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Students’ performance in biology in Rwanda National Examinations has
been reported to be unsatisfactory. This demands teachers to shift to methods
that enable students to acquire meaningful learning. In an attempt to cope
with this situation, the effects of concept mapping (CM) and cooperative
mastery learning (CML) on the cognitive process in biology among lower
secondary school students in Nyamagabe district, Rwanda was investigated.
A quasi-experimental non-equivalent pre-test, post-test control group design
was applied to a sample of 449 senior secondary school two (SS2) students
(224 males and 225 females) drawn from seven co-educational secondary
schools purposively selected from 46 schools. The students were in CM
(n=151), CML (n=144) and conventional teaching method (CTM) (n=154)
groups. The biology Achievement Test with a reliability of 0.82 obtained
from the Kuder Richardson (KR-21) formula was used to collect data.
Analysis of Covariance and Bonferroni test were applied for data analysis.
Findings revealed that CM and CML groups scored better in all cognitive
domains tested than the CTM group. A statistically significant difference
between CM and CML was observed in favor of the CM. Based on the
findings, it was concluded that the CM and CML are capable of improving
secondary school students’ mastery of the content taught at all levels of
cognition. Therefore, learning with CM and CML could be a viable option
for teachers for addressing attainment issues in biology.
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1. INTRODUCTION

Biology is one of the science subjects which occupies an important and unique position in the school
curriculum. This is because it deals with the study of living organisms and their interaction with non-living
organisms [1]. Knowledge in biology is indispensable to both the social and economic development of every
individual and nation. This is due to its crucial role as a prerequisite of many important fields of learning that
contribute greatly to the technological and economic growth of the nation. These fields include pharmacy,
medicine, nursing, agriculture, and biotechnology among the others [2].

Regardless of the great importance of biology, reports and research findings indicate an abysmal
performance of lower secondary school students in the subject over the years in most countries in Sub-
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Saharan Africa and Rwanda is not exempted. For instance, in Nigeria, the percentage of students that passed
biology at credits was very low compared to the total entry [3]. In Ghana, Kenya, Zambia, and Uganda,
various reports indicate that the academic performance in secondary school Biology has generally been
unsatisfactory for many years [4]-[7]. Likewise, in Rwanda, students are still performing poorly in biology
compared to other science subjects [8], [9].

The students’ woeful performance is mostly attributed to the lack of deep conceptualization of the
topics treated in biology. For instance, studies in different times have constantly revealed that students have
difficulty in understanding of key topics like ecology, energy flow in nature, osmosis, photosynthesis,
genetics, cell division, protein synthesis, enzymes, nervous system, among others [10]-[12]. The researchers’
findings show several reasons presented by students related to students’ difficulties in learning these topics.
These reasons included: material presented in abstract form [12] using textbooks in teaching and learning
process by using examples that are difficult to understand, overload of material charged by the biology
curriculum, a classroom environment that does not allow students to enjoy learning biology [13] and teaching
methods and strategies that are not related to the content being taught [14].

Moreover, the students' difficulties in understanding biology concepts are mainly caused by
ineffective learning as well as poor teaching in the classroom [5], [11]. The authors advanced that teachers do
not relate the biology topics to the student's daily activities. In other cases, students are not allowed to
actively participate in the teaching and learning process. In this regard, when appropriate teaching and
learning approaches are not used in the classroom, students flip to increase some misconceptions about the
topics learned especially the ones which are involved with greater complicated and abstract [15].

In the context of Rwanda, it was recently revealed that the teacher-centered teaching approaches,
inadequate mastery of subject matter by the science teachers and teaching resources are the current observed
as contributing factors that impede effective science teaching and learning and students’ conceptual
understanding, which in turn contribute to low achievement [16], [17]. The authors explained that most
science teachers are reluctant to use activity-oriented methods and rely on inadequate and inappropriate
teaching methods such as lecture/exposition methods of instruction for teaching many science concepts. They
added that these methods are effective in clarifying text material but quite inappropriate for practical-based
science subjects. Moreover, although many Rwandan teachers use learner-centered group work activities,
believing that grouping students favors active participation, [17] has shown that this method only engages
students in small group work activities, sometimes limited to a question and answer session, which provides
no knowledge construction because students are mostly passive throughout the lesson.

