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Abstract—Developing both conceptual and procedural 

knowledge is important for learning mathematics. It is 

insufficient to rely only on memorizing learned facts or 

principles for solving a complex problem. Additionally, 

conceptual understanding may affect the acquisition of 

procedural knowledge. Thus, developing conceptual knowledge 

needs to be focused on early in the learning process. Writing a 

structured summary is one of many methods that may help 

learners organize their understanding and develop conceptual 

knowledge. However, the currently popular method of 

providing an after-class activity of writing a structured 

summary of learning materials is insufficient, which often leads 

to retained misconceptions. This study investigates the potential 

effectiveness of activity for organizing information that utilizes 

a Kit-Build Concept Mapping (KBCM) tool as an alternative for 

developing both conceptual and procedural knowledge. An 

experiment was conducted to compare KBCM with summary 

writing, which involved 105 students from an Indonesian public 

university. The result suggests the potential of KBCM to 

improve conceptual knowledge better than summary writing. In 

addition, both treatments were found to be potentially effective 

for improving procedural knowledge. Some characteristics of 

KBCM that might have played a role in developing both types 

of knowledge are discussed. 
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I. INTRODUCTION 

In mathematics educational contexts, learners are usually 

expected to solve problems by recognizing the nature of the 

problem, retrieving relevant principles, and then applying 

relevant procedures, i.e., they are expected to acquire 

understanding about both conceptual knowledge and 

procedural knowledge. Understanding conceptual knowledge 

implies understanding “what” and “why” certain principles in 

mathematics work [1], while understanding procedural 

knowledge implies the ability to memorize, retrieve, and 

apply the knowledge about steps or “how to solve” a problem. 

In the field of mathematics education, some works of 

literature suggested the importance of developing both types 

of knowledge for effective problem solving [2–4].  

However, while procedural knowledge needs to be 

fostered, a primary focus needs to be given to developing 

conceptual knowledge as early as a new concept is introduced 

to learners due to its influential role in shaping procedural  

knowledge [3, 5, 6].  

However, despite its importance, developing conceptual 

knowledge remains a difficult challenge for many instructors. 

In the context of mathematics education, learners sometimes 

perform mathematical procedures involving certain 

mathematical objects (operators, symbols, terms, etc.) but do 

not know what the underlying principles are, including the 

reasons behind the procedures and their relationships with 

other mathematical concepts. In addition, gaining a “big 

picture” about mathematical concepts (i.e., relationships 

between key concepts) had also been suggested in prior works 

of literature [7–9]. A study even reports that a significant 

number of lectures for teaching mathematics still put an 

emphasis on providing procedural knowledge instruction 

(e.g., focusing on memorization) instead of conceptual 

knowledge [10].  

As for teaching conceptual knowledge, several methods 

have been proposed, such as providing interactive 

engagement, teach-to-learn assignments, visualizations, 

examples and non-examples, and guided discovery [11–13]. 

However, traditional lecturing, as well as the mentioned 

alternative methods, have some limitations, especially in a 

class with diverse learners, e.g., learners who retain learned 

misconceptions, low-achieving learners (low-achievers), etc. 

As an example, some low-achievers may have difficulty 

catching the meaning and relationships between abstract 

concepts just by listening to a lecture. It may be difficult for 

low-achievers to complete teach-to-learn assignments due to 

a relatively higher cognitive load.  

Another typical way to help learners develop conceptual 

knowledge is by instructing them to write about the learning 

materials, e.g., essay assignments, summaries, etc., usually as 

after-class activities to help learners organize their 

understanding [14]. Writing a summary about a learning 

material has long been viewed as beneficial for learners due 

to its potential to improve comprehension [15–17]. In 

mathematics teaching, giving writing assignments is believed 

to be beneficial for conceptual knowledge development 

because it requires learners to make efforts to achieve a 

thorough understanding of various concepts in order to 

effectively express and explain them to others [9, 18]. Such 

an activity also requires learners to catch the structure of the 

domain knowledge and express it using their own words.  

Another alternative that could help the learners gain 

conceptual knowledge is concept mapping, in which learners 

are required to extract and express the structure of the 
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knowledge in the form of propositions represented as links 

and nodes [19, 20]. Through writing a summary or creating a 

concept map, learners could actively organize information by 

extracting propositions (e.g., definitions & examples) from a 

knowledge domain and be aware of the relationships between 

concepts. 

