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Abstract
Extension concept mapping is a technique to connect prior existing concept maps
with new knowledge structures. It offers advantages in each stage of the knowledgeintegrating process and encourages learners to improve their performance. While
previous studies have confirmed that the extended kit-build concept map outperformed the extended scratch-build approach in terms of comprehension test scores
and map size, they have yet to evaluate the quality of concept maps and students’
perceptions. Although the size of the concept map components could represent the
breadth of personal knowledge, it does not constantly describe the good knowledge
structure. In addition, the student’s degree of acceptance after the concept mapping
demonstrates their intention to use systems in the future. The present study aims to
compare the effect of extended scratch-build and extended kit-build on the students’
quality of knowledge structures and perceptions. Fifty-five second-year university
students were involved and divided into two groups: control and experimental. The
control group utilized the extended scratch-build map, while the experimental group
used the extended kit-build concept mapping tool. Quality of propositions and structural map scores as learning outcomes were used to measure the students’ knowledge
structures. The possibility of a relationship between quality scores was expressed using
the Spearman correlation. This study involved the Technology Acceptance Model to
confirm the students’ perceptions of extension concept mapping tools. The perceived
ease-of-use, perceived usefulness, and behavioral intention constructs were used to
investigate users’ intentions. The findings suggest that the quality of propositions and
structural map scores in the experimental group were significantly higher than in the
control group. This study also found that the extended kit-build method achieved better perceptions scores than the extended scratch-build.
Keywords: Extension concept map, Quality of propositions, Structural map scores,
Students’ perceptions

Introduction
Concept maps are effective student-centered learning approaches that facilitate critical
thinking (Novak & Cañas, 2008), creative productions (Novak, 2010), quality products
development (Kinchin et al., 2019), and complex problem solving (Kim, 2013), which are
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the top skills needed in the 21st century digital skills (Valtonen et al., 2021; Voogt &
Roblin, 2012). The concept map represents an individual’s understanding of a particular topic visually. Hence, it can measure important aspects of the learners’ knowledge
structure (Ruiz-Primo, 2004). Concept maps show different ideas at nodes with linking
words connecting two concepts and indicating their relationship, thus forming a proposition (Cañas & Novak, 2014). Propositions are the smallest semantic units and are fundamental elements in the concept map. Therefore, they can be perceived as knowledge
components (Aleven et al., 2016), representing the unit’s declarative knowledge to form
meaningful statements. Therefore, many studies (Pailai et al., 2017; Pinandito et al., 2021;
Sadita et al., 2020; Vanides et al., 2005) have evaluated concept maps based on propositions, both in quantity and quality.
There are two concept map construction styles: open-ended and closed-ended maps
(Herl et al., 1999; Taricani and Clariana, 2006; Hirashima, 2019). Open-ended fashion
provides no components; learners may use any concepts and linking words in their diagrams. This technique is suitable for reflecting the difference between learners’ knowledge structures (McClure et al., 1999; Ruiz-Primo et al., 2001; Vanides et al., 2005;
Taricani & Clariana, 2006) and helps them recall basic terms in learning (Clariana,
2010). However, it is challenging to assess (Taricani & Clarina, 2006) and provides feedback to learners in the open-ended approach. In contrast, a closed-ended concept mapping style provides finite concepts, connecting lines, and linking phrases. In this case,
learners must use the provided components to construct their maps by connecting one
idea to another. The closed-ended style could provide automatic assessment, furnish
feedback swiftly (Hirashima, 2019; Pailai et al., 2017), and encourage learners to reach
maximum learning understanding (Pinandito et al., 2021; Ruiz-Primo et al., 2001). However, the closed-ended technique is complicated for the teacher to capture the learners’
knowledge structure.
Concept maps have been widely used and proven to provide positive results in facilitating meaningful learning. Meaningful learning is a process of linking new information to
relevant previous knowledge in a cognitive structure (Ausubel, 1968). In practice, meaningful learning is facilitated when learners create concept maps by linking one concept
to another (Cañas & Novak, 2014). Meaningful learning engages learners in building
knowledge and cognitive processes needed to transfer previously acquired knowledge
in new problems and situations. Previous studies (Foley et al., 2018; Schwendimann &
Linn, 2016) suggested the design of the extended concept mapping to facilitate enhanced
meaningful learning and improve students’ knowledge structures. The expansion of the
concept map engages the learners in being more active in the knowledge-integrating
stage, which is not perceived in the usual concept mapping.
An initial study proposed the Extended Kit-Build (EKB) concept mapping approach
to facilitate students in expressing their understanding (Prasetya et al., 2019). The EKB
employs a closed-ended and recomposition Kit-Build (KB) framework and integrates
the open-ended technique into a single extension concept mapping activity. Recomposition is an essential learning activity that encourages learners to understand the teacher’s
understanding through map reconstruction. KB proves that the recomposition concept
mapping enables learners to transfer previously acquired knowledge in new problems
and situations (Hirashima, 2019). The initial study contributed to revealing that the
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EKB approach achieved higher comprehension scores and map size compared to the
Extended Scratch-Build (ESB) method. ESB is a technique for extending an open-ended
concept map using the same approach. However, a large map size does not always represent a good concept map (Cañas et al., 2013; Kinchin, 2016). Ruiz-Primo et al. (1997)
argued that the quality of interrelationships between concepts is mainly emphasized by
weighting the correctness of propositional statements. The previous study also did not
provide information about the structural concept map scores. In addition, the students’
perceptions of extension concept mapping have also not been revealed. Hwang et al.
(2013) suggested that good students’ acceptance degrees in concept mapping activities
could help them understand the learning content.
The present study focuses on analyzing the effects of different extension concept mapping tools on students’ knowledge structures and perceptions. Students’ knowledge
structure was assessed using the quality of propositions and structural map scores. This
study involved the Technology Acceptance Model (TAM) to confirm the students’ perceptions on the extension concept mapping designs. Students’ perceptions are particularly important in determining their intention to use technology systems in the future
(Grandón et al., 2021). The perceived ease-of-use (PEOU), perceived usefulness (PU),
and behavioral intention (BI) constructs were used to investigate users’ intentions. The
following research questions guide this study:
1. Does the concept map created using the EKB approach have better structural map
scores than the ESB method?
2. To what extent is the quality of propositions of the EKB concept map compared to
the ESB?
3. Is there a relationship between the structural map scores and the quality of propositions?
4. How are the students’ perceptions regarding the EKB and ESB extension concept
mapping tools measured using the TAM model?