In remedying this situation, it is advisable for biology teachers to move away from the conventional
mode of knowledge transmission to that of knowledge construction in which students are active participants.
This is perceived relevant as the presence of mixed-ability and needs among students. The types of the topics
to be taught all require teachers to adapt and develop the corresponding teaching methods [18].

This mode of teaching and learning in which learners construct their knowledge instead of receiving
it from teacher is referred to as constructivism [19]. The constructivism focuses on the learner's ability to
construct his or her understanding from their prior experiences, thus, make meaning of what they learn. It
also emphasizes that the active knowledge construction by learners is socially and culturally rooted [20]. This
new trend of teaching and learning has led to the development of innovative constructivist teaching and
learning strategies to accelerate students' meaningful learning process. Among these strategies are concept
mapping, cooperative and mastery learning [21], [22].

Concept mapping (CM) is an instructional strategy that entails thinking in terms of graphical
representation of the relationship among the concepts [23]. This graphic representation is referred to as a
concept map. A concept map is usually depicted by circles, forming the nodes of the new word by labelled
links [24]. Therefore, a concept map combines visual and linguistic thinking where the text materials are
transformed into images. The use of CM in teaching and learning is based on theory of learning which was
first put forward in 1968 [25] which emphasized meaningful learning. Ausubel [25] argued that meaningful
learning enhances learners' cognitive structure by adding new concepts into the existing conceptual structure.
Subsequently, the CM improves meaningful learning as the learners are engaged in a graphical representation
of the concepts in hierarchically arranged structures differentiating concepts.

Various advantages of the CM are documented in the literature. For instance, it is an effective
teaching strategy due to its big advantage of consolidating and enabling understanding of science concepts as
well as making inter-relations between two or more concepts [26], [27]. It also helps students to develop
abilities to solve problems and find solutions to questions that require the application and synthesis of
concepts [28]. Moreover, the CM improves students” mastery of the content at the higher-order level of
cognition [29], [30]. Likewise, CM helps students to actively construct an understanding of concepts thereby
making connections between variables of interest in a given subject and supports learners' effort to
conceptualize their knowledge into a visually apparent graphical tool that facilitates them to make a
connection between the existing concepts with the newly acquired concepts [31]. More so, the use of maps
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helps in developing long-lasting impressions among students' memory and their retention time hence
improving their learning outcomes and facilitates the cognitive representation of a specific topic [32].

Cooperative learning consists of learning by working in groups of students aiming to achieve one
mutual goal, using cooperative skills and face-to-face progress feedback [33]. Several studies have
acknowledged that cooperative learning improves academic achievement, problem-solving skills, and
student-student interaction [34]-[36]. This is due to the fact that cooperative learning gives students
opportunities to work together to attain group goals. In this learning setting, it is clear that students discuss
the subject matter, help, and encourage each other while learning which lead better group’s academic
achievement.

Mastery learning is a teaching strategy in which learners are given opportunities to master a
particular component of the lesson before continuing to the next [37]. To achieve this, the subject matter is
divided into separated parts; each has its predetermined objectives. The teacher assesses the students after
each part to determine students who demonstrate the mastery, typically 80%, and those who need more help
before moving to new unit material [38]. Students who show mastery of the material are given enrichment
tasks, while those who failed to achieve mastery; receive remedial tasks in group discussion. This learning
and testing sequence continues until mastery is attained. Thereafter, all students are allowed to move to more
advanced content. The principle underlying the mastery learning strategy is that classroom learning is based
on time and as the long time is used to learn as the higher rate of learning is increased.

References are made in the literature regarding the benefits of using mastery learning as an
instructional strategy [39], [40]. The related findings have proven that the students made to learn through
mastery learning in comparison with conventional teaching method (CTM) performed better. Similarly,
students in the mastery learning instructional group showed remarkable mean achievement scores in different
levels of cognitive domains over their counterparts in the traditional method group [41].

