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Abstract

Despite its notable contribution to learning outcomes, learning with concept maps
was helpful, fun, and engaging, including learning with the Kit-Build concept map.
Kit-Build concept map is a learning framework that incorporated concept map re-
composition as its essential activity. While Kit-Build concept maps have promoted
better learning performance, there are several challenges and difficulties in author-
ing concept maps for teaching and learning. Students learn through recomposing
digital concept maps from a set of teacher’s concept map components; hence, a
teacher concept map is essential in Kit-Build. In composing a teacher concept map
of Kit-Build, teachers should reflect the learning context and strategy, embody their
purpose and intention, students’ understanding level, and focus questions in con-
cept maps manifestation. Hence, support to improve teacher and student productiv-
ity in composing concept maps and support for online collaborative learning with
Kit-Build concept map becomes a requisite to revamp online education in this cur-
rent pandemic situation. This study designs and develops a concept mapping sup-
port system that allows concept map authors to compose concept maps from learn-
ing material with a semi-automatic concept map generation approach. Additionally,
the system functionality is further developed to support online collaborative concept
mapping use, allowing teachers and students to learn and work collaboratively with
concept maps in real-time. Investigation regarding the developed tool performance
and its use in a learning environment is conducted through multiple experiments;
involving both teacher and student to elucidate its impact on learning. The con-
cept map authoring and collaboration support feature have been successfully de-
veloped in this study. Evaluation of the newly developed tool suggested that the
authoring support tool could assist teachers in composing concept maps from En-
glish learning material reasonably. The findings also suggested that the support tool
could improve concept mapping efficiency while maintaining concept maps of sim-
ilar quality. Students and teachers found the authoring support tool beneficial and
compatible with their work, rendering its potential for actual teaching and learn-
ing. A WebSocket-based collaboration system has been implemented and integrated
with the concept map authoring tool regarding its use in a collaborative learning
environment. The tool allowed users to be virtually connected with others when
they compose concept maps. The implementation suggested that the system could
successfully support real-time communication and collaborative concept mapping
work of multiple users. An experimental use with students to use the online collabo-
ration system to learn with concept maps suggested that collaborative learning with
Kit-Build concept map online yielded better learning outcomes and better learning
interaction than the traditional open-end concept mapping. Therefore, this study
provided an insight on how Kit-Build concept map offered more significant bene-
fits towards collaboration learning; thus, further recommends Kit-Build as a better
approach to learning with concept maps.
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Chapter 1

Introduction

Computer and mobile devices have become an enabler to greater access to
learning contents in distance learning. In a situation where learning activi-
ties are shifting to online learning, the need for online—and mobile—learning
platform and infrastructure becomes imminent to deliver digital learning
content and media remotely and seamlessly (Drolia et al., 2020; Ivanova et
al., 2020).

One example of learning media other than textbooks and lecture notes
for learning is concept map. Despite the simplicity in its graphical form, con-
cept map can been put into various uses, such as dialogue, collaboration,
discussion, and feedback; enriching the learning environment, especially for
learning. A concept map can also be identified as a tool, artifact, or scaf-
fold to mediate discussion and negotiation between two or more different
views (Saeidifard et al., 2014). Elaborating concept map into learning activ-
ities could help students depict and explore their understanding (Stoica et
al., 2011; S.-Y. Wu et al., 2016), optimizes their learning as it may influence
students’ self-efficacy and self-regulation during learning (Chularut & De-
Backer, 2004); thus, improve their learning achievement (Astriani et al., 2020;
Chiou, 2008; Joshi & Vyas, 2018; Machado & Carvalho, 2020; Saeidifard et al.,
2014; Taie, 2014; Tseng, 2020). Their interaction and learning performance
could be improved if the activities were supported by a computer-supported
concept mapping tool (Joshi & Vyas, 2018). Thus, learning and its assessment
through interactive activities (Ma & Shi, 2016) could be conducted with more
fun and engaging (Lai et al., 2020).

Several studies about learning incorporated concept mapping with digital
concept map as an effective learning activity that encouraged a better learn-
ing interactivity (Leauby et al., 2010; Ma & Shi, 2016) in addition to its use in
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assessing and predicting student understanding (Daley et al., 2007). Further
development of learning with digital concept maps could bring forth a learn-
ing framework that can quickly and easily assess students’ understanding
(Hay, 2007), such as Kit-Build concept map (Hirashima et al., 2015).

Positive learning effects have been confirmed in several studies on var-
ious subjects and activities that used Kit-Build in which students can learn
through recomposition of a Kit-Build concept map kit (Hayashi et al., 2020;
Pailai et al., 2017; Prasetya et al., 2020; Sadita, Hirashima, et al., 2020). Kit-
Build concept map delivers its concept map recomposition activity with a
computer-based concept mapping tool. Students can use their personal com-
puter or tablet devices to learn with Kit-Build. With the provided concept
map analysis tool, Kit-Build could help teachers or instructors to quickly
gain insight into the development of students’ knowledge and evaluate their
teaching (Pailai et al., 2017) through its concept map recomposition and com-
parison analysis features (Hirashima et al., 2015).

In contrast to composing a traditional open-end concept map, students
compose their concept maps by recomposing a concept map kit; hence, the
teacher concept map is essential in Kit-Build (Pailai et al., 2017). Moreover, re-
composing a concept map from components could help students focus more
on concepts and ideas represented by the components (Pinandito et al., 2020).

Other studies suggested that composing a good concept map from learn-
ing materials was difficult and time-consuming (Andoko et al., 2020; Duarte
et al., 2017; Machado & Carvalho, 2020; Pinandito et al., 2019; Sue et al., 2007).
The main drawback of learning with Kit-Build concept map is that teachers
should prepare a concept map before using the map to teach and decom-
posed the map into a Kit-Build kit and let the students recompose a concept
map from it. Preparing concept maps prior to teaching has been an obstacle
for teachers to adopt Kit-Build as their teaching strategy. Prior research sug-
gested that concept mapping activity put additional cognitive load for both
student and teacher (Hwang et al., 2014; Katagall et al., 2015). Teachers might
already have other academic-related loads other than teaching and the con-
cept map being made should represent the learning material adequately and
correspond to the teaching strategy.

The process of segmenting and structuring knowledge into a concept map
requires expertise and adequate proficiency in the subject or problem domain
(Duarte et al., 2017). The process requires higher cognitive load in a situa-
tion where the problem space is more extensive, i.e., in a situation where the
concept map authors were overwhelmed by the amount of information they
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have or when they were asked to construct several concept maps in a lim-
ited amount of time (Furtado et al., 2019). When students were requested to
compose a concept map of a learning material from scratch, they took a con-
siderable amount of time to comprehend, identify key ideas and concepts,
identify relationships among ideas, and reorganize their understanding be-
fore they could pour their knowledge and understanding into a concept map.
Moreover, in the situation where the time to compose the map is short, they
would put their effort more on how to compose a concept map than put their
focus on understanding the material (Pinandito et al., In press 2021). Hence,
a useful support for efficient concept map composition and authoring—for
both teacher and student—becomes necessary.

Learning through collaborative interaction is also considered important
because it could benefit students socially, psychologically, and academically
(Laal & Ghodsi, 2012). Interactions in collaborative learning include students’
participation and social interaction (Stegmann et al., 2007) where learning
becomes an act of rewriting knowledge than merely receiving the informa-
tion uncritically; hence, meaningful learning (Gray, 2019). When meaningful
interaction is developed, students’ knowledge and understanding shall im-
prove through the interactions made during learning (Woo & Reeves, 2007)
and concept map has the potential to support it (Akinsanya & Williams, 2004;
Daley et al., 2016; Romero et al., 2017).

Collaboratively constructing knowledge, exchanging ideas, embodying
one’s understanding, or sharing past experiences with concept maps could
promote not only meaningful learning (Sharan, 2015), but also memory re-
tention (Collins & Nyenhuis, 2020; Fonteles Furtado et al., 2019; Funaoi et
al., 2011). Activities involved in composing concept maps also help students
enhance their critical thinking skills (Latif et al., 2016; Tseng, 2020), develop
deeper, higher-level cognitive processing (Pinandito et al., In press 2021; S.-
Y. Wu et al., 2016), and meaningful learning (Carr-Lopez et al., 2014; Prasetya
et al., 2020; Vanhear, 2012). Furthermore, Kit-Build concept map in collabora-
tive learning has been suggested to foster better interaction and meaningful
discussion (Sadita, Hirashima, et al., 2020; Wunnasri et al., 2018a).

Recently, due to the 2019 Corona Virus Disease (COVID19) pandemic sit-
uation, many education systems were forcefully shifting from offline to on-
line learning; transforming the interaction style between teacher and student
in learning activities, and induced collaborative learning difficult. Learning
in a virtual, online-based learning environment, becomes more challenging
than before; forbidding a direct face-to-face communication in almost every
aspect of interaction (Mahyoob, 2020). It is tedious to maintain a straight-
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forward and natural interactive learning activity similar with what can be
conducted in offline classrooms. In such an offline classroom, there is no
time and space separation to maintain good interaction that involves emo-
tion, empathy, and physical activity. Learning technology, which supports
online learning, needs to tackle or at least lessen the problems (C. Angeli et
al., 2003; Bannan-Ritland, 2002).

The needs of online collaborative concept mapping system is shoved by
the situations where distance learning is inevitable (Al Lily et al., 2020; Amir
et al., 2020; Armstrong-Mensah et al., 2020; Moallem, 2003). Subsequently,
support for online collaborative learning also becomes necessary, including
support for online collaborative learning with Kit-Build concept map. How-
ever, the current system and authoring tool of Kit-Build concept map does
not support online collaboration. Even though previous studies suggested
that incorporating Kit-Build in collaborative learning promoted better learn-
ing and discussion, the collaboration was conducted offline. Each discussion
group use only one device to compose concept maps collaboratively and dis-
cuss the maps in a face-to-face manner. Hence, the existence of collaboration
system for online learning with Kit-Build concept map that supports real-
time composition and discussion becomes necessary.

Despite the promising benefits of using concept maps in collaborative
learning, realizing the ability to interact and discuss using concept maps in
online settings is challenging. The concept mapping technology being used
needs to provide seamless transition between offline and online, maintain the
discussion and interaction style natural; hence, meaningful learning in online
collaborative learning with concept maps. With the currently available com-
puter and Internet technology, it is possible for the concept maps be authored,
distributed, and used in digital form online.

This study designed and developed a concept map authoring tool that
adopted semi-automatic concept map generation to support efficient con-
cept map composition for learning. The tool’s functionality is also further
extended to support collaborative learning with concept maps online. The
research questions of this study are described in its own chapter. Multiple ex-
periments are conducted to answer the research questions and the discussion
regarding support for authoring process with semi-automatic concept map
generation and support for online collaborative learning were discussed in
two chapters before the conclusions to the research questions were drawn in
chapter 6.
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Chapter 2

Related Works

2.1 Kit-Build Concept Map

In learning, learners may have different ways to acquire a deep and meaning-
ful understanding of learning material. Mind mapping or concept mapping is
often chosen as one of strategies to outline, sort, categorize, or organize ideas
inside the materials. Despite a little differences between mind map and con-
cept map in terms of its tree structure, these mapping activities allow learners
to quickly capture, identify, or even generate creative and unique ideas with
more freedom and creativity. The strategy on how learners do the concept
mapping would make them become more effective readers and knowledge
creators (Novak, 2010; Novak & Cañas, 2008). Not only concept maps helped
student and teacher gain clearer understanding of learning material, but the
constructed map would also guide their learning sequences (Novak & Cañas,
2007).

By the definition, concept map is a graphical diagram that depicts con-
cepts and meaningful relationships between concepts. A keyword or short
phrases usually represent a concept in a concept map. A relationship is usu-
ally visualized by a line—or a link—that connects two concepts. Usually,
the link is labeled with a short phrase or label that explains meaningful re-
lationship between the concepts and every connected link in a concept map
represents the relation between its two connected concepts.

A concept map is connected. It comprises several interconnected propo-
sitions in which each proposition has two connected concepts by one link
to express a meaningful relationship or knowledge between connected con-
cepts. Each concept and link in a concept map uses succinct nouns or phrases
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as its label to represent knowledge. A formed proposition in a concept map
should have a meaningful statement (Cañas et al., 2005) and semantically
self-explanatory.

Concept maps can be used and applied in many different ways, from reg-
ular note-taking to assisting discussion of a problem-solving activity. Orga-
nizing knowledge in a concept map with digital technologies allow teach-
ers and students to easily create, modify, and arrange their concept maps.
Furthermore, learning with digital concept map have known to improve stu-
dent’s engagement in constructing knowledge, hence more dynamic and in-
teractive learning (Daley et al., 2007), and lead to a higher level of cognitive
thinking (Koh et al., 2010).

Kit-Build concept map (Kit-Build) is a learning framework that incorpo-
rated a highly directed concept mapping activity in its learning strategy (Hi-
rashima et al., 2015); adopted the Novakian concept map style into computer-
based concept mapping activity for easy assessment of one’s understanding.
In learning with Kit-Build concept map, concept map recomposition is one
important key activity. Instead of adopting an open-ended concept map-
ping approach, Kit-Build applies a closed-end concept mapping approach
in which students compose a concept map from a pre-defined set of concept
map components. One other way to call an open-ended concept mapping ac-
tivity is scratch-mapping or scratch-building. In scratch-mapping, students
have their freedom to express their creativity in composing a concept map.
Nevertheless, composing a concept map with Kit-Build not only helps stu-
dent focus and understand better, but its recomposition activity also guides
student comprehends things that their teacher wants them to understand.
The set of components, which the students use to recompose a concept map,
is called a kit; hence, the name Kit-Build and kit-building activity. The general
flow of learning activities with Kit-Build concept map is shown in Figure 2.1.

In the current practices, teachers and students compose a concept map
with a computer-based concept mapping tool that is specifically made for Kit-
Build. With the tool, teachers can create a concept map, decompose the map
into kit, and let students recompose the kit into a concept map. Several kits
can be made from either partial or full decomposition of the teacher concept
map. With the provided concept mapping tool, the decomposition process
can either be performed automatically or manually. Because the students
compose their concept maps from the same components as teacher concept
map, student concept maps can be compared directly with teacher concept
map. The tool can also help teachers depict the gap between their expectation
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Fig. 2.1 General flow of learning with Kit-Build concept map.

and student understanding quickly and easily (Hirashima et al., 2015; Pailai
et al., 2017).

In learning with a closed-end concept mapping approach, such as Kit-
Build, student learn by the given kit of a teacher concept map. Teachers as
the domain expert create a concept map—a goalmap—representing of what
the students have to achieve and understand. By composing a concept map
from kit, student has less freedom to put their knowledge or add more infor-
mation into their concept map other than what have been provided by the
kits. The kit from which the students recompose into concept maps, force
them to reflect their thinking deeply. Therefore, despite the limitation, the
kit as well as its composing teacher concept map play the essential role in
learning with Kit-Build concept map.

Studies regarding the practical use of Kit-Build in the elementary school
science class (Sugihara et al., 2012) and English as a Foreign Language (EFL)
studies (Alkhateeb et al., 2016; Andoko et al., 2020) suggested that Kit-Build
concept map have many positive impacts towards learning. Additionally,
the Kit-Build concept map can be incorporated into a collaborative learning
environment to facilitate students’ discussion in sharing their knowledge and
understanding (Sadita, Furtado, et al., 2020; Sadita, Hirashima, et al., 2020;
Wunnasri et al., 2018a).
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2.2 Developing EFL Reading Comprehension Skill
with Kit-Build Concept Map

In most practical use of Kit-Build concept map, students learn from text-
based learning material. One of several learning subjects, which can be learnt
with Kit-Build concept map, is EFL reading comprehension (Alkhateeb et al.,
2016; Andoko et al., 2020). In learning EFL reading comprehension with Kit-
Build, the concept maps serves as a learning supplement for the material. Its
use in supporting reading-intensive learning, as in EFL reading comprehen-
sion, appears to be highly effective. The visual representation and the recom-
position of a teacher concept map’s kit help students focus more on the key
topics and ideas of the text, thus aiding them to comprehend the text better
(Alkhateeb et al., 2015). The kit, in which the students recompose a complete
concept map, should possess all of the critical parts of a reading. Therefore,
it is necessary for teachers to create a good concept map since the students
focus on the ideas and relationships depicted by the kit. Additionally, this
explains why teacher’s concept map is essential in learning with Kit-Build.

In a experimental setting, using Kit-Build concept map to practise EFL
reading comprehension helped the students retain their knowledge better
than a traditional selective underlining method (Alkhateeb et al., 2016). An-
other Kit-Build concept map learning strategy with source connection capa-
bility helps students comprehend an English reading better than using a tra-
ditional text-summarization approach (Andoko et al., 2020). Recomposition
and review strategies of EFL reading comprehension with Kit-Build concept
map helped students better learn and understand English reading compre-
hension texts. Hence, the use of the Kit-Build concept map to support the
learning process of EFL reading comprehension is promising.

In practising EFL reading comprehension with Kit-Build concept map,
students try to comprehend the readings and express their understanding
by reconstructing a concept map kit representing the text. When a teacher
compares the maps, the parts that are different depict students’ misunder-
standing or misconception about the reading. Hence, the teacher can explain
to the students and discuss the problematic parts in more depth using a more
comprehensive concept map.

In an EFL learning strategy that uses Kit-Build concept map, many read-
ings were used. Thus, many concept maps, which represented the read-
ings, also have to be recomposed by the students for practices. In Kit-Build,
teachers have the responsibility for creating the initial Kit-Build concept map.
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Teachers have to prepare a concept map sophisticating enough to represent
the reading before students use the map to help them learn and comprehend
the reading. The lack of understanding on how to properly create a an ade-
quate concept map could result in a concept map that is difficult to interpret
and review (Veronese et al., 2013). Therefore, teachers should carefully craft
and compose a concept map that helps students comprehend the reading bet-
ter.

It is common to use many readings for practicing EFL reading compre-
hension with the Kit-Build concept map. The consequence of using many
readings to learn EFL reading comprehension is that many concept maps also
have to be created. The concept map creation activity becomes a burden for
some teachers and increases the cognitive loads of their current academic
workload (Harrison & Gibbons, 2013). While it is difficult to carry out, con-
cept mapping takes a significant commitment of time and effort to produce a
good concept map (Alkhateeb et al., 2016; Harrison & Gibbons, 2013; Torre et
al., 2007; Tseng, 2020).

2.3 Support in Authoring a Kit-Build Concept Map

2.3.1 Concept Mapping with Kit-Build Concept Map Tool

Theoretically, concept map and its composition activity are boundary objects
that mediate the relationship between two or more different perspective (Pen-
nington, 2010). In learning, concepts map mediates the perspective of stu-
dents and teacher for a subject or learning material. In harmony with the
theory of boundary objects (Star & Griesemer, 1989), student and teacher can
cooperate and collaborate for a specific task or purposes by interacting with
concept maps.

A concept map can be created or constructed in various ways. The way
on how concept map being used for particular purposes has been developed
into frameworks in the fields of health care (Leyns et al., 2018; Risisky et al.,
2008; Trochim & Kane, 2005) and education (Gouli et al., 2003; Hirashima et
al., 2015). The construction method may vary from merely using paper and
pencil to using software or other advanced tools to construct them.

The use of digital technologies raises the potential in enhancing the teach-
ing and learning process. Technologies in concept mapping allowed the stu-
dents to easily create, modify, and arrange their concept map (Erdem et al.,
2009; Leauby et al., 2010); improving student’s engagement in constructing
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knowledge, making online learning more interactive and dynamic (Daley et
al., 2007), while performing a paperless concept mapping activity.

Several studies have been developing computer-based concept mapping
tools that allow people to draw a digital concept map using a computer or
tablet instead of traditionally using paper and pencil (Daley et al., 2007; Er-
dogan, 2009). One popular tool to construct and share concept map-based
knowledge model is CmapTools that is developed by the Institute for Hu-
man Machine Cognition (IHMC) (Cañas et al., 2004). Even though the way
on how they interact with the digital concept map may differ, the resulting
concept map would be fundamentally the same.

Kit-Build concept map also uses a computer-supported tool in its learning
environment with concept maps. However, several differences make the Kit-
Build concept maps differ from other concept maps. For example, in the Kit-
Build concept map, one relationship can only connect to two concepts, and
the propositions made with the link can either be directed or non-directed.
Additionally, recent extension to the Kit-Build concept map authoring tool
incorporated artificial intelligence to extract concepts and relationships from
texts (Pinandito et al., 2021) and the extension could support both teachers the
students identify concepts and relationships from text more efficiently. Even
though the tool is not specifically built to support learning with Kit-Build
concept map, the visual style of concept map components and its concept
mapping activity of the authoring tool refer to the Kit-Build concept map
framework style.

One concept map is usually visualized by a collection of concepts that se-
mantically linked. A relationship or link—represented by linking words or
phrases—represents semantic relationship or association between two con-
nected concepts or ideas. There is no standard way on how ideas were ex-
pressed and organized in a concept map. Even though concept maps tend to
be organized hierarchically, from most general or inclusive concepts to most
specific concepts (Novak & Cañas, 2007). The way on how concept maps read
are likely progressing from top downward and from left to right. In a concept
map, a meaningful statement, which is represented by two or more concepts
connected by linking words or phrases, is called a proposition. However, for
simplicity and its practical implementation reason, one proposition in Kit-
Build concept map can only be represented by one linking word or phrase as
shown in Fig. 2.2. Hence, the difference between Kit-Build concept map and
Novakian concept map.
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(c) Undirected multi-relationship proposition

Fig. 2.2 Representation of a directed and undirected multi-relationship proposition
in Kit-Build concept map

In a traditional concept map composition activity, ideas have to be iden-
tified from learning material and be realized into concepts. Logical relation-
ships among concepts should also be identified as links where a proposition
is made when a link is connected to at least two relevant concepts. In Kit-
Build, the task for identifying concepts from learning materials is called seg-
menting task while associating relationships between relevant concepts to
form several propositions into a complete concept map is called structuring
task (Hirashima et al., 2015). The current Kit-Build concept map tool supports
these traditional concept map composition activity in the digital form.