Related works
Extension concept mapping

Extension concept mapping is a technique to expand the existing concept map by connecting it with a new relevant knowledge structure (Foley et al., 2018; Prasetya et al.,
2021; Schwendimann & Linn, 2016). The extension map construction efficiently organizes design work and builds a solid knowledge base (Foley et al., 2018). Moreover, it plays
an essential task in each stage of the knowledge-integrating process through reviewing initial ideas and connections, eliciting missing ideas and relationships, and adding
new concepts and relationships (Schwendimann & Linn, 2016). Thus, the connected
concept mapping approach provides opportunities for individuals to simplify problems
and improve knowledge structures. It also facilitates learners to improve the previous
map and associate with further related information in embodying enhanced meaningful
learning.
Previous research on extension concept mapping posits that this activity could encourage learners to improve their achievement. Schwendimann and Linn (2016) confirmed
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that the original map expanded through two forms of collaborative critique and revision
activity could increase and construct a more coherent knowledge structure. The opportunity engages the learners actively in each phase of the knowledge-integrating process, which is not perceived in the usual concept mapping. Foley et al. (2018) found that
the Cogex extended map was more efficient in organizing design work than the paper
logbook.
Another extension concept mapping work suggested ESB facilitates improved meaningful learning (Prasetya et al., 2021). ESB uses the open-ended technique in building the
original map and extends it to generate the additional map. The concept mapping activity in ESB consists of two parts: Phase 1 and Phase 2. In Phase 1, learners are requested
to create a concept map by referring to the first or original material. Then, as the usual
open-ended method, learners are allowed to add any concepts and links to express their
understanding. Furthermore, in Phase 2, learners are asked to expand their original concept map by adding new components to produce the additional map. The ESB approach
is proven to improve students’ comprehension as measured by pretest and post-test
scores (Prasetya et al., 2020).
The current study investigated the EKB to facilitate students in expressing their understanding while keeping their comprehension (Prasetya et al., 2019). Both EKB and ESB
are extension concept mappings that allow learners to expand their concept maps. EKB
activities also consist of two parts: Phase 1 and Phase 2. In Phase 1, instead of using
the open-ended technique as in ESB, EKB employs the KB framework. Hence, learners
are requested to construct the original concept map using the KB approach in the first
activity. Furthermore, just like ESB, the learners are asked to extend their prior original
concept map. EKB was compared with the ESB method to confirm its effect on learning (Prasetya et al., 2021). An exciting result found that the average map size of the ESB
students on the original map was slightly larger than the EKB students who were given
limited concepts and links. However, in the additional map, the achievement of ESB’s
students decreased drastically, while EKB’s students remained consistent with high
achievement. While the previous study investigated the effects of students’ understanding and map size on the ESB and EKB, they have yet to evaluate structural scores, quality
of map scores, and students’ perceptions.
Kit‑Build concept map

Kit-Build (KB) is a re-compositional concept map, a promising subcategory of a closedended concept map (Hirashima, 2019). The KB approach provides nodes and links components decomposed from the teacher’s map and asks students to recompose them. The
practical uses of KB map can be described in four main phases (Hirashima et al., 2015):
(1) a teacher creates a concept map as a goal map; (2) the KB system deconstructs the
goal map into nodes and links called a "kit"; (3) the students are asked to reconstruct
the kit; and (4) the learners’ maps are assessed by comparing them with the teacher’s
map. Furthermore, the available components that compare the teacher’s and learners’
map could be performed automatically (Hirashima et al., 2015), thus enabling teachers
to quickly diagnose students’ understanding (Pailai et al., 2017).
Recomposition is an essential characteristic that identifies KB (Hirashima et al., 2015;
Pinandito et al., 2021) and distinguishes it from other concept mapping frameworks. It
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describes an activity where learners are directed to understand the teacher’s understanding through the goal map reconstruction. With the available kit, the KB approach allows
learners to understand knowledge targets in a well-maintained manner. This condition
is entirely different from closed-ended concept mapping, which provides components
and asks learners to rebuild concept maps according to their understanding. However,
the goal map is a concept map designed by experts to facilitate interconnection between
relevant information (Hirashima et al., 2015). Therefore, by understanding the teacher’s
knowledge, learners will obtain a solid basic structure that easily relates to the next topic.
In addition, an excellent initial structure also facilitates improved meaningful learning
and makes it easier for learners to solve new problems.
Previous KB studies have revealed many positive effects on improving learning outcomes and supporting automatic assessment. Pailai et al. (2017) examined the practical
use of the KB map on formative assessment at the elementary school level. The results
found that the KB concept map was proven to be effective in increasing learners’ understanding. Studies on reading comprehension for English as Foreign Language (EFL)
also confirmed that students who used the KB map with the source connection features
showed better performance than those who employed the traditional summarization
method (Andoko et al., 2020). Pinandito et al. (2021) emphasized that teachers perceived
usefulness on semiautomatic concept mapping with the supported KB map measured
using TAM’s questionnaires. KB is utilized to support individual learning and is also
suitable for facilitating collaborative knowledge building (Sadita et al., 2020). Although
several new KB functions have been developed and yielded positive effects, none have
yet provided opportunities for learners to express their understanding.
Technology acceptance model