Although cooperative and mastery learning strategies, each has its core characteristics, different
empirical researches in different time have evidenced that these instructional strategies can be combined and
form cooperative mastery learning (CML) and enhance an effective teaching and learning environment [42],
[43]. Besides, once cooperative and mastery learning are combined, they completed each other and yield
more positive academic outcomes than individual, and enhances higher-order thinking skills [42], [44].
Accordingly, in CML, students are exposed to the same activity as in mastery learning, but at the end of each
unit, each student is provided with feedback from the teachers based on the results from the formative
evaluation. Those who fail to achieve mastery are required to relearn the unit content from their peers who
attained mastery. For this purpose, students are divided into small equal ability heterogeneous groups. Each
group is put under the coaching of their master peers who teach and reteach them till the whole group
members demonstrate mastery on the formative test.

Cognitive processes are the process that involves knowledge and how knowledge is used [45].
Cognitive processes include the performance of some cognitive activities such as memorization, producing
and understanding language, solving problems, and making a decision [30]. In the 1950s, Benjamin Bloom
and his collaborators developed a taxonomy of cognitive objectives, which provides a way to organize
thinking skills into knowledge, comprehension, application, analysis, synthesis, and evaluation major levels.
Later, Anderson and Krathwohl [46] revisited Bloom's taxonomy and the revised creates an understanding of
the learner's behavior and learning outcomes. Six categories are in this new taxonomy. These include
remembering understanding, applying, analyzing, evaluating, and creating. The first three categories come
under low order thinking process (remembering, understanding and applying) while analyzing, evaluating,
and creating come under a higher-order thinking process.

According to Bloom’s taxonomy, students easily learn concepts from lower-order to higher-order
levels. This implies that to understand higher-level concepts, the lower-order ones must be understood first.
Besides, when students are introduced to new concepts, they embark on the cognitive process of integrating
these new concepts with their existing ones [30]. Subsequently, the use of the CM helps learners organize
knowledge in a comprehensive graphical way and associates prior knowledge with new concepts. On the
other hand, the CML ensures that all learners show mastery of the previous concepts to be allowed to move
to the next level. The evidence suggests that both the CM and CML can help achieve a higher level of
cognitive achievement once they are effectively used. However, there is a need to investigate which strategy
between CM and CML can better improve students' cognitive process in biology.

Lower secondary school is a foundation for advanced and professional education. Due to its
importance, the subject of biology was made compulsory and examinable at this level. This is because
students should have a sound conceptual knowledge of the subject at this level to lay the groundwork for
learning the subject at the advanced level. Unfortunately, reports have revealed that lower secondary school
leavers do not possess the sufficient basic skills in biology for success in further education. This is evidenced
by a big number of students who continue to perform poorly in the subject in lower National examinations.
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This failure could be attributed to teachers’ use of unsuitable instructional methodologies, especially
traditional teacher-centered methods. This is in tandem with previous researchers [47], [48] who noted that
most students performed poorly due to the predominant use of teacher-centered instructional strategies. To
cope with this situation, teachers must adopt the learner-centered strategies which emphasize contextualized
and constructive processes while also equipping students with higher-order thinking skills. Studies have
shown that the constructivist instructional strategies are highly successful teaching practices in today's
classrooms. This is because as learner-centered approaches, they stress contextualized and constructive
processes and equip students with higher-order thinking abilities [49].

According to the literature, CM and CML are among the most widely used constructivist strategies.
However, there is a scarcity of research-based information on the combined application of these strategies in
one study and on the comparison of their effects on students’ cognitive process, each of which has been
established to be greater to teacher centered methods. As a result, the study's concern is whether the CM and
CML which are more effective than traditional methods but have not yet been applied in biology education in
Rwanda would be effective in boosting student cognitive processes in biology. Hence, the purpose of this
study was to determine the effects of CM and CML instructional strategies on students’ cognitive process in
biology among lower secondary school students in Nyamagabe district, Rwanda, with a view of finding out
which of the two strategies is more effective.

