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Abstract. This paper describes an investigation into the reliability of an auto-
matic assessment method of the learner-build concept map by comparing it with
two well-known manual methods. We have previously proposed the Kit-Build
(KB) concept map framework where a learner builds a concept map by using
only a provided set of components, known as the set “kit”. In this framework,
instant and automatic assessment of a learner-build concept map has been real-
ized. We call this assessment method the “Kit-Build method” (KB method).
The framework and assessment method have already been practically used in
classrooms in various schools. As an investigation of the reliability of this
method, we have conducted an experiment to compare the assessment results of
the method with the assessment results of two other manual assessment meth-
ods. In this experiment, 22 university students attended as subjects and four as
raters. It was found that the scores of the KB method had a very strong correla-
tion with the scores of the other manual methods. The results suggest that au-
tomatic assessment of the Kit-Build concept map can attain almost the same
level of reliability as well-known manual assessment methods.

Keywords: Concept Map Assessment Method, Kit-Build Concept Map, Relia-
bility

1 Introduction

Concept maps were developed in 1972 in Novak and Musonda’s research program [1]
which investigated changes in children’s knowledge of science. Novak and Mu-
sonda’s research was based on the learning psychology of Ausubel et al. [2] which
discussed the assimilation of new knowledge into existing knowledge by learners. A
concept map represents conceptual understanding via connections and links between
concepts. A concept in a concept map can be a term or symbol that is enclosed in a
box, and a link is a line that is connected to two concepts. A linking word is a word on
the link that represents the relationship between concepts. To build the concept map,
creators have to organize their knowledge following their target. They can limit the
scope of their concept map by constructing a concept map for answering the focus



question. Then the creators build a concept list from the main idea of the content and
they order these concepts from general to more specific aiding in hierarchical con-
struction. Proposition of the concept map, or unit of meaning, can be constructed from
linking two or more concepts via a proper relationship. The concepts should be or-
dered by placing the general concept in the top hierarchy and specific concepts at the
bottom [3]. Moreover, concept maps can help learners to significantly reduce their
learning cognitive load, because concept maps assist in the integration of knowledge
and facilitate learners in their independent learning and thinking [4]. Due to these
characteristics, concept map is used to organize and represent knowledge extensively.

Afterward, the concept maps are used in a classroom situation for checking learn-
ers’ understanding. Several educational researchers proposed the concept map as-
sessment method for checking learners’ understanding. These assessment methods,
which are processed manually, are reasonable for evaluating concept maps, but they
entail high costs, such as time and human workload, for scoring each concept map.
Hence, an automatic concept map assessment is proposed for decreasing time cost and
human workload.

The Kit-Build concept map (KB map) is a framework to realize automatic concept
map assessment [5, 6]. In the KB map framework, a learner builds a concept map by
using only a provided set of components, referred to as the set “kit”. Instant and au-
tomatic assessment of a learner-build concept map, realized in this framework, is
referred to as the “Kit-Build method” (KB method). In this framework, the set of
components are made by decomposing a concept map that is built by a responsible
teacher. This map is called the “teacher-build map”. The responsible teacher is re-
quested to build the teacher-build map as a criterion to assess a learner’s comprehen-
sion for a specific topic or teaching. Then, a learner is requested to build a concept
map to express his/her comprehension for the same topic or teaching. Because all
components of the learner-build map are the same as the teacher-build map, automatic
assessment of a learner-build map is realized by comparing the learner-build map
with the teacher-build map. KB map and assessment methods have already been prac-
tically used in classrooms in various schools, for example, in science learning in ele-
mentary schools [7, 8], geography in junior high schools [9], and the learning of Eng-
lish as a second language [10].

These practices have shown that the KB map is suitable for use in teaching situa-
tion where the instructor gives directions followed by instructor’s interpretation.
However, we have not previously compared the KB method with other well-known
manual methods that are accepted as reliable. Although the automatic assessment
method has advantages over manual assessment, for example, real time assess-
ment/feedback, load reduction of the rater/teacher, etc., the reliability of automatic
assessment requires investigation. In this study, the results of manual methods were
assumed to be reliable and we compare the assessment results of the KB method with
the assessment results of two other manual assessment methods. As the two manual
methods, (1) structural scoring proposed by Novak [11] and (2) relational scoring
proposed by McClure [12] were adopted. We conducted an experiment where 22
university students were designated as subjects and four were designated as raters.
The results of the experiment showed that the scores of the KB method had a statisti-



cally significant correlation with the scores of the other manual methods. The results
suggest that automatic assessment using the KB method can attain almost the same
level of reliability as well-known manual methods.