User acceptance is considered a pivotal factor pertaining to the success of information
and communication technology products (Davis, 1989). The TAM is today the highly
frequently adopted model of user acceptance. It addresses why individuals accept or
reject information technology when performing a task (Wallace & Sheetz, 2014). David
(1989) posits that PEOU and PU are vital factors influencing intentions and actual computer usage. PEOU is an essential factor influencing user acceptance and usage behavior
of information technologies (Venkatesh, 2020). Meanwhile, the degree to which a person
believes that employing a given system would improve their job performance is defined
as PU (Davis, 1989).
Several studies have been conducted to investigate students’ perceptions of concept
mapping tools. A recent research stated that TAM is suitable for identifying aspects that
influence the learners’ intention in using the Kit-Build concept map framework (Pinandito et al., 2021). In particular, the authoring support tool has been perceived as easeof-use and useful in assisting the teachers while concept mapping of English reading
material. Furthermore, according to Almulla & Alamri (2021), the conceptual mapping
approach for learning could improve the students’ academic achievement, interaction,
motivation, behavioral intention, perceived utility of cooperative activities, and attitude
toward utilizing the tool. However, while several studies have shown students’ positive
acceptance of the usual concept mapping tools, no information was found that addresses
their perceptions of extension concept mapping.
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Methods
Participant characteristics

The present study involved 55 s-year university students from two regular classes (A and
B). Participants are informatics engineering students in a public university in Malang,
Indonesia. Since they do not have a notable age difference (mean age 18.8 years, SD
age 0.6 years), then the data on age were not included in the analysis. Participants are
accustomed to using personal computers and Internet services to support their learning
activities. However, all participants were novices in the practice of concept mapping. A
pretest was conducted before determining the role of the group, and the results stated
that both classes were homogeneous (p = 0.445 > 0.05). The pretest included database
introduction material and was given one week before the experiment was carried out.
Class A was randomly assigned as the control group, and class B was the experimental
group. The control group consisted of 27 participants (62.96% male; 37.04% female) and
the experimental group had 28 participants (67.86% male; 32.14% female).
Context material

This study was conducted in the Database 1 course, which was delivered in Indonesian.
The lecturer used a presentation and distributed printed handouts during the teaching
activity. Figure 1 illustrates the activity of learners during the concept mapping using the
ESB approach. Two sequential experiments were conducted with the Relational Database and Structured Query Language (SQL) topics to obtain more reliable results. Corresponding to the two phases of concept mapping design proposed, each topic material
was divided into two parts: the original and additional materials. The original part is the
material delivered by the teacher in Phase 1 to create the original map. In contrast, the

Activity
During
experiment

Materials

Learner’s Map

1. Relational 2. SQL
Database

a. Introduction a. Introduction
to relational
to SQL
database
b. SQL types:
b. Relational
1) DDL
key
2) DML

Original
concept map
Reconstruct

Original part
PHASE 1

1. Relational 2. SQL
Database
(cont.)
(cont.)

c. Formal
c. Clause in
language
SQL
d. Commercial d. Aggregate
language
Function

Additional part
PHASE 2

Fig. 1 Overview of the ESB approach

Extend prior
knowledge

Additional
concept map
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other part is the advanced material provided in Phase 2 to produce the additional map.
Original and additional components are on the same subject and were presented in one
lecture session.
In the KB approach, the lecturer first defined the teacher’s map that would be given
to students to be recomposed. Figure 2 depicts the teacher’s activity while creating
the teacher’s map and learners’ activity during the concept mapping using the EKB
approach. The sequence of activities in the EKB group was the same as the ESB, except
for the original map creation used KB rather than open-ended. Original material in the
Relational Database topic consists of nine slides (283 words), and the lecturer provided
ten propositions. The content of the additional part consists of eight slides (237 words),
and there was no teacher’s map provided. In the second experiment with the SQL topic,
the original material was composed of 13 slides (532 words), and 14 propositions were
defined, while the additional material also consisted of 13 slides (829 words). The volume
of material on additional material was more congested as it included examples of SQL
statements.
The Relational Database and SQL topics provide learners with the skill to understand
the basic fundamental concepts and solve SQL problems. To achieve these learning outcomes, the teacher used an extension concept mapping approach. The students were

Activities

Materials

Teacher’s Map

Learner’s Map

Preexperiment
Decompose

During
experiment

Kit (concepts
and links)

1. Relational 2. SQL
Database

a. Introduction a. Introduction
to relational
to SQL
database
b. SQL types:
b. Relational
1) DDL
key
2) DML

Original
concept map
Reconstruct

Original part
PHASE 1

1. Relational 2. SQL
Database
(cont.)
(cont.)

c. Formal
c. Clause in
language
SQL
d. Commercial d. Aggregate
language
Function

Additional part

PHASE 2

Fig. 2 Overview of the EKB approach

Extend prior
knowledge

Additional
concept map
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actively engaged to represent their ideas in the form of a concept map. The main indicator used to measure student achievement was through the quality of the resulting concept map. A senior and experienced teacher who had been teaching for 11 years taught
both the control and experiment classes.
Experimental settings

The present experiment was conducted in a computer laboratory during two lecture sessions. Both the control and experimental group used the same classroom on a different
day. A wired connection on a personal computer was used to provide a stable connection to the Internet network. Each student was given an individual account to access
the web-based concept map application and assign it to groups that had been determined. Figure 3a shows the situation of experimental activities in the classroom during
the students created concept maps using ESB, while Fig. 3b depicts the same activities
but using the EKB approach. Before the experiment was conducted, participants in both
groups had been given an introduction to concept maps in a previous course meeting.
Furthermore, participants were also instructed to build concept maps on the introduction of a database topic.
Figure 4 shows the sequence of learning activities for both groups during the experiment. In Phase 1, the teacher started the activity by delivering the original material
for 25 min. The teacher used presentation slides and made use of classroom learning tools as usual. In this situation, students were engaged in learning and actively

