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ABSTRACT

The present study aimed at the effect of concept mapping strategies on learners’ achievement and retention in biology
teaching. A pretest/posttest quasi-experimental research design was adopted with one control and experimental group.
The target population was male students who studied in second grade of high school in 2023-22 educational year in Iran.
Simple random sampling technique was used to select the sample of students. Considering the Cohen tables and statistical
assumptions, a sample size of 40 participants was estimated. They were then randomly assigned to each group. The
experimental group made use of concept mapping strategies, while the control group was taught using the traditional
methods. An academic achievement teacher made test was administered to all groups as a pretest / posttest and biology
achievement retention teacher made test, a separate delayed posttest was administered after three weeks to the learners
of the groups. The obtained data were analyzed using one-way Ancova test. The results indicated that concept mapping
strategies had a significant effect on learners’ achievement. Analysis of the data using t-tests revealed that the retention of
biology teaching by using concept mapping strategies was significantly higher in comparison to the traditional methods.
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Introduction

As soon as the child comes into contact with the environment, learning is founded, so students
must be prepared to face challenges through education and to keep with the advancement of
science and technology. Unfortunately, today, in order to pass the exam, students memorize the
content of a course and repeat it. In such situations, problem-solving skills, creative thinking,
interest in research activities, and collaboration skills cannot be developed. It seems to be
appropriate to use concept maps to motivate and other skills mentioned above in students (Dhaaka,
2012).
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One of those techniques in which concepts, as well as the relationships among these concepts,
can be defined or represented in clear and concise forms is concept-based knowledge
representation. Conceptual mapping is one of the educational strategies that has a profound effect
on learning. It was first proposed in 1960 in Cornell University by Novak to represent knowledge.
Concept mapping is a tool to depict the relationship between concepts in an organized way (Novak,
1998). According to the result of Stewart et al. (1979) study, concept maps is a structural way of
representing relationships among concepts of a discipline, or a part of a discipline. Stewart et al.
(1979) revealed that concept maps, due to its flexibility, are utilized as curricular tools,
instructional tools, or as evaluation tools. Research tool and instructional technique that can be
employed for an effective meaningful learning is concept maps (Novak et al., 1983). This approach
is based on Ausubel’s theory, according to which new concepts are learned by making connections
with other previously known knowledge (Novak, 1991). Novak and Canas (2006) reported that in
concept maps, knowledge was represented by graphical tools. In this method, concepts, usually
endorsed in circles or boxes of some type and relationships between concepts are revealed by a
connecting line linking two concepts. Words on the line, referred to as linking words or linking
phrases specify the relationship between two concepts. Some scientists use concept mapping as a
tool to demonstrate the relationship between concepts in an organized way (Chularut & DeBacker,
2004). Muijs and Reynolds (2005) introduced concept mapping as an educational strategy that can
be used to create a structure of concepts in students’ minds.

Kaddoura et al. (2016) in a study on the effect of concept mapping on the development of
critical thinking skills in nursing students, showed that students in the mapping group had a higher
grading concept than the control group. In this regard, Chen et al. (2011) examined the effect of
teaching using concept mapping compared to traditional lectures on students' critical thinking,
concluded that students in the experimental group performed better than the control group.
However, there was no statistically significant difference.

Hwang et al. (2014) showed that combining concept mapping in the learning process, a web-
based problem-solving approach, can increase students' cognitive level. The researchers of this
study justified that this could be the result of not accepting the low-tech concept map that was
tested in the dissertation study (Hwang et al., 2014). In another study, Hu and Wu (2012) found
that conceptual mapping reduces students' cognitive load by helping them integrate curriculum
knowledge. This result is agreeing with the results obtained by Gerchak et al. (2003) that concept
mapping can be a valuable tool for assessing academic achievement and assessing students'
understanding of a particular field.

Nedungadi et al. (2015) integrated concept maps with online labs (Olabs). The results showed
that the students' scores in the concept map group were higher than in the control group, while
there was no significant difference between the two groups. Martinez et al. (2013) showed that
there is a statistically significant difference between the concept map group and the control group
in terms of the "effect of using concept maps in teaching physics concepts." Students in the concept
map group performed better than the control group.

Findings by Yousef and Mansour (2012) showed that adopting a conceptual mapping strategy
in nursing education can make significant progress in student learning. Chiou (2008) concluded in
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a study that mapping the concept could help students understand and integrate accounting concepts
as well as increase students' interest in learning more about accounting than traditional teaching
methods. Similarly, in an experimental field study conducted by Attia et al. (2009) to investigate
the effect of using a conceptual mapping tool called ICTOOL on comprehension. Students and
improve learning learn the life cycle of the process.