Nevertheless, both summary writing and making concept 

maps, especially traditional from-a-scratch concept mapping, 

may not also be befitting for those who are low achievers. 

Both of them require the learners to extract the propositions 

from the learning materials, restate the propositions in their 

own words, and recognize underlying relationships between 

the concepts, which demand a relatively higher cognitive 

load. In addition, learners may also be prone to 

misconceptions during summary writing or concept mapping, 

which may further hinder their learning if left unaddressed. 

In the context of the teaching of linear algebra, 

misconceptions due to learners’ inability to correctly 

recognize relationships between important concepts have 

been reported in prior studies [21, 22]. Therefore, there is a 

need to provide an effective alternative method as a 

complement to the existing way of teaching conceptual 

knowledge, which requires learners to develop and retain a 

correct understanding of conceptual knowledge from the start 

of the learning process.  

Another alternative activity for organizing information that 

could address the limitations of summary writing and 

traditional from-scratch concept mapping is Kit-Build 

Concept Mapping (KBCM). In this approach, firstly, the 

instructors prepare a concept map representing the domain 

knowledge. Secondly, the teacher-created map is 

disassembled into components (nodes & links) [23]. Such 

components are then given to the learners, who are instructed 

to try to reconstruct the map while reviewing the materials 

without seeing the teacher-created map. They receive 

immediate feedback while attempting to connect the nodes 

and links; thus, they have the opportunity to reflect on their 

understanding. Such a way is hypothesized to be beneficial 

for developing conceptual knowledge, i.e., they are aware of 

the relationships between the concepts within the domain. 

KBCM has been applied in various educational contexts with 

positive effects on learning [24–28].  

Nevertheless, the question of what knowledge type KBCM 

could improve and to what degree it is effective compared to 

typical summary writing as an after-class activity has not 

been addressed in prior studies about KBCM. A related prior 

study [28] provided the evidence that KBCM has the potential 

to improve overall learning achievement in mathematics. 

However, the mentioned study has not yet investigated its 

effect on learners’ conceptual and procedural knowledge. To 

address this research gap, this study aims to investigate the 

effectiveness of KBCM as an alternative way to improve 

learners’ conceptual and procedural knowledge, particularly 

in the context of learning mathematics. To achieve this 

purpose, this study compares the effectiveness of providing 

KBCM and the typically implemented summary writing as an 

after-class information-organizing activity for improving 

learners’ conceptual knowledge. By comparing the 

mentioned interventions (KBCM and summary writing), the 

following research question is addressed in this study: To 

what extent did conceptual and procedural knowledge 

improve? 

II. RELATED WORKS 

A. Conceptual and Procedural Knowledge 

Conceptual knowledge is a web of ideas that form 

meaning, e.g., relationships between newly learned concepts 

and previously learned concepts, propositions describing 

related objects that convey a principle or theory, etc. [29, 30]. 

In the domain of linear algebra, for example, this type of 

knowledge includes the definition that states a vector could 

be any mathematical object as long as it satisfies a certain set 

of axioms, i.e., recognizing the existence of a relationship 

between the concept of algebraic vectors and the mentioned 

axioms.  

On the other hand, procedural knowledge is the knowledge 

about a series of actions or steps needed to be performed to 

reach a goal, e.g., steps to apply relevant mathematical 

formulas in a specific context [29]. An example of this type 

of knowledge in the domain of linear algebra includes the 

knowledge of steps and the principles for the addition of two 

polynomials, e.g., x2 + x and x3 + 2x. 

Conceptual knowledge plays an important role in shaping 

procedural knowledge [3]. Thus, having a conceptual 

misunderstanding of a concept is detrimental to the 

development of problem-solving abilities. As an illustration 

in the context of learning mathematics, a learner might have 

acquired an understanding of the concept of vectors as 

physical vectors describing physical forces represented in a 

two-dimensional (e.g., x = [x1, x2]) or three-dimensional plane 

(e.g., x = [x1, x2, x3]) due to being taught so in their high school 

physics class. When encountering algebraic vectors in a linear 

algebra class during their university years, they might have 

difficulties differentiating physical vectors and vectors as a 

mathematical object that satisfies certain axioms (e.g., any 

element within a set of polynomials P, matrices Mmxn, or 

functions F that only include elements with identical 

algebraic properties). Such a misconception could be retained 

and hinder deeper learning in linear algebra [22, 31]. 