The style of concept map in the Kit-Build concept map refers to Novakian
concept map style. Even though there is no standard way to represent con-
cepts and links in a concept map, it is common to visualize concepts in a
concept map with labeled rectangles and visualize a link representing a re-
lationship between concepts with a labeled node. The relationship between
two concepts is usually visualized by a solid line and described by a rele-
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vant link positioned in between. Propositions in Kit-Build concept map are
represented with visual representation as shown in Fig. 2.2.

In the original Novakian concept map, one source concept can have sev-
eral similar relationships with two or more other concepts with only one link.
To some extent, relationships in a Kit-Build concept map may be represented
by both directed and undirected connections between links and concepts.
The directional arrow can be omitted when the proposition can be read in
both directions or have bidirectional meaning. Another reason to omit the
direction is to simplify the concept maps; reducing cognitive load to think
about direction. However, in a multiple proposition where one link is linked
to several concepts, directed connection is necessary. Directed connection
helps readers avoid misconceptions or ambiguity.

Assessment multi-relationship propositions is difficult due to ambiguity
that arise from undirected multiple relationships. For an example, the undi-
rected multiple-proposition, as shown in Fig. 2.2b, can be correctly under-
stood as "a student read a book" and "a student read a magazine." The propo-
sitions can also be correctly understood as "a book is read by a student," and
"a magazine is read by a student." However, if direction of a proposition is
omitted as in Fig. 2.2c, the proposition might incorrectly be understood as
"book read magazine" or "magazine read book".

Multi-relationship propositions in Kit-Build concept map can be accom-
modated by duplicating the link node and forming several single proposi-
tions from the same link nodes as depicted in Fig. 2.2a and Fig. 2.2b. Dupli-
cation or separation of link in a multi-relationship proposition is helpful to
avoid ambiguity and misconceptions that occur where direction is omitted.

Regardless the directional problem, a multi-relationship proposition as
shown in Fig. 2.2c cannot be formed with Kit-Build concept map. Directed
and undirected proposition is an option when composing concept maps with
Kit-Build concept map tool. With this single proposition mechanism of a link
node, teachers can now use either directed or undirected concept maps with-
out worrying about misconception problem that occur in undirected multi-
relationship proposition.

A fully decomposed teacher concept map means all links from two as-
sociated concepts of said concept maps are disconnected; leaving just the
concept and link nodes as a set of concept map components or a Kit-Build
concept map kit. Even so, teachers have full control in decomposing their
concept maps into kit by using the provided Kit-Build concept map tool. On-
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demand structural analysis feedback can also be given during concept map
composition or recomposition.

Kit-Build concept map authoring tool is implemented as a web applica-
tion that utilize Hypertext Markup Language 5 (HTML5) and Javascript tech-
nology. A modern web browser that supports HTML5 and Javascript, such
as Google Chrome or Mozilla Firefox, can be used to run the authoring tool.
However, Internet connection is necessary as the authoring tool user interface
is served by a web server through the Internet. Nevertheless, once the tool
is loaded, almost all of the internal authoring process is performed locally.
The only client-server communication during the composition is reading or
writing concept map-related data to database.

2.3.2 Semi-automatic Concept Map Generation with Concept Map
Mining

Despite all of the advantages of using concept maps, there are challenges
and difficulties in the creation process. How a concept map is composed is
subject to its creator purpose and subjectivity. The mental knowledge model
of the creator could be transferred to a manually composed concept map.
However, the manual concept map composition activity is often perceived as
inefficient and a fully automatic approach is difficult to imitate the transfer
(Presch, 2020).

Reconstructing a reading’s knowledge structure in a concept map format
is difficult since it requires a higher level of thinking to discover key ideas of
a learning material (Cañas et al., 2017). However, it is possible to discover
facts, relationships, and assertions in textual data with help from text mining
and Natural Language Processing (NLP) (Hayama & Sato, 2020; Hearst, 1999)
to support concept mapping composition activities within a short time. NLP
can analyze the information of a human language and help the computer
understand or communicate with humans (Collobert et al., 2011; Manning &
Schütze, 1999).

An automatic generation of concept maps with information retrieval tech-
niques is called Concept Map Mining (CMM) (Villalon & Calvo, 2008). CMM
involves three main tasks, including concept identification, relationship iden-
tification, and topology identification (Villalon & Calvo, 2008), to extract con-
cepts and relations and summarize the results into a concept map. Addition-
ally, CMM involves NLP and text mining techniques in part of the automated
process (Presch, 2020).

13



Several studies about the automatic generation of concept maps from
texts has been conducted. Most of them incorporated NLP, machine learn-
ing, and other linguistic techniques to process the text to identify the nec-
essary concepts and relations (Nugumanova et al., 2015; Qasim et al., 2013;
Wafula, 2016; Zubrinic et al., 2012). Nonetheless, a concept map is context-
dependent and subject to the author’s purpose and preference. Thus, auto-
matically generating a concept map that satisfies subjective results without
human interference is considered difficult. The generated concept maps still
have issues regarding coverage, accuracy, readability, and suitability (Atap-
attu et al., 2017). Prior study demonstrated that a semi-automatic approach
yielded a better concept map than a full-automatic approach in comparison
to a manually composed concept map as gold standard (Presch, 2020). Hence,
semi-automatic concept map generation approach could bridge the gap be-
tween manual and fully-automated concept map composition.

This research extends the previous Kit-Build concept map tool’s function-
ality with an authoring support function. Instead of fully automating the
generation process, the tool adopts a semi-automatic approach with CMM to
support teachers. The tool’s support function extracts keywords and relation
words or phrases from text as concept and relation candidates. Every propo-
sition in a concept map has fundamental purpose and meaning in contrast to
an individual concept or relation node. In addition to providing keywords as
suggestions to concepts, the authoring tool being developed in this study also
provided assistance at proposition level. The tool suggested subject-relation-
object triples to the author as the candidates of concept map propositions that
were not explicitly provided in prior studies (Hayama & Sato, 2020; Presch,
2020). This study targeted English teachers as its users who use Kit-Build
in teaching EFL reading comprehension and the experiment was also more
robust due to the use of multiple texts and uses. The general concept map-
ping activity with the designed authoring tool is shown in Figure 2.3 and the
interface where users interact with the suggestions during the concept map
composition is shown in Figure 2.4.

In addition to the regular concept mapping activities with the current
Kit-Build concept map tool, teachers can get suggestions from the tool to
quickly identify concepts and propositions of learning material. When a text
material is loaded, the NLP toolkit annotates the text and extract keywords
from it. An unsupervised method to extract keywords from a text document,
Rapid Automatic Keyword Extraction (RAKE), is used in the extraction pro-
cess. RAKE measures the importance of a keyword to the document based on
its composing words’ degree and frequency (Rose et al., 2010). Each identi-
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Fig. 2.4 Example of the concept map authoring tool support dialog; suggesting
proposition triples and concepts of a sentence.

fied keyword’s weight is computed with Term Frequency-Inverse Document
Frequency (TF-IDF) technique. The computed weight determines the key-
word importance level of the text. Similarities among keywords are calcu-
lated to avoid suggesting similar keywords and minimize redundancy. The
NLP toolkit used to annotate the text material in this research is the Stanford
CoreNLP (Manning & Schütze, 1999).
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Concepts of a concept map are commonly represented by nouns or noun
phrases relevant to a particular context. Relationships between concepts may
be represented by linking verbs or linking phrases between two concepts of
a sentence. Both noun phrases and verbs are two useful Part of Speech (POS)
tags to identify concepts and relationships of a sentence. In CMM, the POS
tags can be obtained from the NLP toolkit’s POS-tagging annotation. Some
other useful NLP annotations provided by the Stanford CoreNLP toolkit in-
clude tokenization, sentence splitting, lemmatization, dependency parsing,
coreference resolution, and Open Information Extraction (Open IE). Addi-
tionally, the Stanford CoreNLP toolkit also offers some customization for the
annotations.

Identifying an accurate and meaningful relationship between a link and
two concepts plays an essential role in composing a concept map proposition.
The Stanford CoreNLP’s Open IE annotation extracts triples representing tu-
ples of subject, relation, and relation-object of a text. The Open IE annotation
corresponds to the open domain relation that captures the relation phrases
expressed by the combination of verb-nouns patterns (Fader et al., 2011) and
a natural logic classifier (G. Angeli et al., 2015). However, many sentences
use a combination of verb-noun phrases instead of a single verb to depict
a meaningful relationship between subjects and objects. Merely relying on
a single verb to express a meaningful relationship is sometimes inadequate.
A simple regular expression pattern can be applied to a sentence’s POS tags
sequence to identify verbs and verb-noun phrases as another potential can-
didate of propositions. The extraction process that uses regular expression
patterns to extract relationships from a sentence is called Syntactic Relation-
ship Extraction (Fader et al., 2011). The pattern’s use can also reduce the
number of uninformative relationships of a sentence (Fader et al., 2011) and
improves the extraction performance (Patel et al., 2018).

2.3.3 Concepts Extraction and Prioritization

Concept’s labels in a concept map are commonly specified from a document
keywords as they most likely represent the document’s topics or main ideas.
There are many ways to determine keywords for a text document, but most
existing approaches use manual assignments by experts or defined manually
based on the concept map’s authors’ judgment. However, with the NLP and
text mining techniques, it is possible to extract keywords from a text docu-
ment based on statistical approaches.
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Most concept labels in a concept map are nouns or noun phrases. There-
fore, it is evident that one approach to extracting concepts from a text is by
capturing all of the nouns and noun-phrases tagged from NLP’s annotation
process. However, not all nouns or noun-phrases are essential to consider to
put into a concept map. Subject to using the concept maps, a concept label
should be non-trivial and essential.

The relevance of words or keywords to a document can be measured by
their frequency of appearance (Salton & Buckley, 1988). The term TF-IDF
is a popular algorithm in calculating the weight of terms or keywords to a
document. The TF-IDF weight (wij) of a term i in a document j can be com-
puted from the number of occurrences of the term in the document (t fij), the
number of documents containing the term (d fi), and the total number of doc-
uments (N) in a corpus as in (2.1).

wij = t fij × log
N
d fi

(2.1)

The similarity between two keywords can also be computed by finding
the cosine similarity (cos(θ)) between vectors of two keywords (dj⃗ ,dk⃗ ) com-
posed of n unique words from both vectors. The similarity value could be
calculated based on the TF-IDF weight of the composing words in each key-
word (wij, wik) as in 2.2.
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wijwik) · (
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n

∑
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√︄
n

∑
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w2
ik)

−1 (2.2)

An unsupervised method for extracting keywords from a text document,
namely RAKE, measures the importance of a keyword to the document based
on its composing words’ degree and frequency (Rose et al., 2010). The degree
of a word is defined as the frequency of words appear in the keyword candi-
date list plus its frequency of co-occurrence with other words in the candidate
list. The score of a keyword (SR), which composed of n words, can be calcu-
lated as a sum of the ratio of each composing word’s degree (deg(wi)) and its
frequency of appearance ( f req(wi)) in the candidate list as in (2.3). Important
keywords can be selected from top T scoring keywords from the list or by set-
ting a minimum keyword score. When working with keywords on a single
document, RAKE is also more computationally efficient than a graph-based
ranking approach, such as TextRank (Rose et al., 2010).

SR =
n

∑
i=1

deg(wi)

f req(wi)
(2.3)
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2.3.4 Relationship Extraction

In the extraction process of propositions from a text, a CMM system should
identify concepts and relationships (links). Identifying an accurate and mean-
ingful relationship between a link and two concepts plays an essential role in
forming a concept map proposition. A concept map proposition can be repre-
sented as a triple of concept-link-concept or a set of subject-relation-object in
Open IE. The Open IE annotation process of Stanford CoreNLP annotates and
extracts triples from a text, representing a subject, relation, and relation ob-
ject (G. Angeli et al., 2015). The Open IE annotation corresponds to the open
domain relation that captures the relation phrases expressed by the combina-
tion of verb-nouns patterns (Fader et al., 2011) and a natural logic classifier
(G. Angeli et al., 2015). The triples resulting from the syntactic relationship
extraction process serve potential candidates for concept map propositions.

Relationships in a complete sentence were mostly constructed by verbs.
However, many sentences use a combination of verb-noun phrases instead
of a single verb to depict a meaningful relationship between subjects and
objects. Therefore, identifying relationship by relying on a single verb is in-
sufficient to identify one good and meaningful relationship. A simple reg-
ular expression pattern can be applied to a sentence’s POS tags annotation
sequence to identify verbs and verb-noun phrases as a potential relationship
candidate for propositions in a concept map. The extraction process that uses
the pattern to extract relationships from a sentence is called the syntactic re-
lationship extraction (G. Angeli et al., 2015). The extraction pattern is given
by 2.4.

V|VP|VW ∗ P (2.4)

where

V = verb particle? adverb?
W = noun | adjective | adverb | pronoun | determiner
P = preposition | particle | information marker

Furthermore, the pattern could reduce the number of uninformative re-
lationships extracted from a sentence (Fader et al., 2011) and improve the
extraction performance (Patel et al., 2018).

The computed distance between two vectors of keywords represents the
similarity level between keywords. The similarity among two keywords or
phrases using cosine similarity measure can be determined by (a) calculating
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the keywords’ TF-IDF value with (1), (b) transforming the keywords into vec-
tors space model, and (c) computing the distance of both vectors with cosine
similarity measure as in (2).

2.4 User Acceptance and User Experience Evaluation

The term User Experience (UX) design is often used confusedly with the term
User Interface (UI) design. UX is the practice of making products (Hudson,
2008). UX does encompass not only the usability or pragmatic quality, how
to carry out tasks effectively and efficiently, how to carry out tasks effectively
and efficiently, but also emotional or hedonic quality (Laugwitz et al., 2008).
Providing services from the perspective of the consumer should be addressed
to improve users productivity; thus improving the usability (Az-zahra et al.,
2015; Pinandito et al., 2019).

Due to enormous use of digital concept maps in many different fields,
understanding how users are experiencing while using computer-based con-
cept map tools become essential, especially in learning and education fields.
If UX level of concept mapping tools were evaluated and understood, fur-
ther improvement could be conducted to more specific UI/UX areas, thus
promoting their experience in constructing concept maps.

2.4.1 User Experience Questionnaire as a Tool to Evaluate User
Experience

User Experience Questionnaire (UEQ) encompasses both classical usability
aspects in terms of efficiency, perspicuity, and dependability; and UX aspects
in terms of originality and stimulation. UEQ was developed to answer the re-
quirements of UX evaluation instruments that capture a comprehensive im-
pression of user’s experience in a quick, immediate, and simple assessment.
The result is a semantic differential with 26 items that takes approximately
3-5 minutes to take out in UEQ.

Like most UX measurements, the result obtained from the measurement
itself is not the goal. Nonetheless, it has other natural backgrounds as a basis
for quantitative measurements (Schrepp et al., 2017b). Similar with UEQ, its
applications can be applied into several scenarios to answer several problem
backgrounds, i.e., continuous improvement by conducting UX measurement
of a new product, comparison with other competitor products, evaluation of
product’s adequacy in terms of user experience, thus establishing room for
product improvements.

19



UEQ uses six quality measure scales, i.e., stimulation attractiveness, per-
spicuity, efficiency, dependability, and novelty. The attractiveness scale is
depicting the general impression of the product, whether the users like the
product or not. The attractiveness scale is further categorized into two qual-
ity aspects, i.e., pragmatic and hedonic. Perspicuity, efficiency, and depend-
ability describe pragmatic quality aspect that is oriented to product use (goal-
oriented). On the other hand, stimulation and novelty are the hedonic quality
aspect that is not oriented to product use (non-goal-oriented).

UEQ is originally written in German. UEQ has been translated into more
than 20 languages, including Bahasa Indonesia. The UEQ has two versions,
i.e., the long and short version. The long version consists of 26 statement
items while the short version only has eight statements taken from the long
version, i.e., obstructive/supportive, complicated/easy, inefficient/efficient,
confusing/clear, boring/exciting, not interesting/interesting, conventional/
inventive, and usual/leading edge. The short version of UEQ only measures
pragmatic and hedonic quality.

The short version of UEQ, User Experience Questionnaire-Short (UEQ-
S), was developed in a situation where filling out the entire UEQ statements
is too time-consuming. However, there are situations where UEQ-S is ap-
plicable. First, data are collected shortly after the user had finished using the
product and going to leave from using it. Therefore, user impressions have to
be quickly captured. Otherwise, they are going to refuse in giving feedback.
Second, in a situation where the UEQ questionnaire was given along with
another questionnaire, and it is impossible to be given separately as the user
may refuse to fill too many questionnaires. Lastly, UEQ-S also applicable in
a situation where UEQ questionnaire is given in experimental settings where
participants were asked to judge the user’s experience of several products or
variants of a product in one session or the product variation are presented
to them in random order one after another (Schrepp et al., 2017b). In such
situations, the number of items must be kept to a minimum. Otherwise, the
participant will be stressed. Thus, the quality of the answer will quickly de-
crease. The UEQ-S evaluation items and quality scales are shown in Table 2.1.

2.4.2 Technology Acceptance Model

Technology Acceptance Model (TAM) was first introduced by Davis (Davis,
1989) to identify factors that affect users’ acceptance in adopting new tech-
nology. Davis proposed TAM based on the users’ social psychological factors
rather than on the technological aspect of the technology itself. The TAM
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Table 2.1 UEQ-S Evaluation Item and Quality Scale

Item No.
Evaluation

Quality Scale
Negative Positive

1 obstructive supportive pragmatic

2 complicated easy pragmatic

3 inefficient efficient pragmatic

4 confusing clear pragmatic

5 boring exciting hedonic

6 not interesting interesting hedonic

7 conventional inventive hedonic

8 usual leading edge hedonic

model is coming from the Theory of Reasoned Action (TRA) and the Theory
of Planned Behavior (TPB) that focused on a link between intention and be-
havior, in which intention is being predicted by attitudes (Ajzen & Fishbein,
2000; Nistor et al., 2019).

Intuitively speaking, the easier the use, the technology will be more ac-
ceptable for users. Perceived Usefulness (PU) and Perceived Ease of Use
(PEOU) are two beliefs that are well-known in the TAM (Davis, 1989; Davis
et al., 1992). The former referred to what extent a technology subjectively
perceived to be useful for users to improve their productivity and efficiency
(Mun & Hwang, 2003). The latter referred to what extent users subjectively
perceived the ease of use of a technology (Davis, 1989; Davis et al., 1992). The
TAM model has been extensively adopted and extended to over 4,000 times
by various researchers (Hong & Yu, 2018), including technology acceptance
from the perspective of educational technology.

2.4.3 Compatibility, Habit, and Enjoyment as Factors that
Influence User Acceptance in Learning

Some researchers argued that the variables involved in the TAM are a sub-
set of the Innovation Diffusion Theory (IDT) (Shiau et al., 2018). IDT is a
concept to explain the importance of innovation in the development of sci-
ence or technology in society (Rogers, 2010). Compatibility is one of the main
characteristics in IDT, which measures "the degree to which the innovation is
perceived as consistent with the existing values, past experiences, and needs
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of potential adopters" (Choshaly, 2019; Rogers, 2010; Shiau et al., 2018). Ad-
ditionally, researchers have been demonstrated to include compatibility with
their proposed model. The inclusion shows positive effects on behavioral in-
tention through perceived usefulness and ease of use (Choshaly, 2019; Crespo
et al., 2013; Gagnon et al., 2012; Shiau et al., 2018).

From the Theory of Interpersonal Behavior (TIB) (Triandis, 1980), habit is
traditionally defined as "behavior that has become automatized" (Gagnon et
al., 2012). Regarding the literature, the adoption of new technology will com-
plement users’ habits when they experience the necessary knowledge about
the purposes of using the technology and by what means they can achieve the
goals (Alsharo et al., 2020). Furthermore, habit is activated by the task’s goals
for which the system is used in response to a specific learning purpose. Habit
is used as a construct in research conducted by (Hubert et al., 2017). He pro-
posed that variable habit has a significant positive relationship to perceived
usefulness and perceived ease of use, which are the primary constructs of
TAM, and acts as a principal predictor of future behavior intention of using a
technology (Alsharo et al., 2020; Rafique et al., 2020). This research puts habit
into consideration as the tool provides an automated extraction and identifi-
cation of concepts and propositions from English texts.

Enjoyment is defined as: "the extent to which the activity of using the
system is perceived to be enjoyable in its own right aside from the instru-
mental value of the technology" (Davis et al., 1992). Enjoyment is classified
as a type of intrinsic motivation. Intrinsic motivation refers to "the perfor-
mance of an activity for no apparent reinforcement other than the process of
performing the activity per se" (Mun & Hwang, 2003). Intuitively speaking,
in the context of technology acceptance, enjoyment can lower the cognitive
burden when using technology. Users are more likely to adopt a technology if
they experience enjoyment from using it (Park et al., 2012). Previous research
has proven that perceived enjoyment positively affects perceived usefulness
and perceived ease of use and plays a significant role in the acceptance of
educational technology (C. T. Chang et al., 2017; Granić & Marangunić, 2019;
Park et al., 2012).

2.5 Support in Collaborative Learning with Kit-Build
Concept Map

Kit-Build concept map has been practically used in several kinds of learn-
ing environment and studies about Kit-Build showed its positive impact to-
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wards students understanding (Alkhateeb et al., 2015; Andoko et al., 2020)
and memory retention (Fonteles Furtado et al., 2019; Funaoi et al., 2011).
Employing Kit-Build concept map in a collaborative learning environment
allows students to share their knowledge and understanding (Sadita, Hi-
rashima, et al., 2020; Wunnasri et al., 2018a, 2018b). However, many concept
map authors have limited experience in composing concept maps; resulting
in vague concept maps with many abstruse propositions and issues. Having
a meaningful discussion with partners is often selected as a brisk and appro-
priate way to clarify problems and potentially deepen one’s understanding
of said topic or issue. Thus, comprising collaborative learning with concept
maps could potentially improve not only the learning but also the interaction
(Gao et al., 2007).

Kit-Build has several implementation for its concept mapping tool. The
initial implementation of Kit-Build concept map uses Flash for the user inter-
face and Ruby as its backend processing for the storage system and learning
analysis (Hirashima et al., 2015; Sugihara et al., 2012; Yoshida et al., 2013) be-
fore the following studies about Kit-Build uses Unity platform to make the
system portable, cross platform, and be able to run on wide-range tablet de-
vices (Pailai et al., 2017; Sadita, Hirashima, et al., 2020; Wunnasri et al., 2018a).
Even though the system cannot directly support the discussion and collab-
orative concept mapping work from within the application itself, students
could learn collaboratively and reciprocally compose concept maps with their
partners offline.