Fig. 3 Classroom settings during (a) ESB concept mapping and (b) EKB concept mapping
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Fig. 4 Sequence of learning activities

participated as usual. Furthermore, participants in the control group were asked to
create a concept map using an open-ended approach, while the experimental group
used a KB approach. The creation of a concept map referring to the original part
material was carried out for 15 min. While creating the concept map, learners in both
groups were allowed to read printed handouts that had been distributed. The results
of the concept maps in these two groups are called "original maps."
Next, for Phase 2, the lecturer continued giving the additional part material for
25 min. After the explanation was complete, all participants continued to create concept maps using the extended open-ended approach. At this stage, they were asked to
extend their concept maps and add new concept maps with existing knowledge based
on the additional part material. As in the first stage, the concept map extension in
the second stage was done in 15 min. After creating the second stage of the concept
map, students were asked to upload the final results to the server. The results of the
expansion of concept maps in these two groups are referred to as "additional maps."
After the second experiment finished, students expressed their perceptions through
the questionnaire sheet.
The experimental procedure between control and experimental groups was almost
the same and in a comparable design. Both groups used the computer-based concept
mapping tool and obtained lecture material from the same lecturer. The only difference between the conditions was constructing the concept map for the first time after
the lecturer explained the original material, where the control group used the openended approach, while the experimental group used the closed-ended KB concept
map. In the next stage, it can be seen that the two groups used the same extension
concept map approach, which extended their prior knowledge structure by adding
new relevant information.
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Measurements

The students’ achievements for both groups were investigated using three measurements: (1) structural map scores; (2) quality of propositions; and (3) students’ perceptions. A structural map score is a measurement that calculates the essential concept map
components and provides a certain weight. To corroborate the quantity finding in the
previous study, the measurement was involved that considers the quality of a proposition
using a rubric. A concept map with well-structural and great content quality is categorized as a good map (Cañas et al., 2015). Finally, students’ perceptions were involved in
determining the users’ intention of extension concept mapping as a technology product.
Novak & Gowin’s scoring method (1984) was adopted to measure the concept map
structure. The structural quality of a concept map is one of the criteria for a good concept map (Cañas et al., 2015). Four main components were used to give a score: propositions, hierarchies, cross-links, and examples. For each valid part, the following points
were given: 1 point per proposition, 5 points per hierarchy, 10 points per cross-link, and
1 point per example. This scoring method shows that the most critical component for
evaluating concept map structure is cross-links. The cross-links represent the meaningful relationships among concepts in different map segments (Novak & Cañas, 2008).
Assessment of concept maps by examining the number of ideas, focal concepts, propositions, linkages, and hierarchies can show the quality of knowledge and depth of understanding (Kirschner, 2004). This study evaluated all components in the original and
additional maps separately, and then they would be compared to find out the difference
for both groups.
The second students’ knowledge structure assessment was evaluated using the quality of proposition scores. The existence of propositions in the concept map represents
students’ knowledge and understanding of a particular topic. However, relationships are
still not clearly defined regarding whether they are reasonable or scientifically meaningful (Vanides et al., 2005). The quality of propositions is one of the most critical and
recommended judgments in the concept mapping assessment (Chen et al., 2021; Raud
et al., 2016; Reiska et al., 2018) and states the quality of personal knowledge. The quality
of propositions scoring method proposed by Vanides et al. (2005) was adopted to examine the students’ knowledge and understanding. Four level scoring were formulated:
0 = incorrect; 1 = partially incorrect; 2 = correct with thin scientific understanding; and
3 = scientifically correct. Similar to the previous calculation, the quality measurements
evaluated the original and additional maps in the two groups separately, then analyzed
and compared their differences. The map quality measurements on both groups were
judged manually by the same lecturer.
The present study investigated the effect of the extension concept mapping tool on
students’ perceptions using the Technology Acceptance Model (TAM). Perceived easeof-use (PEOU), perceived usefulness (PU), and behavioral intention (BI) scales were
involved in describing users’ perceptions after using the extension concept mapping
tool. PEOU is an essential factor influencing user acceptance and usage behavior of
information technologies (Venkatesh, 2020). Meanwhile, PU is defined as the prospective user’s subjective probability that using a specific application system will increase
their job performance within an organizational context (Davis, 1989). A six-point Likert
scale: 1 “strongly disagree,” 2 “disagree,” 3 “somewhat disagree,” 4 “somewhat agree,” 5
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“agree,” and 6 “strongly agree” has been chosen to collect research data. The TAM questionnaire regarding the extension concept mapping activity consisted of 3 PEOU items,
3 PU items, and 1 BI. All measurements of the constructs were adapted from previous
literature (Davis, 1989; Davis et al., 1989; Pinandito et al., 2021) to ensure survey content
validity.
Data analysis

The dataset for this study was mainly collected from 55 participants who were divided
into two groups: control and experimental. The analysis was carried out on the structural map scores, quality of propositions, and TAM questionnaire. The normality distribution and homogeneity of variance were examined to determine whether the data
could be analyzed using a parametric test. The normality distribution of data was tested
using a Shapiro–Wilk test. The present study used the R programming language to perform the statistical analysis.
Descriptive statistics were presented using the arithmetic minimum, maximum, mean,
median, and standard deviation. Data were not normally distributed (p = 0.037 < 0.05);
therefore, nonparametric statistical tests were used to analyze study data. A Mann–
Whitney U test was used to evaluate the significant difference between the performance
of the control and experimental groups. Pearson’s r was also used as the effect size (ES)
metric to examine the correlation coefficient. According to Cohen (1988), correlation
coefficients can be stated as small (0.10), medium (0.30), and large (0.50) in terms of
the magnitude of the effect. The Spearman’s order correlation coefficient (rs) was also
applied to reveal the univariate associations between the achievements. In all these analyses results, a p-value < 0.05 was declared statistically significant.