Therefore, in the context of mathematics education, it is 

important to develop the correct conceptual knowledge early. 

B. Activities of Organizing Information as Instructional 

Strategies 

Many instructional strategies have been proposed to help 

learners learn mathematics. The state-of-the-art works of 

literature in the field of mathematics education show that 

game-based learning and activities of organizing information 

(e.g., writing and concept mapping) are popular teaching 

interventions with various benefits and challenges [32–34]. 

Some of the mentioned interventions provide various forms 

of scaffolding to lower cognitive load and help learners 

effectively gain conceptual understanding to solve 

mathematical problems. 

Organizing information is one of the ways to develop 

conceptual knowledge, which may affect procedural 

knowledge in the end. Such kinds of activities require 

learners to engage deeply with the learning materials in such 

a way that they try to memorize specific terms and symbols 

used to define a concept, catch the relationships between the 

concepts, make sense of propositions, and express their 
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understanding using various mediums, e.g., written text, 

diagrammatic representation of concepts, etc.  

The activity of organizing information may facilitate 

meaningful learning. According to the theory of meaningful 

learning, learners learn effectively when they are able to 

integrate new knowledge into their existing  

understanding [35, 36]. In the context of mathematics 

education, summary writing and concept mapping are two 

forms of information organizing activities that have been 

used as promising instructional strategies [33, 37]. 

C. Summary Writing  

Writing a summary of learning materials is one of the 

typical ways to organize information for achieving 

conceptual understanding. Writing to organize information 

has been suggested as beneficial for learning mathematics 

because it requires learners to try to explain various abstract 

concepts in their own words [9, 18]. 

In mathematics education, writing about learning contents 

is one of the pedagogical tools that have the potential to 

benefit learners [38–40]. Writing a summary in this context 

may enable learners to reflectively think and express what 

they have understood well and what they do not understand, 

which could be used as inputs for diagnosing  

misconceptions [41]. Learning mathematics is generally an 

incremental experience in which learners build their 

knowledge over their existing knowledge structure. Summary 

writing may deepen learners’ understanding by helping 

learners realize the connection between their prior 

understanding, new information they received, and their life 

experiences [42]. This kind of writing serves as a means for 

actively assimilating and constructing mathematical 

knowledge [43]. 

Writing a summary about a topic in mathematics is a form 

of mathematical writing, which includes choosing 

appropriate terms to describe a mathematical concept, mixing 

words and symbols in a meaningful way, and synthesizing 

materials [44]. There are various tasks that could be included 

in a summary writing assignment for learning mathematics, 

such as (a) inquiring about existing understanding of 

mathematical concepts [43], (b) exploring mathematical 

concepts (exploratory writing) [33], and (c) documenting the 

learning process (journal writing) [45, 46]. Various forms of 

scaffolding can also be provided to support learners in 

performing the mentioned summary writing tasks, such as 

providing a structured summary template consisting of 

keywords as a hint for writing propositions [28]. However, 

despite this kind of scaffolding, summary writing is often a 

difficult and cognitively demanding task for learners who 

cannot effectively organize information because it involves 

extracting the knowledge structures from the learning 

materials by themselves. 

D. Kit-Build Concept Mapping (KBCM) 

Another alternative is concept mapping, which utilizes a 

diagram to represent propositions as a web of interconnected 

nodes and links [20]. Prior studies had suggested that concept 

maps could be used and are beneficial in assessing and 

teaching conceptual knowledge [47–51].  

The traditional scratch concept mapping, which involves 

making a concept map about the learning material from 

scratch, has been extensively used in the context of 

mathematics education [37, 52]. Various studies in 

mathematics education reported that scratch concept mapping 

has the potential to increase overall learning  

performance [50], conceptual knowledge [32, 53], and 

assessment of self-efficacy [50]. Visualized connections 

between nodes that represent important concepts are 

suggested to be a scaffold that helps increase awareness of the 

relationships between relevant concepts [32, 54]. 

