. A concept map of the relations between semantic density and semantic gravity, Adapted 
from Kinchin, Winstone, and Medland (2021, based on Maton, 2013) 

Conceptualizing processes of strengthening and weakening semantic gravity and 
semantic density (SG↑↓, SD↑↓) enables research to trace the semantic profile of practices 
over time (Fig. 4), suggesting that: 

• It is necessary to go beyond ‘unpacking’ educational knowledge into context-
dependent and simplified meanings, in a process related to progressive 
differentiation (A in Fig. 4). 

• It is necessary to ‘repack’ educational knowledge into generalized and highly 
condensed meanings, in a process related to integrative reconciliation (B in Fig. 
4). 

• Modelling knowledge is not a sudden transformation. It involves cycles of 
decontextualization (progressive differentiation) and recontextualization 
(integrative reconciliation). 

• The typical use of concept maps focuses on the product (knowledge 
representation) and does not allow reaching the expert student (knowledge 
modelling). The semantic waves show the importance of decontextualizing and 
recontextualizing understanding, providing intertwined moments of segmental 
and cumulative learning. 

• Surf the semantic wave reduces the T-P gap and impacts the overall Cmap 
quality. 
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Fig. 4. Moving concept mapping from representing (red) to modelling knowledge (blue) through 
the cyclic process involving segmental (A) and cumulative (B) learning. Surfing the semantic 

waves reduces the theory-practice (T-P) gap (gray) and fosters the expertise development 

4. Practical implications: going beyond the shallow waves 

The typical use of concept maps reported in the literature explores the representation of 
knowledge to be transmitted to students (Fig. 5). This condition presents a restricted 
coherence involving ‘stating the fundamentals,’ which keeps classroom practice 
relatively simple, and is analogous to ‘shallow semantic waves.’ Surfing the semantic 
waves requires ‘leaving the beach and entering the sea to catch deep waves.’ This is 
where major leaps in understanding may be achieved, though it requires acknowledgment 
of the complexity of the classroom and the challenges this may present. This challenge 
requires two changes: firstly, the teaching approach (see 1 in Fig. 5), and secondly, the 
intentions when using concept maps (see 2 in Fig. 5). Both changes present threshold 
concepts to be overcome for the teacher. They are deep and transformative changes in 
scholarship of teaching. 
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Fig. 5. Combinations between teaching approach and Cmap purpose to show the way from the 

widespread use to the desirable outcome (1, 2 and 1+2). Coherent and incoherent conditions are 
indicated in green and red, respectively. Threshold concepts represent a gap in the middle of the 

axes. 

The use of modelling in the transmission of knowledge results in an incoherent 
condition (red in Fig. 5), where the knowledge to be modelled is not available to the 
students. It only appears to them after ‘organizing the fundamentals’, when we create 
space for the ‘development of powerful knowledge’. 

5. Final remarks 

In this paper we suggest that the intended outcomes (higher order thinking skills and 
meaningful learning) of concept map application in many classrooms are never achieved 
as the theoretical underpinning of the concept mapping activity is too narrow (and hence 
restrictive) and poorly understood by many practitioners (and researchers) who have 
failed to think critically about contemporary learning theory. This lack of criticality has 
led may researchers into the ‘Ausubelian trap’, where it is all too easy to ‘cut and paste’ 
research rationales and methodologies from earlier works without giving adequate 
consideration to their fit to the context of 21st Century education. We contend that 
researchers need to adopt a greater degree of epistemological and methodological 
flexibility when applying concept mapping and to consider the contribution of 
philosophical and methodological plurality that may contribute to future research by 
creating a level of discomfort that is needed to promote critical reflection. 
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