2 Overview of the Concept Map Assessment Method

2.1  Manual Concept Map Assessment Methods

A manual concept map assessment method is used by a human who can understand
the meaning of words in the concept map well. The human is often called a “rater”. In
this study, we focus on the methods that pay attention to the structure of a concept
map and the meaning of the proposition of a concept map.

Several concept map assessment methods evaluate the concept map by investigat-
ing the structure of the map, such as, the levels of the hierarchy, the characteristics of
the branch, etc. In this study, we focus on the structural scoring of Novak and Gowin
[11] as a typical structural method. This method gives high scores for each correct
level of the hierarchy and each valid crosslink because ordering the concepts into the
hierarchy, and connecting the crosslinks, can facilitate the constructor’s creative
thinking. However, structural scoring, which tends to score the structure more than
the meaning, may be the cause of substantial meaning-leakage in a concept map.

Many manual assessment methods which pay more attention to the meaning of a
proposition for scoring the concept map, rather than the structure, have been pro-
posed. They focus on language and understanding of the representation. These mean-
ingful methods always have a printed set of criteria as the rubric for assessing
knowledge and giving feedback. From investigating various meaning methods, we
focused on the relational scoring from McClure and Bell [12], which is referred to as
relational scoring in this paper, and is a common concept map assessment method. In
the study by McClure et al. [13], they requested 63 students to construct concept maps
by using 20 provided concepts, creating their own linking words. Then, 12 raters
scored individual maps by assessing each proposition on the concept map separately.
The rater awarded scores of zero to three points for each proposition based on the
suitability of the meaning of the proposition. The authors claimed that this method has
the highest reliability when using the criteria map, (teacher-build map), using the
holistic method and the structural method as comparisons (Novak and Gowin struc-
tural scoring). The authors confirmed this result by using the g-coefficient value.
Based on these considerations, we have designed an experiment for testing the relia-
bility of a manual method, similar to the experiment of McClure et al. We have se-
lected the structural scoring proposed by Novak and Gowin, and the relational scoring
proposed by McClure and Bell, to compare with the KB map proposed in the current
study.



2.2 Kit-Build Concept Map and Automatic Assessment

The Kit-Build concept map framework is one of the automatic concept map assess-
ment methods that use a teacher-build map to compare with the learner-build map by
using exact matching at the propositional level. It is utilized in the form of a learning
task or exercise for checking learners’ comprehension of a topic that they have al-
ready learned. The task of the KB map is separated into two subtasks. The first is the
segmentation task where a teacher is requested to prepare the teacher-build map,
which is an expression of an eligible comprehension of the topic for the teacher. An
example of the teacher-build map is illustrated in Figure 1. After submitting the
teacher-build map to the server, the teacher-build map is extracted to be the kit that
contains a list of concepts and relationships from the teacher-build map. The kit from
the teacher-build map in Figure 1 is shown in Figure 2. Moreover, this kit is provided
to help learners to reduce their cognitive load more than the traditional concept map,
where they must create all components themselves. Using the kit, the learners are
required only to recognize the components.
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Fig. 3. Learner-build map Fig. 4. Difference map

The second task is called the structuring task. Learners are given the learning task
of reconstructing a concept map by using the kit, creating a map which is referred to
as the learner-build map (Figure 3). After the learner-build maps are uploaded to the
server, the KB map will evaluate learner-build maps by exactly matching each learn-
er’s proposition with the teacher-build map’s proposition. For example, the relation-
ship between the concepts “Sugar” and “Sucrose” is checked. If the relationship is
identified as “related to,” the score for this learner-build map will increase by one
point. In the case of the concepts “Sucrose” and “Glucose,” if the learner connected



them by using the relationship “is changed to,” this does not exist in the teacher-build
map. Following the teacher-build map, the relationship of this proposition should be
“is made up of”, so this proposition is not awarded any point from the system. This
corresponds to the scoring by propositional level exact matching method. This meth-
od makes the KB map different from the manual methods which allow learners to
create their own linking words, preventing the learner-build map from being straight-
forwardly compared with the criteria map. The manual methods require time for con-
sidering the meaning of each proposition carefully. After checking the connections of
the learner-build maps by the propositional level exact matching, the system will gen-
erate a score in a percentage format. The instructor can also investigate learners’ mis-
understanding individually as a difference map and can find the overview of all learn-
ers by overlaying all learner-build map, as the group map, and the group-goal differ-
ence map on the analysis screen of the KB. In the difference map, three types of error
link are represented as shown in Figure 4. The lacking link, which is represented by a
dashed line, is a link that exists in the teacher-build map but does not exist in learner-
build map. The excessive link, which is shown as a solid line, is a link that occurs in
learner-build map but does not occur in the teacher-build map. Lastly, a solid line that
is not connected to any concepts in the learner-build map is the leaving link. The in-
structor can use these links to find the holistic leaking understanding of all learners.
Following the KB map framework’s ability, the instructor can use the KB map to
check understanding of individuals or groups of learners, and can use the diagnosis
result to discuss with learners the meaning of each of the error links. After error link
analysis, the instructor can adjust the teacher-build map or teach learners about the
content that learners have not understand completely.

