Chapter One
Introduction
1.1 Background to the Study
The swiftly changing environment of education highlights the essential requirement to
investigate creative teaching strategies that enhance student engagement, critica Qﬁg, and a
profound comprehension of the subject matter. In a literature, there has been & groWing emphasis
on enhancing educational quality through the implementation of @xﬁtive and effective
teaching strategies aimed at fostering learning. Among these strategics, concept mapping and
cooperative learning have emerged as promising tools to e student learning outcomes. For
students focussing on Biology, establishing a robust tanding of the subject is crucial, as
they hold the important role of influencing the s ic literacy of future generations. Utilising
concept mapping and cooperative learni 1i‘;Qrategies can significantly enhance students'

°
understanding and achievement in B@. ese strategies promote active engagement among

learners, foster collaborations g(ce critical thinking, and facilitate the development of

advanced cognitive skillQQ

The impo @receiving a quality education in Biology cannot be overestimated since
it is the cor%sto e of establishing scientific literacy and gaining a grasp of significant
ecolo ica@ Ith, and environmental concerns. On the other hand, conventional strategys of
education would not always thrive in complete engagement of learner in class activities foster
understanding and information retention. Educators and researchers have turned their focus to
concept mapping and cooperative learning as a means of unraveling students potentials as means

of fostering active learning, critical thinking, and collaborative abilities among Biology students.



The academic performance of students in cell biology significantly impacts the quality of
instruction they deliver in the classroom. To enhance effective scientific teaching in educational
institutions, it is crucial to guarantee that future educators in Biology possess a strong grasp of
the subject matter. However, the use of instructional strategys such as concept mapping and the
cooperative learning strategy by educators at colleges of education in the context of teaching
Biology enhances the academic achievement of students!. Students at the Fe QC llege of
Education denote persons who are undergoing preparation to get licen%é teachers or
educators. These individuals are generally enrolled in teacher trainin@iammes at colleges,
universities, or other educational institutions. Programs at the @ollege of Education are

o

structured to provide prospective educators with the @ ial information, skills, and

competencies required for effective teaching in dive @tional environments?,

The pursuit of knowledge in biological scﬁé;%is crucial for improving quality of life, as
it provides insights into living organisms %d\ﬂheir complex interactions with the environment.

.
The pursuit of knowledge and skill d @pment in Biology enhances scientific literacy and aids
in understanding our environm@%ﬁreover, these competencies offer substantial advantages to
both individuals and soci@ they actively contribute to the promotion of the nation's socio-
economic progre ’\Qe' ite the significance of Biology, there has been a notable decline in
G

student’s ach@

educa 'on@rge Southwestern, Nigeria. For instance, the proportion of students who successfully

nt specifically in the field of Cell Biology within various colleges of

passed Cell Biology in these colleges appears to be considerably lower when compared with the
overall student’s population. This scenario is disheartening and, if left unattended to, could yield

significant effect on the entire educational system®.



Previous studies have demonstrated that students possess a considerable number of
misconceptions regarding many topics within the field of Biology, such as photosynthesis,
ecology, genetics, evolution, and cell biology, among others>®. Cell Biology, a fundamental
discipline within the study of Biology that investigates the interconnectedness of living
organisms, has witnessed significant advancements in the last two decades due to the progress
made in several scientific domains such as electron microscopy, biochemistry, a Q%uuology.
The course Cell Biology offered in colleges of education covers the followinQoB s: Cell theory,
the structure of plant and animal cells and their comparison. It offer@&rrous advantages to
students in comprehending Biology as a comprehensive discipline, as it serves as the
fundamental basis for the biological sciences and aids in ad @g diverse societal issues®.

Cell Biology is the scientific discipline t t/&%es on examining the structure and
functioning of cells, which are the fundamental l% f life. The objectives of the Cell Biology
course include gaining a comprehensive xi\egtanding of cell and cell theory, exploring the
historical background of cell resear&ﬁ%ﬁd conducting a comparative analysis of animal and
plant cells based on their con‘t&%ong other topics. One of the goals of Cell Biology is to

explore new fields of stb@&:h as microbiology, forensic science, biotechnology, medicine,

biomedical enginge})@sytology and biochemistry. Forensic medicine employs the fields of

Cell Biology %

Both the j al system and the offenders cannot evade the significance of Cell Biology®.

A fingerprinting to aid in the resolution of homicides and physical attacks.

Biotechnology employs strategyologies and knowledge derived from Cell Biology to
manipulate the genetic makeup of crops, resulting in the development of alternative traits. It also
encompasses the replication of plants and animals through cloning techniques. Furthermore,

biotechnology aims to enhance the accessibility of high-quality food at reduced expenses and



the production of more refined pharmaceuticals and eventually, organs for individuals requiring
transplants. Cell Biology encompasses several topics and can lead to a stimulating profession. It
is crucial for everyone to be well-informed about the potential impact of advancements in Cell
Biology on themselves and society as a whole. Society must make well-informed choices on the
cultivation of organs for human transplantation and the development of genetically modified rice
that produces vitamin 'A' to address blindness caused by vitamin shortage. T 'Q&wlopment
facilitated the direct examination of cellular processes and progress on| a ¢onceptual and
theoretical level®.

Hence, it is imperative that the field of Cell Biology be i C(%ted into the fundamental
scientific education of all individuals in the 21st centu Qdea of cell poses significant
challenges and learning barriers for students. The e%@t of the science of Cell Biology has
challenges, mostly due to the abstract nature o\fcgdb a fundamental entity in terms of structure
and function. Cell is seen as a metaphysicalidea, lacking tangibility and visibility, and its study
relies heavily on microscopic observ@tr his difficulty will undoubtedly create in the learners
a false understanding of the h\a&%concepts of Cell Biology and will emerge false ideas,
erroneous conceptions, a@lrpassable misconceptions that block good learning in Biology.

However, severat:@that have focused on the teaching of Cell Biology and educational
sho

innovations h wn that this discipline generates learning difficulties for Biology students,
which wi@’gstitute potential obstacles to the assimilation and understanding of concepts of
other biological disciplines!’. As a result, the underachievement of students may be associated

with the inappropriate, insufficient, and exclusive teaching strategies and strategys employed by

Biology educators'’. To tackle this challenge, it is advisable for Biology educators to utilise



teaching strategy that foster active participation among students, especially when covering
intricate and abstract subjects like Cell Biology.

Among the strategies that can be employed and extensively studied in recent times are
Concept Mapping Strategy (CMS) and Cooperative Learning Strategy (CLS). These two
strategies have demonstrated significant efficacy and widespread adoption which is why this
present study deem it fit to consider them as proactive measures to teaching of &

pre-service Biology teachers’. < :

Concept mapping serves as a cognitive learning strategy t@bles individuals to

logy to

visually articulate and structure their knowledge in a hier @manner. When learners
deconstruct extensive information into digestible segmen@ oncepts and connections, they
enhance their capacity to comprehend and remembe tb@erial. Students in biological sciences
could gain advantages from concept mapping as @§motes reflective thinking, thereby aiding
them in linking theoretical concepts to practical‘applications in the real world.

.

Concept mapping serves as K@a-cognitive learning technique that evaluates how an
individual organises and stm@% their knowledge within a specific domain. The terms
"cognition about cogniti@wing about knowing," and "thinking about thinking" all refer to
the concept of e@ition. Concept mapping serves as a technique for illustrating the
relationships @n concepts within a two-dimensional framework. A concept map illustrates a
collec io@terconnected concepts, highlighting the relationships between pairs of concepts
through the links that bind them. A valuable technique for demonstrating ideas within a topic or
unit and their interrelations in a two-dimensional format is concept mapping. The map serves as
a tool for both the instructor and the students to illustrate their perspectives on a range of topics

and the relationships between them. Concept mapping is an instructional strategy that has



demonstrated its effectiveness in improving both teaching and learning across various disciplines.
Concept mapping can be referred to by various terms such as cognitive mapping, mental
mapping, concept webbing, concept trees, knowledge maps, clinical correlation maps, structured
note taking, and flow charting, based on its specific application. These phrases all relate to the
concept of visually representing interconnected subjects®.

Concept mapping serves as a cognitive instrument that visually %ﬂts the
hierarchical structure of information, concepts, and their interrelations. St\.@cjsq the field of
science education, particularly within Biology, showed that using con pping as a teaching

strategy has proven effective in promoting positive teaching ani 16&1%{; results across different

educational stages, from primary school to university. Co aps serve as an essential tool

for promoting meaningful learning, assessing under ta@ developing instructional strategyes,
and uncovering alternative conceptions or mi co@%ns that learners may possess. The use of
concept mapping as a learning tool demonstrates a lasting effect on memory, evidenced by
.
enhanced performance on delayed @ests in comparison to other teaching and learning
strategys. Furthermore, it is w@ ting that the integration of manipulative learning tactics,
such as experiments, migl@%lce the effectiveness and utility of this strategy.
Additiona y@fzpt mapping offers students with a visual depiction of a certain subject
e

area, which p them make more effective use of the resources that are at their disposal.
When 10@ at the map, he or she might be able to identify the primary ideas, sort them in
descending order from more broad to more detailed, and establish meaningful connections
between the various ideas. Therefore, concept mapping is an effective yet straightforward

strategy of utilising diagrams to display information in the same manner that one thinks about it.

Through the use of concept mapping, difficult material may be easily comprehended,



remembered and communicated. The position of the teacher in his/her environment has evolved
from that of a knowledge-transmitter to that of a facilitator®.

Conversely, cooperative learning environments are developed through the
implementation of cooperative learning techniques, which promote collaboration among students
to achieve shared educational goals. By facilitating interaction and dialogue among the
individual in question, this strategy contributes to the development of a comm Qo iology
students that are both intellectually stimulating and emotionally supporti& community
fosters individual development while also strengthening the unit @ group. In various
educational environments, learners can significantly improve, théir understanding, problem-
solving abilities, and overall academic success when tl@) aborative learning strategy is
implemented. This enhancement may arise from hei hpe&%tudent involvement*.

The term cooperative learning strategy reft a teaching strategy that integrates aspects
of both cooperative learning and mastery | e}&ng strategies into a single educational strategy.