Results
Analysis of structural map scores

Analysis of structural concept map scores was conducted on the original map and the
additional map separately. The four main components of the concept map were used
to represent the students’ concept map structure scores: valid propositions (VP), valid
hierarchies (VH), valid cross-links (VCL), and valid examples (VE). Table 1 shows the
descriptive statistics of the structural map scores for both groups in the first and second
experiments for the original map.
The results in the first experiment found that both groups could define VP and VH
well, while neither did express VCL and VE. Although the teacher can determine VCL
and VE on the EKB, she did not provide it to preserve the naturalness of the experiment. The mean VP of the control group was higher than that of the experimental group,
which was given limitations through the kit. However, the average scores for the original map achieved by the experimental group in the first experiment were slightly higher
than the control group. The experimental group that used KB’s kit showed that students’ achievement tends to be equal with a low standard deviation. Different conditions
occurred for those who used ESB, where some obtained low scores and a few others
were high enough, causing a higher standard deviation.
In the second experiment, both groups were seen to define only VP and VH components. As in the first experiment, the teacher did not specify any VCL on the KB map.
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27
28

Control group

Experimental group

28

Experimental group

2nd experiment

27

Control group

1st experiment

N

Group

Experiment
VE

13.29

12.93

14.07

18.04

3.21

2.89

3.21

2.26

0

0

0

0

0

0

0

0

23

17

23

16

Minimum

VCL

VP

VH

Score

Average Number of

Table 1 Descriptive statistics of the structural map scores for the original map

35

46

36

58

Maximum

28.50

25.00

29.00

27.00

Median

29.36

27.37

30.14

29.33

Mean

2.96

7.41

3.16

9.45

SD
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The average achievement of structural map scores for the experimental group was also
higher than that of the control group. Based on descriptive statistics, it can be seen that
the achievements of the two groups on the original map were almost equal.
Students’ structural map performance on the original map between the control and
experimental groups was further analyzed using the Mann–Whitney U test. The results
in the first experiment reported no significant differences between the control and
experimental groups (Z = − 1.439; p = 0.152 > 0.05), with Pearson’s r of -0.193, indicating a small effect size. The mean rank of the experimental group in the first experiment
was slightly higher than the control group. The second experiment’s results reported
significant differences between the control and experimental groups (Z = -2.019;
p = 0.044 < 0.05), with Pearson’s r of -0.272, showing a small effect size. The average rank
of the quality of the map structure for the experimental group in the second experiment
was consistently higher than the control group.
The same structural map calculations were carried out on the additional concept map,
which resulted from expanding activities. Descriptive statistics of the achievement of
additional maps are shown in Table 2. In the first experiment, the students in the experimental group could define all assessment components, while the control group still only
restricted the VP and VH components. Nine students in the experimental group could
find cross-links, with the average VCL score being 1.07. Regarding the VE component,
15 EKB students created examples of their concept with a group average of 3.29. The
most striking thing was that the VP achievement in the experimental group was significant compared to the control group. The difference in the accomplishment of VP, VCL,
and VE scores was very pronounced, causing the mean structural map scores in the
experimental group to be higher than the control group.
Interesting results were found in the second experiment, where the control group
defined all components of the structural map scores. On the other hand, no learners
in the experimental group expressed the VE component. However, the achievement of
scores for other measurement components was dominated by the experimental group.
Thus, the experimental group’s performance remained constant and outperformed the
control group, 30.00 and 16.44, respectively.
The Mann–Whitney U test determined the difference in structural map scores
between both groups for the additional concept map. The results in the first experiment reported significant differences between the control and experimental groups
(Z = − 5.413; p = 0.000 < 0.05), with Pearson’s r of − 0.729, indicating a large effect size.
The average rank of the control group in the first experiment was 8.85, while the students in the experimental group had 30.36. Similar results were found in the second
experiment, although it involved a different topic. Students in the experimental group
who used the EKB consistently achieved higher mean scores than the control group.
There was a significant difference between the two groups (Z = − 4.020; p = 0.001 < 0.05),
with Pearson’s r of − 0.542, indicating a large effect size.
Analysis of quality of propositions

In contrast to the quantitative analysis, which examines each existing component with
the same weight, the calculation of the quality of propositions considers the scientifically meaningful level. Thus, each valid proposition will probably have a different weight
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27
28

Control group

Experimental group

28

Experimental group

Second experiment

27

Control group

First experiment

N

Group

Experiment
VE

16.79

9.56

11.54

5.30

1.36

1.00

0.96

0.63

0.64

0.11

1.07

0

0

0.70

3.29

0

12

4

7

4

Minimum

VCL

VP

VH

Score

Average Number of

Table 2 Descriptive statistics of the structural map scores for the additional map

91

32

72

31

Maximum

27.00

15.00

22.00

8.00

Median

30.00

16.44

30.36

8.85

Mean

18.40

6.86

19.72

5.26

SD
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Table 3 Descriptive statistics of the quality of propositions scores for the original map
Experiment

Group

N

Minimum

Maximum

Median

Mean

SD

First experiment

Control group

27

21

80

36.00

39.85

14.69

Experimental group

28

33

53

38.50

39.43

5.03

Control group

27

18

66

31.00

34.00

10.75

Experimental group

28

24

54

39.00

39.00

6.30

Second experiment

Table 4 Descriptive statistics of the quality of propositions for the additional map
Experiment

