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Abstract—Many studies reported that an open-ended concept 

map technique is a standard for reflecting learners' knowledge 

structure. However, little information has been provided that 

expands open-ended concept mapping to improve students' 

learning outcomes and meaningful learning. This study aimed to 

investigate the effects of Extended Scratch-Build (ESB) concept 

mapping on students' learning outcomes, consisting of 

understanding, map size, and quality of knowledge structure. 

ESB is an extended open-ended technique that requests students 

to connect a prior-existing original concept map with a new 

additional map on related material topics. ESB offers an 

expansion of concept maps by adding new propositions and 

linking them to previous existing maps to enhance meaningful 

learning. Twenty-five university students have participated in the 

present study. The collected data included a pre-test, post-test, 

delayed-test, map size, and quality of map proposition scores. 

The Wilcoxon signed-rank test was used to confirm the ESB 

performance. The statistical results indicated that ESB could 

improve meaningful learning through extended concept mapping 

approach and had a positive effect on students' learning 

outcomes. This study also emphasized that there was a 

correlation between the original and additional maps on 

students' learning outcomes. 

Keywords—Concept map; open-ended; extended; knowledge 

structure 

I. INTRODUCTION 

Knowledge structure represents the organization and 
relationships among the components of a knowledge object 
[1]. The knowledge structure is constructed based on the 
learners' thoughts about the learning object characteristics and 
attributes from learning in the real world [2]. Determining 
students’ knowledge structure is important for assessing what 
a learner knows about a domain of knowledge [3], [4]. 
Knowledge-based measurements are needed to express student 
performance and activities in various perspectives 
comprehensively. However, since knowledge is internal, and 
its representations are internal, it is not possible to measure 
these internal representations of knowledge directly [5]. 
Concept mapping techniques are a tool widely used by 
researchers to assess students' conceptual knowledge 
structures. 

A concept map is a graphical tool for organizing and 
structuring knowledge in teaching, learning, and assessment 
[6], [7], [8], [9] introduced by Novak and Gowin [4]. Concept 

map has been widely used in various fields and education 
levels, starting from preschool to higher education, and 
including corporate training [4]. As a powerful and flexible 
learning tool, the concept maps approach can be utilized in 
different disciplines and for various purposes, either 
individually or collaboratively. The concept map is now 
widely accepted as an instrument for the assessment of 
students’ knowledge and is increasingly being embedded in 
computer-based environments [10], [11]. Computer-based 
concept mapping allows students to organize their knowledge 
easily, achieve deeper conceptual understanding, and 
encourage higher-level thinking. In particular, a computer-
based program with Internet network support offers plenty of 
opportunities to practice concept mapping in an online 
learning environment. 

Concept maps construction style can be classified into two 
categories: (1) open-ended or low-directed; and (2) closed-
ended or high-directed [12], [13], [14]. Open-ended concept 
mapping allows learners to use any concepts and any linking 
words in their diagrams. The open-ended fashion gives full 
control to the learners to add, modify, or remove concepts and 
links that represent their knowledge understanding. Based on 
these characteristics, many researchers agree that the open-
ended concept map is suitable for capturing the difference 
between the knowledge structures of the students accurately 
[14]. However, in the open-ended style, it will be more 
difficult to assess [13] and provide feedback to learners 
because there will be many variations of the concept map. On 
the other hand, a closed-ended concept mapping style contains 
finite concepts and links provided beforehand. In this case, 
learners must use the provided components to construct their 
maps by connecting one idea to another. Since the closed-
ended technique uses the incomplete structure provided by the 
teacher, it allows automatic assessment and encourages 
students to achieve maximum understanding scores. However, 
closed-ended does not facilitate students to express their 
knowledge structure. 

Previous studies have reported the practical use of open-
ended concept maps for capturing students’ knowledge 
structures. Some reasonably popular old studies argue that the 
open-ended technique is an appropriate standard for reflecting 
the differences among students' knowledge structures [6], 
[15]. Hartmeyer’s investigation [16] discussed the results of a 
systematic review of concept mapping-based interventions in 
primary and secondary science education. The study suggested 
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that open-ended concept maps suitable to evaluate students’ 
knowledge and seemed appropriate for formative assessment. 
Wang et al. [17] studied a concept map-based learning 
environment with and without expert template support. The 
results suggested that the hyperlink support with constructing 
the map from scratch had a positive impact on the 
development of comparative strategies and enhanced learning. 
Tseng [18] studied compared the fill-in-the map (closed-
ended) and the construct-the-map (open-ended) approaches on 
students’ critical thinking skill development. The investigation 
results reported that the critical thinking skills scores of the 
open-ended group were better than students who used closed-
ended method. Although researches on concept maps have 
been done a lot, little information has been provided that 
expands open-ended concept mapping to improve students' 
learning outcomes and meaningful learning. 