In the attempt to achieve the purpose, the following null hypotheses were tested: i) There is no
significant difference in mean achievement scores in conceptual remembering of students taught biology
using CM, CML, and those taught using CTM; ii) There is no significant difference in mean achievement
scores in conceptual understanding of students taught biology using CM, CML, and those taught using CTM;
iii) There is no significant difference in mean achievement scores in conceptual applying of students taught
biology using CM, CML, and those taught using CTM; iv) There is no significant difference in mean
achievement scores in higher-order cognitive ability (analysis and synthesis) of students taught biology using
CM, CML, and those taught using CTM; v) There is no significant difference in the cognitive process of
students taught biology using CM, CML, and those taught using CTM.

2. RESEARCH METHOD

A quantitative approach was used in this study. Besides, a quasi-experimental design, the non-
equivalent, pre-test, and post-test with a comparison group was used. This is due to the fact that the
participants were not assigned to study groups at random; instead, students’ intact classes were employed as
the subjects were already assigned to classes to avoid the disruption of normal class settings. Also, the groups
were observed and analyzed before and after being exposed to the treatment [50]. The design involves two
groups of experimental (CM and CML) and one comparison group CTM. The independent variables in this
study were teaching strategies (CM, CML, and CTM), while the dependent variable is the post-test scores of
the students in the three groups.

The study took place in coeducational boarding secondary schools targeting all lower secondary
school students offering biology subject. Seven schools were purposively selected for the study. The reason
for inclusion was equivalence (schools with relatively good standards in terms of infrastructure, teaching
resources, and presence of qualified and experienced biology teachers), type of school (Boarding school),
school ownership (public and government-aided); gender composition (mixed schools) and student enrolment
(senior secondary school two students), and having participated at least once in lower-level National
examination. Thirteen intact classes from the selected schools were used in this study. The students in these
intact classes constituted the sample size for the study and the sample size was 449 (Male=225. Female=224)
students. Five of these intact classes made up of 151 (Male=74, Female=77) students were assigned to the
CM group. The next four classes made up of 144 (Male=73, Female=71) students were assigned to the CML
group, while the last four classes made up of 154 (Male=78, Female=76) students were assigned to the CTM
group. Table 1 shows the design and the samples selected for the study.

Table 1. Research design layout and sample selected for the study

Group Number of students  Pre-test  Treatment  Post-test
Experimental 1 151 0O, X1 0O,
Experimental 2 144 0O, X 0O,

Comparison 154 0, Xo 0,

O,-Pre-test; X;=Treatment using CM; X,=Treatment using CML;
Xo-Treatment using CTM; O, =Post-test
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The biology achievement test (BAT) was used to measure students’ achievement in biology before
and after the treatment. The BAT was developed using a table of the specification to generate 60 items for
students’ biology tasks based on the unit of photosynthesis as specified in Rwanda’s biology curriculum for
senior secondary school two (SS2) students in competence-based curriculum [2]. The 60 test items were set
and categorized into four cognitive domain levels adapted from the Bloom Taxonomy of educational
objectives in cognitive domains. A panel of specialists including two secondary school biology teachers with
experience over 10 years and two university lecturers established the face and content validity of the BAT.
Their comments led to the modification of the test items and 50 out of the original 60 items were retained for
trial testing. The 50-item BAT was pilot-tested on 50 students (23 female and 27 male) using a coeducational
school that was not part of the study but had comparable characteristics as the sample schools.

From the students' responses, the items showing discrimination power of more than .40 and a
difficult index of .40-.60 were retained and the final test comprised 40 items. The Kuder Richardson formula
21 was used to estimate the internal consistency of the instrument and it yielded the reliability coefficient of
0.82. The final BAT is a 40-item multiple-choice objective test with four options (A-D), one correct, and
three distracters. The correct option attracted a 2.5 mark giving a total of 100 marks.