Group

N

Minimum

Maximum

First experiment

Control group

27

5

20

9.00

10.22

4.08

Experimental group

28

15

56

29.50

30.46

10.60

Control group

27

11

50

23.00

22.70

9.95

Experimental group

28

27

76

48.00

47.89

11.84

Second experiment

Median

Mean

SD

based on the scoring rubric. The assessment was based on propositions that describe the
smallest linguistic or semantic units and are fundamental elements in the concept map.
Table 3 shows the descriptive statistics of the quality of propositions scores in the first
and second experiments for the original map.
The previous analysis stated that the achievement of the average number of propositions for the control group’s original map in the first experiment was superior to that
of the experimental group. However, interesting findings were revealed in the analysis
of the quality of propositions. Although the mean number of propositions of the experimental group was lower, its quality score was almost the same as that of the control
group, 39.43 and 39.85, respectively. In the second experiment, it was found that the
average proposition achievement of the experimental group was slightly higher than the
control group. This condition constantly resulted in the average quality of propositions
score of the experimental group being superior to the control group.
Further analysis was conducted using the Mann–Whitney U test to determine the
differences in the quality of propositions on the original map between the control and
experimental groups. The results in the first experiment indicated there were no significant differences (Z = − 1.038; p = 0.299 > 0.05) between both groups, with Pearson’s
r of -0.140, showing a small effect size. The mean rank of the control group was almost
the same as the achievement of the experimental group. For the second experiment,
the results indicated considerable differences between the quality of propositions of the
original map for the control and experimental groups (Z = − 2,255; p = 0.024 < 0.05),
with Pearson’s r of − 0.304, showing a medium effect size. Again, the mean rank of the
experimental group was higher than that of the control group. The Mann–Whitney statistical analysis results stated significant differences between interventions using the
open-ended and recomposition KB methods.
The same quality of proposition calculations was carried out on the additional concept
map. Descriptive statistics of the quality of propositions for additional maps are shown
in Table 4. Unlike the previous original map, where the control group achieved maximum quality scores, the experimental group was consistently superior in the additional
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Table 5 Spearman correlation coefficients on the first experiment
Group

Quality of
propositions

Control group

Additional structure scores

0.456*

Experimental group

Additional structure scores

0.797***

***

p-value < .001, **p-value < .01, *p-value < .05

Table 6 Spearman correlation coefficients on the second experiment
Group

Quality of
propositions

Control group

Additional structure scores

0.346

Experimental group

Additional structure scores

0.644***

***

p-value < .001, **p-value < .01, *p-value < .05

map. Also, the experimental group outperformed the control group in both experiments
in terms of the mean value.
The Mann–Whitney U test was further used for statistical measurements of the
additional map results between the control and experimental groups. In line with the
descriptive analysis results, it appears that the experimental group outperformed the
control group in both experiments. Based on a p-value threshold of 0.05, there were significant differences between the control and experimental groups in the first experiment
(Z = − 6.221; p = 0.000 < 0.05), with Pearson’s r of 0.839, showing a large effect size. Furthermore, the mean rank of the quality of propositions of the control group in the first
experiment was 10.22, while students in the experimental group achieved a higher score
of 30.46.
The quality of students’ propositions in the second experiment was evaluated using
the same procedures and measurements. The second experiment’s results also showed a
persistent condition. There were significant differences between the control and experimental groups (Z = − 5.770; p = 0.000 < 0.05), with Pearson’s r of − 0.778, also indicating
a large effect size. The average rank of the quality of propositions of the control group in
the second experiment was 22.70, while the students in the experimental group attained
47.89.
Analysis of the correlation between quality scores

The structural map scores and quality of propositions were further analyzed statistically
to determine the extent of the relationship. Correlation analysis was focused on the additional concept map, which realizes the expansion of the concept map. However, both
groups used the same approach to extend their previous original concept map. Table 5
shows the results of the correlation coefficient on the first experiment. The study found a
positive correlation between the structural map scores and the quality of propositions in
both groups. Results in the control group indicated a moderate positive correlation with
a p-value < 0.005, while the experimental group demonstrated a strong positive correlation with a p-value < 0.001.
Furthermore, different results were found in the control group in the second experiment, as shown in Table 6. The results in the control group showed a weak positive
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correlation between structural map scores and quality of propositions with a p-value
0.077 > 0.005. Meanwhile, the experimental group’s achievement was consistent with a
positive correlation with a p-value < 0.001.
Analysis of students’ perceptions

Using the TAM model, this study validated the students’ perceptions to determine the
extent to which they intend to use the extension concept mapping tool. Table 7 shows
the descriptive statistics of the PEOU, PU, and BI for both groups. TAM questionnaire
results found higher scores mean for PEOU, PU, and BU for the experimental group. The
experimental group’s average PEOU, PU, and BI were 5.73, 5.71, and 5.82, respectively.
This achievement was at the level of agreement approaching "6: strongly agree." Meanwhile, the control group’s average PEOU, PU, and BI were 5.14, 5.33, and 5.59, respectively. Thus, the PEOU and BI achievement in the control group tended to be at the level
of agreement "5: agree," while the BI score was closer to "6: strongly agree."
The internal consistency reliability of the instruments was assessed using Cronbach’s
alpha coefficient. In general, a score of 0.7 is considered an acceptable reliability threshold that should be achieved. The analysis results showed that each construct in both
groups has a Cronbach’s alpha greater than 0.7. The average PEOU and PU in the control
group were 0.819 and 0.806, respectively, while the experimental were 0.887 and 0.868,
respectively. Thus, all Cronbach’s alpha values showed good internal consistency. The
attainment indicates that the items consistently measure the same latent variable and are
therefore reliable.
Although the students’ perceptions of the two extension concept mapping tools were
considered in a high level of agreement, it can be further investigated to identify their
differences. Therefore, the Mann–Whitney U test was employed to evaluate the difference between the PEOU, PU, and BI subscales in the two groups. Table 8 shows the
results of the TAM constructs comparison for both groups.
The PEOU construct results revealed a significant difference between the control and
experimental groups with Pearson’s r of -0.594, indicating a large effect size. The perception of the PU subscale still shows consistency stating a significant difference between
the two groups with Pearson’s r of -0.458, showing a medium effect size. A different condition occurred in the BI construct, where the two groups both gave high responses,
which indicated an intention to use each tool in the future. Hence, there was no significant difference in BI perceptions between the control and experimental group with Pearson’s r of -0.250, indicating a small effect size.