Through making a concept map, learners are enabled to 

find the relationships between several concepts by making 

connections and to reflect on their previously acquired 

understanding of such connections [55]. However, creating a 

concept map from scratch using learners’ own words is 

difficult due to a high cognitive load, which may hinder low 

achievers from deeper learning [20]. 

Despite being a scaffold itself by providing a visual 

representation of propositions that has the potential to 

improve conceptual understanding [56], there are several 

forms of scaffolding that could be integrated into concept 

mapping activities, such as providing focus questions to guide 

the making of propositions [57] and providing components. 

There are various ways of providing components as a scaffold 

in concept mapping, such as: (a) providing a partially 

completed map for learners to extend, (b) a map kit or 

disconnected components (fully or partially disconnected 

nodes & links) for learners to assemble, and (c) concept map 

structures without text for learners to select and fill in  

(SAFI) [36]. However, despite seeming restrictive and 

possibly limiting opportunities to express unique ideas, 

providing components as constraints in concept mapping 

could be effective for ensuring alignment of learners’ 

understanding with expert understanding if appropriate and 

timely feedback is provided based on learners’ 

misconceptions [36]. In addition, giving freedom to freely 

create concept maps from scratch could risk retained 

misconceptions due to the possibility of making incorrect 

propositions or poorly organized concept map structures [58]. 

Low achievers often experience difficulties in exercising 

higher-order thinking and synthesizing information, which 

are required for making an excellent concept map [59]. 

Therefore, similar to summary writing, scratch concept 

mapping risks an ineffective attempt to organize information 

due to requiring learners to exert a cognitively demanding 

effort to extract the knowledge structures from the learning 

materials by themselves. 

KBCM is a type of concept mapping that could potentially 

help both low- and high-achievers by making the learners 

reconstruct a teacher-created concept map from given 

components, thus reducing their cognitive load when making 

the map. In KBCM, learners are given components (nodes & 

links) that are prepared in advance by disassembling a 

teacher-created concept map [23]. During the attempt, the 

learners connect the given nodes and links without seeing the 

teacher-created map while receiving immediate feedback on 

whether they connected the correct propositions [60]. 

Through KBCM, learners could try to catch the relationships 

between several concepts and reflect on their understanding 

by being scaffolded with the provision of given components, 

i.e., they are not required to extract the proposition from the 

learning materials by themselves and could focus on finding 

the correct connections between concepts.  
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KBCM has been used as a pedagogical method for 

improving understanding of mathematics in some prior 

studies [22, 25, 28]. The use of KBCM for teaching 

mathematics is aimed at increasing awareness of the 

connections between various important concepts (crosslinks), 

which is important for effective problem solving. As an 

example, in the context of teaching linear algebra, the learners 

are expected to be aware of the relationship between linear 

equations and inverse matrices to be successful in making a 

correct judgment regarding the solution of a system of linear 

equations. By providing KBCM activity, as shown in a prior 

study [28], reassembling the components representing the 

mentioned concepts has the potential to improve overall 

understanding of the learning material by reducing cognitive 

loads to identify and connect important concepts. 

Some prior studies have shown that KBCM is effective for 

improving overall understanding of mathematics compared to 

traditional summary writing or reciprocal scratch concept 

mapping [25, 28]. However, none of the mentioned prior 

studies investigate the effectiveness of KBCM for improving 

conceptual or procedural knowledge in the context of 

mathematics education. In a quest to find effective methods 

for learning conceptual and procedural knowledge, this study 

aims to investigate the effectiveness of KBCM as an 

alternative to the traditional summary writing for improving 

conceptual and procedural knowledge in the mathematics 

subject.  

In the present study, in order to answer the research 

question (to what extent did conceptual and procedural 

knowledge improve?), the following variables were captured 

from an experiment involving a KBCM-treated group and a 

summary writing-treated group:  

1) conceptual knowledge understanding;

2) procedural knowledge understanding.

Variables (a) and (b) were measured by the pre-test and

post-test scores as well as the standardized learning gain for 

the respective types of knowledge. The differences between 

the pre-test and the post-test scores within groups and across 

groups, as well as the difference in the standardized learning 

gain, were used as the evidence of the learning effect. 