Completely redesigned the Kit-Build concept mapping tool into a HTML5
web application yields a new Kit-Build concept mapping experience that runs
on almost every modern web browsers and devices (Pinandito et al., 2019,
2020); thus, covers a wider range of computer platforms—including mobile
devices—to run the Kit-Build system. However, the former Kit-Build system,
which is built on Flash, has become obsolete since support for Flash has been
officially ended on all web browser by December 31, 2020; leaving Unity and
HTML5 as the two main platforms of Kit-Build system that were actively
used in classroom. The latter study also extended the tool’s functionality
with semi-automatic concept map generation feature to support the concept
map composition process.

The Kit-Build system, which uses HTML5, has become the preferred plat-
form to substitute the previous Kit-Build concept map system that uses Unity.
Both systems can be used on many different platforms, but one that uses
HTML5 have a faster development time, more responsive, utilizes less re-
sources, and has better compatibility towards new technology and future
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web standards. The drawing canvas of the HTML5 Kit-Build system uses
the Cytoscape.js Javascript library for graph analysis and visualisation of Kit-
Build concept map (Franz et al., 2016). The development in this study focused
on extending the HTML5 Kit-Build concept map system; allowing real-time
distance collaboration in learning with Kit-Build concept map.

2.5.1 Real-time Web-based Application with Socket.IO and Node

Many applications could benefit from real-time functionality, especially for
multi-user applications that support collaborative work; ensuring effective
interaction and smooth communication among collaborators. Different tech-
niques were elaborated to support the collaborative work. Prior to HTML5,
developing web application with multimedia features was confined. A web
page has to embed Java applet, Flash, or Silverlight technology to deliver
rich contents over the Internet (Garaizar et al., 2013). Prior to WebSocket and
HTML5, developers have to go "native" to a particular platform and utilize
the exposed network Application Programming Interface (API) to build col-
laborative concept mapping programs with real-time communication capa-
bility (Elorriaga et al., 2013). Nevertheless, WebSocket and HTML5 technolo-
gies were introduced to leverage new standard in delivering contents and
Internet applications with better accessibility (Elkabani et al., 2015) and in-
teractivity (Ringe et al., 2015). Furthermore, HTML5 technology is designed
to support multi platforms (Curran et al., 2012; Holzinger et al., 2012) and
provide full native support for 3D and multimedia contents (Garaizar et al.,
2013).

WebSocket protocol is not a new technology. It was was introduced as one
of HTML5 technology standard for active content delivery over the Internet
through full-duplex communication channels (Hu & Cheng, 2017). Deliver-
ing real-time information and constant changes to a client, such as collabo-
rative working systems (Maanpää, 2019; C. Wu et al., 2019; Zhao et al., 2013)
and online games (Miu et al., 2020; Sugiyanto et al., 2019), requires a persis-
tent socket connection between client and server. In a classic client-server
web application, real-time complex communication was difficult to achieve
without having users constantly poll requests to retrieve the updated infor-
mation (Stratmann et al., 2011). As WebSocket usability and performance be-
comes much better (Mardan, 2018), many native real-time applications were
advancing towards real-time web application (Liu et al., 2018) and shifting
from request-based information generation approach to actively pushing in-
formation to users. Prior study have implemented the WebSocket on a vir-
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tual whiteboard for real-time online interaction experience across multiple
users. Real-time communication with WebSocket was claimed to have lower
latency than a regular Hypertext Transfer Protocol (HTTP) communication
with a web server (Ringe et al., 2015).

Socket.IO (Mardan, 2014) is a Javascript library that provides abstrac-
tion layer to bidirectional communication between server side and client side
that uses WebSocket technology. Socket.IO leverages WebSocket with long
polling fallbacks through its unified API (Cadenhead, 2015). It requires a
Node-based HTTP server to run and a client set up to connect and communi-
cate. Usually, a server running Socket.IO uses Express framework to simplify
server side programming in Node; hence, server side code becomes more
flexible, more robust (Cadenhead, 2015), and run faster on large number of
concurrent requests (Greiff & Johansson, 2019; Liu & Sun, 2012). Node it-
self is a platform that is built on Chrome’s JavaScript runtime to build high
performance and scalable network applications.

Socket.IO serves as a communication relay that maintain persistent con-
nections of its clients. It has two components for both the client and the
server. Communication between client and server is handled through cor-
responding event handler on each side. Socket.IO provided an interface—a
Javascript IO object—for use in both server side and client side to send mes-
sages or attach event handlers to process incoming messages (Rai, 2013). In
this wise, web applications could simply use the IO object instance to send
messages and listen to incoming messages.

2.5.2 Collaborative Learning of EFL Learners with Kit-Build
Concept Map

Kit-Build concept map is a learning framework that uses concept maps as its
learning strategy. The framework incorporates a computer-supported con-
cept mapping tool that allows teachers to assess students’ understanding by
comparing teacher and students’ concept maps more efficiently (Pailai et al.,
2017). Kit-Build concept map primarily adopts a closed-end concept map
approach where students’ concept maps are limited to the provided compo-
nents (Hirashima et al., 2015). In Kit-Build concept map, a set of concept map
components from which the students will recompose is called a kit.

In composing a closed-end concept map, the students cannot freely com-
pose their concept maps with their own words or ideas as opposed to com-
posing an open-end concept map from scratch. The concept map recom-
position activity of a Kit-Build kit is referred to as kit-building. The kit,
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from which students compose their concept maps, can be obtained from the
teacher’s concept map decomposition. The decomposition of teacher’s con-
cept maps can be performed automatically by the Kit-Build concept map tool
or manually by the teachers. As the students compose their concept map
using the same components as their teacher’s concept map components, the
comparison can be automatically carried out by the concept mapping tool
(Hirashima et al., 2015). Thus, their misunderstanding or misconception can
be inferred from the different parts between teacher and students’ concept
maps.

Learning the EFL reading comprehension with Kit-Build concept map
was shown to be one beneficial learning strategy to learn with concept maps.
One practical use of Kit-Build concept map is supporting the learning of EFL
reading comprehension. Practising with many readings is a common way to
improve learner’s language skills. Collaboratively learning with others has
also been known to more beneficial than learning individually. Collaborative
learning promoted active learning, knowledge-sharing, and self-discovery of
learners due to the interaction during the collaboration process (Ibrahim et
al., 2015). Therefore, in the context of collaborative learning of EFL reading
comprehension, one understanding of a reading text can be shared through
the interaction and discussion during collaboration, hence improved compre-
hension (Stegmann et al., 2007).

The nature of interaction varies in different learning environments and
settings, either in a direct—face-to-face learning environment or in an on-
line class at a distance. Regardless of the settings, the environment needs
to stimulate learners’ curiosity to promote meaningful collaborative learn-
ing; hence more productive activities and improved learning (Hirumi, 2002).
Therefore, to support collaborative learning with Kit-Build concept map and
also supporting distance communication, the Kit-Build concept map tool has
been extended with real-time synchronization of concept mapping capability
and text-based communication features. This study tries to discover whether
composing concept maps with Kit-Build concept map helps students better
understand the reading than composing concept maps from scratch in an on-
line collaborative learning environment.

2.5.3 Kit-Build Concept Map Authoring Tool in Collaborative
Learning

In learning with the current Kit-Build concept map tool, a single user can
only create or compose one concept map at a time. Even though the tool
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has been applied in collaborative learning, it cannot be operated by more
than one student to work on the same concept map at the same time (Sadita,
Hirashima, et al., 2020; Wunnasri et al., 2018a). Moreover, it was impossible
to use the current tool to collaboratively work on a single concept map from
two different computers simultaneously. As the need for a collaborative Kit-
Build concept mapping arises, an extension to the existing Kit-Build concept
map tool that supported collaborative work was implemented.

The new implementation of Kit-Build concept map tool allowed multiple
users to work with a concept map from different computers collaboratively
and simultaneously. Any changes over one drawing canvas will immediately
be reflected to the other participating users; hence, a real-time collaborative
concept mapping environment is created. A similar concept mapping tool
has been developed in another study (Farrokhnia et al., 2019). The tool also
allows several users to compose a concept map at the same time collabo-
ratively. However, the tool does not support the recomposition of concept
maps, and it has no comparison analysis features as in this study new collab-
orative Kit-Build concept map authoring tool.

The tool has been developed with web technologies, hence accessible
from modern web browsers that support HTML5 and Javascript. The tool
is expected to run on most computers and mobile devices with access to the
Internet despite the requirements that have to be met for a smooth and seam-
less concept mapping experience. An example of the newly developed online
collaborative Kit-Build concept map tool, which shows a student’s concept
map during collaboration, is shown in Fig. 2.5.

In supporting communication in collaborative work of concept mapping,
the online collaborative Kit-Build concept map tool provided two kinds of
text-based communication channels as shown in Fig. 2.5 for students to com-
municate and discuss their concept maps with others. The discussion data
for analysis were obtained from these channels. One of the communication
channels, which is located on the right side of the screen, is a general discus-
sion channel. Messages sent from this channel will be broadcasted to other
participants who joined the collaboration. The other type of communication
channel is linked to a concept or link node; hence, one communication chan-
nel for each concept and link node. The node-linked communication chan-
nels were designed to facilitate discussion of a particular idea or relationship
attached to the corresponding concept or link nodes. Additionally, notifica-
tions and indicators will be displayed over a concept or link node when a
new message arrives. These communication features are useful for facilitat-
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Fig. 2.5 Communication in Online Collaborative Kit-Build Concept Map Tool

ing communication among users and keeping the discussion in control when
discussing many different topics or ideas simultaneously.
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Chapter 3

Research Questions

One of the aims of this study focused on assisting teacher and student com-
pose concept maps from learning material with Kit-Build concept map au-
thoring tool with semi-automatic concept map generation approach. The
second aim of the study focused on supporting online collaborative learn-
ing with concept maps by developing the concept mapping system to sup-
port real-time communication and collaboration in concept map composition
activity. Several research questions were defined and be addressed in this
study to evaluate the impact of the newly developed system towards its use
in learning environment. The study will be organized into two sections, the
first section discussed the design and development of concept map authoring
support tool while the second section discussed the design and development
of concept mapping tool for online collaborative learning with concept maps.
Depending on the focus of the study, the defined research questions were or-
ganized into the respective sections accordingly.

3.1 Design and Development of Concept Map
Authoring Support Tool

This research presents the design and development of a semi-automatic sup-
port function that extends the previous Kit-Build concept map authoring tool
to aid teachers in creating concept maps from English reading materials. The
design of the generation approach of a concept map authoring tool, which
adopted the CMM method and text mining to generate concept maps of EFL
reading comprehension texts semi-automatically is presented and evaluated.
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The designed authoring support tool semi-automatically generates the
concept maps by suggesting keywords and proposition triples for the teach-
ers to choose, modify, and incorporate the suggestions into their concept
maps. However, before the tool is considered to be used practically with
Kit-Build, the performance of the authoring support system has to be evalu-
ated. Therefore, the accuracy of the suggestions yielded by the system, and
how the tool is perceived, need to be discovered.

Thus, teachers could compose concept maps for use with Kit-Build more
efficiently than composing the concept maps manually. The new tool imple-
ments the NLP, CMM, and several text mining methods to extract and sug-
gest relevant items of reading material to teachers. Currently, teachers have
to create concept and link nodes, connect the nodes to make propositions,
and arrange the propositions manually. With the proposed concept map au-
thoring tool, teachers can get suggestions of keywords and propositions to be
included in their concept maps. This research puts the tool into a trial with
English teachers to evaluate how the tool’s support function affects teachers’
concept mapping activities in terms of efficiency and concept map quality.

The following research questions were addressed in this study:

RQA-1: With the designed extraction approach towards EFL reading com-
prehension learning strategy with Kit-Build, how is the accuracy
of the suggested keywords and proposition triples of the authoring
support tool?

RQA-2: Will the developed concept map authoring support tool perceived to
be useful for assisting teachers in composing concept maps from EFL
reading comprehension texts and support their teaching activities
with Kit-Build concept map?

RQA-3: Will the concept map authoring support tool, which generates con-
cept maps semi-automatically, could improve the concept mapping
efficiency in terms of the yielded number of propositions?

RQA-4: Will using the authoring support tool yields concept maps of better
quality than a manually composed concept map?

RQA-5: How will the teachers perceive the usefulness of the concept map
authoring support tool to create concept maps of English reading
materials for teaching?
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As a part of Kit-Build concept map learning framework, a computer-
based concept map authoring tool is developed and used for learning. Addi-
tional support features have also been incorporated into the basic functional-
ity of the authoring tool by suggesting keywords and propositions. The sug-
gestions were obtained from the extraction process of English-based general
reading material. The tool can also provide several feedbacks and critiques
based on the map that is being constructed. This study also investigates how
students would experience the authoring tools to compose a concept map
with and without semi-automatic generation support. Finding how the stu-
dents experience the tool could promote better experience and performance
in constructing concept maps. The UX analysis will be performed to find
whether a concept map authoring tool, which incorporates keywords and
propositions suggestions and feedbacks, would give better experience over
the basic version that has no such supports and functionalities.

With the new support feature can put a different interaction with the tool
during concept mapping. It is interesting to analyze the students’ intentions
and perceptions of whether they accept using the Kit-Build concept map au-
thoring tool as a learning media that supports them in studying learning
materials with concept maps. TAM has been profoundly used to measure
and depict users’ acceptance of new systems or technologies, including ed-
ucation and learning technologies Salloum et al. (2019). A critical review of
TAM revealed that including additional factors an extension to the original
model can provide a broader view and better explanation regarding factors
that might contribute to the acceptance of a specific technology Teo (2009).
This study also aims to investigate the validity of TAM in an educational set-
ting and the extent to which the external variables to the model will impact
the students’ acceptance towards the Kit-Build concept map authoring tool.

The following research questions regarding user experience and user ac-
ceptance in using the concept map authoring support tool are also addresed:

RQA-6: Will the developed concept map authoring support tool provides
better experience towards concept mapping than the existing au-
thoring tool?

RQA-7: How is the user acceptance model with TAM for the developed con-
cept map authoring support tool?

RQA-8: Among several factors that could possibly influence the acceptance
model, what are the factors that contributed to the acceptance of us-
ing the developed concept map authoring support tool?
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3.2 Design and Development of Support Tool for
Online Collaborative Learning with Concept Maps

Previous studies suggested that posing concept maps in collaborative learn-
ing could improve students’ learning and productivity C.-C. Chang et al.
(2017); Gao et al. (2007). Learning with Kit-Build concept map in collabo-
rative learning environment also yielded similar benefits towards learning
Sadita, Hirashima, et al. (2020); Wunnasri et al. (2018a). However, how Kit-
Build concept map could perform similarly in online collaborative learning
has yet to be discovered. This study took the online collaborative Kit-Build
concept map tool into a trial to investigate the use of Kit-Build concept map
in online collaborative learning of EFL reading comprehension and discover
whether it helped the students comprehend the readings better from online
discussion and collaborative recomposition of concept maps. Comparative
analyses with a traditional online collaborative concept mapping approach
were presented in this study regarding the learning effect and students’ con-
versation during collaboration.

This study presented the design and development of Kit-Build concept
map collaboration system where students and teachers could collaborate and
discuss learning materials with Kit-Build concept map from distance. Prelim-
inary evaluation towards the prototype of the online collaboration system is
also presented to portray the usability of the system in supporting collabora-
tive learning. Therefore, to guide this study, the following research questions
were addressed:

RQB-1: How is the design of a system that enables the current Kit-Build con-
cept map system supports online real-time composition and discus-
sion of concept maps?

RQB-2: How is the students’ attitude towards the system usability in sup-
porting collaborative learning with Kit-Build concept map?

RQB-3: How the use of Kit-Build concept map in an online collaborative
learning environment of EFL reading comprehension, which uses
concept maps composition as its learning strategy, affects student
comprehension as opposed to the regular open-end concept map-
ping?

RQB-4: How is the discussion during online collaborative work with concept
maps with and without the Kit-Build method?
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Chapter 4

Concept Map Authoring
Support Tool with
Semi-Automatic Concept Map
Generation

4.1 Study 1: Design of Semi-Automatic Concept Map
Generation with Concept Map Mining Approach

4.1.1 Methodology

This study focused on supporting teacher’s concept map composing activity
in a semi-automatic way. Support was given in the form of recommenda-
tions of concepts and propositions extracted from English texts. The extrac-
tion process adopted the CMM method that involved NLP and text mining
techniques. In addition to presenting the design of the extraction process, the
accuracy of the yielded recommendations was analyzed and evaluated.

The Kit-Build concept map authoring tool was designed to be used com-
puters or tablet computers. The current Kit-Build concept map authoring
tool is implemented in HTML5 and Javascript technology. The support fea-
ture extended the current authoring tool and could also be run on the same
platforms. Users could use the tool with the new support feature with their
personal computers or tablet devices. This study extended the current Kit-
Build concept map authoring tool’s functionality by adding a recommenda-
tion system as an authoring support feature and enriched the way teachers
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composed and improved their concept map. The support function recom-
mended keywords and proposition triples while also allowed modifications
made to the suggested items.

The design and development of the authoring support function are shown
in Fig. 4.1. Before the design and development of the support function were
conducted, a preliminary study regarding Kit-Build concept map framework,
CMM, and the Stanford CoreNLP toolkit was carried out to identify and ana-
lyze how CMM and the NLP toolkit were able to extract concepts and propo-
sitions from English reading texts. How teachers get assistance from the sup-
port function was designed following the strategy of learning EFL reading
comprehension with Kit-Build concept map.

START

END

Expert 

Teachers

Preliminary Review 
and Analysis

Design and 
Implementation

Functional Test

Compose Initial Map Classify Items

next reading next reading

Measurement 
Analysis

Accuracy Measurement

General 
Usefulness 
Evaluation

Fig. 4.1 Research Methodology

Review and analysis of the current Kit-Build concept map tool were car-
ried out to identify how the authoring support function could be integrated
into the current Kit-Build concept map tool, thus resulting in a general re-
quirements specification. The support system architecture, activities, and text
processing were designed according to the requirements specification. After
all of the designs were implemented into the target program and prototype,
several tests were carried out to ensure the system work as designed, thus
yielded the expected outcomes.

The support system performance regarding support function accuracy
was evaluated using several English reading comprehension materials. Sev-
eral English teachers evaluated the system and composed concept maps us-
ing the support function of the authoring tool. The yielded suggestions of
the support function were evaluated and classified by the teachers per their
initial concept maps to measure the accuracy of suggested items. Addition-
ally, the evaluators were given a questionnaire and requested to evaluate the
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tool’s support function regarding their perceived usefulness in contrast to the
traditional concept mapping approach with Kit-Build concept map.

EFL Reading Comprehension Learning Strategy

The concept mapping strategy that was applied to this study consisted of
several steps. First, teachers created a concept map that sophisticatedly rep-
resented the reading and decomposed the map into a set of concept map com-
ponents (Kit-Build kit). The map would be used in the next phase of learning
with Kit-Build concept map framework, where students reconstructed the
map to express their understanding regarding the reading. One sophisticat-
ing concept map should have enough relevant concepts and relationships to
represent the content. The map should not be too general to represent the
text with merely a small number of concepts and relationships or be over-
whelmed with many complicated concepts and unnecessary relationships
that might confuse the students.

During the comparison analysis phase, students’ concept maps were com-
pared with a teacher concept map. The comparison identifies their miscon-
ceptions or misunderstanding regarding the reading pointed by the different
and missing parts. The teachers were then further explaining the reading
and refining their concept map to a more detailed concept map that better
cover the missing and different parts. In this learning strategy of EFL reading
comprehension with Kit-Build concept map, teachers composed their concept
map at least twice, i.e., during the initial concept map composing activity and
during the refinement of their initial concept map. Therefore, the authoring
support features were expected to support their composing activity in these
two situations.

Support Function Evaluation

To evaluate the support system’s performance, three English teachers were
selected as expert evaluators based on their expertise in using concept maps
in teaching EFL reading comprehension. They were requested to compose
their initial concept maps of a sophisticated level based on Mueller’s con-
cept map rubric by using the system with support function (Mueller, n.d.).
Upon reviewing several publicly available concept map evaluation rubrics,
they had agreed that Mueller’s concept map rubric was compatible with the
strategy of learning EFL reading comprehension with Kit-Build concept map;
hence, used in this research.
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Fifteen reading comprehension texts of Barron’s Test of English as a For-
eign Language (ToEFL) iBT learning materials (Sharpe, 2013) were selected
to evaluate the accuracy performance of support function. During their ini-
tial concept map composing, teachers were requested to use the authoring
tool’s support features to get recommendations of keywords and proposition
triples. They were given a tutorial and practicing to use the concept map
authoring tool.

A recommendation system’s accuracy can be evaluated from the Positive
Predictive Value (PPV) and the True Positive Rate (TPR). In information re-
trieval, PPV and TPR are generally called by precision and recall, respec-
tively. PPV considers both true-positive items (tp) and false-positive items
( fp), while TPR considers both true-positive items and false-negative items
( fn). PPV or precision was calculated with (4.1), while TPR or recall was cal-
culated with (4.2).

PPV =
tp

tp + fp
(4.1)

TPR =
tp

tp + fn
(4.2)

In evaluating the suggested keywords and proposition triples’ accuracy,
the teachers were asked to identify and classify every keyword and triple
from the suggestion list for its relevance and appropriateness to their concept
maps. The support function accuracy performance of this study was mea-
sured by F-measure (F1). F-measure is commonly used to evaluate the per-
formance of information retrieval systems such as search engines, machine
learning models, and natural language processing. Both precision and re-
call values were considered in calculating the system’s accuracy performance.
The F-measure is formalized in (4.3).

F1 = 2 · PPV · TPR
PPV + TPR

=
tp

tp +
1
2 ( fp + fn)

(4.3)

True-positive items (tp) were defined as the number of suggested items
and were used as part of their concept maps, either with or without slight
modifications. The modifications may include adding or renaming part of
the concept’s or link’s label; or altering the suggested triples. On the con-
trary, false-positive items ( fp) were defined as the number of suggested items
not used in their concept maps. Part of their concept maps, which were not
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suggested by the support tool and had to be created manually, were identi-
fied as false-negative items ( fn). True-negative items were irrelevant in this
study, because the system did not suggest the items or used in the concept
map.