Table 7 Descriptive statistics of the PEOU, PU, and BI for both groups
Construct
Perceived ease-of-use (PEOU)
Perceived usefulness (PU)
Behavioral intention (BI)

Group

N

Mean

SD

Control group

27

5.14

0.446

Experimental group

28

5.73

0.406

Control group

27

5.33

0.460

Experimental group

28

5.71

0.410

Control group

27

5.59

0.500

Experimental group

28

5.82

0.390

Prasetya et al. RPTEL

(2022) 17:14

Page 18 of 25

Table 8 Mann–Whitney U results of the TAM constructs for both groups
Construct

Group

PEOU
PU
BI

N

Mean rank

Sum of ranks

Control group

27

18.72

505.50

Experimental group

28

36.95

1034.50

Control group

27

20.78

561.00

Experimental group

28

34.96

979.00

Control group

27

24.80

669.50

Experimental group

28

31.09

870.50

U

Z

p

127.500

-4.407

.000

183.000

-3.399

.001

291.500

-1.851

.064
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Fig. 5 Structural map scores for the original maps

Discussion
The effect of extension concept mapping on structural map scores

Referring to Table 1, the original map achievements on the two groups coincidentally have the same conditions. Both of them defined VP and VH, and neither of them
expressed VCL and VE. Interestingly, although the mean of propositions in the control group was higher, the structural map score was slightly lower than that of the
experimental group. In the second experiment, the VP achievements of the two
groups tended to be almost the same, but the experimental group achieved a higher
structural map score. The visual comparison between the achievement of ESB and
EKB for the original map is shown in Fig. 5.
The main cause affecting the achievement of the original map for both groups is
seen in the VH component. In the experimental group, students recompose the kit
provided by the teacher. Previously, the teacher has designed a teacher’s map containing essential concepts and a hierarchical structure. In line with previous studies, the
KB kits have an important role in providing a solid knowledge structure (Hirashima
et al., 2015; Pailai et al., 2017; Pinandito et al., 2021). It is proven that students who
use the EKB approach are consistently able to recompose the concept map with a
better structural map score. On the other hand, although the students in the control
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group were allowed to add as many components as possible, they could not produce a
concept map with an optimal structure.
Both the ESB and EKB approaches facilitate learners to expand on their previous
original concept maps. This is shown by expanding the concept map, which is equally
able to produce additional maps. Although the two groups in Phase 2 utilized the
same approach, the mean structural map scores for the EKB group were higher than
that of the ESB group. Figure 6 shows structural map scores for the additional maps
for both experiments. Extension concept mapping encourages learners to link initial
ideas in solving new problems. This finding is in line with the opinion of several previous researchers (Schwendiman & Linn, 2016; Foley et al., 2018). The EKB approach
that asks learners to expand the KB map produces a concept map with a better structure than the ESB method.
The present study found the basic structure of a concept map that has been
improved with new ideas is proven to produce complex concept map propositions,
gain a deep hierarchical level, and reveal the interconnection between concepts in different sub-segments (cross-links). The EKB approach encourages learners to express
more cross-links than the ESB method. According to Novak and Cañas (2008), crosslinks are the most critical feature in facilitating creative thinking. Thus, the first and
second experiments’ results showed that the quality of structural map scores representing students’ creative thinking in the experimental group was superior to that of
the control group.
The initial study emphasized that students who used the EKB approach could maintain their achievement on the original and additional maps (Prasetya et al., 2021). This
condition can be seen in the design of the extension concept mapping, which asks
students to link the original map and the additional map. As a result, EKB students
tend to recompose the teacher’s map optimally and consistently expand the concept
map with better structural scores than ESB students.

Structural map scores

80

60

40

+
20

+

+
0

+

27

28

27

28

ESB_Exp 01

EKB_Exp 01

ESB_Exp 02

EKB_Exp 02

Additional maps

Fig. 6 Structural map scores for the additional maps

Prasetya et al. RPTEL

(2022) 17:14

Page 20 of 25

The effects of extension concept mapping on quality of proposition scores

The current findings highlighted that the EKB design outperformed the ESB design
regarding the quality of propositions scores. In constructing the original map in the first
experiment, even though the average number of propositions for the EKB group was
lower than that of the ESB, the quality score was almost the same as the achievement of
the ESB group. Similarly, in the second experiment, when the number of EKB propositions was more remarkable, the proposition’s quality score significantly outperformed
the ESB group. The visual comparison between the quality of proposition scores of ESB
and EKB for the original map is shown in Fig. 7.
In completing the original map, KB’s kit plays a vital role in being the leading cause
affecting the achievement of the EKB group score. Even though it used a limited number of concept map components, the recomposition activity could produce meaningful propositions with optimal value weights. A different condition occurred in the ESB
group, where the number of proposition achievements did not represent the quality of
the knowledge structure. Previous studies emphasized that the kit is an important learning activity that encourages students to increase their achievement (Hirashima, 2019;
Pailai et al., 2017; Pinandito et al., 2021).
The conspicuous difference was increasingly apparent in the completion of the additional map. Based on the kit recomposition in the original map, EKB students could
consistently add more relevant ideas. Thus, the quality score achievement of the experimental group using EKB was higher than the control group. The visual comparison
between the quality of propositions scores of ESB and EKB groups for the additional
map is shown in Fig. 8.
This finding is in line with the opinion of Foley et al. (2018) that the extension design
on EKB can build a solid knowledge structure. In Phase 1, EKB students recomposed
the basic knowledge structure according to the teacher’s map. Next, in Phase 2, students
were encouraged to connect the prior concept map properly with the new additional
map. As a result, the quality of propositions of the EKB group in both experiments significantly outperformed the ESB group. Thus, the combination of recomposition and