Our previous study [19] had developed an Extended 
Scratch-Build (ESB) concept map tool in facilitating 
meaningful learning enhancement. ESB allows the students to 
extend their previous concept map by adding new propositions 
that are relevant to the material topic. Two phases of concept 
mapping become a single activity and characterize the ESB: 
Phase 1 and Phase 2. Phase 1 is an activity to construct a 
concept map based on learning material, while Phase 2 aims to 
expand the previous map by linking it to a new additional 
map. The present study investigated the effects of ESB on 
students’ learning outcomes. The performance of ESB was 
evaluated using (1) test scores, (2) map sizes, and (3) quality 
of map propositions. Test scores were used to measure 
students' understanding and consist of pre-test, post-test, and 
delayed-test. 

II. LITERATURE REVIEW 

A. Concept Maps 

Concept maps are recognized as a simple but powerful 
knowledge representation to support learners’ and teacher’s 
learning activity. Concept maps are simple because it can be 
represented by graphs, and just consisting of two symbols: 
nodes (points or vertices) represent concepts and links (lines 
or arcs) represent the relationships between concepts [12]. 
Concept maps considered a powerful knowledge 
representation because it shows measurable individual ideas. 
Concept maps are knowledge representations that are 
described through relationships between two ideas with 
linking words called propositions. Propositions are statements 
about some object or event in the universe [20], which can 
either be correct or incorrect. A proposition represents a unit’s 
declarative or component of knowledge to form a meaningful 
statement. A proposition is the smallest semantic unit which 
connected to others as a unity and describes a particular 
meaning in concept maps. 

Concept maps proposed by Novak and Gowin [4] based on 
Ausubel’s assimilation theory, which emphasized meaningful 
learning. Meaningful learning can be defined as a process of 
linking new information to relevant previous knowledge in a 
cognitive structure [20]. Practically, meaningful learning is 
facilitated when students create concept maps by connecting 
one idea to another [21]. Meaningful learning (learning with 
understanding) is much stronger and longer-lasting than rote 

learning (learning with memorization) and requires individuals 
to have a well-organized knowledge structure to integrating 
new with existing knowledge [20]. Meaningful learning can 
be improved by linking prior concept maps to new related 
information in a hierarchically arranged structure [22]. The 
expansion of existing concept maps is a sound strategy for 
actualizing enhanced meaningful learning and promote good 
understanding. 

The concept maps approach has been widely applied in the 
education environment to support and improve learning 
outcomes. In their research, Novak and Gowin [4] studied the 
concept map method that enables teachers to describe 
concepts that occur in particular texts and engage students 
actively in the learning process. A qualitative study conducted 
by Chan [23] showed how concept maps could be 
implemented in a problem-based learning class to enhance the 
students’ creativity and to motivate them to learn and 
participate actively. Yue et al. [24] utilized a concept mapping 
in nursing education and indicated that it could affect the 
critical thinking affective dispositions and critical thinking 
cognitive skills of learners. A study by Sundararajan et al. [25] 
showed significant increases in critical thinking skills when 
learners engaged in collaborative concept mapping. Bernhardt 
and Roth [26] utilized a concept map to assess student 
learning and conclude that the participants were able to gain 
useful information about student learning in their material 
sections. Fischer et al. [27] assessed the effectiveness of using 
mechanistic concept maps (MCM) and reported that the 
experimental group got better reasoning skills and attitude 
comparing to the control group. 

Concept maps as the students’ knowledge representation 
can be assessed and evaluated quantitatively and qualitatively. 
The quantitative analysis focuses on measuring the number of 
concept map components or elements, such as concepts, links, 
propositions, and hierarchies [28]. Meanwhile, the quality 
analysis focuses on the scientific quality of concept maps on 
related topics [6], [29]. Many studies associated with the use 
of concept maps as assessment tools have employed scoring 
methods that emphasize accurate proposition [19], [30], [31], 
[32]. The reason for these arguments is because many 
researchers consider the proposition as the smallest and 
fundamental component of concept maps that represents the 
students’ knowledge understanding. Proposition-based 
analysis validates the relationship between two concepts and 
produces better reliability of the other concept map 
components analysis [32], which provides a more effective 
statistical analysis. 