In this study, the support system was used in two concept mapping ac-
tivities. First, it was used during the initial concept map composing; and
second, it was used during the refinement of teachers’ concept map. As the
purpose of both concept mapping activities was different, the accuracy of the
suggestions might differ. Thus, suggested concepts and propositions, which
were not included in teachers’ initial concept maps but potentially used to
refine the concept maps, were classified differently. These potential sugges-
tions were classified as false-positive potential ( fpp). Therefore, false-positive
potential items were counted as false-positive and true-positive for the initial
and the refinement concept mapping, respectively. The precision value of the
support function for the initial concept mapping was calculated with (4.4),
and the precision value for the refinement concept mapping activity was cal-
culated with (4.5).

PPV =
tp

tp + ( fpp + fp)
(4.4)

TPR =
tp + fpp

(tp + fpp) + fn
(4.5)

4.1.2 Result and Discussion

Architecture Design of Authoring Support Processing Flow

The system was built on top of web technologies, thus accessible from most
computers and mobile devices with access to the Internet. A web server
served the application interface and provided the data API to communicate
with the database. Both the NLP toolkit and Web API transferred the data in
JavaScript Object Notation (JSON) format through the HTTP. The processing
layer of the support system is depicted in Fig. 4.2.

The support system processing logic was integrated into the Kit-Build
concept map web application. The essential part of the processing layers was
the NLP toolkit and served by the Stanford CoreNLP server. The toolkit pre-
processed, parsed, and annotated the text input. The Stanford CoreNLP an-
notated the English input text with tokenization, sentence splitting, lemmati-
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Fig. 4.2 Processing architecture layer of concept map support system.

zation, part-of-speech (POS) tagging, dependency parsing, coreference reso-
lution, and open information extraction. The POS tagging annotation identi-
fied and labeled noun and noun-phrases for keyword identification process-
ing. Each identified noun or noun-phrase was calculated for its weight by
the TF-IDF method. Similarities among keywords can be computed with the
cosine similarity measure. RAKE ranked the identified keywords according
to the text.

The Stanford CoreNLP also yielded Open IE triples that already in a sub-
ject, relation, relation-object format. All triples, whose subject or relation-
object has a strong similarity to the extracted keywords would be suggested
to the teachers. However, teachers can also opt to see all of the Open IE an-
notated triples. The Syntactic Relationship Extraction process extracted pos-
sible relationships and triples based on the regular expression patterns as in
2.4. According to the review of the annotated text, some of the Open IE anno-
tation results were unsatisfactory. Several triples resulting from the Open IE
annotation were considered unnecessary, and verb-based linking words can-
not be properly identified. Thus, the Syntactic Relationship Extraction (SRE)
was incorporated to identify verb-based relationships of a sentence.

The system’s suggestion processing flow in recommending the keywords
and proposition triples and the relevant application layers that process the
document text is shown in Fig. 4.3. The processing flow was initiated when
teachers opened a text file. The processing flow was divided into two parts
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to optimize the processing time. The first part—the text pre-processing—
ran immediately after the NLP toolkit had finished annotating the text. The
pre-processing extracted essential keywords from the text and calculated the
similarity among keywords. The second part ran during sentence navigation
and processed the currently selected sentence.

Parsing POS Tree

Extract Noun-Phrases

List candidate
of keywords

Calculate TF-IDF 
weight of keywords

Calculate similarity 
among keywords

List keywords

Calculate RAKE 
score of keywords

Filter and list 
Open IE triples

with Cosine Similarity

Relationship 
extraction
with SRE

Summarize triples

START START

END END

RAKE

TF-IDF

Cosine-

Similarity 

Content 

Pre-processing

Sentence-by-Sentence 

Navigation Processing

POS sentence 
annotation

Weighted 
keywords

Verb-based 
Proposition Triples

Keywords

Open-domain 
Proposition Triples

Concept Map 

Components

Recommendation

Cached output Suggested Items

Fig. 4.3 Recommendation processing flow

.

Implementation Result

The support system’s interface and functionality were mostly implemented
in web programming languages. The Web API was implemented in the PHP
Hypertext Preprocessor (PHP) programming language. The cosine similar-
ity, RAKE, SRE, and TF-IDF processors were implemented with Javascript
and ran client-side. The graph visualization of the concept map used the Cy-
toscape.js library (Franz et al., 2016) with several plugins added.

The keywords and proposition triples were suggested by the system on a
sentence-by-sentence basis, which means that the suggestions reflected a sen-
tence selected by the teacher. The suggestions were presented to the teacher
in a support dialog, as depicted in Fig. 2.4. Using the support dialog, teach-
ers can navigate the text to get suggestions for another sentence. Teachers
could modify the triples and put the desired keywords into the canvas from
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the suggested keywords and proposition triples. They can also modify the
propositions, organize the concept map layout, and alter the map’s visual
appearance with the existing simple concept map composing tool.

The propositions were suggested into three sections. Each section rep-
resented the suggestions from RAKE, SRE, and Open IE. The topmost part,
which consisted of three suggested proposition triples, was obtained from
the SRE method. The center part, which consisted of one suggested propo-
sition triple, was obtained from the filtered Open IE method. Lastly, three
keywords were suggested from the RAKE approach. The label of a proposi-
tion triple’s subject and relation object can be modified or replaced with any
suggested keywords. Thus, forming a more appropriate proposition before
incorporated the triples as part of the concept map. Keyword added to the
canvas would represent a concept in the concept map. Additionally, teachers
could compose a proposition triple manually.

Initial Concept Mapping Using the Authoring Support Tool

The system evaluation involved 15 EFL reading texts. According to the evalu-
ation result, on average, the support tool suggested 157 keywords, 85 propo-
sition triples of the SRE approach, and 62 proposition triples of the opti-
mized Open IE. The SRE method extracted and recommended verb-based
proposition triples according to the POS pattern of a sentence (Fader et al.,
2011), while Open IE triples corresponded to open domain-based relations
(G. Angeli et al., 2015). If all said keywords and propositions were visualized
into a concept map, a relatively huge concept map would be generated, and
evaluating such a concept map would be challenging. As generating proper
and satisfying concept maps was difficult to achieve, the semi-automatic ap-
proach proposed was presumed a better approach than a fully-automated or
manual approach, at least in this study.

On average, the EFL readings used to evaluate the support features were
composed of 719 words and 34 sentences with a standard deviation of 50
words and six sentences, respectively. The description of the EFL reading
comprehension text used in the evaluation of the tool, the number of sen-
tences (ns), the number of suggested keywords (nk), the number of suggested
propositions from the syntactic relationship extraction (nps), and the number
of suggested propositions from the filtered open IE triples (npo) are shown in
Table 4.1.

During the initial concept mapping activities, teachers created 15 sophis-
ticating concept maps—one concept map for each reading, resulting in con-
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Table 4.1 Number of suggested keywords and proposition triples of the readings

ID Title ns nk nps npo

T1 Beowulf 39 159 82 57

T2 Building with Arches 34 151 88 58

T3 Civilization 24 150 81 48

T4 Exotic and Endangered Species 45 168 83 63

T5 Four Stages of Planetary Development 38 141 89 49

T6 Geothermal Energy 33 148 70 58

T7 Looking at Teathre History 29 155 97 26

T8 Organic Architecture 34 168 90 76

T9 Paleolithic Art 29 141 84 49

T10 Piaget’s Cognitive Development Theory 41 139 119 49

T11 Resources and Industrialism in Canada 23 175 64 107

T12 Rising Sea Levels 38 195 80 85

T13 The Evolution of Birds 35 144 84 55

T14 The Hydrologic Cycle 38 156 71 68

T15 Thermoregulation 33 169 87 82
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cept maps composed of 35 concepts and 36 propositions on average. Com-
posing concept maps with such numbers of concepts and propositions was
not an easy task. Moreover, teachers were requested to compose many con-
cept maps in a relatively short time. The descriptive statistics of the expert
teacher’s initial concept maps during authoring support system evaluation
are shown in Table 4.2.

Table 4.2 Descriptive statistics of expert teacher’s initial concept maps

ET n
Average Minimum Maximum s.d.

C P C P C P C P

ET#1 15 29.47 29.87 20 19 61 61 9.912 10.449

ET#2 15 43.87 43.33 25 24 89 90 14.773 15.230

ET#3 15 31.27 35.67 17 24 43 58 7.698 9.5196

Overall 34.9 36.3 17 19 89 90 12.896 13.204

ET: Expert Teacher; C: Concept; P: Proposition

Support Function Accuracy Performance Measurement

Three expert teachers classified the suggestions into a statistical confusion
matrix, representing instances in the predicted classes and instances in the
actual classes based on their initial concept maps. Each suggestion is classi-
fied into one of true-positive, false-positive, false-negative, or true-negative
class. The classifications process was also carried out to all groups, i.e., RAKE
keywords, SRE propositions triples, and filtered Open IE triples.

The number of relevant (true-positive (tp)), potentially relevant (false-
positive potential ( fpp)), irrelevant suggestions (false-positive ( fp)), and non-
existing suggestions (false-negative ( fn)) of one of the experts are shown in
Table 4.3. The classifications were carried out to the suggested keywords,
proposition triples of SRE, and proposition triples of Open IE. These values
will be used to calculate the support system accuracy from their precision
and recall value.

The summary of the support system performance and the standard devi-
ation value of the concept mapping support tool are shown in Table 4. The
table depicts the system’s average precision, recall, and F-measure values for
15 EFL reading comprehension texts of three raters. For the suggested key-
words, the support system has a relatively low precision but high recall value.
However, triples obtained from the SRE and Open IE approach have low pre-

42



Table 4.3 Classification of Suggested Items of a teacher

ID
Keywords Verb-based Triples Open-domain Triples

tp fpp fp fn tp fpp fp fn tp fpp fp fn

T1 130 17 12 3 41 17 22 17 31 11 12 29

T2 67 63 20 2 28 29 28 6 25 11 22 14

T3 58 84 8 3 26 41 9 22 12 17 18 24

T4 68 86 16 4 46 18 21 6 17 31 13 8

T5 46 82 13 1 34 27 27 10 17 18 16 10

T6 68 68 11 1 29 19 20 16 17 20 19 17

T7 54 82 19 5 17 50 24 13 7 18 0 16

T8 43 111 15 2 20 30 34 19 12 37 24 22

T9 64 62 14 4 32 28 27 2 13 20 14 5

T10 43 82 14 4 22 65 31 17 15 27 7 26

T11 53 116 4 0 17 40 7 11 44 14 43 10

T12 70 112 15 3 49 7 20 24 52 2 25 23

T13 53 86 4 6 21 47 16 16 18 26 11 18

T14 63 89 6 4 18 31 16 25 15 26 19 28

T15 74 92 3 3 32 41 13 9 24 26 31 10
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cision and recall value. A low precision value indicated a high number of
false-positives; similarly, a low recall value indicated a high number of false-
negative items, depicting few suggestions were used in the initial concept
maps. A low recall value indicated that many parts of their concept maps
have to be created manually. It can also be said that the system could not
suggest satisfying proposition triples for use in the teachers’ initial concept
maps.

The support system’s accuracy performance can be depicted from the
F-measure value, which is the harmony between precision and recall val-
ues. According to Table 3, it can be seen that the system has the lowest
F-measure average performance of 42%, 14.9%, and 19.2% in terms of key-
words, open domain-based triples, and verb-based triples, respectively. The
highest F-measure average performance is 55.9%, 40.3%, 44.8% for the key-
words, open domain-based triples, and verb-based triples. Supposing the
same suggestions were used to refine the concept map, the F-measure per-
formance improved for a maximum of 95.1%, 69.4%, 76.7% for the keywords,
open domain-based triples, and verb-based triples, respectively.

When teachers created their initial concept maps, all false-positive poten-
tial items were regarded as false-positives items, resulting in a larger number
of false-positive items, thus lowering the system’s precision value. In com-
posing the initial concept maps, they created one sophisticated concept map
rather than directly composed a very detailed and huge concept map. Thus, it
was expected that a lower number of true-positive items was noticed in their
initial concept maps. However, in another use of the support function where
they refine their concept map, false-positive potential items were potentially
useful to refine the concept map and could be regarded as true-positive items;
hence, improved precision.

Usefulness Evaluation

A questionnaire based on the TAM questionnaire was given to the expert
teachers to get their usefulness impression regarding the support tool. The
questionnaire consisted of 5 questions on a 7-Likert scale, which has a Cron-
bach alpha value of 0.84, indicating good reliability. The questionnaire was
given in comparison with the manual concept mapping approach. Their re-
sponses to the questionnaire are shown in Fig. 4.4.

According to the questionnaire result, as shown in Fig. 6, none of them
gave neutral or negative feedback regarding the usefulness. They agreed that
the authoring support tool would enhance the effectiveness and increase their
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Table 4.4 Support Tool Accuracy Performance

Suggestion Type n
Precision Recall F-measure

mean s.d. mean s.d. mean s.d.

Expert Teacher #1

potential suggestions ( fpp) are counted as false-positives ( fp)

Keyword 15 0.405 0.129 0.953 0.0283 0.559 0.112

Open domain triple 15 0.333 0.121 0.541 0.169 0.403 0.119

Verb-based triple 15 0.347 0.131 0.667 0.148 0.448 0.132

potential suggestions ( fpp) are counted as true-positives (tp)

Keyword 15 0.926 0.0359 0.98 0.0113 0.951 0.02

Open domain triple 15 0.694 0.112 0.71 0.107 0.693 0.063

Verb-based triple 15 0.73 0.085 0.815 0.0866 0.767 0.068

Expert Teacher #2

potential suggestions ( fpp) are counted as false-positives ( fp)

Keyword 15 0.294 0.108 0.925 0.0368 0.436 0.116

Open domain triple 15 0.13 0.115 0.184 0.127 0.149 0.121

Verb-based triple 15 0.145 0.0904 0.311 0.109 0.192 0.102

potential suggestions ( fpp) are counted as true-positives (tp)

Keyword 15 0.931 0.0385 0.973 0.02 0.951 0.025

Open domain triple 15 0.519 0.122 0.497 0.138 0.502 0.12

Verb-based triple 15 0.668 0.074 0.696 0.0774 0.676 0.049

Expert Teacher #3

potential suggestions ( fpp) are counted as false-positives ( fp)

Keyword 15 0.278 0.0842 0.916 0.0458 0.42 0.102

Open domain triple 15 0.207 0.107 0.331 0.123 0.243 0.097

Verb-based triple 15 0.219 0.0486 0.535 0.17 0.306 0.069

potential suggestions ( fpp) are counted as true-positives (tp)

Keyword 15 0.896 0.0424 0.972 0.0163 0.932 0.024

Open domain triple 15 0.758 0.0817 0.649 0.113 0.694 0.082

Verb-based triple 15 0.749 0.076 0.784 0.106 0.761 0.07
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Fig. 4.4 Expert teacher’s perceived usefulness of using Kit-Build concept map au-
thoring tool with support function

productivity in creating concept maps from text learning materials; thus, they
thought the support tool was very useful. However, two of them somewhat
agreed that the authoring support feature would make them easier in com-
posing concept maps because the way they composed their concept maps
with the authoring support tool was more complex than a manual compo-
sition. Their responses regarding the support tool’s usefulness were in line
with the tool’s usability level, as presented in (Pinandito et al., 2019). Hence,
improvement in usability could improve the usability of the authoring sup-
port tool. Nevertheless, it can be said the developed Kit-Build concept map
authoring tool was useful in assisting teachers in composing concept maps
from English texts.

4.1.3 Limitation and Future Work

The result of the proposed semi-automatic concept map generation showed
a promising result to be used in the actual EFL learning environment with
Kit-Build concept map. Thus, practical use and trial of the authoring support
tool with EFL teachers for use in EFL reading comprehension learning will
be the future work of this study.

The concept map generation approach does not elaborate on teachers’
logic and thinking while composing their concept maps. Following the teach-
ers’ logic in determining which concepts and relationship triples are impor-
tant and genuinely relevant to the topic is important could improve the sug-
gestions’ accuracy. Discovering factors that influence how teachers compose
their concept maps is also one important aspect of suggesting more accu-
rate extraction and further improving the suggestions. Specifying the context
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of learning and adapting the automatic generation approach to conform to
the learning context could potentially yield better relevance keywords and
propositions; hence, more accurate and better components to suggest.

Technically, the extraction approach applied does not elaborate corefer-
ence and semantic resolution in which they may improve how the system
resolves pronouns and identify similar words in a text. Elaborating coref-
erence resolution could improve the extraction approach. Incorporating se-
mantic approach and additional processing to support ill-structured English
sentences are several other potential future works of this study towards a
better concept map generation process. Even though the extraction approach
in this study was not specifically designed and limited for EFL reading com-
prehension use, it is also possible to use the tool to extract concept map com-
ponents from another English text. However, it might yield inaccurate and
unexpected results.

4.2 Study 2: The Effectiveness and Efficiency of The
Developed Concept Map Authoring Support Tool

4.2.1 Methodology

Context and Participants

This research aimed to trial the utilization of Kit-Build concept map author-
ing tools to assist teachers to create concept maps on Phase I of the Kit-Build
concept map framework. The context of this research is to support English
teachers in creating concept maps from English reading comprehension texts
as concept mapping with Kit-Build is shown to promote the students’ com-
prehension and understanding of its contents. The reading comprehension
texts, which were used in the experiment, were structured English readings.

The participants consisted of 47 English teachers and tutors who volun-
tarily participated in the experiments. They mainly teach English in high
school or university in Malang, East Java, Indonesia and they have experi-
ence in teaching English reading comprehension with concept maps. The
participants consist of 29 (62%) female teachers and 18 (38%) male teachers.
The participants’ ages range from 20 to 39 years old, with 48% of partici-
pants between 20 and 29 years old, and the remaining 52% between 30 and
39 years old. The participants were invited with an online registration form
to give their consent to participate in the experiments. They also provided
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their contact information for communication purposes regarding the experi-
ment. They also describe their experiences in English teaching and concept
mapping over the past few years.

The reading passages used in the experiments were obtained from the
ESL Fast website, an online English learning website that provides free En-
glish readings with a certain level of difficulties (ESL Fast, n.d.). This re-
search uses two reading passages for the experiment. Both of the passages
are intended for intermediate English learners. The selected passages are
composed of about 300 words or 1800 Latin characters without any graphics
or images.

Experiment Design

The concept mapping tools require a web browser and a network connection
to a serving webserver to run. The tool is designed to run natively on modern
web browsers with Javascript and HTML5 capabilities. Another requirement
was that the computer screen from which the web browser ran needed to
have a minimum resolution of 1024×768 pixels. Hence, all the tools’ features
and the concept mapping canvas can be shown on a single screen without
scrolling the window.

In this research, all participants were English teachers or tutors. Most of
them were new to the Kit-Build concept map framework and its authoring
tool. A pre-task was given to the participants two weeks before the exper-
iments to introduce the tool online. All participants were asked to create a
concept map based on a pre-made concept map with the online tool. The on-
line tool has the same functionalities as those used in the experiment. A user
manual was also given as a guide for them to try and familiarize themselves
with the tool.

All participants necessarily prepared their computers based on the spec-
ified requirements to minimize problems during experiments. They were
requested to connect to the Internet, install an updated web browser, and
enable the browser’s Javascript processing capability. Even though all par-
ticipants’ computers were connected to the Internet, the experiments were
carried out on a local area network.

Before they carried out the experiment activities, the teachers were in-
troduced to the Kit-Build concept map framework and the concept mapping
tool used to create a concept map with Kit-Build. There was also a short
training session for about one hour, where they created a concept map with
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the tool. This training session was necessary to discover and solve techni-
cal issues with the tool, which they might experience or had encountered
previously, before conducting the actual concept mapping activities where
measurements were taken into account. A demographic questionnaire was
also given to all participants at the end of the training session.

There were two types of tools used in the experiment. The first tool was
a concept mapping authoring tool that provides the basic concept map cre-
ation functionalities; this tool is further referred to as the Scratch tool (SC).
The other concept mapping tool has the same functionality as SC but has ad-
ditional support and feedback functionalities. The second tool, which has the
support function, is referred to as the Supported tool (SP).

This research’s experiment was designed so that all participants experi-
enced both concept mapping methods with the tool, i.e., with or without the
support function. However, the order in which they used the tool’s support
function may have affected their concept mapping activities and further af-
fected the resulting concept maps. When teachers created their second con-
cept map for a particular text with a different method, they had known the
contents, and they had made one concept map from the previous session. A
learning effect is presumably affected their second concept maps. Hence, it
was necessary to divide the participants into two groups, i.e., Group A and
Group B. The group determined the order in which they used the tools’ sup-
port function. However, to ensure that all participants experienced the same
order of concept mapping methods, it was necessary to also use another text
to create a concept map in the opposite order of concept mapping method.
The concept mapping flow of this research is shown in Figure 4.5.

Two English reading texts, which were considered similar in terms of
their contents and length, were used to discover whether the texts affected
their concept mapping activities, thus affecting the resulting concept maps
or not. For the first text, Group A began to create the concept map with SC
and followed with SP. The other group (Group B) began with SP and then fol-
lowed with SC. For the second text, both groups created a concept map using
the tools in the opposite order. Hence, all participants performed the con-
cept mapping activities using the support functions in both different concept
mapping orders. In this way, each concept map was made from a different
text, with different tools and order.

In the experiment’s concept mapping stage, all participants created con-
cept maps from two English readings, and four concept maps were created
in total by each participant. Each concept map had a 25 minute time alloca-
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Fig. 4.5 Experiment design

tion. They read the text, created the concept map, and reviewed their concept
map in the 25 minute allocated time. During the allocated time they were
able to read the text while doing the concept mapping to reduce their load
in remembering the text’s contents. A five minute break was also given be-
tween each concept mapping session. Finally, at the end of the experiment, a
set of questionnaire was given and short discussion with the teachers about
Kit-Build, the Kit-Build concept map authoring tool, and how Kit-Build can
benefit learning, was carried out.

Measurement and Data Analysis

At the end of each concept mapping session, the teachers were requested to
finalize and save their concept maps. The metadata of the completed con-
cept maps was recorded in the database, including concept labels, link labels,
propositions, and their position over the canvas. Additionally, their activities
were logged; hence, the concept map can be reconstructed and shown later
for analysis, grading, and evaluation.

