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Abstract

Objective: Traditional tests have been criticized by educational evaluation researchers for many
years. In this regard, concept maps have shown that in addition to educational goals, they can also
be used as educational evaluation tools, so the purpose of this research is to evaluate the power of
tests based on concept maps as an alternative approach for tests. It was traditional.

Method: The statistical population of the research consisted of all first-year students of
experimental sciences in Eslamabad-e-Gharb city in the academic year 2017-2018. The sample of
the research included students of four classes (109 people) of the first year of the biology course of
the second secondary level, who were selected by multi-stage cluster random sampling. The
research tools included a four-choice educational achievement test, a hierarchical conceptual map
completion test, a network conceptual map completion test, a hierarchical conceptual map drawing
test, and a network conceptual map drawing test. The research design was an evaluation design.
Statistical methods included Pearson's correlation coefficient, Kuder-Richardson coefficient,
independent two-sample t-test and one-way analysis of variance (Kruskal-Wallis test and
Benferroni's post hoc test).

Findings: The research results showed that four tests based on concept maps have high content
validity and reliability. In terms of criterion validity, four concept map-based tests had different
correlation values with a four-choice test. In terms of differential validity, with the exception of the
conceptual network map drawing test, the other three tests were able to detect the difference
between the scores of the two groups of high and low academic achievement.

Conclusion: The results of the present study showed that it is possible to use concept maps as
evaluation tools, at least from a technical point of view; Therefore, it is necessary that the relevant
officials in the country's education and evaluation system have a special and different view on the
practical role of concept maps in the context of being used as a new and alternative evaluation
tool.
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Extended Abstract

1. Introduction

Although voices are always heard about removing, modifying and modernizing
the existing evaluation system, no fundamental action has ever been taken
because there are always numerous obstacles that protect the existing evaluation
system. Therefore, creating alternative evaluation methods has always been a
necessity. In this regard, educational researchers have made efforts to discover
effective forms of evaluation due to dissatisfaction with traditional evaluation
methods, which one of the pioneers in changing this situation is constructivism
theory (Arneson, 2005).

One of the evaluation methods consistent with constructivist theory is the
concept map-based evaluation method, which is considered as one of the
alternative evaluation methods to traditional evaluation methods. Ruiz-Primo
and Shavelson (1996) pointed out that reliability and validity information about
different mapping techniques should be supplied before concept maps are used
for assessment (Yin & Shavelson, 2008). Because demonstrating the reliability
and validity of any assessment measure is critical (Schmidt, 2006). Therefore,
the main question in the present study is: Are various concept map-based tests
effective in assessing learners' academic achievement? And whether these tests
have the ability to replace traditional assessment tests?

2. Materials and Methods

The research design was an evaluation design. The statistical population of the
study consisted of all students of the first year of the empirical science field in
Eslamabad-e-Gharb city in academic year 2017-2018. Among these students,
four classes (109 students) were selected by multi-stage random cluster sampling
as the subjects of the study. For this purpose, four high schools were randomly
selected from all high schools in Eslamabad-e-Gharb, and from each of these
high schools, a first year class in empirical sciences was selected. Then, each of
these classes was randomly placed in one of the four groups of drawing a
hierarchical conceptual map, drawing a network conceptual map, completing a
hierarchical conceptual map, and completing a network conceptual map. After
selecting the biology textbook of the first year of high school as the educational
text, the contents of different parts of this book were turned into concept maps
by Cmap software. The following five tests (all of which are researcher-made)
were also used to measure students' academic achievement:

1. Multiple choice test

2. Hierarchy concept map completion test

3. Network concept map completion test

4. Hierarchical concept map construction test

5. Network concept map construction test
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Pearson's correlation coefficient, independent two-sample t-test, Kuder-
Richardson method, inter-rater reliability, Kruskal-Wallis test and Benferroni's
post hoc test were used for data analysis.

3. Results

In the present study, validity was evaluated in the forms of three types of
content, criterion and differential validities and reliability was evaluated by two
methods: Kuder-Richardson and inter-rater reliability.