B. Extended Scratch-Build Concept Map 

Extended Scratch-Build (ESB) concept map is a graphical 
tool aimed to enhance meaningful learning and facilitate 
knowledge building [19]. ESB represents an interactive 
learning tool that provides dynamic responses according to the 
users' actions [33]. Students and teachers can use the ESB 
concept mapping in learning situations. However, teachers 
only have access to monitoring students' maps because the 
scoring method was done manually. The ESB tool can be 
implemented in various learning styles, including face-to-face 
or traditional learning, e-learning, and blended learning. 
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ESB inspired by an open-ended concept mapping 
technique that experienced to capture differences across 
students’ knowledge structures. An open-ended method is a 
potential approach to reflecting and measuring students’ 
knowledge structure, but the achievement of understanding 
scores often cannot be maximized [6]. ESB attempts to offer 
an expansion of a two-phase concept map to improve 
students’ learning outcomes. The main difference between 
ESB and other open-ended concept mapping tools is the 
expansion feature, which is a unity in map construction. 

The expansion of the concept map provides opportunities 
for students to think more organized and is a realization of 
improved meaningful learning. As shown in Fig. 1, ESB 
provides a concept mapping feature consisting of two phases: 
Phase 1 and Phase 2. In Phase 1, students are asked to create a 
concept map in accordance with the first material or original 
map with an open-ended approach. Students are allowed to 
add concepts, links, and define propositions according to their 
understanding. 

Furthermore, in Phase 2, students will expand the original 
concept map by adding new concepts, relationships, and 
propositions and linking them to the prior concept map. 
Unlike Phase 1, which started making concept maps from 
scratch, Phase 2 has provided an original map to be expanded 

according to additional material. In this situation, students 
were also allowed to modify their previous concept maps if 
necessary. In Phase 2, the final result of the individual map 
would be a combination of the original map and the additional 
map. However, the evaluation of the expansion of concept 
maps only considers additional maps, without including the 
original map. 

A map expansion feature is an essential characteristic that 
identifies the ESB map and distinguishes it from other concept 
mapping tools. This expansion is also a strategy to realize 
improved meaningful learning. ESB approach not only 
realizes meaningful learning when students create concept 
maps but also enhances them through extended concept 
mapping. According to Cañas and Novak [21], meaningful 
learning is promoted when learners built concept maps, and 
this activity has been realized in Phase 1 of ESB. Furthermore, 
Phase 2 requested the students to extend the previous concept 
map, which also enhances the implementation of two-stages 
meaningful learning. The design of interconnected two-phases 
concept map construction provides more opportunities for 
students to improve their ideas and connect the new 
information to the existing knowledge structure. Efforts to 
expand the concept map by correlating new concept maps 
with current concept maps can be said to be improved 
meaningful learning. 

 

Fig. 1. The Practical flow of ESB Concept Map. 
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III. METHODOLOGY 

A. Participants 

Participants in this study were Informatics Engineering 
students of the Department of Electrical Engineering, Faculty 
of Engineering, State University of Malang, Indonesia. A total 
25 students (64% male, 36% female) participated. This class is 
a regular class, and there were no significant age differences 
between students. Thus, data on age were not provided. 
Participants are students with a background in computer 
science and are accustomed to using information and 
communication technology in learning. However, none of the 
participants had any prior experience with the concept 
mapping method. This condition states that participants have 
comparable abilities. 

B. Context Material 

This study was conducted in the Database 1 course, which 
was delivered in Indonesian. This course is a compulsory 
subject that must be taken by informatics engineering 
students. The database subject consists of fundamentally 
complex concepts that require a practical approach to be easily 
understood by the students. This course was chosen because it 
is considered to be appropriate in the context of experimental 
concept mapping. Aside from being a compulsory course, the 
database is a discipline consisting of essential theories that 
must be well understood by students. This course also has 
prerequisites before and has links with advanced courses in 
the following semesters. 

One of the conditions that must be fulfilled in meaningful 
learning is the material to be learned must be conceptually 
clear relative to the learner's prior knowledge. The relational 
database and SQL topic includes fundamental concepts that 
students must well understand thoroughly. This topic requires 
students to be able to identify broad general concepts and 
describe them into more specific relevant ideas. 

The topic used in this experiment was SQL (Structured 
Query Language). The lecturer used presentation documents 
and distributed printed handouts to students. Following the 
offered experimental design, the material topic was divided 
into two parts: the original and additional parts. The original 
part is the material delivered by the lecturer in the first 
lecturing, while the additional part is an advanced material 
that was provided in the second teaching. Original and 
additional parts are the same subject material and were 
presented in one lecture session. 