This study was carried out over a seven-week periods in the second trimester of the academic year
2020-2021. All classes were given 14 sessions of 45 minutes each. After tendering the introductory letter and
gaining permission to use the schools for the study from the district and school authorities respectively, the
biology teachers in selected schools were contacted through the headteachers. The first week was used to
train biology teachers who served as research assistants. Seven biology teachers were trained separately to
facilitate the use of the CM, CML, and CTM in experimental and comparison group respectively. The
training mainly focused on the purpose of the study, the topics to be taught, the use and implementation of
instructional strategies and methods, and the lesson plans during treatment period, as well as the
administration of the pre and post BAT. It was ensured that all research assistants used an equal length of
time to facilitate learning of the topics. Depending on the treatment group, the research assistant was given
lesson plans for the whole period of the study and instruction on how to use them while teaching. They were
also drilled on how to administer the pre-and post-tests. The training lasted for five days.

During the second week, the administration of the BAT as a pre-test in all groups was conducted
with the help of the research assistants. Student respondents were given verbal explanations on how to
answer questions in addition to the written instructions on the BAT papers. The pre-test was attempted in 1
hour 30 minutes. The third to sixth weeks were for treatment in the experimental and comparison groups. In
CM group, three days at the beginning of the third week were allocated to the training of students on the
construction of the concept maps using the concepts from the previously taught materials. Students were first
given the list of concepts and linking words as well as visual clues on the level of hierarchy. More concept
maps were done by students to master the process. For the rest of the treatment period, the concepts in the
photosynthesis unit were represented using small boxes with links. Students were assisted to make meaning
out of the links in the diagrams that were presented. Besides, students were asked to make many links to the
concept being discussed. On the four, fifth and sixth weeks, students constructed concept maps on the
process of photosynthesis, the internal structure of the leaf, necessities of photosynthesis, and factors
affecting photosynthesis using the concepts identified in class. The unit was complemented by doing
practical laboratory and workbook exercises. Their methods and the content derived from the SS2 biology
student’s Book and Teacher’s guide [2].

For the CML group, students received initial training on cooperative and mastery learning in three
days of the first week. Students were put in small groups of mixed ability and explained how they would
work in a team, sharing ideas and working on the given task as a team. Also, the objectives and the expected
level of mastery (80%) were discussed. Thereafter, the initial instruction started after which, a formative test
was administered to check the attainment of the mastery. Students who did not achieve mastery on the
formative task received remedial teaching from their peers who showed mastery. Those who had received
remedial tasks were retested with a similar task to check their mastery. After every student had reached
mastery, the teacher proceeded to the instruction of the next topic. The same procedures were repeated on all
topics taught. To measure the students' attainment, a summative test was administered. The instruction in the
CML group which lasted for four weeks was also complemented with the same laboratory and workbook
exercises as those in CM group.

In CTM groups, regular class biology teachers covered the same content as in the experimental
groups through their regular class teaching methods which normally involved chalk and talk approach, note-
taking sessions, group work, and teacher's demonstrations. The unit instruction which lasted for four weeks
was also complemented by having students do standard practical laboratory and workbook exercises. After
teaching the experimental and comparison groups, the BAT was administered as a post-test. This was done
on the seventh week by research assistants. The test scripts in the groups were collected and then marked.
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Data were analyzed using mean and standard deviation (SD) and analysis of covariance (ANCOVA)
using statistical package for social sciences (SPSS) version 21.0. In the context of ANCOVA, the Bonferroni
test was used to make multiple comparison of the group mean scores. The level of statistical significance was
set at p<0.05.The pre-test scores were used as covariates to adjust for the initial differences between and
within the groups [51]. To measure the influence strength of the teaching strategies (i.e., CM, CML, and
CTM), the effect size f was used [52]. The following Cohen's rough were followed, f=0.1 -small effect size,
f=0.25-medium effect size, f=0.4 -a large effect size. Furthermore, before conducting the analysis, data
homogeneity was tested using Levene’s test.

3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Pre-test

Before instructional activities, all groups were given the same pre-test to determine their level
homogeneity. The pre-test scores were analyzed by Levene’s test of determining homogeneity of variance
test as shown in Table 2. The table implies that Levene’s test of determining homogeneity of variance was
not violated. This implies that the students in three groups had equivalent abilities before the commencement
of the treatment. As a result, the ANCOVA results can be used to deduce the relationship between the
students' tested prior knowledge before treatment, and their learning achievement after treatment.