To evaluate the content validity of the tests, the judgment of 8 biology
teachers was used as a judge. The judges had to determine the extent to which
the tests were able to cover the content and educational objectives of the topic.
The results showed that among the concept map-based tests, the fill-in a
hierarchical concept map test has a higher content validity (0.88 coverage of
topics). The results of Kruskal-Wallis test to examine the difference between the
judges' rankings on the content validity of the five tests showed that the
multiple-choice test has the highest average score and the construct a network
concept map test has the lowest average score. The calculated chi-square is equal
to 10.41, which is statistically significant at the level of 0.05; Therefore, it can
be concluded that five types of tests have different content validity. Also, the
results of Benferoni post hoc test showed that out of ten comparisons made
between five different tests, there is a significant difference between only
multiple-choice test and the construct a network concept map test in terms of
judges' ranks (P<0.05). In other words, the average rank of the judges in the
multiple-choice test (28.13) is significantly higher than the average rank of the
judges in the construct a network concept map test (12.69). To know the
desirability of the criterion validity of the concept map-based tests, the
correlation coefficient between all four concept map-based tests with the scores
of a multiple-choice test was calculated. The results showed that the construct a
hierarchical concept map test has the highest Pearson correlation coefficient with
the multiple-choice test (0.68). The lowest value of correlation coefficient
belongs to the construct a network concept map test (0.30), which is not
statistically significant.

In order to ensure the differential validity of different concept map-based tests
in the present study, the ability of these tests to distinguish the upper and lower
groups of academic achievement (based on the average scores of students in the
multiple-choice test) was examined. An independent two-sample t-test was used
to examine the difference between the mean of the upper and lower groups in
each of the concept map-based tests. The results showed that the highest t value
belongs to the the fill-in a hierarchical concept map test (t = 3.44) and the lowest
t value belongs to the construct a network concept map test (t = 1.61), Which is
the only test that failed to distinguish between two groups with high and low
academic achievement.
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The Kuder-Richardson 21 method was used to evaluate the reliability of the
fill-in concept map tests; The obtained coefficient for the fill-in a hierarchical
concept map test was 0.85 and for the fill-in a network concept map test was
0.79. In order to evaluate the reliability of construct concept map tests, the inter-
rater reliability method was used. For this purpose, the correlation coefficient
between the scores of eight rater was calculated. As the results showed, the
construct a hierarchical concept map test had a 0.95 correlation coefficient and
the construct a network concept map test had a 0.98 correlation coefficient, that
showed these tests have high and significant inter-rater reliability.

To select the most appropriate concept map-based test from four tests, the test
that has higher coefficients in terms of content validity, criterion validity,
differential validity and reliability was selected as the most appropriate test.

Table 1. Values of content, criterion, differential validity and reliability of concept map-
based tests

e Differential Criterion Content
Testtype Reliability validity validity validity
Fill-in a hierarchical 085 3/44 061 88/13
C-map
Fill-in a network 0.79 273 0.54 87/50
C-map
_ Constructa 0.95 3/37 0.68 84/38
hierarchical C-map
Construct a network 0.98 1/61 0.30 83/13

C-map

As shown in Table 8, the various concept map-based tests have different
values in terms of content validity, criterion validity, differential validity and
reliability. By comparing these four tests, we find that the Fill-in a hierarchical
concept map test in the two indicators of content validity and differential validity
is higher than other tests. The weakest indicators are related to the construct a
network concept map test. This test has the lowest coefficients in all three
indicators of content validity, criterion validity and differential validity.

4. Discussion and Conclusion

The aim of this study was to investigate the validity and reliability of concept
map-based tests. The results showed that these tests have different values of
these indicators. The findings of the present study generally showed that the four
concept map-based tests have high content validity. Regarding the criterion
validity, the results showed that the four concept map-based tests have different
correlation values from 0.30 to 0.68 with a multiple-choice test of academic
achievement. Regarding the differential validity, the three tests of the Fill-in a
hierarchical concept map, Construct a hierarchical concept map and Fill-in a
network concept map were able to distinguish well between the scores of the two
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groups of high and low academic achievement, but the construct a network
concept map did not have this distinguishing power.

5. Ethical Considerations

All ethical principles are considered in this article. The participants were
informed about the purpose of the study and it implementation stages. They were
also assured about the confidentiality of their information and were free to leave
the study.

Authors' contributions: All authors have participated in the design,
implementation and writing of all sections of the present study.

Conflicts of interest: The authors declared no conflict of interest.
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