Additionally, the correlations between the map scores, the 

pre-test, and post-test scores (both conceptual & procedural 

knowledge) of the KBCM group were calculated as the 

evidence of the relationship between the quality of learners’ 

concept mapping attempts and the learning effect. A detailed 

description of how the experiment was conducted is provided 

in the following Methods section. 

III. METHODS

This case study aims to investigate KBCM’s effect on 

learners’ conceptual and procedural understanding as a 

follow-up study of a related study that compared the 

effectiveness of KBCM and summary writing for improving 

overall learning [28]. This study implemented a quantitative 

quasi-experimental approach to evaluate the proposed 

KBCM approach. The learning context, the participants, the 

steps undertaken during the experiment and the analysis are 

described in the following sections. 

A. Participants, Learning Context, and Evaluation

Students enrolled in two linear algebra classes (Class A: 54 

students; Class B: 51 students) from a public Indonesian 

university were involved in the experiment. All students were 

from the computer science department. Both classes received 

the same learning materials about the topic of inverse 

matrices and elementary row operations. Two instructors who 

taught the classes (one instructor per class) closely worked 

together to ensure that the two classes received identical 

teaching styles and learning content. 

The learning topic was inverse matrices, which is one of 

the key topics in linear algebra. The goals of the learning 

activity in this topic include: (a) the learners can describe the 

characteristics of inverse matrices; (b) the learners are able to 

infer the nature of the solutions regarding a given system of 

linear equations if provided with some information about the 

inverse of its coefficient matrix; and (c) the learners are able 

to find the inverse of a matrix using elementary row 

operations. The first two learning goals require the learners to 

possess sufficient conceptual knowledge regarding the 

relationships between inverse matrices, other types of 

matrices (e.g., identity matrices), and the matrix 

representation of a system of equations. The third goal 

requires the learners to memorize, recognize, and apply 

procedural knowledge about elementary row operations to 

find the inverse of a matrix. 

Fig. 1. Comparison of KBCM and summary writing activity. (Note: This 

figure was designed using images made by Freepik from Flaticon, 

https://flaticon.com). 
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Both the concept map and the summary template consisted 

of identical learning contents that included identical 

keywords and terms. However, KBCM and summary writing 

provided the learners with different information-organizing 

activities. In KBCM, a concept map is utilized; thus, a 

proposition (e.g., “If square matrix A does not have an inverse 

A−1, the reduced row echelon of A has a zero row”) is visually 

represented with nodes (“square matrix A” and “zero row”) 

and a link (“if does not have an inverse A−1, the reduced row 

echelon of it has”). In contrast, such a proposition is written 

as a full-sentence text in summary writing. A detailed 

description of how both activities differ is provided in Fig. 1. 

As shown in Fig. 1, the teacher-created concept map is 

created to represent the conceptual knowledge included in the 

learning material. Fig. 2 shows the screenshot of the 

teacher-created concept map used in this study. Note that the 

concept map contains the propositions related to the 

mentioned learning topics. 

Fig. 2. The teacher-created concept map (translated into English from the original Bahasa Indonesia). 

Fig. 3. The disassembled teacher-created concept map (translated into English from the original Bahasa Indonesia). 

The disassembled teacher-created concept map (the kit) contains all the concepts in the teacher-created map. The 
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Table 5. Correlations between conceptual knowledge post-test scores, 

procedural knowledge post-test scores, and map score 

Variables Map Score CPOST PPOST 

Map score - 
0.54 

(p = 0.0000) *** 

0.39 

(p =0.0037) ** 

CPOST (padj = 0.0000) *** - 
0.24 

(p = 0.0790) n.s. 

PPOST (padj = 0.0055) ** (padj = 0.0790) n.s. - 

CPOST: Conceptual Knowledge Post-Test Scores; PPOST: Procedural 

Knowledge Post-Test Scores; The Spearman ρ coefficients are displayed 

outside the brackets in the upper diagonal; The original p values are 

shown inside brackets in the upper diagonal; The adjusted p values 

(after BH method adjustment) are shown in the lower diagonal;  

* padj<0.05; ** padj<0.01; *** padj<0.001; n.s.: not significant. 