In the other automatic methods, only a list of concepts is provided to learners. Be-
cause these methods also allow learners to create their own linking words, they cannot
compare a learner-build map with the criteria map straightforwardly. Hence, they
require synonym word matching, which is very flexible for evaluation using the
meaning of words, but which has not yet reached a sufficient level of accuracy. In
contrast, the KB map provides the kit which can be assessed by using the proposition-
al level exact matching and can create informative diagnosis results. Moreover, the
KB map can provide the group map and group-goal difference map, which can sup-
port the instructor in analyzing comprehension in both an individual learner and as an
overview of the whole class. These are the prominent advantages of the KB map
when it is utilized in a classroom situation.

3 Research Methodology

To confirm the reliability of the KB map, we designed an experimental procedure to
compare the KB map and the manual methods in terms of their ability to assess the
comprehension of learner on a topic. Usually, the KB map is used in teaching situa-
tions, however, it is desirable to ensure that the KB map as can be used in a reading
situation also. Hence, the experiment was designed to operate in two learning situa-
tions. Moreover, to compare the difference between the KB map and the manual



method, the important attributes of the concept map assessment method are shown in
Table. 1.

Two typical scoring methods, which are widely used for assessing concept maps,
namely the structural scoring as structural level analysis, and the relational scoring as
propositional level analysis, were chosen for comparison. The manual method is
inferred from the research of McClure et al. [13], who provided a list of concepts to
learners and requested that they construct concept maps by creating linking words
themselves. The synonym matching method was used for evaluating the meaning of
each proposition. However, the KB map provides both the concepts and the linking
words, which are decomposed from the teacher-build map, to learners. Thus, the au-
tomatic exact matching method can be used for checking the correctness of each
proposition.

Table 1. Comparison between the attributes of each concept map assessment method

Assessment Provided Items
Assessment Method Raters Level of Matching | Concepts Linking
Analysis Method Words Words
Structural Scoring Manual Structural Synonym | Provided Not Provided
Relational Scoring Manual Propositional | Synonym | Provided Not Provided
Kit-Build Concept Map Automate Propositional Exact Provided Provided

3.1  Subjects

Subjects for this study were recruited from university students who possessed a good
level of English. The 22 students, who were volunteers from various education fields,
were given the role of learners. They were given introductory training in concept
maps before participating in the experiment. Four students, who were familiar with
the use of the concept map and understood the content of the experiment material
well, were assigned as raters. These raters were given an explanation of the procedure
of each assessment method, and they were required to study the procedures carefully
before scoring the learner-build map. In addition, one graduate student was assigned
the role of instructor. The instructor was required to prepare the article and teaching
material for the experiment and the instructor was also required to construct the
teacher-build map following specific instructions. In this study, the article “Sugar”,
which uses common explanatory words, was chosen for the learning process. This
article contained three sections, each covering one third of a page, defined as the in-
troduction to sugar, types of sugar and how sugar is produced [14].

3.2  Map Production

Initially, the instructor chose a 1,594 word article, prepared the teaching materials and
built the teacher-build map. The teacher-build map contained 15 concepts and 16
relationships. In the study, learners were requested to read the article in ten minutes,
and they were then provided with the list of concepts. Next, they were required to




create linking words by themselves for the construction of a concept map in 15
minutes using the CMapCloud application [15], as illustrated in Figure 5. These
learner-build maps were scored by the two manual methods. The learners were then
asked to construct a concept map again in 15 minutes by integrating the kit of the KB
map, which provided both a list of concepts and a list of linking words. The initial
representation of the KB map in this experiment is shown in Figure 6. After the learn-
ers had completely connected the propositions and uploaded their map to the server,
these learner-build maps were evaluated using the KB map assessment method based
on exact matching at the propositional level.