.
Learners are likely to be more mot@ as a result of this strategy since it incorporates the

advantages of mastery learning s&operative learning. This strategy has long had a reputation

N\

for being a successful t@@?strategy due to the participatory character of the strategy. This
strategy guarant @glance of mutual reliance and personal responsibility, where the
achievements Qr a collective of students facilitate the success of others. It fosters concepts
of col ab(@rbe leadership and accountability by engaging students in problem-solving within
teams or groups under specific circumstances. It involves having students collaborate on the
problem in teams or groups within specific parameters. Furthermore, earlier studies indicated
that employing a collaborative strategy often enhanced students' engagement, focus, and

enthusiasm in the classroom®.



Cooperative learning is an educational strategy that positions students at the core of the
learning experience, while the instructor acts as a facilitator. This strategy entails structuring
students into small teams, encouraging them to take ownership of their own education while also
supporting the learning of their peers within the group. This educational strategy involves the
deliberate organisation of students into small groups, wherein they collaborate and support each
other in the acquisition of academic knowledge and the achievement of shared &es. The
educator has the responsibility for managing and regulating the educational s¢tfing, devising
instructional tasks and fostering social engagements and organisin borative groups. This
strategy encourages the active participation of every student i h%l , promoting teamwork
and shared effort that deepens understanding of the topic. tial component of cooperative
learning involves incorporating group collabora '0:@ establishing collective objectives.
Cooperative learning involves a range of struct nd unstructured strategy, often featuring
intentional teacher involvement to enhance hnt participation and promote successful learning

.
results’. \C;\\'

Cooperative learning 'ﬁk@a range of benefits. Cooperative learning utilises goal
interdependence and resm@%erdependence to enhance interaction and communication among
individuals in a b@ﬂfting the instructor's position from a traditional lecturing strategy to

G

that of a facilitatot for students groups contributes to the cultivation of a social learning
enviro&njé@hereby students engage in interactive learning experiences. Cooperative learning
fosters the cultivation of amicable relationships among students and facilitates the enhancement

of social and communication skills and the promotion of enhanced tolerance and acceptance of

difference among peers. The strategy encourages the active engagement of students in the



process of constructing knowledge, so as to foster the development of their interest in the subject
matter!”.

In a few studies, the researchers were particularly interested in determining how concept
mapping and cooperative learning tactics affect the overall achievement of Biology students.
Studies have observed that students’ grasp of biological concepts and their ability to,remember
such concepts increased when cooperative learning was employed in conjuncti ﬁconcept
mapping. In addition to more in-depth comprehension of the subject matter,%gdents shown
considerable gains in their ability to think critically about the conce utthermore in another
study, a researcher used concept mapping and collaborative t céy[o encourage conceptual
shifts in Biology among future educators. The outcome of y in the example showed that
when two strategies were used together, students n@l knowledge increased significantly
and their misunderstandings about biological topi re reduced. The study in the example also
showed that, improved conversation and t mork were other benefits of cooperative learning

N
setting!?. \CO\

A separate investigaﬁ&amined the effects of various instructional strategies,
including concept mapp@ cooperative learning, on Biology students' comprehension of

biological conce@ndings from the study indicated that when students were instructed
t

using a blend of théSe strategies, they demonstrated improved retention of knowledge, enhanced
critica%@g skills, and a greater ability to apply biological concepts to real-world situations.
Furthermore, the reports from students indicating a rise in their interest and enjoyment in
academic pursuits are quite promising'®. A study was carried out to assess the impact of concept
mapping and cooperative learning on the academic performance of Biology students and their

attitudes towards the subject. The results indicated that the combined strategy positively



impacted students' academic performance and fostered a more positive attitude towards Biology.
The students indicated a heightened sense of satisfaction with the teaching experience, resulting
in elevated levels of motivation'*.

Long-standing observations have highlighted the existence of gender disparities in
science education, particularly in the field of Biology, and these issues persist in the present
day'>. A review of study indicated that disparities in student achievement based o Q% persist,
largely due to the teaching strategies employed by educators'®. Considering thes¢*Variations and
the differences in students' learning strategies to Biology, it is essentia@&ucators in this field
to recognise and address this factors effectively.

While some studies emphasise the advantages of enting concept mapping and
cooperative learning strategies in the teaching of iq@for students in Federal Colleges of
Education in Southwest, Nigeria. The integratio ese teaching strategies seems to improve

"

students' grasp of concepts, foster criticalﬁhﬁking abilities, boost motivation, and positively
°
influence their attitudes towards the @tt.

iven the positive outcomes demonstrated by these
studies, it is logical to contenlg the implementation of such strategies in teacher training
programmes to enhance %@%paration of future educators in the field of Biology. This study
aims to explore inipact of concept mapping and cooperative learning strategies on the

academic achigyement of Federal Colleges of Education students in Cell Biology in Southwest,

Nigeri@’b
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1.2 Statements of the Problem

The education system is fundamental in developing the knowledge and skills of future
educators, especially those studying Biology. In Southwestern Nigeria, the quality of science
education, particularly in Biology, has raised concerns due to numerous challenges encountered
by students in this field. The existing strategies to instructing Biology students appear to fall
short in effectively engaging them or sufficiently meeting their education @emen‘[s.
Additionally, various factors have been recognised as the root causes of\stud€hts' academic
underperformance in the discipline of Biology. College of Educati@blogy students often
believe that the subject demands a significant amount of reading, ch they find to be quite
challenging. Elements like the degree of engagement a tudents, inadequate and low-
quality practical sessions in the laboratory, over 'z%%s sizes in Biology classrooms, an
environment, and ineffective teaching strategies rﬂ@ gnificantly impact academic achievement
in cell Biology. Consequently, these upco 'n\gy\Qre-service teachers might find it challenging to
convey scientific knowledge effectiv@elr students, which could impede the overall quality
of science education. This st@%plored the effects of concept mapping and cooperative
learning strategies on th@ mic achievement of Federal Colleges of Education students in
Cell Biology in S n@ Nigeria.
1.3  Aim aB jectives of the Study

T@dy aimed to determine the effects of concept mapping and cooperative learning
strategies on Federal Colleges of Education students Academic Achievement in Cell Biology in

Southwest, Nigeria. The objectives of the study are to:
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ii.

iii.

1v.

1.4

determine the main effect of concept mapping strategy on Biology students’ academic
achievement when taught Cell Biology at Federal College of Education in Southwest,
Nigeria;

determine the main effect of cooperative learning strategy on Biology students’
academic achievement when taught Cell Biology at the Federal College of ]&aﬁon in
Southwest, Nigeria; Q

determine the main effect of gender on Biology students’ academi@ement when
taught Cell Biology at Federal College of Education in Southw eria;

examine the interaction effect of concept mapping ia@and gender on Biology
9

students’ academic achievement when taught Ce gy at the Federal College of

Education in Southwest, Nigeria, ,bQ
examine the interaction effect of coerra(@

students’ teachers’ academic achi eXk:nt when taught Cell Biology at the Federal

College of Education in Sout@\hgeria;

earning strategy and gender on Biology

Hypotheses ° A

The following h)@gis were tested in the study at 0.05 level of significant

Hy1: There will @ﬂﬁcam main effect of concept mapping strategy on Biology students’

academic ach@m nt when taught Cell Biology at Federal College of Education in Southwest,

Nigeri@’b

Ho2: There will be no significant main effect of cooperative learning strategy on Biology

students’ academic achievement when taught Cell Biology at the Federal College of Education in

Southwest, Nigeria.
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Ho3: There will be no significant main effect of gender on Biology students’ academic
achievement when taught Cell Biology at Federal College of Education in Southwest, Nigeria.
Ho4: There will be no significant interactive effect of concept mapping strategy and gender on
Biology students’ academic achievement when taught Cell Biology at the Federal College of
Education in Southwest, Nigeria.

Hy5: There will be no significant interactive effect of cooperative learning stra % gender
on Biology students’ teachers’ academic achievement when taught Cell Biglogy=at the Federal
College of Education in Southwest, Nigeria. O

1.5 Scope of the Study %

This study determine the impact of concept mapp tegy and cooperative learning
strategy on the academic achievement of Federal C lle% of Education students in Cell Biology
in Southwest, Nigeria. The study was carried out ce Colleges of Education: Federal College
of Education (Special) Oyo, Oyo State, Federal College of Education Osiele Abeokuta, Ogun
State, and Federal College of Educ’{&wo, Osun State. This study focused on cell topics
within the field of Biology,® &%cally targeting pre-service teachers enrolled in Biology
courses at various Feder ges of Education.

1.6  Significa 8@}? Study

The fi 'Qom the study are anticipated to significantly enhance the quality of science
educa%@ﬁs Nigeria. Through the identification of effective teaching strategies, including
concept mapping and cooperative learning, Biology students can cultivate a deeper
comprehension of scientific concepts, enabling them to convey knowledge more effectively to
their future students. This enhancement in instructional strategies could significantly raise the

overall quality of science education in the area. The findings of the study would provide

13



important insights into the effectiveness of various teaching strategies used in pre-service teacher
training programmes.

Teacher, educators and curriculum developers can use these findings to reevaluate and
modify existing teaching/learning. Incorporating innovative strategies like concept mapping and
cooperative learning can help align the training programmes with the best practices in pedagogy,
fostering well-prepared and competent Biology teachers. Its can serve as a valu Q&urce for
ongoing professional development initiatives for in-service Biology teachers ds”well. School
administrators and educational institutions can use these insights tise workshops and
training sessions, promoting the adoption of concept mapping a @rative learning strategies
among teachers, thus elevating the overall teaching standar@ ¢ region.

In addition, the outcomes of the study wo I%%ess educational issues and promote
active teaching. Active teaching is encour% ough the use of concept mapping and
cooperative learning strategy which in tu }courages Biology students instructors to engage

.
more actively with the subject rnattf\(%hese tactics may develop a feeling of ownership and
interest in teaching by stimulati@g{lcal thinking, problem-solving, and cooperation; eventually,
this would lead to a m@ and meaningful teaching experience for both instructors and
students. In the I@cientiﬁc education, Nigeria, like many other nations, struggles with
issues such a&)w levels of students involvement, high dropout rates, and below-average
acade ic@y. This study has the potential to contribute to the addressing of these difficulties
by finding effective teaching practices that can enhance the preparation and competency of pre-

service Biology instructors, ultimately leading to improved teaching outcomes for the students

who would be taught by these teachers in the future.
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In terms of the implications the study has for policy and the contributions it can make to
research, the research may be utilised as a foundation for evidence-based policy
recommendations in the field of scientific education. The findings may be used by governmental
bodies and educational institutions to establish and execute policies that encourage the
integration of concept mapping and cooperative learning strategies into teacher training
programmes. This would facilitate ongoing enhancement in the calibre of scie Q&educaﬁon
throughout the region. The results of the study would enhance the current wledge base
regarding innovative teaching strategies, specifically in relation ®logy education in
Southwest, Nigeria. It has the potential to stimulate more r e&and the investigation of

@er scientific and non-scientific

successful teaching strategies, not just in Biology but als

fields of study.