Although there has been an attempt to improve teaching in recent years, and various
educational strategies have been used in this area, the effect of concept map strategies have not
been investigated.

The present study is an attempt to investigate the effect of concept mapping strategy on
learning and retention of biology concepts among the second-grade high school students.
Accordingly, the aims of this study are as follows: 1) the effects of concept map strategy in
improving the learners’ performance in biology, and 2) the effect of this strategy on retention rate
of biology concepts among the learners.

Research hypotheses

The following hypotheses were formulated and tested base on the gathered data:

1: There is a significant difference between concept mapping strategy and traditional methods in
students’ achievement in biology.

2: There is a significant difference between concept mapping strategies and traditional methods in
students’ retention of biology lessons.

Method

In this quasi-experimental study, a pre-test and post-test was used to investigate the effect of
concept mapping on learner achievement in biology. A pre-test and a post-test were administered
before and after education to measure the learner achievement. The pre-test was also used to
measure the homogeneity of the groups. In addition, the results of the pre-test were compared to
the results of the post-test to investigate the effect of the strategies on learners’ achievement.

Population and sampling

The target population included all high school male students in the Salmas area (N=1254) in
northwestern Iran. A sample of 40 students were selected from two intact classes from two
different high schools. Simple Random sampling was used to select the two high schools. They
were also randomly assigned to the concept mapping and control groups. All schools were located
in northwestern Iran. Most people in this region are farmers or have cattle farms and only a small
percentage of the citizens are government employees. The rationale for selecting this region is that
different kinds of families, with literate and illiterate parents, live there.

Instrument

The instrument used to collect the data was academic achievement test teacher made that was used
as a pre-test and post-test. The results of the pre-tests and post-tests were compared to measure the
learners’ achievement in the two groups. In addition, in order to measure the learners’ retention of
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the content, a separate delayed post-test was administered after three weeks to the learners of the
both groups. Academic achievement test included 12 essay type questions. The validity of the
questions was checked by the teachers, experts of the biology department, and educational science
professors, and the necessary revisions were made in the questions. The retention test comprised
of 12 questions, 5 of which were multiple choice and 7 were essay type questions. They were
administered to the students after they were checked and confirmed by the experts of the biology
department and educational science professors.

Experimental design and data collection

Data was collected in two stages. In the first stage, the researcher visited the selected schools to
obtain the necessary permissions from the school principals to use the facilities and the students
as participants in his study. This was followed by administration of a biology achievement test
which served as a pre-test as well as a test of homogeneity for the participants in two groups. In
the second stage, the students in the experimental group were taught using concept mapping
strategy. The control group were taught using traditional methods. Biology lessons were taught
simultaneously to groups in 16 weeks. Afterwards, an achievement test was given to the learners
as the post-test to two groups. In the third stage, a delayed post-test was given to the participants
after three weeks to measure their retention of the lessons.

The scores obtained from the pre-test, post-test, and delayed post-test were analyzed using
ANCOVA and independent samples t-tests. ANCOVA was used to analyze the mean differences
of the pre- and post-tests. It was also used to check the significance of these differences.
Independent samples t-test was used to compare mean scores of delayed post-test of the groups.

All of the participants of the study had a previous knowledge of biology and related subjects.
It was important that the participants of the study be selected in a way that they all had same level
of previous knowledge about the subject. To do so, the researcher visited the target schools and
had an interaction with the biology teachers. In addition, he administered a pre-test to check the
homogeneity of the participants in the two groups. Moreover, the same biology teacher taught both
groups, so that the participant would be taught by the same teacher, but with different educational
strategies. The teacher’s had a relevant university degree (i.e. teaching biology) and had passed
training courses in his own major. He was particularly skilled in teaching and taught the content
to each group with the intended strategies.

Examples of concept mapping

Figure 1 is an example of a concept map created by a student using a computer. Figure 1 shows
that the main tissue of animals is four, each of which is divided into sub-branches, and for each
tissue, samples are written on the animal's body. In this map, the students did not use any images
and the content was presented only as a branch. In this way, the concepts, which are usually
confirmed in some kind of loop or box, and the relationships between the concepts, are revealed
by a line of communication that connects the two concepts. The words in the line, as connecting
words or connecting words, define the relationship between the two concepts.
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Figure 1. An example of a student’s concept map (created by experimental group)
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Differences in achievement test scores
In order to evaluate the homogeneity of the participants, a pre-test was conducted. The results of
the data analyses of the pre-test scores of the participants in the groups are presented in Table 1.