After the reading session concluded, the instructor taught learners based on the
same reading article but following the instructor’s interpretation using 16 slides deliv-
ered over ten minutes. Afterward, learners were required to construct the learner-build
maps following the same procedure as in the reading situation, namely, constructing
learner-build maps by creating linking words by themselves and integrating the kit to
create a learner-build map using the KB map. When learners completed all learner-
build map construction, they were asked to answer a questionnaire. The procedure of
this experiment is displayed in Figure 7.
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3.3 Concept Map Scoring by Manual Methods

The concept maps, which were constructed using CMapCloud, were scored by three
manual methods that contained, (a) the Novak and Gowin structural scoring (the
structural scoring), (b) the McClure and Bell relational scoring without the criteria
map (the relational scoring without criteria map) and (c) the McClure and Bell
relational scoring with criteria map (the relational scoring with criteria map). The
raters were required to read the instructions of each assessment method carefully
without time restrictions. The score of the manual methods was normalized to a per-
centage score by using the perfect score for each method. After the scoring was com-
pleted, the raters were requested to complete the questionnaire. Procedures for each
method were prepared based on the description in [13]. The reliability of the results of
the manual methods is discussed in Section 4.

3.4 Questionnaires

The questionnaires were assigned to both raters and learners to assess their familiarity
with concept mapping and their opinion of the experiment. For the raters, the ques-
tionnaire contained two parts. The first part of the questionnaire assessed their famili-
arity with the concept map and with the content of the article. The questionnaire also
asked about their disposition when they were scoring the concept maps. The second
part of the questionnaire requested raters to rank each scoring method in four aspects
covering (i) hardness of decision, (ii) use of memory, (iii) time taken and (iv) reason-
ableness of the score.

For the learners’ questionnaires, the aim was to assess their background in concept
mapping and in the content of the article. A further aim was to understand how their
experiences differed when constructing the concept maps by creating their own link-
ing words and when using the KB map.

4 Experimental Results and Discussion
4.1  Correspondence of the KB Map and the Manual Method

The reliability of the manual method.

To confirm the KB map’s reliability as a framework for assessing learners’ compre-
hension of a topic by comparing with reliable manual methods, we aim to first inves-
tigate the reliability of the manual methods. The scores from three manual methods:
(a) the structural scoring, (b) the relational scoring without criteria map and (c) the
relational scoring with criteria map, were used to perform generalizability analysis
through the GNOVA software [16] which returns the g-coefficient, as used in the
reliability investigation by McClure et al. [13]. The g-coefficient is analogous to the
reliability coefficient in classical test theory [17].



Table 2. the g-coefficient for each manual method and the study of McClure et al. [13]

Current Study
- - McClure’s
Reading Teaching
Structural Scoring 0.7520 0.9029 0.23
Relational Scoring w/o Criteria 0.8659 0.8540 0.51
Relational Scoring w/ Criteria 0.8874 0.9133 0.76

In this study, we interpret the g-coefficient as an estimate of score reliability as-
suming a single rater which shows the consistency of each scoring method as shown
in Table 2. All values of G-coefficient of the current study are higher than values
reported in McClure et al. [13]. Then, the scoring with the criteria map resulted in the
highest score reliability in both reading and teaching situations, which is consistent
with the investigation of McClure et al. which indicated that the relational scoring
method is reliable in assessing the concept map. Based on these results, we concluded
that the manual assessment conducted in this research is reliable and it is possible to
evaluate reliability of KB map by comparing with the results of the manual assess-
ment. As for the reason why the g-coefficient obtained in the current study is higher
than that obtained by McClure et al. we guess that the current study was conducted
with a smaller number of subjects and raters, that is, 12 raters in McClure et al., and 4
raters in the current study.

The reliability of KB method.

To confirm the reliability of the KB map, a comparison between the KB map’s result
and the reliable manual method’s result is required. The Pearson’s correlation was
computed using the R programming language and the correlation value is shown in
Table 3. Following the strength of the correlation from Evans [18], the relational
method with criteria map, which achieved the highest reliability score, has a very
strong correlation with the KB map in both reading and teaching situations. This is
because raters use the criteria map as a frame for their scoring, in a similar way to the
teacher-build map used in the KB map. For the remaining methods, the results from
the relational scoring without criteria map have a very strong correlation in the read-
ing situation and strong correlation in the teaching situation. This is because the pro-
cedure of relational scoring without the criteria map is too wide for meaningful evalu-
ation of the learner-build maps, which are constructed for checking the understanding
following a specific teaching situation. The structural scoring has a strong correlation
with the KB map in both situations, even though structural scoring scores the concept
map by giving precedence to the structure of the concept map, which is a different
approach compared to the KB map.