 

The results shown in Table 5 indicate that there are positive 

and significant correlations between KBCM learners’ map 

scores and the post-test scores of both conceptual and 

procedural knowledge. The result from the correlation 

analysis indicates that the KBCM group learners’ attempt at 

reconstructing the teacher-created map correlated with their 

performance at solving problems that require the 

understanding of conceptual knowledge or procedural 

knowledge, but the relationship between the map 

reconstruction attempt and their performance at answering 

conceptual knowledge-type questions was stronger. The 

correlation between the map score and conceptual post-test 

score (ρ = 0.54; strong) was found to be higher compared to 

the correlation between the map score and procedural post-

test score (ρ = 0.39; moderate). Note that this interpretation is 

based on the work of Dancey and Reidy [66]. 

V. DISCUSSION 

To answer the research question (to what extent did 

conceptual and procedural knowledge improve?), the results 

show that conceptual knowledge was significantly improved 

among learners who did KBCM and that the provision of 

KBCM significantly contributed to such improvement. As 

shown in Fig. 5, after the treatment, only the KBCM group 

showed significant improvement in test scores with a very 

large effect size (padj = 0.001368; effect size r = 0.525). In 

addition, there is no significant difference in the pre-test 

scores of KBCM and summary writing groups for both 

conceptual and procedural knowledge tests, which indicates 

that both groups had the same level of prior knowledge for 

both conceptual and procedural knowledge before the 

treatments, and learners’ prior knowledge was not the sole 

factor affecting the learning outcomes (i.e., the treatments 

also contributed to the learning outcomes).   

The results presented in Fig. 5 also showed that the learners 

in the KBCM group also exhibited a significantly higher rate 

of improvement in their conceptual understanding, which is 

shown by a significantly higher median of standardized 

learning gain with medium effect size (p = 0.003; effect size 

r = 0.290). In comparison, those who did summary writing 

did not show significant improvement in conceptual 

knowledge, in addition to the finding that some learners even 

showed a decrease in their test scores due to potentially 

retained misconceptions. Therefore, KBCM has the potential 

to effectively improve conceptual knowledge in mathematics.  

In addition, procedural knowledge was also significantly 

improved in both groups, which may be the result of the 

learners’ priorly acquired procedural knowledge as shown by 

the pre-test scores (e.g., sufficient memorization of 

procedures). As shown in Fig. 6, both the KBCM and 

summary writing groups experienced significant 

improvements in test scores with very large effect sizes  

(padj >0.001; effect size r >0.600). 

A. Characteristics of KBCM and Summary Writing 

Activity that Might Affect the Results 

Two characteristics of KBCM may explain the 

improvement of conceptual knowledge: (a) the provision of 

visually displayed components (nodes & links); and (b) the 

activity of connecting the provided components to form 

propositions. The visual display of knowledge structure is the 

general feature of a concept map, which has been suggested 

as beneficial for learning in many educational  

contexts [67–69]. Concept mapping may enable learners to 

progress from mere memorization or rote learning toward 

deeper conceptual learning [70]. Moreover, the nature of the 

concept map as an externalized representation of knowledge 

has been recognized as an effective tool for assessing 

understanding of conceptual knowledge [71, 72]. Therefore, 

past studies suggested the relationship between making 

concept maps and the improvement of conceptual 

understanding.  

In the context of KBCM, at the end of the activity, the 

learners might catch the overall structure (e.g., the scope of 

contents and the relationships between concepts) easily by 

viewing the visual representation of the knowledge structure. 

In line with Ref. [73], it might be easier to catch the 

relationships between concepts by recognizing the 

interconnected nodes in a concept map compared to catching 

the implicit relationships within a bunch of text passages. 

Each node represents an idea (e.g., a mathematical object) 

that allows it to be connected with other ideas to form  

a web of understanding in the form of  

concept-relationship-concept [2, 74]. Therefore, being able to 

catch such a relationship may enable learners to effectively 

gain conceptual knowledge by extracting meanings from the 

learning materials (e.g., how a mathematical object could be 

related to other relevant concepts under certain conditions).  

