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Abstract: The purpose of this study is to explore how concept map formation process
carried out by individuals who are designated experts and novices. As a group of
novice participants, 73 prospective teachers and 5 experts were participated to the
study. Data collected by using open ended questionnaires, and retrospective review and
eye tracking sessions. These data were used to explore the cognitive process of users
during concept map development process. The preliminary results showed that
participants tended to follow a deductive approach and in terms of concept map
building strategy, there is a pattern among participants starting map with writing links
after the concepts.
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1 Introduction

Concept maps defined as graphical tools for organizing and representing knowledge [1].
They are routed from cognitive approach, valued among researchers and practitioners for
a long time. It is not a new topic for educators, since the effects and benefits of them were
explored and mentioned in many research studies. Especially in science education they
have been widely used; especially for evaluating the knowledge organization have been
used [2], [3], [4]. The literature on concept maps shows that they have been used widely
for five categories; including creativity, hypertext design, communication, learning and
assessment [5]. The structure of concept maps as a meta-cognitive tool is considered as
beneficial, and enhance the understanding with promoting chances to establish relations
between exist structure and new knowledge [6]. It is also supported in the literature while
explaining Ausebel’s basic idea on cognitive psychology on the learning process
“learning takes place by the assimilation of new concepts and propositions into existing
concept and propositional frameworks held by the learner” [1]. According to them this
knowledge can be seen as the cognitive structure of individuals. For this reason, concept
maps as a good way to represent knowledge of participants in order to comprehend the
conceptual understanding of participants and they need to be explored with considering
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the cognitive processes of the human beings [1]. The importance of concept mapping in
terms of the role in the process of demonstrating the individual perceptions on subject,
more willingly than copying the memorized facts emphasized [7]. The uniqueness is
another key point that every map has its special structure since every individual constructs
very different maps because of the comprehension of content and knowledge that they
acquired [6]. However, like our views, the tools and their usage were changing with
respect to the needs of the learner and teacher, and this affects the learning process and
researchers’ position and interests directly. In recent years, concept maps are started to be
used in many fields and for diverse purposes. The common usages of concept maps were
using filling maps [8] using concept maps as assessment tools while considering the issue
of reliability and validity [4] using different linking phrases in concept mapping [9] and
investigating the feasibility of online concept maps [10]. The frequently explored
characteristics of concept maps are the hierarchical structure, cross-links and as well as
specific examples related with the maps.

As discussed above, concept maps are beneficial tools as they provide an
environment for representing the verbal knowledge visually. As constructivism
emphasize the importance of knowledge construction of learner and concentrate on the
active participation in this process, concept maps valuable tools for implementing this.
Even the emphasis is more on learner than the instructor; the assessment is still a
problem. Using concept maps as assessment tools and considering them with scoring the
concept, link and cross-link number is a well-known and still being used method. In this
process some of the researchers proposed techniques on counting the number of the links,
concepts or cross links. Although the process requires an assessment step to gather
information on the process in terms of the quality of the maps, counting the content of
maps may not be an effective strategy. Concept maps are effective tools with their visual
structure also for this purpose. Moreover, exploring the construction process is critical
that it centralizes the learner and suits to the constructivism’s fundamentals with this
respect. Although, many research studies have focused on the practical applications of
concept maps [11], there has been limited number of studies dealing with the construction
process of the concept maps.

The main purpose of this study is to understand the process of concept map
development. With this respect, secondary purposes were emerged as exploring the angles
of designated experts’ and novices’ concept mapping process whether there are patterns
among novices and experts’ concept map development process regarding their cognitive
processes. Specifically, the process will be determined whether there are explicit
similarities or differences among the novices and between experts. It is aimed to propose
a common model for concept map development. The cognitive dimension will give
chance to see the differences between individuals in terms of their expertise and how it
affects the map development directly. This study is not interested in scoring because the
process includes much more than acquiring an end-product. The construction process
itself includes chain of cognitive processes in it, the activities like arranging, constructing,
deleting or changing into another relation or concept are also related with construction
process and this needs to be explored detailed. As a result, exploring concept map
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development process became critical process that it includes visual representation of the
existing information by forming relations among concepts. Determining the reasons of
ineffective concept map usage and the deficiencies of individuals might be explored
easily and effectively. This process is also crucial for determining the reasons of
ineffective concept map usage and also the deficiencies of the learners are explored more
easily and effectively with considering the reasons lying beneath.

2 Research Method and Procedures

As a research methodology mixed method research was selected including stages
following one after another. The process can be considered as a prototyping cycle process
and all these sections were presented through this context. With this respect, three
research studies were conducted for exploring the cognitive process of the participants
with examining their concept map development process.

2.1 Research Questions

1. How does concept map development process actualized?

» How does concept map development processes differ within designated
novices and experts?

Is there a relationship between levels of use of different concepts and levels
of expertise? How can we improve novices to expert level?

What are the factors that affect experts’ and novices’ concept map
construction process?