2
1.7  Limitation of the Study ’b

A major limitation was in the area; }}ne and controlling of students in school selected

by the researcher in the course of car@ut the study.
1.8 Operation Deﬁnitim@%ns
Terms are defin Qrding to their usage in this study. These terms includes:

Academic Achi@t: In Cell Biology , these are scores obtained by Biology students using
the instrum@ll Biology Achievement Test (CBAT) for the study.

Colle@b&Education: These are institutions that train pre-service teachers. In this study Part 1
Biology students were considered.

Concept Mapping Strategy: This is a visual and graphical strategy used to represent the
relationships between different concepts or ideas in Cell Biology which in this study is the

focused topic.

15



Cooperative learning strategy: This is an educational strategy that emphasises collaborative
and interactive teaching among students. In this instructional strategy, pre-service Biology
teachers’ work together in small groups to achieve common teaching goals on the topic of Cell
Biology.

Biology students in Federal College of Education: These are individuals who arg currently
undergoing formal education to become a qualified teacher but have not yet beg %%eaching
career. 6

Gender: These are male and female pre-service Biology teacher:éxederal Colleges of

Education in Southwest, Nigeria.
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Chapter Two

Literature Review

The chapter reviewed the related literature on the study under the following sub- headings.
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2.1 Conceptual Review

2.1.1 Academic Achievement

Academic achievement in education refers to the outcome of learning and serves as a
gauge of how well students, instructors, and educational institutions have accomplished their
educational goals. Based on the consistently poor levels of academic achievement in Biology and
the negative attitude towards it, it is evident that scientific education has b Q%equately
implemented. The assessment of academic achievement is typically ‘¢onducted through
examinations or ongoing evaluation, although there is no widesp eement on the best
effective testing strategy or the key components of knowledg@c icvement, in the context of
educational environments such as schools, colleges, and @rsities, refers to the measurable
outcomes of a person's achievement that indicate ent to which they have successfully
attained specific objectives!. In addition to\t%’éo lem of low achievement in Biology in
educational institutions, it is common f.or éts in Nigerian schools to choose Biology because
it is a scientific subject that is rela{% easy to earn high grades in, making it particularly
appealing to them. Interest 'i&ucial when it comes to teaching and learning Biology.
Furthermore, there exiské%rrelation between student engagement and the instructional
strategies utilise '@ lecturers. Given this information, a number of scholars suggest
implementing@ovative strategies to improve students academic achievement?.

\Ai@"ggh numerous novel strategies have been employed, Biology students instructors
persist in doing poorly and displaying minimal enthusiasm for the subject. This emphasises the
significance of conducting experiments using a teaching strategy and strategy that are compatible,
and studying how Concept mapping and cooperative learning might impact the achievement and

focus of Biology teachers. Academic achievement refers to the progress and growth of students,
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which is determined by their learning experiences in an educational programme that is designed
to fulfil specific goals and objectives. Academic accomplishment refers to the actual abilities and
knowledge that students acquire while participating in an educational programme?. In the field of
education, academic achievement refers to the amount of knowledge acquired through formal
education, and the outcome and impact of instruction received in a learning setting. Colleges
achieve their educational aims by assessing learners' progress through grades*. &e seeks
to modify learners' behaviour by targeting those specific goals. Academic ac@@en‘[ is defined
as the acquisition of proficiency in a specific skill or area of knowleddemic achievement
in educational institutions such as schools, colleges, and uniyersitics encompasses a student's
achievement in several settings, including classroomss atories, libraries, and work
environments>. Q
O

2.1.2 Concept Mapping Strategy ’bb

Concept mapping is a teaching tec }ue that was introduced by Joseph D. Novak in

.

1970 as a way to represent students"&ﬁgerstanding of scientific knowledge. Concept mapping
serves as an effective learning @%& that numerous students utilise to grasp intricate concepts
and elucidate unclear co@%& Developing a graphic representation of a topic frequently aids
in visualising key epts and organising knowledge more clearly than other strategys of study.
Novak's explozationl of concept mapping was grounded in the principles of learning psychology
theory, T%’Qre principle in cognitive psychology theory is that learning occurs through the
integration of new concepts and propositions into the existing conceptual and propositional
frameworks possessed by the learner. The implementation of concept mapping as a tool has
therefore enhanced meaningful learning in the sciences and various other disciplines, while also

serving to illustrate the expert knowledge of individuals and themes across education,

21



government, and business. Concept mapping, as an instructional strategy, encompasses the
elements of observation, inference, classification, hierarchical structuring, and construction®.

In Western countries concept mapping is a widely adopted pedagogical strategy for
teaching Biology and other relevant science disciplines and has been documented as a highly
effective strategy for facilitating meaningful learning among students by explicitly reyealing the
connections between scientific topics. Additionally, reports suggest that the Q&concept
mapping improves students' problem-solving skills and promotes collab ra@ learning. A
concept map serves as a visual representation that illustrates the struc@ angement of ideas
within a specific academic discipline, akin to a two-di e@al map that facilitates
comprehension, similar to a road map. Concept mapping is @o

f graphical tool that is utilised

represented by circular or boxed shapes, and the onnections between these notions denoted

to organise and visually express knowledge. :\& passes abstract notions, typically

by connecting lines. Linking words or phra }0 ten known as connectives, indicate the specific
.

relationship between two concepts’. \CO\

A concept map serves'qs\A fsual representation designed to depict the connections and
relationships among Vaﬂ@%as or terms. It operates in a manner akin to how a sentence
diagram illustrate t%& matical framework of a sentence, a roadmap outlines the locations of
highways and>¢itieS, and a circuit diagram reveals the operation of an electrical device. In
essence, i@ides a visual representation that outlines the pathways to develop comprehension
of concepts and assertions, functioning as both a tool for meta-learning and meta-knowledge.
Concept mapping serves as a cognitive tool that improves logical reasoning and academic skills

by visually representing the connections between concepts. Students possess the ability to not

only perceive connections, but also to mentally represent how complex concepts are
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deconstructed into more basic components. Concept mapping is designed to depict the patterns
of text structure, aiding Students in developing their mental constructs or schemata of text
organisation. By employing the technique of mapping, teachers assist Students in visualising
linkages and comprehending patterns in text structure®.

Concept mapping is a visual representation of essential concepts designed to illustrate the
significant relationships among the chosen concepts or ideas under investi &%Concept
mapping serves as an effective learning strategy that aids students in compreh¢fiding intricate
concepts and elucidating unclear relationships. Additionally, concept @)1 g can be viewed as
an instructional strategy where ideas encompassing two or mo (%pts are linked with other
terms to create meaningful statements depicted in a diagra@l form. This can be viewed as a
strategy for visually depicting the organisation of i ow@n. Concept mapping serves as a tool
for organising and representing knowledge, whic des concepts typically enclosed in circles
or boxes of various types, along with th Xationships between concepts and propositions

.
connecting two concepts. Propositi@e assertions regarding certain objects or statements
within the universe, whether rise naturally or are artificially created. Their structure

\

comprises two or more b@ ts linked by additional words to create a coherent statement. A

concept map ser@ graphical representation in which links (points or vertices) denote
0SS

concepts, whi%

relatio@qnong the concepts may be unidirectional, bidirectional, or non-directional. The

links (arcs or lines) illustrate the relationships between these concepts. The

concepts and their connections can be classified, and the concepts may exhibit temporary or
causal relationships with one another. A concept map serves as a visual representation of the
connections between a central idea and other knowledge that students have acquired. Concept

mapping functions as a means for learners to structure their cognitive frameworks into more
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effective integrated patterns.” Additionally, it acts as a meta-cognitive tool that enables learners
to take control of their learning in a significantly meaningful way?®.

The science curriculum emphasizes a paradigm shift from instructional strategies that are
teacher-centered (behaviorism) such as lecture strategy to students-centered strategies
(constructivism) such as concept mapping®. Concept mapping originated with Novak, at Cornell
University during the early 1970s.°. This strategy is rooted in a constructivist 1 n\gstrategy
derived from Ausubel’s assimilation theory of cognitive learning, with the, godl”of promoting
meaningful learning among students. Concept Mapping originated fro@&erm “concept map”.
Concept mapping consists of diagrammatic representations “that illustrate meaningful
relationships between concepts as propositions linked toge erms, circles, and cross links>
Additionally, concept mapping, often referred to p@wledge Graph, consists of network
nodes (points or vertices) and links (edges or arc ch node symbolises a concept, while each
connection illustrates the relationship betwe hese concepts.

.

Concept mapping is the proc@ secking out related concepts, ideas and sub-concepts
for a particular topic; and linkﬁ&gﬂ up with lines on which are inscribed possible propositions
that can define their rel&@Qnd laying them out carefully to bring out ones understanding
graphically. Conc p{@ging involves stages and these include; brainstorming stage, organizing
stage, laying @s age, linking stage and finalizing the concept and when Students are
allowed\/@ively engage in concept mapping, it enhances their understanding and makes
learning more meaningful®.