The presentation handout in the original material was 
composed of 532 words, while the additional material 
consisted of 829 words. As a reference, the lecturer defined 
the teacher’s map, which includes 14 propositions for original 
material and 20 propositions for additional material. The 
teacher’s map was only used as a reference when evaluating 
the quality of students’ concept maps. The teacher’s map was 
not used to compare the similarity of students’ maps 
automatically because evaluations were done manually. A 
senior and experienced lecturer who had been teaching for 11 
years was involved in this experiment to give a lecture and 
made an assessment. 

C. Experimental Settings 

This experiment was conducted in a computer laboratory 
during one lecture session. The lecture room provided 
facilities to support face-to-face learning and 30 personal 
computers connected to the Internet network. Participants used 
twenty-five personal computers, and the remaining five as a 
backup in case of trouble occurred. Each student was given an 
account as a unique identity to access the ESB application. 
The ESB application was run using a browser and accesses the 
server through an Internet network. A wired connection on a 
personal computer was provided to get a stable connection to 
the Internet network. 

Before the experiment was conducted, in a previous course 
meeting, participants had been given an introduction to 
concept maps. The introduction topics included the definition, 
benefits, notation, and construction style of concept maps. 
Furthermore, participants were also instructed to build concept 
maps on the introduction of a database system topic. This step 
was also intended to ensure that all personal computers were 
able to connect to the server and work appropriately. After the 
demonstration well-conducted, at the next meeting, they 
carried out the experiment. The experimental activities follow 
the timeline, as described in Table I. 

The total time of 100 minutes was required in one 
experiment session. Before starting the learning activities, the 
pre-test for the same topic material was given for 10 min. 
After that, the lecturer distributed printed original material 
handouts, and she started the first lecture material with the 
traditional approach for 25 min. In this activity, the lecturer 
explained the topic material using presentation documents, 
conducting discussions, and questions and answers as is face-
to-face learning in class. In this situation, students engaged in 
learning and actively participated as usual. After the teacher 
explained the original part material, participants were asked to 
create a concept map related to the original material for 15 
min. While creating the concept map, students were allowed 
to read their printed handouts that had been distributed. After 
the concept map creation time was completed, students 
uploaded the original map to the server. 

TABLE I. THE EXPERIMENT SCHEDULE 

Phases Teacher’s activity Students’ activity Duration 

1 

Act as facilitator Receive a pre-test 10’ 

Give a lecture with 
original part material 

Following and 
participate in lectures 

25’ 

Act as facilitator 

Create a concept map 

based on the original 
material 

15’ 

2 

Continue giving the 

lecture with additional 

part material 

Following and 
participate in lectures 

25’ 

Act as facilitator 

Expand the previous 
concept map by 

referring additional 

material 

15’ 

Act as facilitator Receive a post-test 10’ 

Act as facilitator 
Receive a delayed-test 
(1 week later) 

10’ 
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In Phase 2, the lecturer continued the lecture in accordance 
with the topic of the additional part material. The second 
lecture was carried out with the same approach and time 
allocation, which was 25 min. Next, students were asked to 
construct a concept map based on additional material with the 
same time allocation as in Phase 1. The difference, if in Phase 
1, students built maps from scratch, in Phase 2, students would 
expand the original map and add new propositions according 
to the context material. This map extension will identify how 
many students can associate new propositions to propositions 
that already exist in the previous concept map. Furthermore, 
students would carry out on a post-test that includes original 
and additional material within 10 min. 

One week after the experiment was finished, students were 
given a delayed-test to investigate whether they still have 
good memory related to the topic of the material or not. In this 
delayed-test, students were only asked to do post-test 
questions that were given at random. Delay tests did not 
involve delay map construction, therefore only measure 
students' understanding. The delayed-test was done without 
prior notice, so students did not have the opportunity to read 
the material first. 

D. Measurements 

The performance of ESB on students’ learning outcomes 
was investigated using three measurements: (1) test scores, (2) 
map sizes, and (3) quality of propositions scores. Pre-test, 
post-test, and delayed-test were chosen to assess students’ 
understanding of SQL topics. Delayed-test was not only 
intended to investigate students' understanding, but also to 
express students' memory on the material topics. The lecturer 
designed evaluation questions with five answer choices. There 
were ten questions used to measure students' understanding 
consisting of 5 questions related to original part material and 5 
questions related to additional part material. Pre-test, post-test, 
and delayed-test used the same questions that were delivered 
in random order. The lecturer who did the assessment was the 
same person who taught in the classroom. 