Table 1. ANOVA analyses of pre-test scores
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Source Sum of Squares df Mean Squares F Sig.
Between Groups 1.314 1 1.321 0.87 0.35
Within Groups 57.43 38 1.51

Total 58.74 39

As it is shown in Table 1, there is not a significant difference between the two groups
(F=0.087, P>0.05). This is to say that F values are not meaningful in P<0.05 level. The results also
indicate that between the two groups, the mean of squares is not significantly higher than the sum
of squares. In other words, there is not a significant difference between the pre-test scores of the
two groups. This confirms the homogeneity of the participants before the teaching.



6 Ghodrat Ebadi Manas

a) Investigating normal distribution of the scores

The results of the Kolmogorov-Smirnov test showed that the significance level of the distribution
of academic achievement test scores is greater than 0.05 (p >0.086), it can be claimed that the
distribution of scores is normal and parametric tests can be used for the data analyze.

b) Testing the assumption of homogeneity of regression slopes

As it can be seen in Table 3, the F value in the interaction between independent and the covariate
is 0.03, which is not significant (P>0.05). Consequently, it can be concluded that homogeneity of
regression assumption has been met.

Table 3. The interaction between the independent variable and the covariate

Source Type III Sum of squares df Mean Squares F Sig.
Pretestxgroups 0.027 1 0.026 0.03 0.86

c) Testing the assumption of homogeneity of variances

Leven's test was used to check the homogeneity of variances. The results showed that the
significance level of the test is 0.9, which is higher than 0.05. That is to say that the assumption of
homogeneity of variances is met.

Hi: There is a significant difference between the effects of educational strategies concept
mapping, and traditional instruction method on learners’ achievement in biology.

In order to test this hypothesis, the scores of the post-test in two groups were compared and
analyzed using ANOVA and Post-Hoc tests with significance level of 0.05. Results of the test are
presented in Tables 5.

Table 5. Analysis of covariance for the achievement test of the groups

Type III Sum Mean . Partial Eta
Source Ztl?Squares df Square F Sig. Squared
Corrected Model 63.635 2 31.818 38.899 0.00 0.678
Intercept 62.955 1 62.955 76.966 0.00 0.675
pretest 1.135 1 1.135 1.388 0.24 0.036
group 58.636 1 58.636 71.685 0.00 0.660
Error 30.265 37 0.81
Total 6906.000 40
Corrected Total 93.900 39

According to the table 5, the effect of group association by removing the variance variable,
the hypothesis of the research was confirmed and it was detected that teaching by concept mapping
strategy method was effective in the increasing the academic achievement of students and its effect
rate was 66%.
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Hz: There is a significant difference between the effects of concept mapping on students’
retention in biology.

An independent samples t-test was used to compare the delayed post-test scores of the
learners’ in the groups. The results are presented in Table 6.

Table 6. Independent samples t-test for the delayed post-test
Test Group N Mean Std. Deviation T df
Control 20 11.8 0.89 0.253 38
CMS 20 14.3 0.92

Retention (delayed post-test)

CMS=Concept Map Strategies

As it can be seen from the table, there is a significant difference between the results of the two
groups. The mean score of the learners in the concept mapping group (14.3) is higher than the
mean score of the learners in the control group (11.8). This is to say the concept mapping helps
the learners better in retention of the knowledge than traditional method. Thus, the second
hypothesis is also confirmed.

Discussion

Students' academic success prepares students to solve various problems in life. Students achieve
this success in school, and the impact of using teaching methods is undeniable. On the other hand,
the results of several studies have shown the usefulness of using the educational strategy of
conceptual maps in various fields. Therefore, in this study, the effect of concept map strategy on
academic achievement and retention of biology in students of of Salmas of Iran was investigated.
The research findings in relation to the first hypothesis of the research showed that teaching by
conceptual method has been significantly effective on students' academic achievement compared
to traditional education. Based on the results, it can be argued that the use of conceptual-based
teaching increases learners' performance in believing in their abilities in terms of biological
concepts. These results are in terms of the effect of teaching by concept map on students' academic
achievement according to the results of causal studies. As students continue to engage in classroom
activities, their efforts to continue and respond will be strengthened. The pleasure that students
gain from teaching through concept mapping increases their motivation to find answers to difficult
questions. The result of the study showed that the learner's enjoyment resulting from direct learning
experience paves the way for her to learn difficulties and this ultimately leads to an increase in
their success. This finding is in line with the findings of Tanriseven (2014), Abi-El-Mona and Adb-
El-Khalick (2008), Adodo (2013), Mahasneh (2017), Dhindsa and Anderson (2011), Ismail et al.
(2010), Farrand et al. (2002), Rooda (1994), Singh (2004), Rao (2001), Zoller (2000), Alarcon
(2005).