Additionally, concept mapping serves as a strategy for visually depicting the organisation

of information, concepts, and their interconnections. Studies in the field of science education

indicate that concept mapping serves as an effective teaching and learning strategy across all
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educational levels, from primary school to university. This serves as a resource for significant
learning, evaluation, instructional design, and identifying alternative concepts or misconceptions
that learners may possess. The use of concept mapping results in a significant enhancement of
memory retention, as evidenced by improved outcomes in delayed post-tests when compared to
alternative teaching and learning strategies. Concept mapping can be beneficial when used
alongside other hands-on learning strategies such as experiments and interactiv Q&IS. Ina
concept map, concepts are depicted as nodes, typically contained within cir%gboxes, while
the relationships between these concepts are shown through conne@ines that link them
together. The designation for the majority of concepts is typical @ary term, though at times,
symbols like + or % may be employed. A fundamenta onent of a concept map is a
proposition, defined as a statement regarding ceﬂaig@ or events that includes two or more
concepts linked by a labelled connection!®. ’b

Concept mapping serves as an effe ktool for students to understand their knowledge

.

structure and the process involved il\&}structing knowledge. In this manner, concept mapping

aids students in understanding Gb&ocess of learning itself (meta-learning). Concept mapping

\

necessitates engagement@s?all six levels: knowledge, comprehension, application, analysis,

evaluation, and cie@synthesis) as outlined in Bloom’s educational objectives within the

cognitive do . The conceptual understandings that students attain in a new learning activity

are si%@y influenced by their prior knowledge. Concept mapping has been utilised to

investigate students' prior knowledge, to monitor a student's progression of knowledge

throughout a course, to compare students at varying levels of understanding, and so on!'.
Educators and learners frequently find it easier to pinpoint misunderstandings when

utilising a Concept Map. “Concept mapping can clarify for students (and the instructor for
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curriculum development purposes) the limited number of truly important concepts they need to
learn.” They also indicate that concept mapping externalises an individual's knowledge structure
and can highlight any conceptual misconceptions that the individual may possess regarding the
knowledge structure. This detailed assessment of understanding and the following identification
of misunderstandings enables precise corrective measures. Since concept mapping involves
visual images, they are generally more easily remembered than text. Concept &gﬁas also
been utilised to pinpoint specific misconceptions in knowledge and to \explote alternative
educational strategies to tackle these misconceptions!!!2. O

A fundamental aspect of concept mapping is that th %esigned to illustrate the
structural patterns of texts, aiding students in developing@[ ental constructs or schemata
regarding text organisation. Through the process O@ping ideas into structured models,
educators facilitate students' ability to visualis ionships and recognise patterns in text.
While concept mapping enhances leaminaa}} comprehension, novices often find themselves

.

overwhelmed by the complexities i@ in the mapping process. To address the challenges
faced by beginners in utilising @ t mapping for text-based learning, several training studies
have been reviewed's. F@ore, the concept of mapping ideas aims to assess the extent to
which meaningfu 1@ enhances student achievement. Concept mapping as an educational
strategy aligr@vgf the shift from teacher-centered to learner-centred strategyes, thereby
enhanig/ emic achievement'®. Today, it is widely accepted that most students learn best
through personal experience and by linking new information to their existing beliefs or
knowledge. For this reason, individuals must actively build their own understanding'.

One important aspect underlying concept teaching or learning comes from the field of

human development. Research in this field has shown that the process of learning concepts
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begins at an early age and continues throughout life as people develop more and more
complex concepts, both in school and out. Students come into classrooms with a variety of
prior experiences from which they have formed conceptions, or schemata, about the physical and
social worlds. Sometimes these conceptions are accurate and other times they misrepresent
reality. Misconceptions cannot be altered merely by introducing new information. Change
necessitates the implementation of instructional strategies that facilitate studen Q/a ness of
their current mental frameworks and assist them in cultivating new concep Qeinterpreting
established thought patterns. The strategy to teaching concepts is L®a for comprehending
these schemata and fostering meaningful learning. It indicates ‘w@%aming takes place when

the learner does not attempt to connect new concepts a ositions to the relevant prior

knowledge they already have!3'4, &Q

Additionally, concept mapping serves_as

\®)

in grasping intricate concepts and elucidati g\nclear relationships. A concept map serves as a

ective learning strategy that aids students

.

two-dimensional illustration that de;{&?«he connections among essential ideas's. It reveals our

cognitive processes and propo nnections and associations that may not be immediately

apparent. At first glance,\@%pt map resembles a flow chart where key terms are positioned in

boxes linked by Qi\%l' al arrows. Concept mapping serves as an effective tool that offers
{1

educators diaghQsti€ pre-assessment before initiating a unit and facilitates formative assessment

throug%@ning activities!®,

A concept map is a structured representation consisting of nodes that are interconnected
through labelled directed pathways. The interconnected nodes illustrate the manner in which
students associate or relate various concepts. The propositions are illustrated through arrows that

connect individuals' concepts; the direction of the link is denoted by the arrow. The way students
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conceptualise the materials is reflected in the directionality and the connecting proposition. The
proposition illustrates the contextual relationship among the concepts involved. Concept
mapping is grounded in the idea that concepts are interconnected and derive their meaning from
their relationships with other concepts. Concept mapping illustrates knowledge in a structured,
hierarchical manner. The hierarchical structure serves as a strategy for connecting concepts with
one another. The advocates of the concept mapping strategy argue that mea Qﬂ earning
occurs when a learner is conscious of and can manage the cognitive processes link€d to learning.
Concept mapping can diminish reliance on rote memorisation and e ce the significance of
the learning experience. Consequently, it boosts students' interﬁ improves problem-solving
techniques, regardless of their ability level or gender!®. Q

Concept mapping serves as a metacognitive iea@strategy that assesses an individual's

knowledge structure and organisation within a fﬁ@ ar domain of knowledge. Meta cognition
is defined as “cognition about cognitio&’\\knowing about knowing,” or “thinking about
.
thinking.” Concept mapping is a {%gy employed to illustrate the connections between
concepts in a two-dimensional @ “Concept mapping illustrates a network of related concepts,
highlighting the defined ‘selationships between pairs of concepts as indicated by the links that
connect them!©, &Qﬁaapping serves as an effective strategy for illustrating concepts within
a topic or unitwhil€ also demonstrating their interconnections in a two-dimensional format. The
map s W@% valuable tool for both the educator and the student, illustrating their conceptual
understanding and the interconnections among various ideas. Concept-mapping serves as an
effective instructional strategy that enhances teaching and learning across various subjects.

Depending on its intended use, concept mapping has also been referred to as cognitive mapping,

mental mapping, concept webbing, concept trees, knowledge mapping, clinical correlation
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mapping, patterned note taking, and flow charting. These terms all pertain to the concept of
visually representing interconnected ideas'®.

Concept mapping offers a visual representation of a specific domain that can help
students utilise available materials more effectively. By examining the map, one might discern
the essential concepts and organise them from broad to narrow, establishing meaningful
connections among them. Consequently, concept mapping serves as a Q&ive yet
straightforward strategy for utilising diagrams to represent information in a{mafifier that aligns
with one's thought processes. Concept mapping facilitates the comion, retention, and
communication of intricate information. In this context, the 6&& r's role has evolved from

delivering information to acting as a facilitator!”. Q

Types of Concept Mapping ,bQ
Hierarchical Concept Mapping ’bb
Hierarchical Concept Mapping is a &tgrepresentation and organizational tool used to
.
illustrate relationships and hierarchi’{(%bong concepts or ideas. It is particularly valuable in
educational settings, brainstorni\nk%ssions, and knowledge representation. The primary aim of
this type of mapping is@wcase the hierarchical structure of various concepts, allowing
individuals to un @ww these concepts relate to one another in a systematic manner. At its
core, Hierarcl@ oncept Mapping involves arranging concepts in a hierarchical order, with
broader @re general concepts placed at the top and more specific or detailed concepts
positioned beneath them. This hierarchical structure reflects the natural relationships and

dependencies that exist among the concepts. This visual representation aids in comprehending

complex topics by breaking them down into manageable and interconnected components!?!415,
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The mapping process typically starts with a central, overarching concept that serves as
the focal point. Subsequently, related concepts are added, forming branches that extend outward
from the central point. Each branch represents a category or subcategory, and the mapping
continues to expand, creating a tree-like structure that visually organizes the information. The
result is a clear and concise depiction of the relationships between different levels of abstraction
within a given subject. One of the key advantages of Hierarchical Concept Map Q&s ability
to facilitate both top-down and bottom-up learning strategies. Learners can start the general
concepts and progressively delve into more specific details, or the@egin with specific
details and trace their way back to the broader concepts. This ibility in navigation makes the
mapping technique adaptable to various learning styles an ive preferences. In educational
contexts, teachers often use Hierarchical Concept %Q as a teaching tool to help students
grasp complex topics and enhance their understan f the interconnectedness of ideas!”.

\

Hierarchical Concept Mapping is n%li d to a single format; rather, it can take various

N

visual representations depending on {E@\ontext and the preferences of the individual or group

creating the map. Commonly; hj&%’chical maps can be structured as tree diagrams, with the

N\
central concept as the robet and*branches extending outward. However, some maps may take on
more intricate fo, ,%sh as mind maps or concept webs, which allow for more flexible
connections betyeen concepts. The adaptability of this mapping technique makes it suitable for a
wide r@ubj ects and disciplines!®,

The process of creating a Hierarchical Concept Map involves careful consideration of the
relationships between concepts. Lines or arrows are often used to indicate connections, with

labels explaining the nature of the relationship (e.g., "is a part of," "is a type of™). The visual cues

provided by these connections aid in reinforcing the understanding of how concepts interrelate.
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Additionally, the use of color, symbols, and other visual elements can enhance the clarity and
memorability of the map, making it a powerful tool for both teaching and learning. Beyond its
applications in education, Hierarchical Concept Mapping is utilized in various fields, including
business, project management, and knowledge management. In business, it can help
organizations organize and communicate complex ideas or strategies. In project management, it
can assist in breaking down large projects into manageable tasks and subtask: Qﬁwledge
management, it aids in structuring information and fostering a better understdnding of the
relationships between different components within a knowledge &in. In conclusion,
Hierarchical Concept Mapping is a versatile and effective évisually organizing and
representing complex information. Whether used in @ nal settings or professional
environments, its hierarchical structure and vis ak@lty make it a valuable asset for
comprehending, communicating, and rnanagir€iQ nnected concepts and ideas'*%.

Spider Concept Mapping \

.