The results above suggest that the KB map can assess learners’ comprehension of a
topic as well as the manual concept map assessment methods. If the manual methods
give a relatively high score to a learner, the KB map also has a high possibility of
giving a relatively high score to the learner. In addition, learners who get a relatively
low score from the manual methods, also have a high possibility of getting a relatively
low score from the KB map. As indicated by the high correlation value, the KB map




is reliable, and is comparable to the manual methods, in identifying learners’ compre-
hension for a topic and evaluating the concept map.

Table 3. The correlations in scores between each manual method and the KB method

KB in Reading KB in Teaching
Structural Scoring 0.7360 0.7360
Relational Scoring w/o Criteria 0.8532 0.7371
Relational Scoring w/ Criteria 0.8671 0.8165

Note: Calculated Pearson product correlations are statistically significant as indicated by p-value < 0.01

4.2  Results of Questionnaire

Two sets of questionnaires were used in this study. The first questionnaire was for
learners after they completed all of their tasks, this is presented in Table 4. From the
learners’ questionnaire analysis, learners who did not have existing knowledge about
the learning material before obtained a good understanding of the content after read-
ing. In addition, the learners could accept the instructor’s interpretation clearly after
they received an explanation in the teaching situation. When learners constructed their
learner-build map by creating their own linking words, most of them concluded that
they could represent their understanding adequately; similarly, users of the kit KB
map were able to express their understanding appropriately. This summary suggests
that the KB map is appropriate to use in supporting learners to express their under-
standing, and that it produces similar results to using the concept map where the link-
ing words are created freely.

Table 4. A part of the learners’ questionnaire

Strongly . Strongly
. Disagree Neutral Agree

Disagree Agree
Learners know about concept map before 9% 14% 9% 55% 14%
Learners know about material before 18% 27% 9% 41% 5%
Learners can represent their understanding 0% 5% 18% 73% 5%
by using CMapCloud
Learners can represent their understanding 0% 5% 0% 36% 59%
by using KB map

For the raters’ questionnaire, all raters identified their familiarity with using the
concept map and their understanding of the learning material as strong confident. In
the raters’ ranking of the manual methods, which is illustrated in Figure 8, the struc-
tural scoring was the hardest assessment method, because the rater had to decide on
the suitability of each hierarchy and crosslink. Conversely, it was easiest to use the
relational scoring with criteria map since the criteria map could be used as a guide for
scoring. For the cost of scoring, the raters noted that the structural scoring and the
relational scoring without criteria map used their memory load and time more than the




relational scoring with criteria map. This was because of the difficulty in thinking
about the learner-build map structure and recalling how previous learner-build maps
were scored. For this challenge, the criteria map can help the scoring of the learner-
build map by using the relational scoring with the criteria map. In the final question,
the raters were requested them to rank the most reasonable method in their opinion.
The relational scoring with criteria map achieved the highest rating. This ranking
corresponds with the comparison between six concept map assessments by McClure
et al. [13]. Hence, the strong correspondence between the KB map and the relational
scoring with criteria map confirms that the propositional level with exact matching of
the KB map is a reliable method to assess the efficiency of learning and the KB map
can be used as an alternative automatic method for assessing the concept map.
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Fig. 8. A part of the score from the raters’ questionnaire

5 Conclusion

This study investigates the reliability of the KB map in terms of its ability to identify
the efficiency of learning. An experiment was designed to compare the KB map with
three manual concept map assessment methods in reading and teaching situations.
Selected manual methods contained structural scoring, (which investigates the com-
position of the concept map straightforwardly), relational scoring without the criteria
map, and relational scoring with the criteria map. The relational scoring gives prece-
dence to the meaning of propositions and is reasonable for evaluating understanding
from a concept map, but requires expert checking and significant time input for scor-
ing. These manual methods provide flexible and meaningful concept map assessment,
and their reliability is widely accepted. However, they are inconvenient due to the
limited class time that instructors have to complete a unit of instruction. In this study,
the KB map was compared with the manual methods to test the assumption that the
KB map is reliable in identifying the efficiency of learning. From this study, the re-
sults show a strong and significant correlation between the KB map and the manual
methods in both the teaching and reading situations. The KB map has the highest
correlation with the relational scoring with criteria map, achieving the most reliability
score (g-coefficient) in both learning situations. Moreover, the learner-build map
scores of the KB map were similar to the manual methods. Based on these results, it is
concluded that the reliability of the KB map assessment is comparable to the manual
methods.
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