80
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open-ended techniques on EKB offers more excellent enhanced meaningful learning
than the extension open-ended method. As Boffey et al. (2010) argued, improved meaningful learning is expressed by linking preexisting maps to new related knowledge.
In Phase 1, students in the experimental group who utilized KB recomposed the concept map related to learning material that the teacher had formulated. As a person with
a mastery of the topic, the teacher defined key concepts to guide students to reconstruct
them correctly. The concept map recomposition approach not simply facilitates meaningful learning but also encourages individuals to create an integrated and scientifically
appropriate relationship between concepts. As Novak (2008) argued, meaningful learning requires individuals to have a well-organized, relevant knowledge, and solid understanding to connect new information with existing knowledge.
In Phase 2, both the groups associated their original map with the additional map
using the same open-ended technique. Although students in the control group expanded
using the same approach, their previous original maps were less well-structured. This
situation greatly affected the results of the concept map expansion. The first and second
experiments’ results showed consistently that the quality of propositions scores of students in the experimental group was much higher than those of students in the control
group. This finding indicated that the expansion of the recomposition KB map significantly impacted group quality of propositions scores.
The correlation between quality scores

There was a strong positive correlation between structural map scores and the quality of propositions for the additional map in the experimental group that used the EKB
approach. On the other hand, the control group that used the ESB techniques reported
inconsistent results and correlated the two quality scores less. However, structural map
scores and quality of propositions describe an individual’s depth of understanding and
quality of knowledge structure (Kirschner et al., 2004). Thus, the achievement of the
EKB map illustrates a good and ideal concept map. Schwendimann and Linn (2016)
stated that map expansion could construct a more coherent knowledge structure.
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These results suggest that the teacher’s map recomposition approach influenced the
experimental group’s strong correlation between quality scores. However, the teacher’s
map has been well-designed to cover essential concepts related to material topics. Moreover, the teacher’s map also contains selected propositions that have a high-quality score.
Therefore, when learners could recompose the concept map according to the teacher’s
knowledge, they would achieve the maximum quality of propositions.
In Phase 2, the two groups used the same open-ended approach while expanding the
concept map. However, students in the experimental group were more adept at adding
concepts, links, and forming meaningful propositions. In adding new knowledge, students intuitively follow the teacher’s patterns and thoughts. It was proven by the additional map achievement that consistently has high scores and has a strong relationship
between structural map scores and quality of propositions.
The students’ perceptions on extension concept mapping

Hwang et al. (2013) revealed that the standard concept map approach was felt to be easy
to use and helped learners understand the learning material. The present study investigated students’ perceptions of ease-of-use, usefulness, and behavioral intention of two
extension concept mapping tools using TAM variables. Thus, the questionnaire items
focused on perceptions related to concept map expansion activities. The results indicated that participants in both groups positively perceived all TAM subscales with a high
level of agreement. However, the students’ perceptions of the EKB were seen to be superior to the ESB approach. This finding emphasized that extension concept mapping, particularly EKB, not only provides positive perceptions as measured using the TAM model
(Pinandito et al., 2021), but also produces a better quality knowledge structure than ESB.
EKB and ESB are extension concept mapping tools with different activities in Phase
1 but are precisely the same in Phase 2. Although both participants were given the
same expansion activities, the perceptions of EKB students toward PEOU, PU, and BI
aspects were higher than in ESB students. The concept mapping design in Phase 1 was
appraised to have an important role in expanding the concept map. ESB students who
used the open-ended technique in Phase 1 perceived that the ease-of-use and usefulness aspects were less than optimal when expanding the concept map. A different condition was found in the experimental group that used the EKB system. They believed that
the recomposition of the teacher’s map in Phase 1 had a significant impact on expanding the concept map. As a result, EKB students discern that the ease-of-use and usefulness aspects of expansion activities were felt to be very optimal. As for the context
of intended use, the two groups agreed that ESB and EKB were feasible to support the
learning process, where the perceptions of EKB students were slightly higher than ESB
students.

Limitation and future work
The present study had several limitations that should be considered. This study involved
two material sequences in investigating the impact of two extension concept mapping
tools reliably. Even so, it is still necessary to apply more material topics to find out more
optimal results. Second, the number of participants involved in this experiment was
relatively small. Thus, future works should consider a larger group of participants to
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examine the effects of extension concept mapping tools on a broader scale. Furthermore,
the number of PEOU, PU, and BI items related to the extension activities was relatively
small. In the future, more questionnaire items will be able to reveal a more comprehensive picture of students’ perceptions regarding the extension concept mapping tools.
This study attempted to complement the initial work, which revealed that the EKB
approach outperformed the ESB in students’ comprehension test scores and map size.
For future studies, a discussion of the correlation between test scores, map size, map
quality, and students’ perceptions may provide valuable new information. However, it is
also important to reveal information on students’ behavior in creating a concept map.
Thus, future studies may involve log data and other instruments to explore students’
activities.

Conclusion
This research investigated the effect of two extension concept mapping designs on students’ perceptions and quality of knowledge structure. The performance of EKB that
extends the KB framework by allowing learners to add new concept maps through openended techniques was compared to ESB, which extends the open-ended method by
adding concept map components using the same way. This study involved three measurements: structural map scores, quality of propositions, and students’ perceptions to
confirm their achievements for both approaches.
The experiment results and analysis reported that the EKB approach has better structural map scores than the ESB method. With the achievement on the original map that
tends to be the same, the expansion results of the concept map on the EKB group were
more structured and achieved high-quality maps. The students in the experimental
group who used the EKB consistently outperformed those who used the ESB in quality of propositions scores. The EKB group also confirmed a strong positive correlation
between structural map scores and the quality of propositions. In addition, students’
perceptions of the EKB showed a higher level of agreement compared to ESB. The EKB’s
recomposition approach was perceived as an important role in realizing ease-of-use and
usefulness in extension concept mapping activities.
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