Do novices and experts use specific strategies during the concept map
development process?

Are there differences among experts’ and novices’ concept maps in terms of
content richness and structure of map? If so, could these differences be used
to determine their expertise levels?

vV VYV V VY

In the first study, the participants were asked to develop a concept map and their eye
movements were recorded and analyzed. The second study carried this study one step
further with a different group of participants. In addition to the eye movement recording
process, participants were asked to fill a form called as “interpretative essay” includes
questions regarding concept map formation process. With these questions it was aimed to
understand the cognitive process of the individuals by validating the process with the
responses coming from themselves. The last study can be considered as a combination of
the previous two studies. Since the participants’ responses could not provide a detailed
picture on their cognitive process, the researcher changed her strategy instead of asking
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for subjects to write their acts and concept mapping process, they were requested to talk
about their behaviors in this process. This process called as debriefing session or
retrospective review. During this process the participants watched their own concept map
developing video which was recorded by eye tracking device and they were asked about
the specific steps and acts in this video. This process recorded by voice recorder to have a
better understanding about subjects’ comments and explanations.

The reasons for using different groups and different techniques during the data
collection due to the problems occurred in the process. While starting the research study,
the researcher decided to use a single case for exploring the cognitive process of the
participants. However, after the first data collection she realized that another data
collection is necessary by using a narrative way of explaining the cognitive process. In the
second phase, the researcher collected data with using different instrument than the first
phase; however the participants did not want to write more about the process because the
data collection process is frustrating for them. They expressed that they could not explain
their feelings in detail. Hence, the researcher asked them to do another concept map with
using an easier way as debriefing session from the video, and add another dimension to
the study as expertise. These three phases can be seen as extensions of each other, in other
words these three studies were independent but associated cases. Each case examined
independently and each phase contributed to the other phase like the former step carried
to the existing step to one step further.

2.2 Preliminary Results

The preliminary results of the first study showed that, all participants tended to follow a
deductive approach. They have started with placing the main concepts and then they
established the sub concepts and links with considering the relationships between the
main concepts. The main thought lying under beneath is starting with the main concept
and going into deeper concepts. In addition to this, it is observer that they had an
established pattern of behavior in terms of putting the links and concepts which is a
synchronized manner. Moreover, in terms of the concept map building strategy, almost all
participants started to construct concept maps with writing the links and after that the
concepts were written. Two of the participants used different way that they started by
writing the concepts first and after that they wrote the related links. However, these
exceptional participants who started with the concepts and continue with the links
changed their patterns after average 3 minutes into writing the links before concepts. The
average completion time period was 18.72 minutes for all participants. The minimum
time period for building concept map is 9.48 minutes and the longest period was 29.39
minutes with SD=6,5801.

In terms of the visual representation of the concept maps almost all participants
constructed hierarchically built concept maps. Although some of the participants started
to form concept maps which have star structure, they included some branches into the
maps and the structure changed into a hierarchic manner. In the concept map formation
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process, some specific acts were observed as labeled by researcher. These main acts and
the time period spent were analyzed by eye tracking device. This gives opportunity to
consider the time frame of the participants while looking at the concepts and links. In
addition to this, the reasoning process and arrangement process were analyzed for having
an idea on the participants’ cognitive structure

3 PhD’s project contribution and significance

Although concept mapping is a greatly researched area, many of the studies just focused
on the potential of concept maps as in the assessment process and evaluation of the
concept maps. Especially, the angles of experts and novices are not a well researched
issue for researchers. This study might contribute to the literature, since it has potential to
fill the gap on this issues and this study has a combined perspective under the same
umbrella while exploring different dimensions related with learning and knowledge
structure. Even though every dimension might be explored by researchers particularly,
proposing common models for these issues while integrating them under the same
umbrella is not an attempted approach. For that reason, this study has a potential to fill
this gap while proposing a common model for researchers to be used. This study may
help researchers to comprehend their knowledge on expertise and cognitive process with
considering the role of concept maps in the learning process.

In addition to this, technological developments effecting field of education like every
field. Applications through this also became popular among educators as well as future
educators. Since this study includes a technological version of the exist application of
concept maps as using paper and pencil. Almost all the students showed an interest to
these kinds of applications due to its efficacy and cost-effectiveness than the paper pencil
one. This kind of applications and their diffusion among teachers has a significant
importance for preventing the resistance to the new technologies and their dissemination.
The more teachers and future teacher became aware of the new developments the more
they might be willing to use them. Besides, after 2004 the Science and Technology course
curriculum structured based on constructivist approach, in Turkey,. This study may offer
some practical contributions like helping prospective teachers to use concept maps more
effectively in their future teaching life and gaining adequate information about learners.
As concept maps are beneficial tools for representing existing knowledge visually and
meaningfully rather than memorizing the facts and write down them, this kind of
strategies will enable students to analyze and putting through their existing knowledge
with new ones while considering their relations. This may provide clues for increasing the
quality of the maps and also the perspectives of the learners.
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