This research evaluated the Kit-Build concept map authoring tool based
on the teachers’ resulting concept maps. Comparisons with the teachers’ con-
cept maps were carried out to discover whether the tool’s support function
affected teachers’ concept mapping efficiency. Three kind of parameters were
specified to measure and analyze teachers’ productivity in creating concept
maps with the concept mapping tools, i.e., the tool type, the session, and the
text. The tool type determines the support function’s availability. The ses-
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sion describes the order of the concept mapping method in which teachers
used the support function. They either used the supported tool first, then the
scratch tool, or they used the tools in the opposite way. The text parameter
represents the texts that teachers used to create the concept maps. Analy-
sis of the resulting concept maps was carried out according to the specified
parameters to evaluate the concept mapping tool.

A concept map scoring rubric was used to evaluate and grade the maps.
The Mueller’s concept map rubric (Mueller, n.d.), which has continuous rat-
ing scales to measure the legibility, accuracy, completeness, and sophistica-
tion of a concept map, was chosen to measure the quality of the concept maps.
The rubric does not include concept map size as one of its scoring factors in
determining a concept map’s quality. Thus, the overlap with the analysis of
concept map size could be avoided.

All created concept maps were rated by three expert teachers who were
selected based on their expertise and experience. They needed to have taught
English reading comprehension with concept maps for at least two years. Be-
fore performing the grading process, the raters had a quick overview of all
of the resulting concept maps from the experiments. They constructed a ra-
tionale of the Mueller’s rubric as objective criteria in grading all the concept
maps. The rationale was intended to make the judgment in grading the con-
cept maps among raters consistent. An inter-rater analysis was carried out to
the scores before further analysis to evaluate the scores’ reliability among dif-
ferent raters. Some examples of the rationale items, which were made from
the Mueller’s concept map rubric of this research, are shown in Table 4.5.

4.2.2 Results and Discussion

Concept Mapping Efficiency

The number of propositions determines a concept map’s size even though it
is arguable whether larger concept maps are able to cover more information
and knowledge. Every proposition implies knowledge or information from
the learning material that teachers want to convey. Hence, the amount of in-
formation and knowledge a concept map contains is represented by the quan-
tity of the propositions. In the experiment, teachers took the same amount of
time to create their concept maps in all the concept mapping sessions. Hence,
the efficiency of concept mapping activities can be described by the concept
maps’ size.
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Table 4.5 Example of Mueller’s concept map scoring rubric rationale.

Score Rationale

Legible—easy to read and free of spelling errors

2 (No) Spelling errors less than 30%

Accurate—concepts used accurately

4 (A few
inaccuracies)

Less than 20% of inaccuracies

Complete—sufficient number of relevant concepts and relationships

0 (Limited use of
concepts/
relationships)

The concepts cover less than 20% of relevant idea,
regardless its relationship correctness.

Sophisticated—finding meaningful connections between relevant concepts

7 (Some
meaningful
connections made)

More than 10 correct and relevant relationships
identified, nicely arranged elements, easy to
understand propositions, almost cover all of
important ideas from the text.

Teachers who participated in the experiments numbered 47 persons, how-
ever five teachers’ data were omitted from analysis because the teachers did
not follow the standard procedures, or their data were found to be incom-
plete or missing. The descriptive statistics of the size of teachers’ concept
maps from each concept mapping session are shown in Table 4.6. The pre-
dicted concept maps size is visualized in Figure 4.6. The data are grouped
based on the texts (T1 and T2), the sessions (S1 and S2), and the tools (Scratch
and Supported).

According to Table 4.6, the average size of a concept map made with the
supported tool (SP) is larger than those made with the scratch tool (SC) for all
texts and sessions. The gap between the map size of the two different tools
becomes more apparent in the sessions that used the second text (T2). Hence,
concept mapping activities that used SP yielded larger concept maps.

A comparison analysis was carried out to discover the variables that af-
fected the size of a concept map. This research’s experiment specifies three
independent variables, i.e., the tool, the text, and the concept mapping ses-
sion, for analysis. The tool variable represents whether teachers use the sup-
port function (with SP) or not (with SC) during concept mapping sessions.
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Table 4.6 Descriptive statistics of concept map size.

Text Session Tool n Mean Std. Dev Median

T1 S1 Scratch 21 14.43 2.46 14

T1 S1 Supported 21 16.95 1.94 17

T1 S2 Scratch 21 16.38 2.54 16

T1 S2 Supported 21 20.67 2.80 20

T2 S1 Scratch 21 15.52 2.60 15

T2 S1 Supported 21 20.33 2.74 20

T2 S2 Scratch 21 16.42 2.09 17

T2 S2 Supported 21 21.10 2.64 21
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Fig. 4.6 Predicted concept map size based on the Text, Session, and Tool

The session variable represents the order in which teachers used the tools to
create concept maps.

The experimental data conformed to Levene’s homogeneity test. How-
ever, some proposition data violated Shapiro-Wilk normality tests, thus fail-
ing to conform to classical statistical assumptions. Therefore, in addressing
the first research question, whether the developed concept map support tool
could improve teachers’ concept mapping efficiency in terms of the yielded
number of propositions, analysis was carried out with the non-parametric
Generalized Linear Model (GLM) instead of using three-way Analysis of
Variance (ANOVA) to discover factors that influence a concept map size. The
GLM analysis result of the experiment data is shown in Table 4.7.
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Table 4.7 Generalized Linear Model analysis result.

Estimate Std. Error t-value p-value Sig.

(Intercept) 14.43 0.54 26.52 2.00×10−16 ***

Session 1.95 0.77 2.54 1.21×10−2 *

Tool 2.52 0.77 3.28 1.27×10−3 **

Text 1.10 0.77 1.42 0.16

Session:Tool 1.76 1.09 1.62 0.11

Session:Text -1.05 1.09 -0.96 0.34

Tool:Text 2.29 1.09 2.10 3.72×10−2 *

Session:Tool:Text -1.90 1.54 -1.24 0.22

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05

n.s.

***
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Fig. 4.7 Concept map size to Tool and Text (with Session combined)

According to the GLM analysis results, both tool and session variables
significantly affected a concept map size. On the contrary, the text had no
significant influence on concept map size. Additionally, interaction between
tool and text variables was shown to affect concept map size significantly.
To clarify the GLM analysis result, a non-parametric Kruskal-Wallis test was
used to evaluate the group data individually. The individual Kruskal-Wallis
tests described which factors influence the concept map size and which situ-
ations. The concept map size from two different tools and two different texts
was compared to clarify the interaction between tool and the text. The re-
sult of the individual Kruskal-Wallis analysis with a significance level (α) of
0.05 is shown in Table 4.8. The predicted concept map size with tool as the
predictor and the sessions combined is shown in Figure 4.7.
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Table 4.8 Kruskal-Wallis Rank Sum test results.

Grouping Response Predictor p-value Sig.

T1 S1 Proposition Tool 1.83×10−3 **

T1 S2 Proposition Tool 6.97×10−5 ***

T2 S1 Proposition Tool 1.27×10−5 ***

T2 S2 Proposition Tool 5.05×10−6 ***

T1 Scratch Proposition Session 0.02 *

T1 Supported Proposition Session 7.42×10−5 ***

T2 Scratch Proposition Session 0.26

T2 Supported Proposition Session 0.34

S1 Scratch Proposition Text 0.163

S1 Supported Proposition Text 1.75×10−4 ***

S2 Scratch Proposition Text 0.95

S2 Supported Proposition Text 0.62

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05

According to the Kruskal-Wallis test result shown in Table 4.8, it can be
clarified that the tool significantly affected the concept map size in all ses-
sions. The session was found to significantly affect concept map size made
for Text 1 (T1). On the contrary, the session insignificantly affected the con-
cept map size for Text 2 (T2). In other words, the order in which teachers used
the tool affected their concept maps size only for T1. However, when the text
was analyzed as the predictor, it only influenced the concept map size when
they first created their concept map with SP.

According to Figure 4.7, the concept maps made with SP were larger than
the concept maps made with SC. When teachers used SC, there was only a
slight difference in the concept map size between T1 and T2. To show the
interaction between tool and text that influenced the concept map size, the
concept map size between two different tools and two different texts were
compared with two Mann-Whitney U tests. The result of the Mann-Whitney
U test of the number of propositions between T1 and T2 for SC was not sig-
nificant (p-value = 0.34). On the contrary, when teachers used SP, the concept
maps made for T1 were smaller than T2 to some extent. The result of the
Mann-Whitney U test of the number of propositions between T1 and T2 when
they use SP was significant (p-value = 0.0035). While those results could be
some special characteristic of T1 when processed by the support function of
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SP, the difference in said Mann-Whitney U tests explains the interaction be-
tween tool and text that influence the concept map size. Changes in the text
only affected the concept map size when they use SP but not SC.

One plausible reason that explains the interaction was the teachers might
have experienced problems in using the tool as they might still be learning
to fully take advantage of SP when they first created their concept maps of
T1. The difficulties in using SP to compose concept maps were also reported
by another study that evaluated students’ experience with Kit-Build concept
map authoring tools. To some extent, the supported tool is more difficult to
use than the scratch tool (Pinandito et al., 2019). Hence, the gap between
concept map size made with both tools on S1 of T1 shows a lesser difference
than the other sessions.

Even though both T1 and T2 were considered similar, the concept map
size might differ when teachers created concept maps with SP. Teachers’ un-
familiarity with the support function might also have resulted in the smaller
concept map size made with SP. However, according to the data, this phe-
nomenon was happening when teachers used the supported tool to create a
concept map for the first time, i.e., in S1. Overall, the results show that con-
cept mapping with SP is more efficient than SC in yielding larger concept
maps.

Quality Aspect

To address the second research question, whether using the developed con-
cept map support tool could yield concept maps of better quality than a man-
ually composed concept map, three expert raters graded the concept maps
with a rationale of Mueller’s concept map scoring rubric. The descriptive
statistics of the concept maps’ score and the inter-rater agreement analysis
results of the scoring of all three raters are shown in Table 4.9. According
to the extended scale interpretation of Kappa categories to Kendall’s coeffi-
cient of concordance W (Levitan et al., 2008), raters’ concordance in scoring
the concept maps was not always strong, but also substantial (Kendall W
> 0.60). The Levene’s test, which evaluated the homogeneity of variance,
showed a non-significant result (p-value = 0.2245 > 0.05). The Shapiro-Wilk’s
normality test of each group setting also showed non-significant results (p-
values > 0.05). Therefore, the Levene’s and Shapiro-Wilk’s test results to the
map score data indicated that the concept maps’ score data conformed with
the classical homogeneity and normality assumptions.
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Table 4.9 Descriptive statistics of concept map score.

Text Session Tool n Mean s.d. Kendall W p-value

T1 S1 Scratch 21 13.60 0.93 0.83 2.34×10−4

T1 S1 Supported 21 14.75 0.68 0.74 1.28×10−3

T1 S2 Scratch 21 14.24 0.79 0.81 3.66×10−4

T1 S2 Supported 21 14.76 0.87 0.80 4.04×10−4

T2 S1 Scratch 21 15.02 0.88 0.77 7.10×10−4

T2 S1 Supported 21 15.33 0.62 0.70 2.70×10−3

T2 S2 Scratch 21 15.24 0.91 0.86 1.31×10−4

T2 S2 Supported 21 15.75 0.60 0.67 4.64×10−3

According to Table 4.9 and Table 4.10, the average score of concept maps
made with SP was slightly better than concept maps made with SC. The vi-
sual comparison between concept map scores made with SP and SC for each
experiment setting is shown in Figure 4.8. The star annotation over the plot
denotes its significance level of comparison analysis between scores for con-
cept maps that were made with SC and SP with independent T-tests. The
result of the T-tests is shown in Table 4.10. Even though SC and SP’s aver-
age map scores were statistically different in some situations, the differences
were small and they were at the same category level of quality. For instance,
when the teachers created their concept maps of T2 on S2, the average score
of concept maps when they used SC and SP was 15.24 and 15.75 respectively.
Even though the standard deviation is low enough for the results to be sig-
nificant, the score difference between concept maps that were made with SC
and SP were not so interesting as a learning achievement. The results implied
that the concept maps at a similar level of quality. Furthermore, it can be said
that creating concept maps with SP can result in concept maps of a similar
quality with SC.

Teachers’ Response to the Authoring Support Tool

To address the third research question regarding teachers’ perceived useful-
ness to the concept map authoring support tool to create concept maps of
English reading materials for teaching, a set of questionnaire was given to
the teachers. They responded to the questionnaire after they had finished
all the concept mapping activities. Part of the questionnaire, which captured
their perceived usefulness to the authoring support tool, was adapted from
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Table 4.10 Independent T-test result of concept map score between scratch tool and
supported tool.

Text Session x̄ Scratch x̄ Supported p-value Sig.

T1 S1 13.60 14.75 5.78×10−5 ***

T1 S2 14.24 14.76 0.048 *

T2 S1 15.02 15.33 0.187 n.s.

T2 S2 15.24 15.75 0.039 *

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05, n.s. p-value > 0.05

***

* n.s.
*
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Fig. 4.8 Predicted concept map score based on Text, Session, and Tool

the questionnaire of TAM. The questionnaire consisted of five 7-Likert scale
questions and the internal consistency (Cronbach’s α) of the questions to-
wards Perceived Usefulness factor was 0.84; indicating good reliability. The
summary of their perceived usefulness response to the authoring support
tool is shown in Figure 4.9. The numbers inside the stacked bar chart denotes
the number of teachers who responded their agreement of a particular level
to the respective questions.

According to the result, there was a small percentage of teachers that think
neutrally whether using the authoring support tool is easier than not using
it to create a concept map. Small numbers of teachers thought neutrally if
using the support tool would increase their productivity in creating a concept
map. Even though several teachers did express their disagreement whether
using the tool would improve their performance in creating a concept map,
the overall impression was positive. Most of the teachers perceived that the
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Fig. 4.9 Teachers’ perceived usefulness regarding assistance from the authoring
support tool

authoring support tool was useful in assisting the concept map composition
activity of English reading material.

4.2.3 Limitation and Future Work

The impact of teacher experience and personality influencing the quality of
concept maps for Kit-build has not been investigated, and it will be a target of
future research. Teachers who are not familiar with concept maps and do not
use concept maps in their teaching might have difficulties in creating concept
maps and fail; hence, the limitation of use of the tool. However, based on the
authoring support method of this study, a support tool for beginner teachers
to compose a concept map will be developed as a new future work.

This research took the EFL reading comprehension as its learning context.
It uses two similar EFL reading comprehension passages as input. However,
actual passages of a general EFL reading comprehension may vary. It cannot
be said that teachers’ concept mapping ability improved when they used the
supported tool to create concept maps from English readings. Nevertheless,
the trial data analysis shows the tool’s potential to improve teachers’ pro-
ductivity in concept mapping. Additionally, the tool’s support function can
process any English texts even though some limitations exist to get a satisfac-
tory result and the effect of the authoring support tool on teachers purpose
and subjectivity is a target for future work of this study.

An analysis regarding the tool’s suggestions should be conducted in the
future. Evaluating the quality of the suggestions could discover how the sug-
gestions affected teachers’ concept mapping activities, thus discovering how
they relate to the concept maps. The support function performance analysis
may contribute towards the study in automatic concept map generation and
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improve the user experience of computer-enabled concept mapping activi-
ties.

4.3 Study 3: User Acceptance and User Experience

4.3.1 Methodology

This study evaluates how is the user would experience a computer-based
concept map authoring tool to aid users in constructing a concept map of a
learning material. How would adding an authoring support feature provide
better experiences than the basic version of the authoring tool is investigated.

There are two types of tools that were evaluated in this research, one is
the tool that has only basic concept map functionality to construct a concept
map, and another one is the tool that has construction support and feedback
features enabled in addition to the basic functionality features from the first
tool. An experiment was designed and conducted to evaluate the tools. Par-
ticipants were asked to create a concept map using both tools from an English
reading. The experiment flow conducted in this research is shown in Fig. 4.10.
The experiment has a similar flow with one that conducted to English teach-
ers, but this study was conducted with students.

Basic Tool Supported Tool

UEQ-S 
QuestionnaireSTART

END

25 minutes 25 minutes

5 minutes 5 minutes

TAM Questionnaire

Supported Tool Basic Tool

UEQ-S 
Questionnaire

Group A Group B

25 minutes 25 minutes

Text 1 Text 2

Demographic 
Questionnaire

Fig. 4.10 Experiment Flow for User Experience and User Acceptance

Students of Group A first composed the concept maps with the basic au-
thoring tool while students of Group B used the supported authoring tool
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on the first session. On the next concept mapping session, they composed
another concept map with the opposite type of authoring tool. Thus, all the
students experienced concept mapping with both tools. Each UEQ-S ques-
tionnaire was given to the students after they have finished composing con-
cept maps with each tool type. Hence, the UEQ-S questionnaire could depict
their perceived experience with the tool they had used recently.

This research uses UEQ-S—the short version of the UEQ—due to its quick
and simplicity in capturing user impression in experiencing the tools. Af-
ter they had completed constructing the concept map with the tools, they
were asked to answer the short-version of the UEQ questionnaire (UEQ-S)
in Bahasa Indonesia for the respective type of KB-Map tools that were previ-
ously used. At the end of the experiment, they were also asked to fill a post-
questionnaire and answer several questions related to how they are thinking
about the tools. They are also asked to evaluate both tools in terms of the
quality of concept map drawn, the concept map fitness in re-describing the
material, and the user-friendliness of the tools in concept mapping. Addi-
tionally, at the end of the experiment, the particpants were also asked to fill
the TAM questionnaire regarding the supported version of the authoring tool
to depict their acceptance regarding the tool.

Data Collection, Context, and Participants

The participants create two concept maps from one English general reading
material. The English reading material used in the experiment is an English
essay taken from ESL Fast website. The reading text contains around 350
words or 2000 characters without graphical contents. One concept map is
created by using one type of tool.

The participants were undergraduate students who enrolled in User In-
terface Interaction Design course at Information System department. They
were on the 3rd-year of their study. They were also participating in the ex-
periment on their late study of the semester to promote their practical evalua-
tion experience in evaluating the interaction design of computer software. In
this case, the computer software is the two versions of KB-Map concept map
authoring tools. Even though this research uses an English-based reading
material in the evaluation process, there was no consideration for a specific
English skill level for the UX analysis requirements. However, in order to
depict participant’s English capability, a question about the score of ToEFL
Institutional Testing Program (ITP) or another equivalent English test score
was given in the demographic questionnaire.
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The participants were taken from two classes of User Interface Interaction
Design course. The total number of students who participated in this research
is 73. The students were selected by using purposive sampling method to en-
sure their homogeneity, thus simplifies the treatment in the experiment. As-
suming that all students on both classes have a similar skill level, they were
randomly divided into two groups regardless of their age and gender. The
differences between groups differed in the order of using the tools to con-
struct the concept maps. The first group constructs the concept maps in the
following order: the basic version and then the supported version while the
other group experiences the opposite. The time given for them to construct
one concept map is 25 minutes. During the map construction process, they
were allowed to read the text. They were asked to construct a concept map
from the text in such a way that they were supposedly able to comprehen-
sively describe the contents of the text by using the map. Several concept
map scoring and evaluation rubrics were used as criteria in determining the
success or failure of participants in carrying out the given task.

The TAM questionnaire to investigate the students’ acceptance regard-
ing the Kit-Build concept map authoring tool consisted of fifteen 7-Likert
scale questionnaire items representing the four main TAM variables, i.e., PU,
PEOU, Attitude Towards Using (AT), and Behavioral Intention (BI). Eleven
additional questionnaire items were added to represent the three external
variables defined in this research, including Compatibility (C), Habit (H), and
Enjoyment (E). The additional variables represent external variables for the
proposed model. Samples of the TAM questionnaire items used in this re-
search are shown in Table 4.11. The term Kit-Build in the TAM questionnaire
items refers to the Kit-Build concept map authoring tool.

Analyzing the UEQ-S Result

There are several steps taken to analyze the answers from the UEQ in this re-
search. First, the questionnaire answers were collected by assigning a value
of 1 for the leftmost scale to a value of 7 for the rightmost scale option. The
data were processed using the provided UEQ-S analytic tool as in (Schrepp et
al., 2017b). Inconsistent data and outliers were discarded during the analysis
process using the tool. The tool will adjust the score value for every state-
ment answer from 7 Likert scales to -3, which represent the most negative
value and +3 for the most positive value. The average score for pragmatic,
hedonic, and overall quality parameters was calculated to all participants.
Any score values between -0.8 and 0.8 represent a neutral evaluation of the
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Table 4.11 Sample of items on the TAM questionnaire

TAM Internal Variables

Perceived Ease of Use (PEOU4): I think using Kit-Build is easy

Perceived Usefulness (PU5): I think using Kit-Build is very useful for me
to create a concept map

Attitude towards Using (AT4): In my opinion, the use of Kit-Build will
have a positive impact.

Behavioral Intention (BI1): Assuming I had access to Kit-Build, I intend to
use it

TAM External Variables

Compatibility (C2): The use of Kit-Build is compatible with my work
habits

Habit (H3): I often use software as tools in my work

Enjoyment (E2): The use of Kit-Build to create a concept map is more ex-
citing rather than dull

The term Kit-Build refers to the Kit-Build concept map authoring support tool.

corresponding scale. Score values higher than 0.8 represents a positive eval-
uation, and vice versa, score values of less than -0.8 represents a negative
evaluation.

In addition to the average calculation, the confidence interval and scale
consistency were also computed. The confidence interval measures the preci-
sion of the estimation of the mean. The smaller the confidence interval value,
the higher is the precision of the estimation, thus, the more the results can be
trusted. The alpha-coefficient measures consistency scale. The alpha value is
measured by the correlation of items per scale aspects. It is also assumed that
a scale should show an alpha value higher than 0.7 to be considered as suf-
ficiently consistent. If the alpha-coefficient value shows a massive deviation
from a reasonable target value, i.e., 0.7, this can be an indication that some
items of the scale for the given context were interpreted unexpectedly.

The average calculation result can be compared with the result of another
system that had previously been evaluated. Currently, the UEQ benchmark-
ing data were sourced from 4,056 persons from 280 studies concerning differ-
ent products, e.g., business software, web pages, online stores, and social net-
works. However, these benchmarks data are based on the full UEQ instead
since there is not enough data were available for the short version of UEQ.
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The short version of UEQ itself was published in 2017. The benchmarking
result put all the quality aspect of the evaluated system into the category of
excellent, good, above average, below average, or bad (Schrepp et al., 2017a).