The results of the independent samples t-test revealed that there was a significant difference
in the retention rate of the biology between the experiment groups in compared to control. The
retention rate in the concept mapping group was significantly higher to that of the control group.
A similar result was obtained by Bawneh's (2019) and Adodo (2013). The results of bawneh (2019)
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revealed that using concept maps helps students perform better in immediate access and retention
of electrical energy concepts.

Conclusion

The findings of the present study indicated that concept mapping strategy was more effective in
improving learner achievement than traditional teaching strategy. That is to say that concept
mapping grants the learners the ability to think creatively and communicate more effectively,
which are missing in the traditional method. Teachers should identify the individual differences of
the learners and design their curriculum based on those differences to address the learners’ needs.
It is also recommended that the learners use conceptual map strategy in teaching biology and
encourage learners to use. That is to say that concept mapping grants the learners the ability to
think creatively map strategy in learning biology to enhance the learning outcomes. Biology
teachers should also attend workshops on how to teach biology using these strategies.

This research had limitations; For example, this study was conducted only on second-year
male students in the experimental field; therefore, caution should be exercised in generalizing the
results to female students. The study was also conducted on high school students and was not
conducted at other levels of education; therefore, other precautionary measures should be taken in
generalizing the results of this research. Given the above limitations, it is suggested that a similar
study be conducted for female students in disadvantaged areas and students in other educational
levels.

References

Abi-El-Mona, 1., & Abd-El-Khalick, F. (2008). The Influence of Mind Mapping on Eighth Graders’ Science
Achievement. School Science and mathematics, 108(7), 298-312. http://doi.org/10.1111/.1949-
8594.2008.tb17843 .x

Adodo, S. O. (2013). Effect of mind mapping as a self-regulated learning strategy on students’ achievement in basic
science and technology.  Mediterranean  Journal of  Social  Sciences, 4(6), 163-172.
http://dx.doi.org/10.5901/mjss.2013.v4n6p163

Alarcon, M. (2005). Physics without tears. A World of Science, 3(1), 1-7.

Attia, S., Sharaf Eldin, A., Elsayed, A., Nasr, M. M., & Kamal, A. (2009). Effect of Using a Graphical Conceptual
Representation Tool on Student Understanding. Fifth International Conference on Scientific Research and its
Applications, 21-24 December, Cairo University, Egypt.

Bawaneh, A. K. (2019). The effectiveness of using mind mapping on tenth grade students’ immediate achievement
and retention of electric energy concepts. Journal of Turkish science education, 16(1),123 137.
https://doi.org/10.12973/tused.10270a

Chen, S. L., Liang, T., Lee, M. L., & Liao, I. C. (2011). Effects of Concept Map Teaching on Students' Critical
Thinking and Approach to Learning and Studying. Journal of Nursing Education 50(8) 466-469.
https://doi.org/10.3928/01484834-20110415-06.

Chiou, C. C. (2008). The Effect of Concept Mapping on Students' Learning Achievements and Interests. Innovations
in Education and Teaching International, 45(4), 375-387. https://doi.org/10.1080/14703290802377240

Chularut, P., & DeBacker, T. K. (2004). The influence of concept Mapping on Achievement, self- regulation, and
self-efficacy in students of English as a second language. Contemporary educational psychology, 29(3), 248-263.
http://doi.org/10.1016/j.cedpsych.2003.09.001




Studies in Educational Management 2023(14)1-10 9

Dhaaka, A. (2012). Concept mapping: effective tool in biology teaching. Visual soft research and development
technical and non-technical journal, 3(6), 225-230.

Dhindsa, H. S., & Anderson, O. R. (2011). Constructivist-Visual Mind Map Teaching Approach and the Quality of
Students’ Cognitive Structures. Journal of Science Education and Technology, 20(2), 186-200.
http://dx.doi.org/10.1007/s10956-010-9245-4

Farrand, P. A., Hussan, F., & Hennessy, E. (2002). The efficacy of the mind map study technique. Medical Education,
36(5), 426-431. http://dx.doi.org/10.1046/.1365-2923.2002.01205.x

Gerchak, J., Besterfield-Sacre, M., Shuman, L. J., & Wolfe, H. (2003). Using Concept Maps for Evaluating Program
Objectives. In Proceedings of the Frontiers in Education Conference.
http://dx.doi.org/10.1109/FIE.2003.1263326

Hu, M. L. M., & Wu, M. H. (2012). The Effect of Concept Mapping on Students' Cognitive Load. World Transactions
on Engineering and Technology Education, 10(2), 134-137.