Map measurement was performed based on propositions, 
which are the fundamental and smallest elements of the 
concept map that represent components of knowledge. The 
number of propositions was identified through the number of 
links connected to two concepts and forms a valid 
relationship. Proposition calculations were performed on all 
propositions made by each student, both scientifically correct 
and incorrect. This study considers all propositions with the 
reason they commonly describe student knowledge. Map size 
measurements evaluate the original and additional maps 
separately, then were analyzed statistically to identify their 
differences. The increment of concept map size was expressed 
through a comparison between the initial map and the final 
map as a result of the expansion. The final map was used is 
not a Phase 2 map, but an additional map, as described in 
Fig. 1. The size measurements are quantitative and calculated 
automatically by the system. 

The map quality measurement was intended to 
complement previous quantity-based measurements. However, 
a measure of quantity is very likely irrelevant to the value of 
knowledge depth. The first quality measurement evaluates the 

quality of propositions using rubrics prepared by the lecturer. 
The quality of the propositions scoring method to examine the 
students' knowledge and understanding employed Osmundson 
et al. [29] rubric. Four levels of proposition scores were 
formulated, consisting of incorrect relationships (0 points), 
partially incorrect (1 point), correct but scientifically thin (2 
points), and scientifically correct (3 points). Similar to the 
map size calculation, the quality measurements evaluated the 
original and additional maps separately and analyzed their 
differences. The proposition-based map scores were assessed 
manually by the lecturer, who gave a lecture in the classroom. 

E. Data Analysis 

The analysis was carried out on the results of the pre-test, 
post-test, delayed-test, map sizes, and proposition-based map 
scores. Since the present study involved small data in one 
group, no homogeneity tests were performed. The normality 
distribution was examined to determine whether the data could 
be analyzed using a parametric test. The normality distribution 
of data was tested using a Kolmogorov-Smirnov and Shapiro-
Wilk test. Data were not normally distributed; therefore, non-
parametric statistical tests were used to analyze study data. 

A Wilcoxon signed-rank test was used to determine 
whether the mean of the pre-test scores was significantly 
different than post-test scores. The Wilcoxon signed-rank is a 
non-parametric analog of the parametric paired t-test. 
Wilcoxon statistical analysis was also used to measure the 
original map and additional map scores of students. Pearson’s 
r was also used as the effect size (ES) metric to examine the 
correlation coefficient. The Spearman’s rank correlation 
coefficient was used to measure the strength of monotonic 
relationship values for each pair analysis. In all these analyses, 
a p-value < 0.05 was deemed statistically significant. The 
value of Pearson correlation coefficients can be stated as small 
(.10), medium (.30), and large (.50) in terms of the magnitude 
of effect sizes. 

IV. RESULTS 

A. Analysis of Students’ Understanding 

The pre-test was designed to measure the students’ 
understanding of SQL topics before the intervention, and the 
post-test was used to investigate the students’ understanding 
after the intervention. The delayed-test was applied to 
investigate students’ retention regarding questions that have 
been given previously. Descriptive statistics of the pre-test, 
post-test, and delayed-test scores for the students are shown in 
Table II. The pre-test scores showed the achievement of 
students was still in the low category, with a mean value of 
46.00. After giving lecture material and continued with the 
creation of concept maps and extended maps, the mean scores 
in the post-test increased to 80.00. A total of 3 students were 
able to reach a maximum score of 100, although there were 
still two students who scored 50. 

The Wilcoxon signed-rank test was used to compare the 
significance of the difference between pre-test and post-test 
scores statistically. The Wilcoxon signed-rank test compares 
the median difference between pairs. The results of the 
analysis reported that there were significant differences 
between pre-test and post-test scores (Z = -4.314; p = .000 < 
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.05) with a large effect size of Pearson’s r value (r = 0.61). 
Based on statistical analysis results, the giving of an 
intervention in the experiment showed a significant difference. 
A large effect size means that the difference between the pre-
test and post-test scores was great. Furthermore, Spearman’s 
rank correlation coefficient was used to quantify the 
correlation between pre-test and post-test scores statistically. 
The correlation between the pre-test and post-test scores 
showed a significant difference (p = .001 < 0.05) with a strong 
positive correlation coefficient (r = .601). 

The delayed-test was done a week after the experiment 
was finished and without any prior notice. Based on 
descriptive statistics in Table II, it can be seen that the 
delayed-test scores have decreased compared to the post-test 
scores. However, the average delayed-test scores were not 
different from the post-test scores. Likewise, compared to the 
pre-test scores, the performance of delayed-test scores was 
still superior. Fig. 2 shows the average achievement of 
students’ pre-test, post-test, and delayed-test scores. 