Table 2. Test of homogeneity of variances

Cognitive domain Levene statistic _dfl  df2 _ Sig.
Remembering .300 2 446 741
Understanding .105 2 446 901

Applying 1.900 2 446 .151
Higher order cognitive ability 1.193 2 446 .304
Overall cognitive process 1.256 2 446 .286

3.1.2. Post-test

Following the intervention, all groups were given the identical post-intervention test to see how
effective the intervention was. To check whether there was any statistically significant difference in the post-
BAT mean scores in cognitive domains among the groups, an ANCOVA test was conducted as presented in
Table 3. The table shows that the differences among the mean achievement scores in the post-test among the
groups in conceptual remembering were significant (F (2,4455=76.08, p=0.000<0.05). With this finding, there is
statistically significant difference in conceptual remembering among the groups. Meanwhile, the effect size
was 0.255 as indicated by the corresponding partial eta squared is considered a medium effect size. This
implies that 25.5% of the variance in the mean achievement scores in conceptual memorization among the
groups was explained by the treatment.

Also, the results in Table 3 show a significant difference between the post-test mean achievement
scores in conceptual understanding of the groups (F (2445=37.181, p=0.000<0.05). Thus, there was a
significant difference in conceptual understanding between CM, CML, and CTM groups. Meanwhile, the
partial eta square indicates a small effect size of 0.143. This implies that 14.3% of the variance in the post-
test mean scores in conceptual understanding among the groups was explained by the treatment.

Table 3. Summary of ANCOVA comparing the mean scores of students in the three groups

Source of variation Cognitive domain SS SD MS F Sig.  Partial Eta®
Covariate Conceptual remembering 2.849 1 2.849 .091 .763 .000
Treatment 4752.985 2 2376.492  76.082 .000 .255

Error 13899.961 445 31.236
Covariate Conceptual understanding .994 1 .994 .061 .805 .000
Treatment 1207.193 2 603.596  37.181 .000 .143
Error 7224198 445 16.234
Covariate Conceptual applying 3.146 1 3.146 .318 573 .001
Treatment 304.079 2 152.040 15.357 .000 .065
Error 4405.572 445 9.900
Covariate Higher-order cognitive ability 16.850 1 16.850 .698 404 .002
Treatment 10561.432 2 5280.716  218.86 .000 496
Error 10736.664 445 24.127
Covariate Overall cognitive process 179.069 1 179.069 1.780  .183 .004
Treatment 49399.627 2 24699.814 24549 .000 525
Error 44772.285 445 100.612
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Furthermore, results in Table 3 show a statistically significant difference between the post-test mean
achievement scores in the conceptual application of the groups (F (2,4555=15.357, p=0.000<0.05). Therefore,
there was a significant difference in conceptual application between CM, CML, and CTM groups. Besides,
the corresponding partial eta squared value indicates an effect size of 0.065, which is considered a small
effect size. This implies that only 6.6% of the variance in the mean achievement scores in the conceptual
application was explained by the treatment. Hence, the difference in the achievement scores among the
groups has a small statistical effect size.

Moreover, the results of the ANCOVA test show a statistically significant difference between the
post-test mean achievement scores in a higher level of the cognitive domain of the groups (F (2,445=218.86,
p=0.000<0.05). Meanwhile, the corresponding partial eta squared value indicated that the effect size was
0.496. This implies that 49.6% of the difference or variance in the mean achievement scores among the
groups has a large statistical effect size. Finally, Table 3 reveals a statistically significant difference between
the post-test mean achievement scores in the overall cognitive process of the groups (F (24s5=245.49,
p=0.000<0.05). The corresponding partial eta squared value indicated that the effect size was 0.525. This
means that the treatment itself accounted for only 52.5% of the overall variance in the students’ mean
achievement scores in the cognitive process among the groups. This suggests a large statistical effect size for
treatment. However, the results of the ANCOVA test alone do not reveal the source of the portrayed
significant differences among the groups. Consequently, the Bonferroni post-hoc pairwise multiple tests
based on ANCOVA were carried out in Table 4.