Spider Concept Mapping is q&&zaﬁon technique used to represent relationships and
connections among concepts '@s in a hierarchical and radial fashion. Unlike traditional
concept maps that often N@ linear or tree-like structure, Spider Concept Mapping employs a
central node fro w@ultiple branches radiate outward, resembling the legs of a spider. This
central node tégfé represents a core or central theme, while the branches symbolize different
subtop@%lated concepts. In Spider Concept Mapping, the central theme is connected to
secondary nodes, which, in turn, branch out to tertiary nodes and so on, forming a web-like

structure. Each node represents a specific concept, idea, or keyword, and the lines connecting

them illustrate the relationships between these elements. This strategy allows for a more organic
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representation of interconnected information, providing a comprehensive and visually intuitive
overview of a subject!’.
One of the key advantages of Spider Concept Mapping is its flexibility in accommodating

complex relationships and interconnectedness. The radial design allows for the inclusion of

numerous subtopics without compromising clarity. Additionally, the visual nati of the

mapping strategy enhances cognitive understanding, making it a powerful tool fo Qns orming,
problem-solving, and knowledge representation. Software tools are often @ed to create
Spider Concept Maps, enabling users to easily manipulate and upda@&tructure as needed.
These tools may offer features such as color-coding, different n eﬁes, and the ability to link
multimedia content, enhancing the map's expressiveness. Q sult, Spider Concept Mapping
proves valuable in educational settings, collabor. tirb rojects, and any context where the
visualization of interconnected ideas is beneficial. rall, Spider Concept Mapping provides a
dynamic and versatile strategy to conceg%\alization, fostering a deeper understanding of
.
complex topics. Furthermore, in S{G%’\%oncept Mapping, the dynamic and interconnected

nature of the visual representa‘tie\ﬁgﬂws for a holistic exploration of a subject. The radial layout

encourages non-linear th@% enabling users to trace relationships between concepts more

freely and crea 'V@his flexibility is particularly advantageous when dealing with
N

multifaceted t@

arran@ nodes and branches fosters a sense of spatial proximity, indicating the strength

when trying to capture the complexity of real-world scenarios. The spatial

and nature of connections between different elements!®-2°,
Moreover, Spider Concept Mapping is not limited to a specific domain or field; it can be
applied across various disciplines, including education, business, science, and more. In

educational settings, teachers and students use Spider Concept Maps to organize and synthesize
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information, making it an effective tool for studying and reviewing complex subjects. In business
and project management, Spider Concept Mapping aids in strategic planning, helping teams
visualize goals, dependencies, and potential challenges. The collaborative aspect of Spider
Concept Mapping is another noteworthy feature. Multiple individuals can contribute to the map
simultaneously, either in a physical or digital environment, facilitating group discussions and
knowledge sharing. This collaborative strategy promotes a shared understan@omplex
concepts among team members and stakeholders?!. QJ

Furthermore, the evolving nature of information can be se@s incorporated into
Spider Concept Maps. As ideas develop or new connections r@ the map can be easily
updated to reflect the latest insights. This adaptability mak aluable tool for dynamic fields
where knowledge is continually evolving. Spider C n@apping stands out as a versatile and
dynamic strategy for visualizing relationships an@%ections among concepts. Its flexible and
collaborative nature, combined with its ada kﬂlty to various domains, positions it as a valuable

.

tool for enhancing understanding, fq{@g creativity, and facilitating effective communication
in diverse contexts?’2!, . \AQ

Flowchart Conce@)ping

Flowchart C@' Mapping is a visual representation technique that utilizes flowchart
symbols and stmyctutes to illustrate the sequence of steps, processes, or decision-making within a
syste o@wept. Unlike other concept mapping strategys that emphasize hierarchical
relationships, flowchart concept mapping focuses on the flow of information, actions, or
decisions in a linear fashion. The primary objective is to provide a clear and systematic depiction
of how different elements are connected and how they lead to specific outcomes or results. In

this mapping strategy, basic flowchart symbols such as rectangles for processes, diamonds for
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decision points, ovals for start or end points, and arrows for connections are employed to
represent various components and their relationships. Each symbol denotes a specific action or
decision, and the arrows indicate the direction of the flow. This visual structure makes it easy to
follow the logical progression of steps or events, aiding in understanding complex processes and
systems?’,
Flowchart Concept Mapping is widely used in business process analysis Qﬁ design,
programming, and problem-solving. It serves as a powerful tool for breaki n a complex
concept into manageable steps, allowing individuals to analyze, 0@ and communicate
processes effectively. This mapping technique is particular 1t%cial when documenting
workflows, designing algorithms, or creating procedural , providing a visual guide that
enhances clarity and reduces the likelihood of e opb%’le notable advantage of Flowchart
Concept Mapping is its universality. The stand d symbols make it easy for individuals
across different disciplines and industries ﬁrstand and interpret the flowchart, promoting
.
clear communication and collaborati@itlonally, software tools are often employed to create

digital flowcharts, enabling e@g{odiﬁcaﬁon and updates as processes evolve or require

optimization®’. QQ

Flowcha@?t Mapping is a visual representation strategy that emphasizes the
sequential ﬂoN

standa, di@fgmbols, it offers a clear and systematic depiction of complex workflows, aiding in

eps, processes, or decisions within a concept or system. Through the use of

analysis, optimization, and communication in diverse fields such as business, programming, and
problem-solving. Flowchart Concept Mapping is not only a valuable tool for representing
sequential processes but also for identifying decision points and conditions within a system.

Decision diamonds in a flowchart allow for branching paths based on different conditions or
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choices, enabling the depiction of various scenarios and their corresponding outcomes. This
feature makes Flowchart Concept Mapping particularly useful for decision-making processes,
project planning, and scenario analysis'8.

The modularity and scalability of Flowchart Concept Mapping are additional strengths of
this strategy. Large and intricate systems can be broken down into smaller, more &anageable
components represented by individual flowchart segments. Each segment can Qbe detailed
separately, allowing for a comprehensive understanding of both the overall cess and its
specific components. This modularity facilitates collaboration, as diteam members can
focus on specific aspects of the concept or process. Furthermo %sual nature of Flowchart
Concept Mapping aids in the identification of bottlenecks,@ ancies, or inefficiencies within

a process. By analyzing the flowchart, individjabb% pinpoint areas that may require

optimization, streamlining, or reengineering. his’%@ es the strategy an essential tool in process

improvement initiatives and project manage >&, where efficiency and resource optimization are
S
crucial 82!, \CO\

The adaptability of Fl!)w\z% Concept Mapping also extends to its use in educational
settings. Teachers and tm%%ften employ flowcharts to visually explain complex procedures
or systems, facili Xm&tudents comprehension through a step-by-step breakdown. In this
context, the st@gy serves as a pedagogical tool for enhancing learning and retention. Flowchart
Conce&@‘mg is a versatile and widely applicable visualization technique that excels in
representing sequential processes, decision points, and conditions within a system. Its modularity,

scalability, and adaptability make it a valuable tool for diverse applications, ranging from

business and project management to education and process optimization. By providing a visual
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roadmap of complex concepts, Flowchart Concept Mapping aids in analysis, communication,
and improvement across various fields?’.

Features of Concept Mapping

Concept mapping is structured in a hierarchical manner, with the most inclusive and
general concepts positioned at the top of the map, while the more specific and less general
concepts are organised hierarchically beneath them. The hierarchical structure fo @ﬁc area
of knowledge is influenced by the context in which that knowledge is a@@r evaluated.
Additionally, the inclusion of cross links represents the relations@tween links across
various segments or domains within the concept mapping. Cr %enable us to understand
the connections between concepts in different domains of \‘Q ge as represented on the map.
The development of new knowledge relies heavily %anortance of cross links in fostering
creative thinking. A well-structured map provid%&ierarchical framework that enhances the
ability to explore and define new connectio N

.

The concluding aspect invo@artlcular instances of events or objects that aid in

elucidating the meaning of a s&d concept. Typically, these are excluded from the ovals or

boxes, as they pertain tO@%c events or objects rather than representing broader concepts.

Concept mappini‘l?%tes significant connections through propositions that exist between

various conce@

conve ir@tion about the relationships or connections between those concepts!'®,

opositions consist of two or more concept labels connected by words that

Role of Concept Mapping
Concept mapping is characterised as a process that fosters active learning, as it involves
learners actively seeking knowledge instead of passively receiving it. Nonetheless, concept maps

prove beneficial in various aspects of higher education, such as achieving the overarching
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objectives of a learning program, refining curriculum design, conducting both qualitative and
quantitative studies, improving instructional strategys, and supporting assessment processes!'’.

Since concept mapping clearly defines a central idea or theme and indicates the relative
importance thereof the concept map allows integrated thinking and portrays information
holistically. Bearing this in mind the role of concept maps in each of the aforementioned areas
will briefly be touched on. Concept maps create a platform for brainstorm@ec use the
structure of a concept mapping provides opportunity for convergent thinkin@ tegral part of
planning processes in higher education. It aids in the pre-anangeme@eas within specific
planning process like curriculum planning, the planning of a@ programme, a module, a
learning activity, an assignment or a research project!®2!. Q

Concept mapping aids in achieving and c n@ with the overarching educational
objectives of learning programs, which ajm %%:ilitate academic success for learners.
Additionally, concept mapping serves as a t&o}ﬁ evaluate the effectiveness of learning programs.

.

The condense form of a map ca{c%lt the time-imposed constraints of comprehensive
documenting and reporting w@%nducting quality control on academic programmes. In
addition, academic progm@gcontent or learning area content portrayed in the form of a map,
can also indicate @%‘Qﬁverlaps which is helpful in curriculum planning. To progress towards a
resolution dur&quantitative and qualitative research, concept mapping strategies may also be
useful to @’Qse thinking processes. Concept mappings emphasize and reveal s the interaction
and contradiction between different concepts, including ca use-effect, part-whole relationships,

hierarchies and cross-links in a logically scientific way'%!22!,
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Characteristics of Concept Mapping

The foundational principle is based on Ausubel’s assimilation theory, which
demonstrates that effective learning of new knowledge occurs when it is connected to prior
existing knowledge. A concept map can be regarded as a strategical tool associated with
assimilation theory, illustrating key components of the theory, including s&mption,
integrative reconciliation, and progressive differentiation. Q
Semi-Hierarchical Organization: The fundamental motivation for the hier@ structure of
concepts in a concept map stems from Ausubel’s idea of subsump@here more general,
superordinate concepts encompass more specific, detailed congcept is theoretical concept is
organised in a hierarchy, with broader ideas positioned at op and more specific or detailed
concepts arranged below them. In practice, the con e%%a concept map are not arranged in a
semi-hierarchical manner. Concept maps faci the representation of non-hierarchical
relationships or cross-links, along with vari Bt er forms of non-hierarchical arrangements!'’.

.

Links: This represents yet another (@ element of a concept map. According to Novak and
Gowin (1984), a link phras@%ssential for connecting concepts to create meaningful
propositions, which ser&ndamental units of knowledge in the context of meaningful

learning and Aus&imﬂation theory. Individuals employing alternative graphing strategys
e

have recomm restricted set of linking phrases that can be applied universally.

Label; A@ for the majority of concepts is a word. It may represent a symbol like + or %.
Theory of concept mapping does not limit the labels that may be applied. This provides map
creators with enhanced flexibility and accuracy in articulating the connections between concepts.