Further investigation was performed to find out the 
significance of the difference between post-test and delayed-
test scores. The results of the Wilcoxon signed-rank test were 
reported that there were no significant differences between 
post-test and delayed-test scores (Z = 1,917; p = .06> .05) with 
a small effect size of Pearson's r was 0.27. The statistical 
analysis results stated that delayed-test scores achievement did 
not decrease significantly and had a small effect size. 
Therefore, even though the test results showed a decrease in 
performance, it still stated that students' have fairly good 
retention related to the material topics that were taught a week 
ago. 

Furthermore, Spearman’s rank correlation coefficient was 
used to observe the correlation between post-test and delayed-
test scores. The statistic correlation results showed a 
significant difference (p = .000 < 0.05) with a strong positive 
correlation coefficient (r = .662). Thus there is a relationship 
between students’ post-test and delayed-test scores. Students 
who had high scores on the post-test also obtained high scores 
on the delayed-test and vice versa. 

B. Analysis of Map Sizes 

The map size illustrates the broadness of the concept map 
represented by the number of definable propositions. The 
numbers of propositions for each student in the original map 
and additional maps were obtained from the system. 
Descriptive statistics of the number of propositions for 
original and additional maps are shown in Table III. In the 
original map, some students were able to achieve above-
average performance. Even the maximum score was also 
obtained by the student when making the original map. 
Nevertheless, the average number of additional map 
propositions was higher than the original map, which was 
12.36 compared to 9.64. These results showed that with the 
same time allocation, the expansion of the concept map was 
able to produce a more extensive map size than making a map 
from scratch. 

Achievement of the individual map size scores on the 
original and additional maps is shown in Fig. 3. The map size 
results represented the characteristics of an open-ended 
concept map that facilitates students to express their 
knowledge. In Fig. 3, it appeared that the performance of each 
student varies, which illustrates the heterogeneity of student 
understanding in the Database topic. A total of 4 students 
obtained the map size scores on the original map higher than 
the additional map; 3 students received the same score 
between the original and additional map; and 18 students 
achieved higher map scores higher than the original map. The 
results of giving the intervention reported that students were 
able to expand their previous concept maps. 

TABLE II. DESCRIPTIVE STATISTICS OF THE PRE-TEST, POST-TEST, AND 

DELAYED-TEST SCORES 

Pairs N Min Max Median Mean SD 

Pre-test 25 20 80 40.00 46.00 15.546 

Post-test 25 50 100 90.00 80.00 15.275 

Delayed-test 25 40 100 70.00 74.40 16.850 

 

Fig. 2. Average Scores of Pre-Test, Post-Test, and Delayed-Test. 

TABLE III. DESCRIPTIVE STATISTICS OF THE NUMBER OF PROPOSITIONS 

SCORES 

Pairs N Min Max Median Mean SD 

Original map 25 5 14 10.00 9.64 2.98 

Additional map 25 8 18 12.00 12.36 2.66 

 

Fig. 3. Achievement of Map Size in Original and Additional Maps. 
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The statistical analysis Wilcoxon signed-rank test was 
used to determine whether the map extensibility between the 
original and additional maps was significant. Based on a p-
value threshold of 0.05, there was a statistically significant 
difference between both concept maps (Z = -3.190; p = .001 < 
.05) with Pearson's r was -0.45, showing a medium effect size. 
The analysis indicated that students were not only able to 
expand the existing concept map, but also reach a larger map 
size than the prior map. The Spearman’s rank correlation 
coefficient was used to calculate the correlations between 
original and additional map sizes. The statistical analysis 
results indicated there was a weak positive correlation at r of 
.300 (p = .145 > 0.05). 

Although the number of propositions often illustrates the 
breadth of students' knowledge structure [34], this 
measurement can also be misleading because a large number 
of propositions does not mean that the students have a good 
understanding [35]. Likewise, the same number of 
propositions on two concept maps does not necessarily 
indicate the same knowledge. Therefore, qualitative 
measurements can be used, for example, by giving different 
weight values. This type of measure will be discussed further 
in the analysis of the quality of propositions. 