User Acceptance Analysis with Technology Acceptance Model

The proposed model in this research is adapted from the original TAM. The
conceptual model was proposed based on the presented literature review, in-
cluding Compatibility (C), Habit (H), and Enjoyment (E) variables toward PU
and PEOU. The proposed model of TAM in regards to the Kit-Build concept
map authoring tool for this research is depicted in Figure 4.11.

In accordance with the literature review and alongside with the original
TAM, the proposed model in this study will test the following eleven hy-
potheses:

H1: Perceived Usefulness will significantly influence students’ Attitude to
use KB to create a concept map.

H2: Perceived Ease of Use will significantly influence students’ Attitude to
use KB to create a concept map.

H3: Perceived Usefulness will significantly influence students’ Behavioral
Intention to use KB to create concept map.

H4: Students’ Attitude towards use of KB will significantly influence their
Behavioral Intention to create a concept map using KB.

H5: Perceived Ease of Use will significantly influence students’ Perceived
Usefulness to use KB to create a concept map.

H6: Students’ work Compatibility will significantly influence students’ Per-
ceived Usefulness in using KB to create concept map.

H7: Students’ work Enjoyment will significantly influence students’ Per-
ceived Usefulness in using KB to create a concept map.

H8: Students’ Habit in using tools to create concept map will significantly
influence students’ Perceived Usefulness.

H9: Students’ Habit in using tools to create concept map will significantly
influence students’ Perceived Ease of Use.

H10: Students’ work Enjoyment will significantly influence students’ Per-
ceived Ease of Use in using KB to create a concept map.

H11: Students’ work Compatibility will significantly influence students’ Per-
ceived Ease of Use in using KB to create concept map.

The term KB in the defined hypotheses refers to the supported Kit-Build con-
cept map authoring tool instead of the Kit-Build method.
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Fig. 4.11 The TAM model with three proposed external variables.

Table 4.12 TAM questionnaire Cronbach’s Alpha

TAM Variables Items Cronbach’s Alpha Reliability
PEOU 4 0.85 Good

PU 5 0.83 Good
AT 4 0.85 Good
BI 2 0.91 Excellent
C 4 0.79 Acceptable
H 4 0.87 Good
E 3 0.9 Excellent

C: Compatibility; H: Habit: E: Enjoyment

Before analyzing the students’ response data, the questionnaire items’ in-
ternal consistency was validated by calculating each variable Cronbach’s al-
pha to depict its reliability. The summary of the reliability analysis of the
items in the questionnaire is presented in Table 4.12. The results indicated
that the alpha of PU was 0.83, both PEOU and AT were 0.85, BI was 0.91.
Whereas, additional variables’ alpha, such as Habit (H) and Enjoyment (E)
fall between 0.8 to 0.9, hence indicating good reliability. However, Compati-
bility (C) has an alpha of 0.79 that indicates its reliability was still acceptable.
An alpha higher than 0.9 indicates excellent reliability. The resulting alpha
implies that the responses towards a set of questions for all variables are re-
liable. Hence, the response data can be analyzed to evaluate and test the
hypotheses further.
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4.3.2 Result and Discussion

User Experience Measurement

In the experiment, 73 students participate in evaluating the tools. However,
12 participants were found to be inconsistent. Thus, their data were omitted
from the analysis, remaining 61 usable data. Most participants were male
(62.3%), and the remaining 37.7% were female. The age of all participants
was between 19 to 21 years old. Based on the questionnaire given, the stu-
dents are doing 8 out of 11 (σ = 2.2) different types of activities while using
the internet using a web browser in the past month. This means that most
of them are fluent in using a web browser in their daily activities. Thus,
they should not encounter a significant problem while interacting with the
tools to construct a concept map because the tools are built using web tech-
nologies that run on top of a web browser. The participants current average
ToEFL ITP score is 480. The score means that in such an English reading com-
prehension they are usually able to understand the descriptions of relatively
simple processes and narration in texts with high-frequency vocabulary, rec-
ognize paraphrased information, understand the meaning conveyed by the
most common conjunctions, and connect meaning across some simple sen-
tences that contain high-frequency vocabulary (ETS, 2012).

Based on participants data of UEQ-S questionnaire, Group A and Group
B consists of 29 and 32 participants respectively. Both groups are different
only in terms of the order on how they use the tools. As shown in Fig. 3,
Group A uses the basic version of the tools during the first attempt of con-
cept map construction while Group B uses the supported version. On the
second attempt, the tool type was reversed where Group A uses the sup-
ported version while Group B uses the basic version to construct a concept
map from the same reading. The UEQ-S questionnaire data from both group
were processed further using the provided UEQ-S analysis tools.

Table 4.13 shows the analysis result of a mean average score with a 95%
confidence interval of pragmatic quality, hedonic quality, and overall UX
scale. On the pragmatic quality scale, the highest score was obtained from
Group B who used the basic version of the concept mapping tool (1.617) and
followed by Group B who uses the supported version of the tools (1.438). For
the same scale, Group B scores 1.328 and 1.259 for the basic version and the
supported version of the tools respectively. For the hedonic quality scale, the
highest score values obtained from the supported version of the tools from
Group A (1.397) even though the score of Group B for the same tool version

66



Table 4.13 UEQ-S Score

Quality Scale Group (Tools) UEQ Score UX Eval. Benchmark

Pragmatic

A (Basic) 1.328 Positive Above avg.

A (Supported) 1.259 Positive Above avg.

B (Basic) 1.617 Positive Good

B (Supported) 1.438 Positive Above avg.

Hedonic

A (Basic) 1.078 Positive Below avg.

A (Supported) 1.397 Positive Above avg.

B (Basic) 1.219 Positive Above avg.

B (Supported) 1.383 Positive Above avg.

Overall UX

A (Basic) 1.20 Positive Above avg.

A (Supported) 1.33 Positive Above avg.

B (Basic) 1.42 Positive Above avg.

B (Supported) 1.41 Positive Above avg.

are quite similar (1.383). The basic version of the tools has a score of 1.219 and
1.078 from Group B and Group A respectively. For the overall scale of UX, the
highest score obtained Group B for the basic version of the tools (1.42). Group
B also score 1.41 for the supported version. Group A has a better score for the
supported version (1.33) than the basic version of the tools (1.20). However,
the overall score for all of the tools being evaluated is higher than 0.8, which
means that both tools have positive UX.

Also based on the scores of pragmatic quality scale as shown in Table 4.13,
participants from both Group A and B think that using the basic version of
the concept map tools would yield a more suitable concept map than the sup-
ported version. Based on the hedonic quality scale score result, participants
from both groups feel that the supported version of the concept map tools is
more attractive as it offers a different approach to construct a concept map.
However, for the overall UX quality scale, participants from Group A think
that the supported version of the tool is better than the basic version, but the
participants from Group B said the opposite. The result differences in the
overall UX quality scale may be caused by the order on how they were im-
pressed by both tools. After they were experiencing the first tool, there is a
learning effect that may affect their thinking to construct a concept map from
one same text that they had previously created. The good and below aver-
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age benchmark result might indicate that UX improvements were needed for
those quality aspects.

In general, the pragmatic quality average score of all participants show
that the basic version of the tool has a better score than the supported one.
Based on the UEQ-S item score result in Table 4.14, all participants think that
creating a concept map using the basic version is clearer (1.6/1.3) and easier
(1.5/1.1) than the supported version. However, the basic version of the tool
is considered less efficient (1.2/1.4) and less supportive (1.5/1.6) than the one
that has proposition support features. Both groups agree that using the basic
version of the tool are easier and clearer but less supportive and less efficient.
Both groups also agree that providing support features, by means in the cur-
rent way of interaction design to the tool, are more supportive but also more
complicated.

Table 4.14 UEQ-S Mean Score

UEQ-S
Item No.

Mean Score

Support Tool Basic Tool

Group A Group B All Group A Group B All

1 1.6 1.5 1.6 1.4 1.7 1.5

2 0.9 1.3 1.1 1.4 1.7 1.5

3 1.3 1.6 1.4 1.1 1.4 1.2

4 1.2 1.4 1.3 1.4 1.8 1.6

5 1.3 1.1 1.2 0.9 1.0 0.9

6 1.5 1.5 1.5 1.2 1.4 1.3

7 1.3 1.4 1.4 1.0 1.2 1.1

8 1.5 1.5 1.5 1.1 1.3 1.2

As depicted in Table 4.14, the average score from all participants shows
that the hedonic quality of the supported versions of the tool has a higher
score over the basic tool for all hedonic items. The supported version is more
interesting (1.5/1.3), more exciting (1.2/0.9), more inventive (1.4/1.1), and
more leading-edge (1.5/1.2) than the basic one. Therefore, both groups agree
that the tool with support features has better UX in hedonic quality. Even
though all hedonic item score values for the supported tool is better than the
basic tool, the UEQ-S item for a boring-exciting evaluation score, the least
among all hedonic item scores. This opens an opportunity to improve UX by
providing a more exciting user interaction design to the tools.
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Table 4.15 Summary of Hypotheses Tests

Hypotheses Estimate p-value Intercept R2

H1: PU −→ AT 0.712 ***
1.694 0.466

H2: PEOU −→ AT 0.005 0.968

H3: PU −→ BI 0.4247 *
0.199 0.3572

H4: AT −→ BI 0.4557 *

H5: PEOU −→ PU 0.398 ***

0.639 0.558
H6: C −→ PU 0.241 **

H7: E −→ PU 0.216 *

H8: H −→ PU 0.060 0.297

H9: H −→ PEOU 0.116 0.087

2.761 0.282H10: E −→ PEOU 0.228 *

H11: C −→ PEOU 0.207 *

***: p-value < 0.001; **: p-value < 0.01; *: p-value < 0.05; p-value higher than 0.05
denotes non-significant items

Student Acceptance towards the Authoring Support Tool

A conceptual model, namely TAM, was used in this research to evaluate stu-
dents’ acceptance towards the supported KB concept mapping tool. In this
section, the effect among variables in the proposed conceptual model is pre-
sented and analyzed through statistics. In summary, regression analysis re-
sult for the proposed acceptance model is depicted in Table 4.15. The hy-
potheses were tested with 5% significance level to consider whether to accept
the null hypothesis. If null hypotheses are rejected, it means that there is sig-
nificant influence between the corresponding variables. The summary of the
linear regression analysis of the model is shown in Table 4.15.

Several multiple linear regression analysis was employed to evaluate the
students’ responses towards the model. The analysis depicts how each inde-
pendent variable influences or predicts the dependent variable. The R2 value
represents the proportion of relationship variance between dependent and
independent variables that are explained by the model. Hypotheses H1 and
H2 depict the AT variable that dependent on PU and PEOU. Based on the
multiple regression analysis results of PU and PEOU towards AT, it seems
that PU influences AT, but not PEOU. The influence of PU towards AT is sig-
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nificant statistically. However, based on the obtained R2 value, the model can
only cover 46.6% of the variance.

The relationship between PU and AT towards BI was also evaluated using
multiple linear regression analysis. This method was run to predict BI from
PU and AT. The analysis result shows that both PU and AT can predict BI as
the linear regression analysis shows a statistically significant result (p-value <
0.05). Both PU and AT are giving a relatively equal effect towards BI, as they
have the linear regression coefficient value of 0.425 and 0.456, respectively.
According to the regression result, the R2 value of 0.3572 implies that 35.72%
variance of BI is explained by PU and AT. However, the model is better than
a simple linear model, which consider only AT or PU variable individually.
If BI is predicted by AT and PU individually, the analysis yields an R2 value
of 0.3069 and 0.2937, respectively.

The three proposed additional external variables, i.e., Compatibility (C),
Habit (H), and Enjoyment (E), were taken into account, along with the PEOU
to identify whether these variables are affecting the PU variable through mul-
tiple linear regression analysis. The result shows that the R2 value of 0.5577,
which implies 55.77% of the variance of PU, can be predicted by C, H, E, and
PEOU variables. Except for Habit (H), all of the external variables and PEOU
are shown to influence PU. The multiple linear regression analysis shows that
H has a p-value of 0.297, which is statistically insignificant. Therefore, it can-
not be said that the students’ habit influences their perceived usefulness of
the tool. However, as the remaining variables have p-values of less than 0.05,
the students’ compatibility, enjoyment, and perceived ease of use towards
using the tool are influencing their perceived usefulness of the tool. Further-
more, the student’s perceived ease of use has the most considerable influence
on students’ perceived ease of use, followed by the students’ compatibility
and enjoyment of using the tool.

Similar to the previous analysis, the effect of the external variables C, H,
and E towards PEOU is evaluated by using multiple linear regression. The
F-test’s significance indicates that the sample data have sufficient evidence to
fit the regression model rather than a model without the independent vari-
ables with a p-value of 0.000 that is less than the specified significance level of
0.05. Even though the test result shows that all of the external variables can
predict only 28.23% of the PEOU variance, both C and E variables influence
the students’ PEOU. Similar to PU, the students’ habit is not influencing their
perceived ease of use of using the tool.
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Fig. 4.12 The summary of acceptance model

Consolidating all of the multiple linear analysis results, thus disregarding
all insignificant associations, the students’ acceptance model of the Kit-Build
concept map authoring tool is shown in Figure 4.12.

In many social science settings, some studies have an inherently more
considerable amount of unexplained variation. Any field related to predict-
ing human behavior, such as psychology, like a study about human behavior
or acceptance towards new technology, typically has R2 values lower than
50% (Moksony, 1990). This research also shows the low value of R2 that hap-
pens due to higher variability that exists around the regression line. Our
findings indicate that human behaviors in learning using concept maps are
hard to predict. Hence, the resulting data are relatively noisy. Nevertheless,
the result mostly fits the proposed model, as most regression analysis results
towards the model fall below the statistical significance level of 0.05.

The overall result shows that most of the relationships conform to the
previous TAM research to depict students’ intention in using new technol-
ogy. In this study, the students’ perceived usefulness is positively affecting
their attitude towards using the tool. On the contrary, their perceived ease
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of use shows statistically insignificant results towards their attitude towards
using the tool. Hence, if they think that the tool is useful, they will still use it
regardless of how they think about the tools’ ease of use level.

Other research claimed that habit is an unconscious behavior, which is
learned through repetition (Alsharo et al., 2020). Regardless of the students’
prior habit in concept mapping, as long as the tool is enjoyable and compati-
ble with their previous work, they will perceive that the kit is easy to use and
useful to help them make a concept map. Hence, they will use the tool when
they learn English reading comprehension material. However, the finding
does not support the result found in (Hubert et al., 2017; Rafique et al., 2020).

As the tool is considered new to the students, they might need to famil-
iarize themselves with the concept mapping tool so that they can fully utilize
it properly. However, based on the results, the students’ attitude towards us-
ing the tool was not influenced by the students’ perceived ease of use. Their
attitude towards using the tool is greatly influenced by their perceived use-
fulness of using the tool. The result implies that the students’ will still intend
to continue using the tool to help them understand the English learning ma-
terials through concept mapping regardless of their perceived ease of use in
using the tool. Most students do not mind learning and using a new concept
mapping tool to support them in studying English reading comprehension
with concept maps.

Furthermore, the students’ perceived usefulness towards the concept map
authoring tool plays an essential role as the only factor influencing their in-
tention to adopt the Kit-Build concept map authoring tool the most. Addi-
tionally, as the students had experienced that using the tool to create concept
maps is easy, they will perceive that the tool is useful for them. Thus, the
students’ perceived ease of use indirectly influences their intention to use the
Kit-Build concept map authoring tool.

4.3.3 Limitation

The UEQ-S can provide a quick overview of a software UX in higher-level
meta-dimensions. It allows software UX designer to depict how users are
thinking about the software quickly. However, it cannot measure detailed
UX qualities. Therefore, applying the full UEQ and interpreting the results
in UX evaluation can be quite useful to define areas of improvement of a
software or system. Evaluating the UX of a system or software also opens a
potential cross-field research in finding a relationship between UX, cognitive
psychology, education, and technology.
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The acceptance being evaluated in this research captures the students’
impression when using the concept mapping tool. According to the ques-
tionnaire results given to the students, their experiences in using a computer-
supported concept mapping tool may be limited. Before this experiment,
they do not usually use a computer-concept mapping tool or have any previ-
ous experience using the Kit-Build method in their daily learning activities.
Before being introduced with the Kit-Build method and also its tool, most of
the students already know about concept maps and have several experiences
in concept mapping. Previously, most of the students use a traditional pencil
and paper or other digital methods that allow them to take some notes or
drew concept maps during learning. Hence, many of them were new to the
Kit-Build concept mapping tool and the Kit-Build method.

Due to the specific and limited number of participants, the results pre-
sented in this research may not cover the expected target and also difficult to
generalize or interpret as uncovered and voluntary bias may occur. There-
fore, extra care must be taken in interpreting the result of this research.
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Chapter 5

Real-time Collaborative
Learning System with Concept
Maps

5.1 Study 1: Design and Development of Real-time
Collaborative Learning System

5.1.1 Methodology

In order to extend the existing Kit-Build concept map authoring tool with
collaboration features and address the research questions, a general design
and development methodology as shown in Fig. 5.1, is followed. This study
was started with a preliminary review and analysis phase, which includes:
(1) review and analysis to the current Kit-Build concept map authoring tool,
(2) requirements specification of new features, (3) discovering how the tool
works, (4) identifying possible technology approaches to be used, and (5)
identifying how the new features be integrated into the system.

START END
Preliminary Review 

and Analysis

Design and 
Development of 

System Prototype
Trial and Review

Introductory 
Practice

2 Weeks of Trial 

Fig. 5.1 Research Methodology
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The design and development phase of the system prototype followed a
prototyping approach where several prototypes were developed and tested
to satisfy the specified requirements. After all requirements have been sat-
isfied by the prototype, the latest prototype was put into a trial to discover
whether the tool could effectively support the collaborative learning with Kit-
Build concept map in an online classroom for several meetings. During the
meetings, the students learned the topics by collaboratively recomposing Kit-
Build concept map in pair groups. The students and the learning subjects
were targetting the undergraduate students of Information System depart-
ment of Universitas Brawijaya, Indonesia. At the last meeting of the class,
the students were given a questionnaire regading their attitude towards us-
ing the collaborative Kit-Build concept map authoring tool using a validated
Online Cooperative Learning Application (OCLA) scale (Korkmaz, 2012) to
portray how the tool supported a collaborative learning activity with Kit-
Build concept map.

5.1.2 Design and Development

Requirement Analysis

This study assumes that a Kit-Build concept map authoring tool has been de-
veloped. Thus, design and development of the collaboration tool was focused
on extending the tool with the development of group collaboration support
feature of the existing Kit-Build concept mapping authoring tool; hence, the
basis of the collaboration platform development in this study.

In supporting collaborative work of concept mapping in an online en-
vironment, there are two major issues that need to be taken care of, i.e., (1)
reflecting one working activities to others’ workspace, and (2) providing com-
munication interface as one way for collaborators to communicate with each
other. Hence, meaningful interaction could be attained. Minimizing delay
during collaboration becomes the key factor for a useful online collaboration
system, including one that used for collaborative learning. Several general
functional requirements were defined in guiding the design and develop-
ment process of the system. The requirements for the collaboration features
of the authoring tool were specified in Table 5.1.

All requirements as specified in Table 5.1 extended the current Kit-Build
concept map authoring tool functionalities that used HTML5 and Javascript
technology. The extension was expected not to alter the behavior of users to
use and run the concept map authoring tool with their web browser.
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Table 5.1 Requirement Specification

ID Requirement Definition

FR1 The system should provide collaborative mechanisms
that reflect concept map authoring activities of one col-
laborator to other collaborators.

FR2 The system should provide a general text-based commu-
nication channel that allow collaborators to send and re-
ceive broadcast message in a collaboration room.

FR3 The system should provide a text-based communication
channel that allows collaborators to send and receive mes-
sage for a specific concept or link node.

FR4 The system should provide notification and indicators for
incoming messages of a particular concept or link node.

FR5 The system should keep track of concept and link node in
discussion, hence collaborators could quickly switch and
discuss on a different concept or link channel.

Architecture Design

In the current Kit-Build concept map authoring tool, there is a Javascript ob-
ject—called Canvas—that handles all user concept mapping activities and all
user interactions with the authoring tool. The Canvas object has an inter-
face that allows other object to listen to concept mapping activity of a user,
namely ActivityListener. Another part of the application who listen to users’
concept mapping activities should implement the interface and attach itself
to the Canvas object; hence, all users’ concept mapping activities could be
captured by external objects. The Canvas object also provides public meth-
ods that allow external entities to control the Canvas object; thus, automate
the concept mapping composition activities on the drawing canvas, such as
visualizing the concept map composition process from activity log data or
manipulating objects drawn on canvas. This Canvas object becomes the key
entry point in extending the authoring tool functionality to support collab-
orative work in concept mapping. The system architecture design, which
extends the current Kit-Build concept map authoring tool to support real-
time collaboration in this study, is shown in Fig. 5.2. Additionally, to address
functional requirements regarding communication features, a new communi-
cation module (Discuss UI) was incorporated as a user interface to send and
receive messages for discussion during collaboration.
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Fig. 5.2 System architecture for activity and message synchronization

The backend processing at server side is processed using a web applica-
tion framework as previously designed and developed in (Pinandito et al.,
2017). The framework utilizes Model-CollectionService-Controller-Presenter
(MCCP) design pattern, which is an adaptation from Model-View-Controller
(MVC) pattern, that allows data model and collection service code be reused
by many different application controllers. In the case of this study, two appli-
cation controllers were created; one existing controller serves the App Logic
on the client side, while another one new controller serves the Collaboration
Server. Both controllers inside the MCCP Backend module, which served
two different target platforms, i.e., the App Logic and Collaboration Server,
could reuse the same service components that provided data processing ser-
vice to a database server; hence, reusing or restructuring existing codes be-
comes more efficient and easy. Most importantly, the design should imple-
ment component-based and modular design patterns; hence, better reusabil-
ity for further development.
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Real-time Inter-client Communication Pattern of Concept Mapping
Activity and Messaging

Concept mapping synchronization among collaborators could be performed
when all collaborators have been connected to the Collaboration Server, join
a collaboration room, and ready to listen collaboration and concept mapping
activity message. According to the requirements as specified in Table 5.1,
the system should be able to synchronize concept map authoring activities of
one canvas to other collaborators’ canvas. A synchronization flow example of
concept mapping activity across different collaborators is depicted in Fig. 5.3.
The flow assumed that the Collaboration Server has been online, both end-
clients have connected to the Collaboration Server, and both end-clients have
joined the same collaboration room.
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Listen concept 
mapping activity

Capture activity data

Send activity data

Listening 
collaboration activity 
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Listening 
collaboration event

Collaboration event 
received
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Collaboration 
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Fig. 5.3 Synchronization flow of concept mapping activity across collaborators.