Definition of Nodes: A key feature of a concept map is its restriction of node content to

concepts, facilitating a clearer depiction of the interconnections between those concepts. A
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variety of mapping systems have been created that allow for the graphical representation of ideas
and concepts, such as knowledge mapping, mind mapping, cognitive mapping, and semantic
networks. Concept mapping is distinct from other mapping types because of the characteristics
mentioned above.

Construction of Concept Mapping

Various strategies can be employed in the development of concept map Q% choice
of strategy is contingent upon the intended purpose of the map's construction. cept mapping
can be created manually or with the help of software that support@c ic tasks or general
diagramming. It may also be developed by individuals 0@0 s, regardless of whether

facilitation is involved. The standard strategies for const@u a concept map encompass a

series of steps that include: Clarify the subject n}at}@ concept map that tries to address

multiple questions can be challenging to ha%. Determine and enumerate the key or
\®
overarching concepts related to the subject; }ﬁnise concepts in a hierarchical or morphological
°
manner, starting from the most gener’{t%d inclusive to the most specific, in a way that promotes
a clear representation of subs@%n relationships. After identifying and organising the key

concept, connections ares%%shed to create an initial concept map; Connecting phrases are
incorporated to i n@the relationship between concepts; Once you have constructed the
initial concep@a ,

withi th‘@’gping. Cross links assist in clarifying the interconnections between concepts and

seek out cross-links that connect concepts across various sub-domains

allow for a review of the map, enabling any essential adjustments to its structure or content??.
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Uses of Concept Mapping Strategy

Concept mapping strategy has demonstrated its effectiveness in enhancing learning for
individuals, facilitating knowledge creation for those in investigative roles, aiding organisational
structuring and management for leaders, supporting the writing process for authors, and assisting
evaluators in assessing educational outcomes. Concept mapping serves to stimulate idea
generation and is thought to enhance creativity. For instance, concept mapping ¢ Q\uilised as
a tool for brainstorming. While frequently tailored and unique, concept mappifig serves as an
effective tool for conveying intricate concepts?>. O

A significant benefit of employing concept mappi %hat it offers a visual
representation of the concepts being examined, allowing focus and clarity. They can be
easily updated whenever needed. The formulatio cess leads to a solid and clear

S

comprehension of the meanings and relationsh tween concepts. Consequently, concept
p g p q y p

\®)

mapping transforms learning into an en E and dynamic process, as opposed to a static
K
experience'2!. \CO\

Concept Mapping uw{&%eachers: Concept mapping is utilised to elucidate and
organise challenging coh@%n a structured manner. Concept mapping utilised as advance
organisers also oﬁ@nitial conceptual framework for subsequent information and learning.
Employing c%p mapping aids educators in gaining a deeper understanding of essential
concepts @he interconnections between them. Educators can effectively communicate a
coherent and overarching understanding of the concepts and their connections to learners.
Employing concept mapping minimises the chances of educators overlooking or misinterpreting

critical concepts. When introducing concepts to learners, educators should avoid requiring them
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to memorise pre-constructed concept maps. This may simply encourage memorisation, thereby
undermining the goal of fostering active and meaningful learning for the learner?’.

Concept Mapping used by Students: Employing concept mapping enhances students'
comprehension and retention of knowledge. This facilitates the depiction of the concepts and
encapsulates their interconnections. A significant number of students struggle to pinpoint the key
concepts within a text, lecture, or other forms of presentation. A significant iss Qﬁ from a
learning pattern that relies solely on the memorisation of information, without n¢cessitating any
evaluation of that information. These students struggle to buil@xlmst conceptual and
propositional frameworks, resulting in their perception of learni s a confusing array of
countless facts, dates, names, equations, or procedural ruleorise. For these students, the
content of various subjects, particularly science, t@lcs, and history, often presents as a
jumble of information to be memorised, whi%&ically perceive as tedious. A significant
number of individuals believe they are una b& attain expertise in the discipline. When concept

.

mapping is utilised in instructional {Ca;&ing and students are encouraged to create their own
concept maps during the leaﬁ%%ocess, those who have struggled in the past can achieve
success in understanding‘@% and other subjects, gaining a sense of mastery over the content.
Concept mappin S@s an effective instrument for organising and consolidating students'
knowledge ba%gfﬂe also fostering cooperative learning among them?!.

Conc t@ping used as Evaluation Tool: Concept mapping serves as a potent tool,
functioning not just for learning but also for evaluation, thereby promoting the adoption of
meaningful learning patterns among students. Employing concept mapping can aid educators in

assessing the teaching process. They can evaluate student achievement by pinpointing

misconceptions and identifying gaps in understanding. Concept mapping serves as an effective
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tool for evaluating students' understanding and suggests that textbooks could incorporate the use
of concept mapping to summarise students' comprehension at the end of units or chapters. They
highlighted that “there is nothing set in stone that dictates the use of multiple choice tests from
grade schools to the university.” In essence, there is no strict and definitive guideline for
educational institutions to exclusively utilise multiple choice or essay assexents for
evaluation!”. Q
Identification of Current Understanding, Misconception and Conceptu@ge: Concept
mapping has been utilised to investigate students' prior knowledge @o monitor a student's
progression of knowledge throughout a course, and to comp e%nts at varying levels of
understanding and so on. The extent to which students gra@ epts in a new learning activity
is significantly influenced by their existing knowle v&% Concept mapping has been utilised
to pinpoint specific misconceptions in knowl and to explore alternative educational
strategies to tackle these misunderstandin Eucators and learners frequently find it easier to
.
pinpoint misunderstandings when uti{@concept mapping?’.

Concept mappings used for ngculum Planning: The extensive application of concept

mapping in curriculum p{%@ has been proposed. The concept mapping effectively outlines
the essential co e@d principles to be taught in a clear and concise manner. Concept
mapping is cl&c rised by the organisation of knowledge or ideas from general to specific.
When uti@concept maps for curriculum planning, developers should create 'macro mapping'
to outline the major concepts intended for the entire course or curriculum. Additionally, 'micro

mapping' should be employed to detail the knowledge required for each specific segment of the

instructional program??,
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Concept Mapping for Capturing and Archiving Expert Knowledge: The application of
concept mapping to capture the implicit knowledge of experts is rapidly expanding. Specialists
possess a wealth of knowledge that often eludes clear expression to others. Frequently,
specialists emphasise the importance of developing an intuitive understanding of the subject
matter at hand. Tacit knowledge is developed through years of experience and is partly derived
from activities that engage thinking, feeling, and acting. Knowledge that is not % stated,
whether from groups or individuals, can be gathered through three primary stgategi€s: conducting
interviews with experts, acquiring information through verbal co@ation, and gaining
insights through observation. These strategies remain wid. %ured among numerous
cognitive scientists, many of whom lack familiarity WQ Subel’s contributions and the
epistemological concepts underpinning concept ma 1% hile Novak and Canas identified the
aforementioned strategies as beneficial, there r% ed a need to develop a more effective
strategy to illustrate learners' knowledge an kevolution of that knowledge over time?2.

Benefits of Concept Mappir@\éigher Education Learners

Concept mapping as a‘s{@%chnique proves beneficial for learners in higher education,
as the complexity of stud)@?rial increases the necessity to distil and simplify information into
a more accessibl f@for effective learning. Concept mapping serves as a valuable tool for
facilitating th% ing process and enhancing metacognitive skills among learners. Ineffective
learni @gies employed during problem-based learning (PBL) can hinder a learner's
capacity to define and address problems effectively. Concept maps facilitate the learning process
by enabling individuals to gather knowledge from diverse information sources through the use of

key terms and visuals?.
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The ability of concept mapping to unveil a complex structure of ideas or multiple
connections between concepts is significant. The visual nature of concept maps enables learners
to discern the relationships among key ideas, facilitating the exploration of information from
various perspectives and interpretations. Concept mapping effectively organises the learning
process, leading to higher-quality outcomes in learning. Concept mapping as an instrument to
demonstrate knowledge stimulate learners to become thinkers. Learners find Qﬁ\res in a
position to explore their conception of key ideas and mapping assists them in, making significant
patterns of their knowledge, it further promotes creative thinking by learners to generate
idea s, to see logical association and view issues from a holistic rs»%wez“.

Additional benefit put forward in the literature are@ ncept mapping can serve as a
model to replace or support note-taking and note- kﬁ@hich are time consuming tasks. As a
study technique, concept maps provide a revision’ @id"and its unique pattern makes memory and
recall easier. During the process of learni \ﬂmd maps provide a framework from which to

.
structure information that enhance&(%mmg and provides opportunities to encourage self-
regulation and self-efficacy. Se@%ation and self-efficacy among others are factors associated

with academic achievem@demics success can therefore be placed within reach of higher

education learner b@ring these factors through concept mapping?*.
Concebg;ﬁ‘

Tl@cept mapping strategy involves representing groups of ideas visually, creating a

pping Process

map that offers a geographic representation of the topic at hand. The map is constructed by
initially describing or generating ideas and then articulating the interrelationships among them.
Advanced statistical strategies involving multiple variables Subsequently, multidimensional

scaling and cluster analysis are utilised on this data, with the findings illustrated in a mapped
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format. The composition of the map, representing the collection of ideas, is wholly shaped by the
participant group. The team generates initial concepts, shares insights on the connections
between these concepts, analyses the findings, and determines the application of the map?®.

This strategy to concept mapping proves to be effective when a collective seeks to
establish a conceptual framework for evaluation or planning purposes. The framework illustrates
either the present condition of an issue or a future aspirational state, presented th Q&aeries of
concept maps that visually convey the collective reasoning of the group. The maps illustrate the
collective concepts concerning the subject matter, highlighting the int@ections among these
concepts and typically indicating which ones hold greater relev§, ghificance, or suitability.

Concept mapping proves to be highly effective

various stakeholders, like multiagency steering com i@n planning and evaluation initiatives.

gaging established groups of

Such groups may include administrators, staff, or members of an organisation; community
leaders or representatives from pertinent c§}aency groups; scholars or individuals involved in
.

policymaking; funding agents or re@tatlves from oversight bodies; collectives of experts
and practitioners in particulat‘& of study; representatives of relevant client populations; or
various combinations of\@ ntities. Concept mapping may be less suitable in environments
where hierarchic t@ion-making is standard or where an organization’s planning or
evaluation fra@vo s are already established??%4.