C. Analysis of Quality of Propositions 

In contrast to the map size analysis, which takes into 
account all propositions created by students, the calculation of 
the quality of propositions only considers correct propositions. 
The proposition-based map score was done by the lecturer 
manually by referring to the scoring rubric that has been 
defined. For each correct proposition, the lecturer gives a 
score of 1, which states the lowest level of accuracy, a score of 
2 with thin scientific correctness, and a score of 3, which 
indicates the perfection with the highest scientific level. 
Table IV shows the descriptive statistics of the students’ 
quality of propositions for original and additional maps. 
Student performance on the quality of propositions looks 
constant, as in the analysis of map size. The mean value on 
making the second map (additional map) was higher than the 
first map (original map). 

Students’ performance on the quality of propositions 
scores for original and additional maps are shown in Fig. 4. A 
total of 5 students obtained the map size scores on the original 
map higher than the additional map, while 20 students 
acquired the additional map scores higher than the original 
map. Similar to students' performance on map size, the quality 
of propositions results naturally describe the level of student 
knowledge. Although the distribution of student achievement 
was uneven, it was still dominated by students who have 
increased performance on the additional map. 

TABLE IV. DESCRIPTIVE STATISTICS OF THE QUALITY OF PROPOSITIONS 

SCORES 

Pairs N Min Max Median Mean SD 

Original map 25 14 48 24.00 24.88 8.941 

Additional map 25 10 52 30.00 31.32 11.257 

 

Fig. 4. Quality of Propositions Scores in Original and Additional Maps. 

The Wilcoxon signed-rank test was applied to evaluate the 
significance of the difference in quality scores between the 
original map and the additional map. The results of the 
analysis showed a significant difference (Z = -2.746; p = .006 
< .05) with Pearson's r of -0.39, indicating a medium effect 
size. Next, Spearman’s rank correlation coefficient was used 
to examine the association between the quality of propositions 
of original and additional maps. The correlation coefficient of 
the original and additional map was 0.4, with a p-value of less 
than 0.05. The r of 0.4 indicated a moderate positive 
correlation coefficient. 

Based on statistical analysis results, it can be seen that the 
quality of propositions in the additional map showed a 
significant increase. The ESB approach not only facilitates 
students to broaden and associate their knowledge but also 
attained higher quality. Additional map results were also 
known to be influenced by student achievement on the 
original map, which can be seen from the correlation between 
them. 

V. DISCUSSION 

A. The Effects of ESB on Students’ Understanding Scores 

Constructing an open-ended concept map technique is 
consider appropriate because it shows the difference between 
the knowledge structures of the learners [6], [13], and able to 
recall the basic terms in learning [36]. As is known, the open-
ended approach allows students to express ideas according to 
their knowledge. Unlike reading learning material that consists 
of many concepts, the concept mapping approach helps 
students to identify core concepts. This situation tends to 
encourage them to have a good memory for related material 
topics. 

Although some researchers reported that the open-ended 
approach is not able to achieve a maximum understanding 
score [6], the expansion of the concept map through ESB 
showed a bit different findings. Pre-test and post-test scores 
reported that teacher explanations supported by ESB concept 
mapping could significantly increase students' understanding. 
Likewise, with the delayed-test results, students still have a 
good memory of the material that was taught a week ago. This 
finding evidenced through the delayed-test scores, which was 
not significantly different from the post-test, despite a 
decrease in the average value of the group. 
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The ESB strategy, which involved expanding concept 
mapping, had proven to be able to increase students' 
understanding regarding the material. The expansion of the 
concept map by linking new propositions to the existing map 
encourages students to improve their understanding. Students 
were asked to connect prior core concepts with new concepts. 
Thus, students can further increase focus and ignore other 
ideas that do not represent key concepts. Observations in the 
learning process reported that students who were still 
uncertain of the correctness of the propositions they had made 
would make use of the second teaching session to ask 
questions actively. Next, in the second concept mapping 
session, they had the opportunity to correct and add more new 
relevant propositions. This situation made ESB suitable for 
use to facilitate formative assessment in a classroom. As 
confirmed by Hartmeyer et al. [16], the open-ended concept 
mapping technique most appropriate for the formative 
evaluation. 

B. The Effects of ESB on Map Size 

The present study reported that ESB is an extensible 
concept mapping tool that can be expanded to produce a 
broader new related concept map. ESB facilitates students to 
extend the concept map by connecting the new knowledge 
structure to the existing concept map. According to previous 
studies [6], [14], the open-ended technique in ESB can reveal 
different knowledge structures across students. This condition 
was demonstrated through the achievement of original maps 
and additional maps that vary from one student to another. 
The experimental results also found that the average map size 
on the expansion experienced a significant increase. 