Table 4. Bonferroni post hoc comparison for mean achievement scores in the three groups

Cognitive domain Comparison  Mean difference  Sig.
Remembering 1vs 2 2.67* 0.000
1vs 3 7.81* 0.000
2vs 3 5.14* 0.000
Understanding 1vs 2 2.23* 0.000
1vs 3 3.97* 0.000
2vs 3 1.75* 0.001
Applying 1vs 2 0.85 0.065
1vs 3 1.99* 0.000
2vs 3 1.14* 0.006
Higher-order cognitive ability 1vs 2 4.32* 0.000
1vs 3 11.67* 0.000
2vs 3 7.35% 0.000
Overall cognitive process 1vs 2 9.89* 0.000
1vs 3 25.33* 0.000
2vs 3 15.35* 0.000

*p< 0.05 level; 1=CM, 2=CML; 3=CTM

The post-hoc test in Table 4 reveals a significant difference in the post-test mean scores in
conceptual remembering between students exposed to the CM and those exposed to the CML in favor of CM.
It also shows a significant difference in the post-test mean scores of students exposed to CM and those
exposed to CTM in favor of CM. Similarly, a significant difference was also revealed in the post-test mean
scores of students exposed to the CML and CTM in favor of CML. Moreover, the table indicates that there
was a significant difference in the post-test mean score in conceptual understanding between students
engaged in CM and those in CML in favor of CM. There was a significant difference in the post-test mean
scores of students exposed to the CM and those exposed to CTM CML and CTM in favor of CML.

Also, the results Table 4 depict that there was no significant difference in the post-test mean scores
in conceptual application between students exposed to the CM and those exposed to the CML. However, the
mean differences in the post-test mean scores in concept application between students in CM and CTM in
favor of CM, CML and CTM in favor of CML. Likewise, the table indicates that there was a significant mean
difference in post-test mean scores in higher-order cognitive ability between students in CM and those in
CML groups in favor of the CM group. Also, the mean difference in post-test mean scores in higher-order
cognitive ability between students in CM and CTM groups was statistically significant in favor of CM, CML
and CTM in favor of the CML group.

There was a significant difference in the post-test mean scores in the overall cognitive process
between students in CM and CML groups in favor of the CM group. Besides, the mean difference in overall
cognitive process between students in CM and CTM and between CML and CTM groups was statistically
significant in favor of CM and CML groups respectively. It can be concluded that the students who taught
biology using the CM and CML strategies significantly achieved better than those exposed to the CTM in
their cognitive domains (remembering, understanding, applying, analyzing, and evaluating).
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3.2. Discussion

The study compared the relative effects of CM, CML, and CTM in improving students’ cognitive
process in biology. The results revealed that there was a significant difference in students' achievement in the
investigated dimensions. The Bonferroni test statistical outcome for the achievement scores in the overall
cognitive process among the groups revealed that students taught biology using CM achieved significantly
higher than their counterparts taught using CTM. This finding is consistent with findings from previous
studies [29], [30]. The likely explanation for this finding may be connected to the fact that CM helped
students construct, plan and relate independently the concepts learned and constantly link previously learned
concepts by revising the maps. This is in line with Chang et al. [21] who submitted that concept mapping
strategy can facilitate cognitive representation of specific topics, and enhance students’ higher-order
cognitive abilities. Besides, the use of concept maps enabled the students to break down complex concepts
into sub-concepts, which in turn helps them to see the relationships for clarity as well as to combine these
sub-concepts using linking words to form a combined meaningful concept. Likely, the finding supports the
findings of Chang et al. [29] which reported that the students exposed to CM scored better on conceptual
memorization, understanding, application, analysis, synthesis, and evaluation than those not exposed to CM.