In contrast, as for writing propositional sentences in a 

summary, many important concepts might be written in 

different places with different terms [74]—note that a learner 

might or might not use the list of keywords provided when 

trying to rewrite the teacher-created summary and end up 

writing some wrong propositions (see Fig. 1). Therefore, it 

might be harder for the learners who wrote summaries to 

catch the relationships between the concepts correctly, which 

led to difficulties answering the conceptual knowledge 

questions.  

Extracting and interpreting information from learning 

material‒‒as typically conducted in from-scratch concept 

mapping and summary writing are tedious tasks that demand 

a high cognitive load due to requiring learners to understand 

encountered terms (decode meaning), categorize them, 

recognize relationships, and memorize them. Thus, a 

different amount of cognitive load exerted from making a 

summary and conducting KBCM might have influenced the 

learning outcomes despite the fact that the learners were 

provided with identical keywords, which were related to the 

learning content, in both activities as hints for making 

propositions, e.g., as components (nodes & links) in KBCM 
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and as a list of keywords in the summary writing template.  

This difference might have been caused by the different 

characteristics of the two mentioned activities. For example, 

in KBCM, the provision of nodes and links as scaffolds might 

lessen the extrinsic cognitive load because learners do not 

need to extract the knowledge structure from the learning 

materials by themselves when attempting to organize 

information. This was suggested in a related prior study 

comparing the effectiveness of KBCM and summary writing 

for improving overall learning outcomes in mathematics [28].  

In many situations, learners who are instructed to write a 

summary about learning material often have difficulties 

expressing the material in their own words and organizing it; 

thus, it may lead to an overwhelming cognitive load and even 

the detrimental behavior of copy-and-paste [75, 76]. Such an 

activity might deter learners from effectively catching the 

relationship between concepts within a knowledge domain. 

Particularly, giving summary writing assignments to  

lower-achieving students may lead to potential difficulty in 

understanding various terms used in the learning materials 

and using them in paraphrases.  

The findings of this study, of course, do not necessarily 

suggest that summary writing is ineffective for improving 

conceptual understanding in many situations. Summary 

writing has long been considered a beneficial learning 

activity [17]. Some of its educational potential includes 

improved content comprehension [15, 16]. However, despite 

its potential, providing a summary writing activity does not 

automatically lead to a high-quality summary showing a deep 

understanding of the content. In regards to this, there is a 

possibility of different learners’ ability to: (a) actively decode 

meaning from a text; (b) connect them with what they already 

know as well as realize the connection between sentences (or 

propositions); (c) and paraphrase them while at the same time 

trying to check their own understanding. Such processes are 

considered effortful, and achieving a deep level of 

understanding from those activities is not adequately 

addressed by many instructors [16]. Thus, summary writing 

effectiveness might depend on the learners, i.e., some can 

write concisely and correctly in a well-organized way, but 

some cannot. 

In contrast to writing propositions from scratch in 

summary writing, in the case of KBCM, actively connecting 

the given concept map components to form the correct 

propositions might have helped the learners in the KBCM 

group to catch the structure of the knowledge domain without 

requiring them to extract the propositions from the learning 

materials into another form of knowledge representation by 

themselves, e.g., there is no need to paraphrase the sentences 

from the learning materials. As a result, the following 

processes might help learners of KBCM to catch the structure 

of the knowledge: (a) decoding meaning triggered by the 

given components (e.g., only the correct terms are provided 

in the links and nodes); and (b) realizing the correct 

connection between propositions more easily due to actively 

trying to connect the links in the concept map with the support 

of immediate feedback. In other words, KBCM learners 

might be more aware of the structure of the knowledge 

domain, could effectively recognize the interconnected 

concepts within the learning topic, and achieve a  

better-organized understanding compared to those in the 

summary writing group. This is in line with Novak and  

Cañas [20], who suggested that meaningful learning could be 

achieved through attaining a well-organized understanding of 

the knowledge structure. Therefore, KBCM learners could 

potentially be able to answer questions that require them to 

relate one concept to another and catch the correct meaning 

behind such a relationship. 

Moreover, the existence of a significantly positive 

correlation between the map score and the post-test score of 

conceptual knowledge (see Table 4) supports the assertion 

regarding the existence of a relationship between the concept 

mapping attempt and conceptual knowledge acquisition. As 

for the activity of creating concept maps, a prior study 

suggested that if learners are able to make high-quality 

concept maps, they may show better learning performance 

due to acquiring a well-organized and deep understanding 

from making accurate connections between concepts [35, 77]. 