The Collab Logic module as shown in Fig. 5.2 is broken down into two
submodules, i.e., ActivityListener and CollabListener submodule. The Ac-
tivityListener and CollabListener object are two new object interfaces that
responsible in listening users’ concept mapping activity and listen to any
collaboration message sent from collaboration server respectively. The col-
laboration server is responsible to maintain connection between clients and
forward activities and messages to all collaborators in a collaboration room.
Sending chat messages from one collaborator to other collaborators is per-
formed in a similar fashion to synchronizing the concept mapping activity
via collaboration server.

ActivityListener object has responsibility to listen to concept mapping ac-
tivity on canvas, encapsulate the activity into collaboration messages, and
send the messages to other collaborators through Collaboration Server. The
Collaboration Server listens to incoming messages from clients—the Activ-
ityListeners—and broadcast the messages to all collaborators in the specified
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room. Lastly, the CollabListener object listens to any messages coming from
Collaboration Server and interpret the message as a concept mapping instruc-
tion to be reflected on collaborators’ canvas. Every collaborator could serve
both the sender and receiver of concept map activity messages.

In addressing functional requirement FR2, FR3, FR4, and FR5, the sys-
tem should provide a text-based communication mechanism among collabo-
rators. The system should provide two type of discussion in the system, i.e.,
general discussion and concept/link-channeled discussion. The synchroniza-
tion flow of the collaboration messaging system is shown in Fig. 5.4.
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Fig. 5.4 Synchronization flow of discussion message across collaborators.

Implementation

On the client side, the new extension modules were implemented in the same
fashion as the existing module. The user interface and collaboration mod-
ule were implemented in HTML5 and Javascript program code. Real-time,
bidirectional and event-based communication between the browser and the
server, which is serverd by the Collaboration Server, is implemented by a sep-
arate instance of Node.js server and is running the Socket.IO communication
library. Thus, the extended concept map authoring tool will still be able to
run on the client’s web browser without the need of additional software.

The Canvas and ActivityListener object communicate in an event-based
interface with two arguments—type and data—representing the event type
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and data of an activity. The data consisted of information needed to repli-
cate said activity on another canvas. The following code excerpts depict how
an activity is being distributed to other collaborators’ canvas by ActivityLis-
tener, Collaboration Server, and CollabListener objects; written in Javascript
programming language:

Example of a program code of an ActivityListener listening to activity on Canvas and sending
the activity information as a message to a Collaboration Server.

// Setup Socket.IO connection

var url = new URL(window.location.origin);

url.port = 3000;

this.socket = io(url.toString());

// Event listener of concept mapping activity on Canvas

// The data argument consists of node id

// and x-y coordinate of the node on Canvas.

onCanvasEvent(event, data) {

switch (event) {

case 'move-concept':

this.moveNode(data);

break;

}

}

// Sending activity message

// Encapsulate activity data and room information

moveNode(node) {

let data = { room: this.room, node: node };

// this.socket is Socket.IO server socket

this.socket.emit('move-node', data);

}

Example of a program code of an Socket.IO server listening to an activity message and broad-
cast the activity information to all connected clients of a particular room.

// Initializing Socket.IO server

var express = require('express');

var http = require('http').createServer(express());

var io = require('socket.io')(http);

io.on('connection', (socket) => {

// Listen to activity nessage from client

socket.on('move-node', (data, callback) => {

// Retrieve room name

let room = data.room;

// Broadcast data to all socket on room, except sender.
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socket.to(room).emit('move-node', data);

// Log activity to database through a DB helper

DB.log('move-node', data);

});

});

Example of a program code of a CollabListener object listening to an activity message and
reflect the activity to Canvas.

// Listen to activity broadcast from Socket.IO server

this.socket.on('move-node', (data) => {

// Reflect activity on Canvas

this.canvas.moveNode(

data.node.id,

data.node.x,

data.node.y

);

});

Sending and receiving general and channel-based messages were imple-
mented in a similar way with sending concept mapping activity messages.
However, instead of listening to Canvas object, ActivityListener object lis-
tens to the Discuss UI for chat messages. If a chat message is received by
the CollabListener, the message will be inspected for its attributes; thus, Col-
labListener object updates the UI, e.g., updating the chat message list and
displaying notification, in respect to the received chat message type.

5.1.3 Result and Discussion

With the designed mechanism to facilitate collaboration in the concept map-
ping activity with Kit-Build concept map authoring tool, it is now possible
for students and teachers to collaborate and communicate at a distance. Us-
ing HTML5 WebSocket technology with Socket.IO allows web-based appli-
cations to implement real-time, two-way active communication; moving one
step forward from the traditional request-based passive client-server com-
munication method. Thus, real-time communication and collaborative work
and learning on a web platform can be realized.

System Prototype

To address the first research question, a prototype of the online collabora-
tive concept mapping system has been developed. The collaboration system
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was designed to support both closed-end and open-ended concept map com-
position approach for learning activity that used the Kit-Build method. A
Socket.IO server was deployed as the middleware for the collaboration sys-
tem in addition to the existing HTTP server that serves the client applica-
tion. Using the Socket.IO library as a middleware to leverage HTML5 Web-
Socket technology in fostering collaborative concept mapping activities with
Kit-Build concept map is shown to be effective. One’s concept mapping activ-
ities could be effectively distributed across collaborators in real-time to con-
stitute the effect of real-time distant collaborative concept map composition.
A screenshot of the developed collaboration system prototype is shown in
Fig. 5.5.

Fig. 5.5 Kit-Build concept map authoring tool prototype; displaying general dis-
cussion messages, concept channel discussion, and new message notification of a
collaboration group.

With the developed system prototype, all requirements as specified in Ta-
ble 5.1 have been met. Referring the prototype shown in Fig. 5.5, it can be
seen that students could effectively collaborate and discuss a specific topic
by using the destined discussion interface. The system could notify the user
when new discussion messages arrive and track their discussion across dif-
ferent concepts or links; hence, talk separation between process and content
could be maintained and keep the collaboration process smooth.
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Table 5.2 Students’ response to OCLA Scale regarding the developed Collaborative
Concept Mapping Tool (CCMT).

Positive learning attitude Negative learning attitude

ID n Mean Median s.d. ID n Mean Median s.d.

A1 95 4.51 5 0.634 A12 95 2.25 2 1.250

A2 95 4.33 4 0.706 A13 95 1.55 1 0.782

A3 95 4.46 5 0.616 A14 95 1.76 2 0.896

A4 95 4.41 4 0.627 A15 95 2.72 3 1.390

A5 95 4.31 4 0.685 A16 95 1.74 2 0.902

A6 95 4.08 4 0.895 A17 95 1.61 1 0.803

A7 95 4.42 5 0.708

A8 95 4.28 4 0.767

A9 95 4.06 4 0.885

A10 95 4.15 4 0.699

A11 95 4.39 4 0.673

4.31 Average Mean Score 1.94

User Feedback and System Evaluation

To address the second research questions, the system was put into a trial with
students to collaboratively learn several learning materials in an online class
and captured their responses about the system. In evaluating the new collab-
orative features of Kit-Build concept map authoring tool, 95 students were
invited to experience learning with Kit-Build concept map and use the de-
veloped concept mapping tool. In addition to recomposing concept maps
to learn a course’s subject learning material, they recomposed a concept map
from a given kit with their partners collaboratively. They were also requested
to discuss their map using the provided communication system. Students at-
titude towards using the Kit-Build concept map collaboratively online was
measured using 17 items of the OCLA scale (Korkmaz, 2012). The detail of
the scale is shown in Appendix and the responses were summarized in Ta-
ble 5.2 and Fig. 5.6.

According to the results, students have positive attitude towards the de-
signed collaborative concept mapping tool. Most students agree to strongly
agree that learning with the online collaborative Kit-Build concept map was
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Fig. 5.6 Distribution of students’ attitude response of OCLA regarding the devel-
oped concept mapping tool.

enjoyable, useful, entertaining, and help them learn better with friends as all
of their responses to the OCLA positive attitude items have an average mean
of higher than 4 (the higher the better) from a maximum score of 5 (strongly
agree). They responded their disagreement to negative attitude items of the
OCLA, meaning they actually have positive attitude towards using the online
collaborative Kit-Build concept map tool (the lower the better).

There were two noticable attitude items that were perceived in both pos-
itive and negative view; having a mean score between 2 and 3 of 5 scale, i.e.,
item A12 and A15. They responded that somehow they need to teach their
partners of something during collaboration that makes them feel tired (item
A12). There also cases during collaboration where their partners are too de-
pending in doing their work (A15). The students tend to disagree more on
item A12 than item A15, which means that they don’t like more if their part-
ners are depending on them rather than requesting them to teach on how to
use the system or solve the problem. These issues were also mentioned on
previous study (Gao et al., 2007) as a challenge to elucidate in collaborative
learning. Furthermore, these issues might indicate that the collaboration sys-
tem needs to be improved regarding usability. Providing feedback or features
could motivate group members to collaborate and contribute on their collab-
orative work. Nevertheless, a deeper investigation is required to discover the
cause and elucidate the issue.
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Limitation and Future Work

According to the result of this study, a web-based application for collabora-
tive learning—such as the case of collaborative learning with Kit-Build con-
cept map—could be implemented and well used in online classroom. How-
ever, issues in technical point of view do exists on collaboration systems that
run over computer network.

Intermittent network connection and system compatibility are two exam-
ples of issue that might cause problems to the system functionalities. The
system has to maintain collaboration activities synchronized among differ-
ent collaborators; thus, ensuring the collaboration product consistent and be-
comes a target of future development of the system developed in this study.

Current study does not evaluate the learning effect of the students when
they collaboratively learn by recomposing concept maps with Kit-Build. In-
vestigating the learning effect of the system and how the students interact
and discuss within the system could discover how the system would im-
pact the learning effectiveness in comparison to the traditional learning ap-
proach that carried out in an online classroom. There are many factors that
influence the collaborative concept mapping activity; thus affecting its effec-
tiveness towards learning (Gao et al., 2007). This study assumed that the
students who respond to the evaluation questionnaire have adequate expe-
rience in using web-based applications and have experienced learning with
concept map. Prior using the system, users have to understand on how to
compose a concept map and how to use the system to compose a concept
map; otherwise, they might fail to achieve the expected learning achieve-
ment. Therefore, providing apparent guidance regarding the activity when
using the system should keep users focus on the collaboration; thus, improve
their meaningful learning and interaction more.

Even though current evaluation to the collaborative learning system with
Kit-Build concept map yielded a positive result. More in depth experiment
and trial to the system in learning environment should be conducted for more
sufficient and accurate depictions regarding the developed system readiness
for use in an actual learning environment. Hence, an immediate future work
of the study in supporting distant collaborative learning with Kit-Build con-
cept maps.
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5.2 Study 2: Learning Effect and Conversation
Analysis

5.2.1 Methodology

Reading Material and Concept Map Kit

The context of this research was the use of the Kit-Build concept map in
supporting the online collaborative learning of EFL reading comprehension.
The EFL reading comprehension subject used in the experiment was a gen-
eral English reading text entitled "Wagyu." The reading consisted of 900 En-
glish words without any graphics that discussed Wagyu—the Japanese-breed
cows. The reading content was obtained from various online sources con-
sisting of factual information, uncommon vocabularies, and several complex
linguistic aspects as problems that the students have to overcome to compre-
hend the content thoroughly.

A concept map (Kit-Build goal map) was specifically composed as a Kit-
Build kit. The kit consisted of 20 links and 19 concepts that covered most of
the reading’s main topics and ideas. The kit was provided only to partici-
pants who compose their concept maps with Kit-Build. The type of kit was
a set of fully deconstructed components of the goal map; there were no link
nodes that have been pre-connected to a concept node, neither entirely nor
partially when the kit was given. For the purpose of this study, the goal map
and the kit implied the answers to only half the questions of pre-, post-, and
delayed-test. As an example, several parts of the kit to be recomposed by the
students are shown in Fig. 5.7.

Participants

The experiment involved 40 international students that consisted of 25 men
and 15 women. They were graduate students studying at Hiroshima Uni-
versity and used English as a foreign language, pursuing master’s (60%) and
doctoral (40%) degrees in engineering, social science, education, linguistic,
finance, and department policy. They originated from Asian countries, and
none of them were native English speakers or used English as their second
language, i.e., Indonesia (75%), China (20%), and Laos (5%). Their age was
in the range of 20-25 (27.5%), 25-30 (37.5%), 30-35 (15%), 35-40 (17.5%), and
40-45 (2.5%). Their ability in English was high enough to adequately under-
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Fig. 5.7 Part of the provided kit that implied the answer to several comprehension
test questions.

stand various learning subjects delivered in English as they have an average
equivalent ToEFL ITP score of 557.6 (SD = 41.30).

They were divided into two groups of dyads, i.e., Collaborative Scratch
Mapping (CSM) group and Collaborative Kit-Building (CKB) group. The
concept mapping groups solely differ in terms of the concept mapping ap-
proach used to create a concept map. During the collaboration, the students
were collaboratively working in pairs of two (dyads). Students of the CSM
group created their concept maps with the usual open-ended concept map-
ping approach, contrary to composing concept maps from a kit. However,
the CKB group students created their concept maps from a pre-defined Kit-
Build concept map kit. In determining the pairs, the students could freely
choose their collaboration partner in concept mapping. Thus, presuming
they have no problem communicating and could freely express their think-
ing, emotions, or ideas without reluctance.

Experiment Design

The experiment started with the preparation and training phase, where all
participants were introduced to the concept maps and the Kit-Build concept
map. The training and preparation phase aimed to develop a common per-
ception concerning the underlying theory of concept maps and carry out the
necessary preparations before the actual concept mapping activity was car-
ried out. Additionally, the techniques in composing good concept maps, how
to compose a concept map with Kit-Build concept map tool, and communi-
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Fig. 5.8 Experiment flow.

cating using the tool’s communication features were introduced. The flow of
the experiment of this study is shown in Fig. 5.8.

All participants were given a user manual document regarding the con-
cept mapping tool to try the system before participating in the experiment.
During the experiment’s training and preparation phase, the participants
practiced concept mapping using the online collaborative Kit-Build concept
mapping tool. These activities were carried out to ensure that all participants
would not encounter any difficulties composing their concept map while also
communicating with their collaboration partner.

For the experiment, an online system has been built specifically to fol-
low the designed workflow. The system provided a mechanism to display
the reading text on the screen. Thus, the students could read the text while
they were composing their concept maps. The tool has convenient features
to make the concept mapping composing of a text document faster and more
convenient. Parts of the displayed text could be selected to generate con-
cept or link nodes whose labels were obtained from the selections. However,
these added features were relevant solely to participants who created their
concept maps from scratch. Hence, composing concept maps from text doc-
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uments could be performed with less typing and more quickly. Activities
in the reading phase, pre-test, concept mapping, post-test, and delayed-test
were conducted using the system. However, the experiment demographic
questionnaires were given to the participants on a paper basis.

All participants in both groups were requested to work and collaborate in
pairs. They composed and discussed the concept map they made in the con-
cept mapping phase. Unless they were currently answering the tests, they
could read the reading passage and access other information resources, in-
cluding the Internet. During the experiment, every participant used a differ-
ent computer and worked collaboratively with their partner from two sep-
arate rooms. The room in which they do the concept mapping is designed
to the extent they neither can see nor have direct face-to-face communication
with their collaboration partner. Therefore, simulating an online learning ac-
tivity where direct communication was somewhat difficult or impossible to
conduct verbally.

Measurements

During the experiment, the participants were given three kinds of tests, i.e.,
pre-test, post-test, and delayed-test. The pre-test and post-test were given
right before and after they conducted the concept mapping activity, respec-
tively. The delayed test was given after ten days of delay. The questions for
the tests were made according to the lower and higher order of Bloom’s tax-
onomy (Adams, 2015) in a similar manner with prior studies (Anderson et al.,
2001; Dalton et al., 1986; Shorser, n.d.). The pre-test was used to measure stu-
dents’ understanding before the Concept Mapping phase. The pre-test score
was also used later in the analysis to evaluate the participants’ homogeneity
of variance. The post-test was immediately given to all participants follow-
ing the Concept Mapping phase and measured the learning effect of collab-
oration activity with concept mapping towards participants’ comprehension
regarding the text. The test results were analyzed to discover whether stu-
dents’ understanding and discussion during collaboration were different.

The tests were composed of 15 multiple-choice questions. Each ques-
tion included five options with one correct answer, and the pre-, post-, and
delayed-test were using the same set of questions. However, the question or-
der and options for the answer were shuffled to motivate students to think
more carefully and avoid remembering the answers. The questions were cat-
egorized into two categories, i.e., In-Kit and Not-In-Kit. The In-Kit category
consisted of eight questions whose answers were implied by the kit, covering
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the lower and higher order of Bloom’s taxonomy. However, as the name im-
plied, the answers to the Not-In-Kit category questions were not covered by
the kit. Thus, separate analyses between two concept mapping groups could
be conducted based on the information covered by the kit.

Table 5.3 shows several examples of the In-Kit questions whose answer
was implied by the kit. Referring to the classification of questions as demon-
strated in (Adams, 2015; Anderson et al., 2001; Dalton et al., 1986; Shorser,
n.d.), questions Q2 and Q8 are the types of questions that evaluate students’
comprehension and ability to recall information from the text. Conversely,
questions Q3 and Q9 fall into higher order questions that require students to
transfer their learning and relate parts of the information. Thus, encourage
the students to think deeply.

Coding the Discussion and Talks

Due to the design of the experiment, all participants were not allowed to have
direct face-to-face communication. As previously mentioned, the system pro-
vided text-based communication channels for participants to communicate
and discuss with their partners. Even though it was possible to provide a
video or voice-based communication channel in the concept mapping tool, it
was neither implemented nor used in this study.

During the concept mapping, all participants communicate and discuss
their concept map using the provided communication channel. They were al-
lowed to use their native or any other local languages that they were comfort-
able communicating with their partner. All of their utterances, including one
that linked to link and concept nodes, were recorded. In measuring and an-
alyzing the dynamics of problem-solving in groups or teams, the talks in the
discussions were coded with the Advanced Interaction Analysis for Teams
(act4teams) coding scheme (Kauffeld et al., 2018). The coding scheme catego-
rized the talks into four main facets of group communication, i.e., problem-
focused statements, procedural statements, socio-emotional statements, and
action-oriented statements. Each talk or message sent by the dyad’s mem-
ber to the discussion window was classified into one category of the coding
scheme and counted as one articulation, expression, or speech.

5.2.2 Result and Discussion

The experiment was conducted in April 2020 and held on scheduled dates
and times. However, the participants could also decide the date and time
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Table 5.3 Examples of In-Kit questions of the pre-test and post-test

ID Question and Options for Answer

Lower Order: Remember and Understand

Q2 How many digits the assigned ID for every authentic Kobe Beef?

A. 8 digits D. 11 digits

B. 9 digits E. 12 digits

C. 10 digits

Q8 Which of the following words that best explained the word "oxy-
moron"?

A. Illusion D. Contradictory

B. Analogy E. Retoric

C. Stupidness

Higher Order: Apply and Analyze

Q3 What is the minimum grade and marbling level of a Kobe Beef to
be classified as authentic?

A. A4 - Marbling Level 5 D. A5 - Marbling Level 6

B. A4 - Marbling Level 6 E. A5 - Marbling Level 10

C. A5 - Marbling Level 4

Q9 According to the text, which of the following statements is TRUE
regarding Matsusaka Beef and Kobe Beef?

A. Kobe Beef is more expensive Wagyu than Matsusaka Beef.

B. Kobe Beef has richer fat than Matsusaka Beef.

C. Kobe Beef has lower BMS level than Matsusaka Beef.

D. Kobe Beef has higher Omega-9 acid than Matsusaka Beef.

E. Both Beef are coming from breeds of Japanese Brown cow.

at their convenience. Even though not all participants participated on the
same schedule, they agreed to follow the entire experiment workflow. The
experiment was conducted at Learning Engineering Laboratory, Hiroshima
University. All participants used computers with similar specifications to
interact with the system.
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Online Collaborative Concept Mapping Tool

The trial of the extended Kit-Build concept map tool in this study could depict
the potential implementation of Kit-Build concept map framework in an on-
line learning environment or another learning context that involved concept
mapping as one of its activities. Despite the tool’s limited features in facilitat-
ing communication, effective conversation and discussion can be made with-
out major issues that could disrupt the collaboration process of composing a
concept map. Complaints from participants who were having difficulties in
communicating with their partners were absent. However, according to the
feedback from post-experiment and open discussions with the participants,
they strongly demanded audio and video-based communication to the extent
of minimizing communication delay during collaboration. The participants
also suggested supports for graphical and numerical contents.

Test Score

The test results were divided into two categories per question’s group. One
score was given for each correct answer. However, no penalty was given for
incorrect answers or unanswered questions. The maximum score was 8 and
7 for the In-Kit and Not-In-Kit questions set, respectively. Therefore, if they
answered all questions correctly, they would be given a score of 15. However,
analysis of the scores was carried out per question’s type.

As each question category has a different number of questions, the test
scores between each group were normalized for comparison analysis. The
descriptive statistics of test scores for In-Kit questions, which are grouped by
test type, and the concept mapping type, are shown in Table 5.4, and the de-
scriptive statistics for Not-In-Kit questions are shown in Table 5.5. All scores
in Table 5.5 have been normalized to a maximum score of 10.

Figure 5.9 shows graphical comparison of pre-test, post-test, and delay-
test score between two concept mapping approaches as well as the question
type. Regarding Not-In-Kit questions, students from both CSM and CKB
groups obtained similar scores. No statistical differences in the pre-test, post-
test, and delayed test scores between the CSM and CKB group could indi-
cate that all students could have a similar cognitive competence regardless of
the group. However, the post-test and the delayed test result for the In-Kit
questions between the CSM and the CKB group were different. Hence, the
difference in learning effect.
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Table 5.4 Descriptive statistics of test score for In-Kit questions.