Tl@mcept mapping process is directed by a facilitator, who may be an external
consultant or an internal member of the team tasked with the planning or evaluation initiative.
The facilitator oversees the process, yet the group solely dictates the content, interpretation, and

application of the concept map. The facilitation process can be conducted by an individual or a

group and may include participants from both within and outside the organisation*.
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Procedure for Implementing Concept Mapping Strategy in the Classroom
When employing the idea mapping strategy in the classroom, the educator must adhere to the
following steps:
Step I: For each subject to be instructed, the educator will ascertain a focal query or delineate the
principal theme.
Step II: Following the choice of the focal issue or topic, the educator enun@he most
significant or overarching concepts related to that topic. QJ

Utilising Concept Mapping Strategy in the Classroom é
o N

When employing the idea mapping strategy in the classroo cator must adhere to the

following steps: Q

Step I: The educator will identify a focal questicgpb%ineate the important issue for each

subject to be taught. ’b

Step II: Following the choice of the foc i\ssue or topic, the educator enumerates the most
"N

significant or overarching concepts re{@%ﬁat subject.

Step III: The educator arrange %numerated notions from the most general and inclusive to

the most specialised. T@%ﬁy promotes the clear depiction of subsumption relationships,

namely hierarchic 1@%&0&

Step 1V: ducator incorporates linkages to create an initial thought map.

Step \@%ducator incorporates connecting language to elucidate the relationships among

topics.

Step VI: Following the construction of the first idea map, the educator seeks cross-links that

connect concepts across various sections or subdomains within the map. Cross linkages assist the

educator in elucidating the interconnections among concepts.
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Step VII: The instructor will evaluate the map to implement any requisite modifications in
structure or content.?*,
2.1.3 Cooperative Learning

Cooperative learning involves organising small groups to facilitate collaborative efforts
among students, enhancing both individual and collective learning outcomes. Significant
curiosity exists about the impact of social contact on student accomplishment, Qo erative
learning demonstrating efficacy across diverse academic levels and disciplinés” Cooperative
learning is an instructional strategy in which students collaborate i to achieve shared

objectives. Unlike the traditional strategy in which pupils e@lone or in competition,
cooperative learning fosters mutual assistance and the e @ of ideas among students. It
involves the pedagogical use of small groups to a%% collaborative student engagement,
hence enhancing classroom learning and achie{%@ ective educational objectives?’.
Cooperative learning is an instruc%n\:n strategy that engages students in collaborative
.
group activities, highlighting cons@\e interaction. This technique involves small teams
composed of students with Var)@%(rels of ability participating in learning activities to enhance
their comprehension of a‘@e t. The involvement of each student in the group and collaboration
among members 1’\@91& essential. The pupils get recognition for their personal and
collaborative %eavours. The cooperative learning technique fosters listening, involvement, and
empathy @igning each group member a vital role in the academic task. Group members must
collaborate as a cohesive unit to achieve a shared objective, with each individual relying on the
contributions of others. No student can attain their own objective of mastering the content or

achieving a favourable grade without collective collaboration. Collective objectives and personal

aspirations enhance and support one another. This collaborative strategy promotes engagement
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among all students in the class, fostering mutual appreciation as contributors to their shared
objective?®.

Moreover, cooperative learning signifies a transition in the educational paradigm from a
teacher-centered strategy to a more student-centered one, facilitating small group interactions
that foster effective problem-solving among peers. There exists a distinction between merely
assigning tasks to a group and organising pupils to collaborate effectively. F Q% student
groups does not inherently foster a cooperative dynamic; it requires systematic fffanagement by
an educator. Cooperative learning possesses unique characteristics tha@&eentiate it from other

pedagogical strategys. The cooperative learning strategy is 0@ in social-constructivist
theories of learning. This strategy features a classroo Qng defined by collaborative
assignments, reward frameworks, and small group %%s It can facilitate the instruction of
intricate academic content and assist educators’b§hieving significant social learning and
interpersonal objectives?>~2°, \

.

Cooperative learning is a s@-centered, instructor-facilitated pedagogical strategy
wherein small groups of studen@%ccountable for their own learning and that of their peers. It
is a pedagogical strategyﬁb?ich educators arrange students into small groups that collaborate
and assist each h@nastering academic material and achieving a shared objective. The
educator regu&;(ﬁld oversees the learning environment, devises educational activities and
social 'n\t/@)ns, and organises work teams. This technique ensures that every student engages
in the team, fostering collaboration among members and promoting a collaborative effort that
enhances comprehension of the subject matter. A crucial component of cooperative learning is

collaborative teamwork and shared objectives. Cooperative learning may be formal or informal,

typically necessitating targeted teacher engagement to enhance student interaction and learning.
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In formal cooperative learning, students collaborate over one or more class sessions to
accomplish a collective task or assignment. Conversely, in informal cooperative learning, small,
temporary, ad-hoc groups of two to four students engage for brief intervals, usually within a
single class period, to address questions or respond to prompts from the instructor?’.
Teaching strategies that facilitate collaborative learning among students in small groups
are referred to as cooperative learning. Cooperative learning involves youngsters Q%ating in
structured groups, necessitating mutual cooperation for success. Students collabffate to acquire
knowledge and are accountable for both their own learning and that QXe peers. Cooperative
learning is a technique wherein individuals acquire knowled @oratively within a small
group, assisting one another. Cooperative learning emphasi@o aboration, contrasting with the
current educational system that prioritises comp it@ooperaﬁon, as a human trait, has

historically been perceived as the relative lack o etition. Increased competitiveness inside

an individual logically and biologically correlatés with diminished collaboration?®.

Basic Elements of Cooperat@earning

Even when they aren“u\@% doing it, many educators think they are incorporating
cooperative learning intd, t lessons. The five pillars of an effective cooperative learning
lesson plan must %@ut with precision. Positivity and interdependence are the cornerstones
of any cooper&e ¢ducation programme?’. Students need to internalise the idea that they are
interdepe , meaning that they will "sink or swim together" if the group as a whole does well.
For instance, in mathematics class, a teacher would hand out a series of problems for the students
to solve. Students are grouped into threes. It is the goal of this lesson for students to not only

understand the right strategy, but also to correctly answer each story problem. When students

work in groups, the teacher fosters positive goal interdependence by having them settle on a
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solution and a plan before moving on. Assigning responsibilities to each pupil helps to foster
positive role interdependence. The group listens as the reader reads out the difficulties. Everyone
in the team is able to provide a proper explanation of how to tackle each challenge, thanks to the
checker. The facilitator politely invites everyone in the group to speak out and contribute their
thoughts and feelings to the conversation?’. By providing each group with a duplicate of the
problem, resource interdependence is established. On separate sheets of scra cQ&p:r, each
students works on the tasks and then discusses what they've learned. To créate positive reward

interdependence, at the conclusion of the unit, if all members of each et over 90% on the

exam, the group will be awarded five points. Among all be@pes of interdependence,

goal interdependence is the most essential. A shared aim

learning program.2%27,
The second element of a cooperative eSS@Qails direct, constructive interaction, when

ornerstone of any cooperative

students collaborate to support, help, m %e, and enhance each other's learning efforts.
.

Students augment one other's leami@\artlculating problem-solving strategies, discussing the

fundamental nature of the co and tactics being learnt, sharing their knowledge, and

clarifying the connectioﬂ@%een current and previous learning. The teacher is tasked with

allocating time, (i}?@; seating in a knee-to-knee configuration, and cultivating a supportive

atmosphere t cilitates open dialogue and mutual assistance among students in their
educa%@eavours”.

As for the third part, holding each student to account, it entails checking in on their
progress and giving them input on how they may improve. Members of the group shouldn't
depend on others to get things done for them and should be aware of who needs more help to

finish the assignment. Giving each student their own test and picking one student's work at
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random to symbolise the group's overall effort are two typical ways to foster individual
accountability?’.

Social skills provide the fourth element of a collaborative lesson. For groups to function
effectively, it is essential that students acquire and utilise the requisite skills in leadership,
decision-making, trust-building, communication, and conflict management. These competencies
must be deliberately and meticulously instructed, akin to academic skills. %derable
proportion of students lack prior experience in collaborative learning seftingS;” leading to a
shortfall in vital social skills. During the arithmetic lesson, the @u or emphasises the
significance of "ensuring comprehension among all student "%educator delineates the
competence as the particular language and associated non tions that the evaluator should
utilise?®. Q

O
The sixth element of a collaborative lessoh/ig™group processing. At the end of the maths
session, the groups assess their performanc b‘answering two questions: (1) What constructive
N
activity did each member make to @ the group, and (2) What action can each member
undertake to improve the grou@ cess tomorrow? This technique enables learning groups to
focus on group cohesio@otes the development of social skills, ensures members get
feedback on thei ‘1@' ment, and acts as a prompt for students to refine the small group
abilities essential for collaborative work. Effective processing necessitates the allocation of
sufﬁcient@ the prioritisation of specificity over ambiguity, the use of many forms, the
encouragement of student interaction, the promotion of social skills while processing, and the
clear communication of the processing objectives. Regularly, each group is required to present a

signed overview of their processing?®.
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Types of Cooperative Learning Group

There are three basic types of cooperative learning which includes base groups, formal
cooperative learning groups and informal cooperative learning groups.

Base or Home Groups

Base groups are enduring collaborative learning teams characterised by ,consistent
membership. Students are selected for base groups to provide a balanced ibution of
academic proficiency within the group. These organisations are established{to facilitate mutual
assistance among members, ensuring collective academic success. Fox@a e, they may collect
hand-outs on behalf of an absent group member and provide &coaching to prepare for
individual assessments. The implementation of base group Qﬂises the classroom, enhances
attendance, and elevates both the quality and q arf@f learning. For classrooms with a
substantial number of learners, it is advisable to’@ se base groups. Base groups ought to be

NQ

established to remain intact for a minim uration of one term, with an extension being

°
preferable. The greater the number o@kers in a class and the more intricate the subject matter,

the more essential it is to '§@ iSh organised basis groups. The members must exhibit

compatibility and provid@tzg.
Formal C h@ve Learning Groups

These @u s may persist for several minutes to many class sessions to accomplish a
certai\@signment, such as solving a set of problems, finishing a unit of work, producing a
report, conducting an experiment, or reading and comprehending a story, play, chapter, or book.

The members are meticulously selected for diversity to enhance learning and reduce groupthink®.