Also, the Bonferroni test for the mean achievement scores in the overall cognitive process among
the groups revealed that students taught biology using CML achieved higher than their counterparts taught
using CTM. This finding agrees with Khan and Masood [42] who found that the use of CML enhanced
higher-order thinking skills in learning biology. Similarly, the finding buttresses the previous works [41],
[42] which found that students exposed to mastery learning strategy showed better achievement in each
cognitive domain than those exposed to CTM. The superiority of CML over CTM stems from the fact that in
the CML setting, peer and tutoring learning was encouraged, where learners checked each other for mastery.
Thus, in this cooperative learning setting, students can gain more from one another than in an individual
learning environment.

Besides, mastery learning stressed the need for formative assessment and feedback for each learning
unit different remedial materials were prepared. This could explain the result obtained in the CML group.
Moreover, CML affords opportunities for accommodating students with diversity in learning abilities among
the groups for conversational exchange about the learned concepts. This gives students a chance to talk to
each other as well as to stimulate students to be more active contributors. Another explanation is that CML is
a hybrid of cooperative learning and mastery learning. This combination of cooperative and mastery learning
complements each other. Through its small group settings, cooperative learning provides students the
opportunities to communicate and enhance their motivation to learn by fostering active participation [53].
More so, the feedback from students of higher academic ability provides slower learners with ways to
analyze their own taught possesses and better reflect on their strengths and weaknesses. Besides, when
students explain and clarify concepts to others, they find gaps in their understanding, thus resolved their
misunderstanding and fill knowledge gaps [54].

However, the use of cooperative learning only fails to provide a systematic diagnosis of each
student’s performance and corrective feedback where necessary. Thus, diagnosis of student performance
progress and the provision of corrective feedback in mastery learning promote concept development [37].
Consequently, teaching and learning in the combination of cooperative and mastery learning strategies, give
room for teachers to diagnose students’ knowledge gaps in the content being taught and remediate these
deficiencies during instruction. These opportunities are absent in the CTM group where students are at the
mercy of the teachers from whom they receive passively knowledge without active participation in
knowledge construction [37]. This might be the reason for the outstanding achievement of the CML group
compared to the CTM group.

Furthermore, the Bonferroni test for the achievement scores among the groups revealed that the
difference in the mean achievement scores in the overall cognitive process between students in the CM and
CML groups was statistically significant in favor of students in the CM group. This finding is in line with the
earlier finding [38] which revealed that students made to learn using CM strategy achieved better than their
counterparts exposed to the mastery learning approach. The likely explanation for this finding may be
attributed to the fact that once CM is used in instruction, it helps students develop a cognitive structure that
enhances meaningful learning [21]. Besides, in using CM strategy, students comprehended concept
meanings, organized concepts in the meaningful relationship between them, and arrived at the coherent and
integrated network of the material learned. Moreover, CM combines both visual learning and special
representation of information which promote meaningful learning. This visual representation of the concepts
is missing in the CML strategy.
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4. CONCLUSION

The study concluded that using CM and CML in teaching biology is more beneficial than the CTM
in enhancing students’ cognitive process in biology. This is due to the fact that these strategies have ability to
bring meaningful learning by assisting students to think about, evaluate and analyze biology concepts.
Students in CTM groups appeared to be less achievers in the concepts taught. This is because they were not
pushed to think deeply as relied solely on their teacher's knowledge. Therefore, for improved students’
achievement, the teachers in secondary schools should use these strategies to alleviate the difficulties faced
by students in biology.

The findings have crucial educational implications for the teaching and learning of biology in
secondary schools in Rwanda. Teaching biology should begin from what learners already know, provide
students with corrective and constructive feedback. It needs to ensure all students’ proper understanding of
the concept taught before proceed to the next level as in the case of CM and CML implementation enhance
students’ cognitive process. Moreover, some biology topics are difficult for students to comprehend because
they are too abstract. Based on the findings of this study, this could be solved by introducing the CM and
CML, because they have been demonstrated to be effective in learning biology concepts like Photosynthesis,
which is the subject of this study. This study, however, might be reproduced with a longer intervention time
and different topic fields. This could help discover the most effective ways to use CM and CML for the
benefit of students.
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