Test Type Group n Mean s.d.

Pre Test CSM 20 4.29 1.61

Pre Test CKB 20 4.25 1.49

Post Test CSM 20 6.14 1.32

Post Test CKB 20 7.63 1.21

Delayed Test CSM 20 4.86 1.50

Delayed Test CKB 20 6.25 1.41

Table 5.5 Descriptive statistics of test score for Not-In-Kit questions.

Test Type Group n Mean s.d.

Pre Test CSM 20 4.21 1.64

Pre Test CKB 20 4.63 1.52

Post Test CSM 20 6.21 1.81

Post Test CKB 20 6.25 1.41

Delayed Test CSM 20 5.00 1.50

Delayed Test CKB 20 5.06 1.60

Because of the number of participants who participated in this study was
limited, the experiment’s data were failed to conform to the Shapiro-Wilk
normality test. Non-parametric approaches were used to analyze the data
and interpret the results. According to the non-parametric Mann-Whitney U
test to compare the test results between the CSM and CKB group, the pre-test
scores for the In-Kit questions were statistically insignificant (p-value = 0.87).
Therefore, it can be said that students from the CSM and CKB group have
a similar level of understanding prior to collaborative learning with concept
maps. However, significant differences were shown for the post-test score
(p-value = 0.0001958) and the delayed-test score (p-value = 0.003786) between
the CSM and CKB group for the In-Kit questions score. The differences were
significant because the p-values of Mann-Whitney U tests were less than the
specified significance level of 0.05. Therefore, students who used the Kit-
Building approach gained better scores than the CSM group students who
collaboratively created their concept maps from scratch.
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Fig. 5.9 Test Score Comparison Between Different Concept Mapping Approach.

In evaluating the memory effect of post-learning activity with concept
maps, a GLM analysis of the delayed-test score was carried out. However,
this study did not evaluate participants’ cognitive competence before learn-
ing with concept maps; thus, it cannot be included in the analysis. The GLM
analysis provided the delayed-test score as the dependent variable and set the
post-test score and group as the influencing factors. According to the GLM
analysis result as shown in Table 5.6, it can be said that the delayed-test score,
which measured the students’ retained knowledge, was significantly affected
by their knowledge after the concept-mapping activity (p-value < 0.05) instead
of the instructional method used during concept mapping (p-value > 0.05).
The delayed-test score of the CKB group students is higher than the CSM
group students because the post-test score of the CKB group students is also
higher. In other words, all students retained their knowledge in a similar
manner. Nevertheless, students who collaboratively learn with Kit-Build
could retain more knowledge as they could focus more on the topics rep-
resented by the kit than the students who did not use Kit-Build.
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Table 5.6 GLM analysis result of the delayed-test score.

Estimate Std. Error t value p-value Sig.

(Intercept) -10.56 10.71 -0.99 0.331

post-test 0.61 0.16 3.84 4.62×10−4 ***

group 0.49 0.46 1.06 0.296

Similar with other studies about learning with concept maps, collabora-
tively learning with Kit-Build concept map could also improve learners’ un-
derstanding of a particular topic. In this study, the students’ understanding
of the reading was improved, regardless of how they do the concept map-
ping. However, the CKB group students have better post-test scores than the
students of the CSM group. By collaborating with the provided kit, students
of the CKB group could focus more on recomposing a concept map by con-
necting key ideas implied by the kit into correct propositions; less-thinking
about concepts and links that should be identified from the text in restruc-
turing their concept map. Thus, the Kit-Build approach could help students
deepen their understanding and answer questions of a higher cognitive level.

In delving into questions that Kit-Build could help the students to un-
derstand more, the number of students who correctly answered the In-Kit
questions of pre-test and post-test (C) was counted and is shown in Table 5.7.
The In-Kit questions consisted of eight questions, i.e., four lower-order ques-
tions and four higher-order questions. Finding the difference in the number
of students between pre-test and post-test using (5.1) portrayed the questions
that the Kit-Build approach has helped the students understand more than
the traditional concept mapping approach. According to the difference in the
number of students between the two groups (∆C), the Kit-Build concept map
approach helped the students to answer relatively higher order questions;
thus, encouraging more profound and meaningful thinking.

∆C=| (Ckbb − Ckba)− (Csmb − Csma) |
=| ∆kb − ∆sm |

(5.1)

On the contrary, there were no significant statistical differences in the pre-
test, post-test, and delayed-test scores of Not-In-Kit questions between the
CSM and CKB group. The Mann-Whitney U comparison tests to both groups’
pre-test, post-test, and delayed-test scores resulted in non-significant differ-
ences with a p-value of 0.7228, 0.8486, and 0.8701, respectively. Therefore, it
can be said that both groups have a similar comprehension level before and
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Table 5.7 The number of students who answered the questions correctly.

ID
Pre-Test Post-Test

∆kb ∆sm ∆C
Ckba Csma Ckbb Csmb

Lower order questions

Q1 12 13 19 16 7 3 4

Q2 12 8 19 14 7 6 1

Q4 5 6 8 10 3 4 1

Q8 8 6 11 10 3 4 1

Higher order questions

Q3 7 5 19 7 12 2 10

Q6 9 8 16 10 7 2 5

Q9 11 11 19 13 8 2 6

Q14 5 4 11 8 6 4 2

after concept mapping. It can also be said that they could retain a similar
level of information after several days.

A study showed that concept maps helped students focus their attention
on essential ideas and explore what to learn and how they learn (Vodovozov
& Raud, 2015). With Kit-Build concept map, the students could focus more on
restructuring the learning contents into concept maps (Hirashima et al., 2015).
One might argue that when the students focused more on restructuring a
concept map with a Kit-Build kit, they would ignore the remaining part of
the contents. However, the argument appears incongruously to the analysis
result of the score of Not-In-Kit questions in this study. According to the
answers to Not-In-Kit questions, students from both CKB and CSM groups
have a similar understanding level on all tests. In answering the Not-In-Kit
questions, if the CKB group students ignored parts uncovered by the kit, they
could have lower scores than the CSM group students. The score comparison
tests to the Not-In-Kit questions showed non-significant differences; hence, a
similar learning effect.

During the post-experiment open discussion, all participants were asked
to share their thought and experiences by participating in the experiment.
Several participants criticized that recomposing a concept map with Kit-Build
should allow them to extend the concept map further, adding more content

97



and ideas to the concept map and discussing more with the new content. Ex-
pressing one understanding with a concept map could not be expressed by
merely using the kit. Furthermore, extending a Kit-Build concept map to an
open-end concept map was known to impact learners’ comprehension sig-
nificantly (Prasetya et al., 2021). Withholding part of the information into a
concept map kit stimulated students’ curiosity towards uncovered parts of
the learning contents, hence the "spread of effect" that rippled the students’
thinking to think about information outside the parts covered by the given
kit. As their focus spread to nearby information, their comprehension re-
garding the topic shall follow. Therefore, this explains why students who
used Kit-Build have similar learning effects with students who composed
their concept maps from scratch.

Utterances in the Discussion

Finding how participants communicate while using the online concept map-
ping tool to compose a concept map collaboratively is interesting. From the
experiment, the collaboration system has captured 828 utterances from 20
dyads during the Concept Mapping phase. Of the total utterance data, 597
(72%) talks came from the CKB group and the remaining 231 (28%) talks
came from the CSM group. The utterances were captured from the gen-
eral and node-linked communication channels. For analysis, their utterances
were coded into four categories of act4teams coding scheme and is shown
in Fig. 5.10. Each talk or message, which was sent by a dyad member, was
counted as one utterance. The graph in Fig. 5.10 also shows the number of ut-
terances (volume) sent by members of each dyad for each concept mapping
group. The comparison of the act4teams-categorized utterance of the CSM
and CKB group is shown in Fig. 5.11.

According to the graph in Fig. 5.10, most dyads of the CKB group tended
to talk or communicate more than dyads of the CSM group. The comparison
chart in Fig. 5.11 shows that the CKB group dyads discussed the content more
(43.6%) than procedural matters (23.5%) during collaboration. However, the
situation in the CSM group was quite the opposite of the CKB group. Dyads
of the CSM group tended to talk more about the map creation procedure than
have a more focused discussion towards the contents. Nevertheless, it is in-
teresting to see that dyad K02 of the CKB group did not talk much during the
collaboration activity, and dyad K09 did not talk about the contents. Further
investigation might be required to discover issues that might overcome them
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Fig. 5.10 Act4teams-coded utterance distribution of dyads of Collaborative Scratch
Mapping and Collaborative Kit-Building groups

to discuss during collaboration. The descriptive statistics for the act4teams-
categorized utterance data are shown in Table 5.8.

Students’ utterance data were analyzed with Spearman’s correlation test
to discover the correlation between talks and the concept mapping groups.
Spearman’s correlation test between concept mapping group and problem-
focused utterance category showed a significantly strong correlation (p-value
= 0.0002245, ρ = 0.73). The concept mapping approach and the total utter-
ance volume also have a significant strong correlation (p-value = 0.0006488, ρ

= 0.69). However, Spearman correlation test results for the remaining cate-
gories showed weak and non-significant correlations (p-value > 0.05 and 0.20
< ρ < 0.39). Therefore, students of the CKB group, which used the Kit-Build
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Fig. 5.11 Percentage of utterances between concept mapping approaches

approach, tended to discuss the contents more than students of the CSM
group. The result was in harmony with the previous study regarding recip-
rocal use of Kit-Build concept map in collaborative learning. Students who
discuss using Kit-Build concept maps have more exploratory talks than stu-
dents who discuss using self-created concept maps (Wunnasri et al., 2018b).

In analyzing the difference in students’ utterances of the two groups, the
non-parametric Mann-Whitney U test for independent samples was utilized
for each act4teams category. The analysis also included one "other" category
to classify talks that did not fit into other act4teams categories during the col-
laboration. Additionally, their utterance volume was analyzed. The compar-
ison analysis tests showed that the total volume and problem-focused utter-
ance between the CSM and CKB group were significantly different. The com-
parison test for the total utterance volume and the problem-focused utter-
ance of the CSM and CKB groups resulted in a significant p-value of 0.002404
and 0.001361, respectively. However, the remaining categories, i.e., procedu-
ral, socio-emotional, action-oriented, and other, were insignificantly different
as the comparison tests to the categories resulted in p-values of higher than
the specified significance level of 0.05. Therefore, it can be said that other
than discussing the contents, both groups talked similarly. The comparison
of students’ utterances between the CSM and CKB group for each act4teams
category is shown in Fig. 5.12.
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Table 5.8 Descriptive statistics for the act4teams-categorized utterance.

Approach Category n Mean SD

CSM Problem-focused 10 3.7 4.547

CSM Procedural 10 8.8 7.131

CSM Socio-emotional 10 3.9 3.071

CSM Action-oriented 10 5.1 5.547

CSM Other 10 1.3 1.636

CSM Total Volume 10 23.1 15.466

CKB Problem-focused 10 26 15.909

CKB Procedural 10 14 10.132

CKB Socio-emotional 10 6.5 5.681

CKB Action-oriented 10 8.7 4.473

CKB Other 10 4.5 4.696

CKB Total Volume 10 59.7 28.593
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Chapter 6

Conclusion

6.1 Concept Map Authoring Support System

The concept map authoring tool, which employs CMM approach, has been
designed and developed as an extension the existing Kit-Build concept map
tool. One practical learning strategy in learning EFL reading comprehension
was designed and the viability of the authoring support tool were presented.
The authoring tool provided semi-automatic assistance in authoring concept
maps of EFL reading comprehension text in the form of suggestions at key-
word and proposition level.

Two experiments and one evaluation involving expert teachers were con-
ducted to evaluate the developed concept map authoring support tool; thus,
answered the defined research questions. The experiments involved teach-
ers and undergraduate students to experience the tool in composing concept
maps from English learning material. Research questions RQA-1 and RQA-
2 were answered from evaluation with three experts.The first experiment,
which involved English teachers, answered the research questions RQA-3,
RQA-4, and RQA-5. The second experiment, which involved undergraduate
students, answered the research questions RQA-6, RQA-7, and RQA-8.

RQA-1: With the designed extraction approach towards EFL reading comprehen-
sion learning strategy with Kit-Build, how is the accuracy of the suggested
keywords and proposition triples of the authoring support tool?

Concerning the learning strategy of EFL reading comprehension of
this research, accuracy level of 55.9%, 40.3%, and 44.8% could be
attained from the respective keywords, open domain-based triples,
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and verb-based triples recommendation of the initial concept maps.
Better accuracy could be achieved if potential suggestions were in-
corporated to refine the concept maps, yielding an improved accu-
racy of 95.1%, 69.3%, and 76.7% for the respective keywords, open
domain-based triples, and verb-based triples recommendation.

Even though the resulting concept maps were subject to the teacher’s
subjectivity, the designed semi-automatic concept map generation
approach could achieve average-to-good accuracy level. Neverthe-
less, the authoring tool support feature could perform exceptionally
well, especially in supporting teachers to refine and improve their
concept maps in more detail.

RQA-2: Will the developed concept map authoring support tool perceived to be use-
ful for assisting teachers in composing concept maps from EFL reading
comprehension texts and support their teaching activities with Kit-Build
concept map?

Experts perceived the developed concept map authoring tool useful;
thus, ascertaining the tool useful to assist teachers compose concept
maps from EFL reading material even though several limitations ex-
ists and improvement regarding the tool’s usability is needed.

From the first experiment, which involved English teachers, the following
research questions were addressed:

RQA-3: Will the concept map authoring support tool, which generates concept maps
semi-automatically, could improve the concept mapping efficiency in terms
of the yielded number of propositions?

According to the analysis result, larger concept maps could be at-
tained when teachers compose concept maps using the supported
authoring tool. Larger concept maps could be regarded as improve-
ment in concept mapping efficiency.

RQA-4: Will using the authoring support tool yields concept maps of better quality
than a manually composed concept map?

When teachers were using the supported authoring tool to compose
concept maps from English reading material, the attained concept
maps quality remains at the same level even though the resulting
concept maps have a slightly better quality.
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RQA-5: How will the teachers perceive the usefulness of the concept map author-
ing support tool to create concept maps of English reading materials for
teaching?

According to English teachers response in perceiving the usefulness
of the tool, positive responses were obtained. The concept map au-
thoring support tool was confirmed useful in providing assistance
to compose concept maps of English reading material for teaching.

The second experiment was conducted with undergraduate students to
experience the concept map authoring support tool and evaluate their expe-
rience regarding the supported tool with UEQ-S and TAM. The experiment
answered the following research questions:

RQA-6: Will the developed concept map authoring support tool provides better ex-
perience towards concept mapping than the existing authoring tool?

Generally, both concept map authoring tools evaluated in this re-
search showed a good UX evaluation result. Both tools could pro-
vide a positive UX in composing concept maps from learning mate-
rial.

Pragmatically, composing a concept map can be considered a simple
task. Users might think that composing a concept map by using a
simple tool is more comfortable. On the other hand, if users were
using another tool with aiding features, they could have more inter-
est towards the tool; gaining comfort emotionally. Their interest and
comfort might trigger eagerness to experience new kind of activities
or interactions that are different from usual habit.

One simple concept map authoring tool might be less efficient and
less supportive, but it yields a clearer and easier tool to help users ac-
complishing their tasks. On the other side, a feature-rich tool, which
is used to construct a concept map, is hedonically able to provide a
better comfort—emotionally—and a better interest to do their tasks
efficiently.

Nevertheless, the UX evaluation suggested that the developed con-
cept map authoring support tool has better hedonic UX but has less
pragmatic UX than the existing authoring tool.

RQA-7: How is the user acceptance model with TAM for the developed concept map
authoring support tool?
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The proposed model of TAM used in this research mostly conform to
the original TAM, except that in this study, the students’ perceived
ease of use don’t influence their attitude towards using the tool in
this research. Nevertheless, it can be suggested that the students
accepted the concept map authoring support tool to help them com-
pose concept maps of English reading material.

RQA-8: Among several factors that could possibly influence the acceptance model,
what are the factors that contributed to the acceptance of using the devel-
oped concept map authoring support tool?

Among the three additional external variables, i.e., Compatibility,
Habit, and Enjoyment, which were included in the proposed model,
Habit is the only aspect that has no significant influence towards stu-
dent intention in using the tool. Therefore, in order to improve the
students’ acceptance in using the Kit-Build concept map authoring
tool, the tool should improve its suggestions’ quality and usability,
thus raise its usefulness level.

6.2 Real-time Collaborative Concept Mapping System
for Online Learning with Concept Maps

In evaluating the developed online collaboration system and depicting how
the tool could perform in practical use, an experiment with students, which
simulated an online collaborative learning with Kit-Build concept maps, was
conducted. Several tests were designed to measure the effectiveness of online
collaborative learning with the tools. The following research questions were
addressed by the analysis to the experiment results:

RQB-1: How is the design of a system that enables the current Kit-Build concept
map system supports online real-time composition and discussion of concept
maps?

An online collaborative concept mapping system of Kit-Build con-
cept map has been successfully designed and developed; facilitating
students to learn collaboratively using Kit-Build concept map with
others online. With the proposed real-time communication design,
which employ Socket.IO library as the middleware that bridges the
communication between two or more clients, seamless collaborative
concept mapping and discussion with the developed Kit-Build con-
cept map authoring tool could be well attained.
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RQB-2: How is the students’ attitude towards the system usability in supporting
collaborative learning with Kit-Build concept map?

Having a trial with students in evaluating the system usability have
yielded a positive response towards the system and useful for further
development and use. According to the Online Cooperative Learn-
ing Application learning attitude measurement, the system proto-
type yielded a positive learning attitude score of 4.31 from a maxi-
mum score of 5. Thus, the developed online collaborative Kit-Build
concept map system was shown to be useful, enjoyable, and fun
where they could express their ideas and creativity.

RQB-3: How the use of Kit-Build concept map in an online collaborative learning
environment of EFL reading comprehension, which uses concept maps com-
position as its learning strategy, affects student comprehension as opposed
to the regular open-end concept mapping?

According to the experiment result and analysis, using the online col-
laborative Kit-Build concept mapping tool effectively supports col-
laborative learning of reading comprehension of English as a Foreign
Language that involves concept mapping activities. Both scratch-
mapping and kit-building approaches effectively improve students’
comprehension of English reading in an online collaborative learning
environment with concept maps.

In harmony with previous studies, recomposing concept maps in col-
laborative learning with Kit-Build helps students focus more on es-
sential ideas depicted by the kit, hence significantly better compre-
hension than composing concept maps from scratch. The findings in
this study showed that partially included the information about the
contents into a Kit-Build kit could arouse students’ curiosity, creating
the "spread of effect" to think about ideas other than one that implied
by the kit. The students who composed concept maps with Kit-Build
would have similar knowledge with the other students who com-
posed concept maps from scratch when asked about information un-
covered by the kit. Therefore, it is better to use Kit-Build than the
traditional concept map to learn EFL reading comprehension collab-
oratively.

RQB-4: How is the discussion during online collaborative work with concept maps
with and without the Kit-Build method?
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According to the analysis of the students’ conversation, using a kit
to construct and discuss with concept maps will allow them to talk
more about the contents rather than talk about procedural matters.

6.3 Overall Conclusion and Future Work

A computer-supported concept mapping tool has been developed, providing
authoring assistance through semi-automatic concept map generation pro-
cess with CMM. Additionally, a collaboration system for the concept map-
ping tool was developed. Allowing student and teacher collaboratively learn
online with Kit-Build concept map. The collaboration system allow real-time
communication and collaboration of concept map composition and recompo-
sition with Kit-Build concept map framework. Thus, demonstrate the effec-
tiveness of the using the tool in learning with Kit-Build concept map online.

The authoring support tool was developed with CMM approach, thus
adapted the NLP and several text mining techniques to extract concepts and
propositions from text-based learning material. The tool provided assistance
by suggesting the extracted concepts and propositions to be incorporated as
part of the author’s concept map. In addition to have a good assisting per-
formance in the authoring process, the tool was perceived useful by both
teacher and student for learning. By using the support feature to compose
concept maps from learning material is shown to improve the efficiency of
producing larger and more detail concept maps at a slightly better quality.
They expressed their positive response and acceptance regarding the author-
ing support tool through UEQ-S and TAM evaluation.

The result of TAM analysis from this research identifies aspects that in-
fluence the students’ intention in using Kit-Build concept mapping tool for
learning. This research experiment result shows that several future improve-
ments to the authoring tool can be made, focusing to the areas that influence
the most or lack of. A further usability analysis can also be carried out to
evaluate and analyze the user experience in using the concept map author-
ing tool.

This study also confirmed that learning with Kit-Build concept map in
online settings has similar learning effect to learning with Kit-Build offline.
Evaluation to the online collaboration feature also demonstrated the tool ef-
fective for collaborative concept mapping composition use where multiple
users could work with concept maps remotely on the same concept mapping
space in real-time. Further improvements, integration, and inclusion of Kit-
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Build concept map framework into broader contexts, such as Massive Open
Online Course (MOOC) and other learning subjects, are several potential re-
search topics of learning research with Kit-Build concept map.
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Appendix A

Online Cooperative Learning Attitude

A.1 Positive Attitude Scale

ID Items

A1 I enjoy solving problems regarding the group project using Collaborative Con-
cept Mapping Tool (CCMT) with my group members.

A2 Being interactive with the other group members using CCMT increases my mo-
tivation for learning.

A3 I enjoy experiencing collaborative learning using CCMT with my group mem-
bers.

A4 Online group activity increases our creativity.

A5 I believe that the group can work on a concept map effectively with the CCMT.

A6 CCMT improves my social skills.

A7 I enjoy helping others in CCMT.

A8 CCMT is very entertaining for me.

A9 CCMT helps me feel better psychologically.

A10 More ideas come up as a result of CCMT.

A11 I think that I have had/will have more successful results since I work with a
group in CCMT.
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A.2 Negative Attitude Scale

ID Items

A12 Trying to teach something to my group members in CCMT makes me tired

A13 CCMT does not make any sense to me.

A14 I cannot develop my own ideas in CCMT.

A15 I don’t like that people are depending on me in CCMT.

A16 I don’t think that my interaction with my group members in CCMT will make
any contribution to me.

A17 CCMT is not suitable for me.
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