In Phase 1 concept mapping, students were able to express 
their knowledge related to the topic of SQL material. Students 
could make a concept map based on the original part material 
as an example in Fig. 5. Although the average number of 

propositions successfully made by students was still below the 
propositions defined by the teacher, but had shown positive 
achievements. The results of creating the original map show 
that each student could express their knowledge naturally, as 
indicated by the achievement of a varied number of 
propositions. Fletcher et al. [37] argued that knowledge 
structure within groups illustrates variations of individual 
ideas according to their responsibility. 

Phase 2 is a crucial stage that illustrates the main activities 
of ESB concept mapping. At this stage, students were allowed 
to expand the original map by adding new relevant 
propositions. Fig. 6 shows the results of an additional map of 
one of the students as an extension of the concept map. 
Students' performance was measured through map 
extensibility, which is the possibility that the map can be 
expanded and the size of the area increased. The results of the 
extensibility were measured through a map size comparison 
between the original map and the additional map. 

The number of concept map components defined by 
students illustrates the amount of information collected and 
elaborated by them [38]. The existence of a prior existing map 
stimulates students to discover new concepts and relate them 
to defined concepts. Although they got the same time 
allocation, which was 15 minutes, students were able to 
expand the concept map following new material topics. 

One important thing that was also found here was that the 
results of the expansion in the additional map showed an 
increase in map size and with a significant difference 
compared to the original map. Statistical analysis results 
indicated there was a weak positive correlation between the 
original map and the additional map. Although map size does 
not always describe good understanding, it shows a broad 
overview of students' achievements. 

 

Fig. 5. The Original Map Results of a Student in Phase 1. 
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Fig. 6. The Additional Map Results of a Student in Phase 2. 

C. The Effects of ESB on Quality of Proposition 

The current findings showed that ESB not only facilitated 
students to increase the concept map size but also attained a 
higher quality of map propositions. Statistical analysis results 
emphasized that the quality of propositions scores in the 
additional map experienced a significant increase compared to 
the original map. This result was in line with the map size, 
which also shows an increase in scores. There are two possible 
explanations related to increasing student achievement, as 
discussed below. 

First, creating the original map in Phase 1 by utilizing the 
open-ended approach encouraged students to express their 
knowledge independently. Students acquire the opportunity to 
find essential concepts according to their understanding. In 
this situation, they have the confidence to link one idea to 
another idea and produce a meaningful concept map. 

Second, the expansion of the concept map on ESB 
provides opportunities for students to produce scientifically 
correct propositions. The existence of time lags in concept, 
making it encouraged students to be more active in class. In 
Phase 1, students built concept maps according to their 
knowledge. Furthermore, when the lecture resumed, some 
students seemed to use this moment to discuss with the 
lecturer and review their knowledge. Thus, in Phase 2, 
students have no difficulty in adding new propositions and 
linking them to existing original maps. In Phase 2, students 
also have the opportunity to correct propositions on the 
original map that are considered inappropriate. 

Cañas and Novak [21] argued that concept mapping 
activity is a realization of meaningful learning. ESB not only 
facilitates students to realize meaningful learning when they 
built maps but also encourages them to enhance meaningful 
learning. Improved meaningful learning was expressed by 
linking pre-existing concept maps to new related knowledge 
[22]. Students have well-organized and relevant expertise to 

link further information to the existing concept map. It also 
states that the expansion of the concept map describes a broad 
overview of students' achievements [34]. The expansion of 
concept mapping provides two benefits for students, namely 
the opportunity to review their existing original maps and 
prepare relevant additional maps. 

VI. CONCLUSION 

This study investigated the effects of Extended Scratch-
Build (ESB) concept mapping on students learning outcomes, 
consisting of understanding, map size, and quality of 
propositions scores. The main contribution of the current 
study was to propose an ESB concept mapping approach and 
observed its effect on learning. ESB offers an expansion of 
concept maps by adding new propositions and linking them to 
prior existing maps to enhance meaningful learning. 
Experimental results reported that ESB had a positive effect 
on students' learning outcomes. The findings revealed that 
students’ additional maps were able to achieve significantly 
increased map size and quality of propositions scores 
compared to the original map. This study also emphasized that 
there was a correlation between the original map and the 
additional map on students' learning outcomes. 

This study involved several limitations that should be 
considered for further works. The students who participated in 
this experiment were relatively small. Future studies should 
find more significant participants and involved a control group 
in examining the ESB effects on learning. The pre-test, post-
test, and delayed-test questions were used to assess the 
students' learning understanding were also relatively small. In 
the future, more design questions will be able to reveal a more 
comprehensive understanding of particular topics. 
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