In regards to this assertion, KBCM activity involves the use 

of a teacher-created map, which can be a well-defined 

externalized representation of the knowledge domain with 

correct propositions and terms. By actively reconstructing the 

teacher-created concept map from given components, 

learners might be enabled to recreate a high-quality concept 

map, thus maximizing their potential to acquire a complex 

understanding of the topic represented in the map. This is in 

line with a past study that discussed the relationship between 

the ability to make a complex concept map and learning 

achievement [78]. 

Despite the finding of significantly better learning 

performance in the KBCM group in the case of solving 

conceptual knowledge-related questions (see Fig. 5), further 

investigation on whether KBCM learners may or may not 

outperform those who use traditional scratch concept 

mapping is needed. The traditional scratch concept mapping 

may be more difficult for some learners if no support is 

provided, e.g., multimedia as a mental scaffold, reading 

sequence, etc. [74, 79]. Both scratch concept mapping and the 

summary writing may require learners to extract the 

knowledge structure by themselves; thus, there is a possibility 

that some learners may experience difficulty in effectively 

organizing their understanding.  

B. Practical Implications 

Understanding the relationships between concepts might 

have contributed to the significant increase in the conceptual 

knowledge test score in most KBCM learners as well as the 

significantly higher conceptual knowledge learning gain (see 

Fig. 3). Based on the results, the following recommendations 

may be considered for improving the teaching of a 

mathematics subject, especially in a higher-educational 

context that requires deeper conceptual learning.  

1) Firstly, providing KBCM that includes a well-designed 

teacher-created concept map as an after-lecture activity 

for organizing understanding has the potential to benefit 

learners by enabling them to correctly recognize the 

concepts and their relationship (knowledge structure) 

within a topic; thus, it may help them answer conceptual 

knowledge-related questions; 

2) Secondly, providing other forms of knowledge 

representations or activities may be needed for a better 

improvement of procedural knowledge. 
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VI. CONCLUSION 

Both conceptual and procedural knowledge are important 

in learning mathematics. However, improving conceptual 

knowledge is a challenging task due to the many reports of 

learners being able to do mathematical procedures without 

knowing the reasons or the principles that make them work. 

Providing an information-organizing activity may help 

learners organize their understanding after being introduced 

to conceptual knowledge in a lecture session. However, it is 

challenging to provide the traditional way of writing a 

summary with a structured template for organizing 

information to catch the relationships between concepts 

included in a topic due to the possibility of a high cognitive 

load.  

This study proposed the use of a KBCM as an alternative 

after-lecture activity to help learners easily recognize the 

structure of the knowledge domain and increase their 

conceptual understanding of a topic in a mathematics subject. 

KBCM is expected to help learners understand the structure 

of the knowledge (e.g., becoming aware of the interconnected 

concepts within a domain) without requiring them to extract 

and express the structure by themselves, as in writing a 

summary; thus, it is expected to have the potential to 

effectively help learners answer conceptual questions that 

require them to be aware of the connections between 

concepts. An experiment was conducted involving 105 

students in two linear algebra classes at a public university. 

Both conceptual and procedural knowledge were tested 

before and after the intervention to compare the effectiveness 

of the KBCM and traditional summary writing for the 

mentioned purpose.  

To answer the RQ (to what extent did conceptual and 

procedural knowledge improve?), in this case, the learners 

who did KBCM experienced a significant improvement in 

conceptual knowledge compared to the control group, who 

did summary writing, which is shown by significantly higher 

learning gain. KBCM that includes conceptual knowledge 

has the potential to effectively improve mathematical 

conceptual and procedural knowledge. However, a better 

intervention for improving mathematical procedural 

knowledge still needs further investigation. However, the use 

of KBCM and summary writing might not be the sole factor 

that affected the scores due to the fact that the experiment was 

conducted in a real classroom setting. Therefore, the results 

could not yet be generalized. This study is limited to a case 

study involving the implementation of KBCM and summary 

writing for teaching a mathematics subject. A future study 

needs to take into account several other potentially 

influencing factors that could affect the effectiveness of the 

mentioned interventions. 
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