Hwang, G. J., Kuo, F. R, Chen, N. S., & Hsueh-Ju, H. (2014). Effects of an Integrated Concept Mapping and
Webbased Problem-Solving Approach on Students' Learning Achievements, Perceptions and Cognitive Loads.
Computers and Education, 71, 77-86. http://dx.doi.org/10.1016/j.compedu.2013.09.013.

Ismail, M. N., Ngah, N. A., & Umar, I. N. (2010). The Effects of Mind Mapping with Cooperative Learning on
Programming Performance, Problem Solving Skill and Metacognitive Knowledge among Computer Science
Students. Journal of Educational Computing Research, 42(1), 35-61. http://dx.doi.org/10.2190/EC.42.1.b

Kaddoura, M., Van-Dyke, O., & Yang, Q. (2016). Impact of a Concept Map Teaching Approach on Nursing Students'
Critical Thinking Skills. Nursing & Health sciences, 18(3), 350-354. http://dx.doi.org/10.1111/nhs.12277.

Mabhasneh, A. M. (2017). the effect of using electronic Mind Mapping on Achievement and Attitudes in an
introduction to educational Psychology Course. http://dx.doi.org/10.15804/tner.2017.47.1.23.

Martinez, G., Pérez, A. L., Suero, M. I, & Pardo, P. J. (2013). The Effectiveness of Concept Maps in Teaching Physics
Concepts Applied to Engineering Education: Experimental Comparison of the Amount of Learning Achieved
with and without Concept Maps. Journal of Science Education and Technology, 22(2), 204-214.
http://dx.doi.org/10.1007/s10956-012-9386-8.

Muijs, D., & Reynolds, D. (2005). Effective Education: Effective Teaching Methods. In M. A. Besharat & H. Shamsi
Pour (Trans.). Tehran: Roshd Publications.

Nedungadi, P., Haridas, M., & Raman, R. (2015). Blending Concept Maps with Online labs (OLabs): Case study with
Biological Science. In ACM International Conference Proceeding Series.
https://doi.org/10.1145/2791405.2791521

Novak, J. D. (1991). Clarify with Concept Maps- A tool for students and teachers alike. Science Teacher, 58, 45-49.

Novak, J. D. (1998). Learning, creating and using knowledge: Concept maps as facilitative tools in schools and
corporations.

Novak, J. D., & Caiias, A. J. (2006). The Origins of the Concept Mapping Tool and the continuing Evolution of the
Tool. Information Visualization Journal, 5(3), 175-184. https://doi.org/10.1057/palgrave.ivs.9500126

Novak, J. D., Bob Gowin, D., & Johansen, G. T. (1983). The Use of Concept Mapping and Knowledge Vee Mapping
with  Junior  High School Science Students. Science Education 67(5), 625-645.
https://doi.org/10.1002/sce.3730670511

Rao, D. B. (2001). Science education in developing countries. New Delhi: Discovery Publishing House.

Rooda, L. A. (1994). Effects of mind mapping on student achievement in a nursing research course. Nurse Education,
19, 25-27.

Singh, Y. K. (2004). Teaching of social studies. New Delhi: APH Publishing Corporation.

Stewart, J., Van Kirk, J., & Rowell, R. (1979). Concept Maps: A tool for use in biology teaching. The American
Biology Teacher, 41(3), 171-175. https://doi.org/10.2307/4446530




10 Ghodrat Ebadi Manas

Tanriseven, 1. (2014). A Tool that can be Effective in the Self-Regulated Learning of Pre-Service teachers: The Mind
Map. Australian Journal of Teacher Education, 39(1). https://doi.org/10.14221/ajte.2014v39n1.1.

Yousef, H. A. M., & Mansour, M. A. M. (2012). The Effect of Concept Mapping on Students' Learning Achievements
and Interests in Taif University. Life Science Journal, 9(SUPPL.2), 346-353.

Zoller, U. (2000). Teaching tomorrow’s college science courses - Are we getting it right? Journal of College Science
Teaching, 29(6), 409-414.

Acknowledgments
Not applicable.

Funding
Not applicable.

Contflict of Interests
The authors declare that they have no conflict of interest.

Open Access
This article is licensed under a Creative Commons Attribution 4.0 International License, which

permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. You may view a copy of Creative Commons
Attribution 4.0 International License here: http://creativecommons.org/licenses/by/4.0/