Informal Cooperative Learning Groups
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These groups are transient, ad hoc assemblies that endure for a brief duration, often one
discussion or class time. Members are frequently selected at random and will rotate periodically.
Their objectives are to direct student attention on the content to be acquired, provide an
anticipatory mindset and atmosphere favourable to learning, and facilitate the prior organisation
of the subject to be addressed in a class session. They can guarantee that leamers&gnitively
engage with the subject presented and offer closure to an instructive sessio Qey may be
utilised at any moment, but are particularly advantageous during lectures or directreadings. The
duration for which most college students can remain focused duriture before losing
attention is around 20 to 25 minutes. These groups facilitate the segmentation of the lecture and
enable learners to assimilate the topic while engaging in cla Q ities?’.

The Bookend Process involves segmentingla%cture into many mini-lectures and

facilitating cooperative learning groups, so ng lecture duration while augmentin
g p g group g g g

\®)

comprehension and fostering interpersona o\wctions among students. When educating, it is

1
essential to consider the various lea styles and avoid the extremes of entirely eliminating

lectures or abandoning group a@%.

Characteristics 0@ erative Learning Groups

Cooperati ’\f@' ing is a pedagogical strategy that fosters learning via student
collaboration %ilthan competition. It is a technique for efficiently utilising student groups
within_a oom setting. Cooperative efforts are only anticipated to be more productive than
competitive and individualistic efforts under specific conditions. The prerequisites are: positive
interdependence, where individual goal fulfilment depends on the success of all group members;
individual accountability; face-to-face interaction among peers; utilisation of pro-social skills;

and collective processing of an academic assignment?’.
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Positive Interdependence

The first prerequisite for a well-structured cooperative lesson is that students perceive
their success as interdependent. In cooperative learning contexts, students bear two
responsibilities: to master the taught subject and to facilitate the comprehension of that
information among all group members. The precise name for the dual obligation jis positive
interdependence. Positive interdependence occurs when pupils recognise that Q&ccess is
contingent upon the success of their peers, necessitating collaboration and ¢dordination to
accomplish a job. Positive interdependence fosters an environment w@den‘ts recognise that
their contributions enhance those of their peers, leading to collaborative efforts in small groups
aimed at optimising the learning experience for all particip ough resource sharing, mutual
support, encouragement, and the celebration o @ive achievements. When positive
interdependence is comprehensively grasped, it s that the contributions of each group
member are essential and crucial for colle ksuccess (i.e., the absence of "free-riders"), and

.

every member possesses a distinct i’{ﬁg\tﬁne collaborative endeavour due to their resources
and/or designated roles and T@%bilities”. Various strategies exist for establishing good
dependency within a leam@)up, including:
Positive Goal In @dence: Students believe they can accomplish their learning objectives
alone if other @p members likewise achieve their own goals. The group is unified by a shared
object@rgﬁnitive purpose for being. To foster a sense of collective responsibility among
students, the educator must establish a definitive group objective, such as "master the assigned

material and ensure that all group members comprehend it." The collective objective must

consistently be included into the instruction®®3!,
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Positive Reward: Each group member receives an identical reward upon the group's attainment
of its objectives. To enhance goal interdependence, educators could consider implementing
collective rewards (e.g., if all group members get a score of 90% or above on the test, each
individual earns 5 additional points). Occasionally, educators provide pupils a collective score
based on the group's total output, an individual grade derived from assessments, and, additional
points if all group members meet the testing criteria. Frequent recognitioQQ collective
achievements improves the quality of collaboration?!. QJ

Positive Resource Interdependence: Each group member posses a fraction of the
requisite resources, information, or materials essential for job.co tion; the members must
amalgamate their resources to attain the group's objectiv cators may seek to emphasise
collaborative connections by providing students wit rp@ed resources that necessitate sharing
(one copy of the issue or work per group) or b uting portions of the needed materials to
each student, which the group must then integrate (the Jigsaw strategy)?!.

S

Positive Role Interdependence: E@e

roles that delineate tasks essenti %r the group to accomplish the collective task. Educators

er is designated complementary and interlinked

foster role interdepende@ng students by assigning them complementary responsibilities,

including readerg@p comprehension verifier, involvement encourager, and knowledge
reSp

elaborator. Su%

for instan%,’giphasises routinely prompting each group member to articulate the material being

onsibilities are essential for superior learning outcomes. The checker role,

learnt. Additional forms of positive dependency exist. Positive task interdependence occurs when
a division of work is established, necessitating the completion of one group member's activities
for the subsequent member to fulfil their responsibilities. Positive identity interdependence

occurs when a shared identity is formed via a name or motto. Interdependence due to external
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threats arises when organisations are positioned in competition against one another. Fantasy
dependency occurs when a task necessitates that group members envision themselves in a
hypothetical scenario’!.

Individual Accountability/Personal Responsibility

Among the first immigrants of Massachusetts, there was a maxim: "If you do not labour,
you shall not dine." All individuals were required to contribute equitably to the Q\éﬁad. The
second crucial component of cooperative learning is individual accountabili@/@’acterised by
the assessment of each student's performance, the feedback provided@ﬁﬁ the individual and
the group, and the expectation that peers hold each other responsib@contributing equitably to
the group's success. It is essential for the group to identify %Qd additional aid, support, and
encouragement to complete the job. It is essential fo@p members to understand that they
cannot rely on the efforts of others. When it is ¢ ing to ascertain members' contributions,
when contributions are superfluous, and lki\&embers are not accountable for the ultimate
group result, they may be attemptin%& &gﬂ it the situation. This phenomenon is referred to as
social loafing?!. . A@

The objective of@ive learning groups is to enhance the individual strengths of
each member. Perw\@gcountability is essential for guaranteeing that all group members are
genuinely en (&-ﬁia collaborative learning. Following participation in a collaborative lesson,
group me@ should be more equipped to independently do analogous activities. To guarantee
that e%/student is personally responsible for contributing equitably to the group's tasks,
educators must evaluate the effort exerted by each member, offering feedback to both groups and
individuals. Students, assist groups in preventing repetitive efforts by members and ensuring that
each member is accountable for the final result. Typical strategies for organising individual

accountability comprise: Maintaining a compact group size. A lower group size may enhance
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individual accountability. Administering an individual assessment to each student; Conducting
random oral assessments of pupils by selecting an individual to present their group's work to the
instructor (in the presence of the group) or to the full class; Monitoring each group and
documenting the frequency of contributions made by each member to the group's tasks;
Designating one student in each group as the checker. The checker requests that other group
members elucidate the reasons and justification for the group's responses; pos Qg tudents
impart their acquired knowledge to another individual. When all students en&gjeéthis activity,
it is referred to as simultaneous explanation. Consequently, a pattern e@ classroom learning.

Initially, students acquire information, skills, techniques, or (%S inside a collaborative

group. Secondly, students independently apply the inform execute the skill, strategy, or

process to exhibit their individual mastery of thg@t. Students collaboratively acquire

knowledge and subsequently execute it indiViQualfb

Face-to-Face Promotive Interactio \
Positive interdependence lea:%\gﬁromotive interaction. Promotive interaction is
described as individuals suppo@d enabling one another's endeavours to accomplish tasks
and generate outcomes @hn the group's objectives. While good interdependence may
influence outcomes,s&the face-to-face promotive contact among individuals, facilitated by
positive interg \hips, psychological adjustment, and social competency, that is crucial.
Promotiv@action involves individuals offering each other efficient assistance, exchanging
essentbésources such as information and materials, and enhancing information processing. It
includes providing feedback to improve future performance, challenging each other's conclusions

to foster superior decision-making and deeper understanding of issues, encouraging collective

effort towards shared objectives, influencing one another's endeavours to attain group goals,
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acting with trustworthiness, being motivated for mutual gain, and sustaining a moderate level of
arousal marked by low anxiety and stress*2.

Interpersonal and Small-Group Skills

The fourth crucial component of cooperative learning is the effective use of interpersonal
and small-group skills. To effectively coordinate activities towards shared objectives, students
must foster familiarity and trust, communicate clearly and precisely, provide m Q&eptance
and support, and address conflicts constructively. Assigning socially inept kids t6 a group and
instructing them to collaborate does not ensure their capacity to do s@o ciently. We are not

innately equipped with the knowledge to engage effectively wit: o& Interpersonal and small-

group abilities do not spontaneously manifest when requir ents must be instructed in the

cooperative groups to achieve productivity. The domain of group dynamics is founded on

social skills necessary for effective cooperationgaqb% incentivised to employ them for

the assertion that social competencies are es e\nﬁa for group productivity32.
o 5\'

Students with greater social\ﬁ%ﬂs and teachers who emphasise the instruction and
reinforcement of these qualities&ﬁ anticipate higher accomplishment in cooperative learning
groups. Under the circ@es of cooperative skills training, students received weekly
instruction in fou S@kills, and each member of a cooperative group earned two additional

eif qu

points toward iz grade if the teacher witnessed all group members exhibiting three out of

four c%@e skills32.

Group Processing

The fifth crucial element of cooperative learning is group processing. The efficacy of
group work is contingent upon the extent to which groups engage in reflective processes on their

operational effectiveness. A process is a discernible series of events occurring over time,

58



whereas process objectives pertain to the sequence of events essential for attaining end goals.
Group processing is the evaluation of a group session to identify which member behaviours were
beneficial or detrimental, and to determine which actions to maintain or modify. The objective of
group processing is to elucidate and enhance the efficacy of members in contributing to the
collective endeavours aimed at achieving the group's objectives. As the instructor strategically
watches the cooperative learning groups, he or she gains insight into students' ¢ %’nsion as
they articulate their understanding of the work to one another. Monitoring”the students'
explanations yields critical insights into their comprehension of the @u&tions, key concepts
and tactics being taught, and fundamental aspects of cooperativ@%”.

There exist two tiers of processing: small group a ass. To facilitate small-group

processing, teachers provide time at the conclusi n,@ch class for cooperative groups to

evaluate their collaborative effectiveness. ro%§ust articulate which member activities

facilitated or hindered the completion of th 5@ s and determine which behaviours to maintain
.

or modify. This processing allows \@mg groups to prioritise the cultivation of positive

interpersonal relationships, er\h&%he acquisition of collaborative skills, guarantees feedback

on individual participatib@ motes both metacognitive and cognitive reflection, and offers

opportunities to ;C@dge group achievements while reinforcing constructive behaviours

among membets. K€y elements for effective small-group processing include allocating adequate

time, @ structured framework (e.g., "Identify three strengths of your group today and one
area for improvement."), prioritising positive feedback, ensuring specificity in processing rather
than generality, sustaining student engagement, encouraging the application of cooperative skills

during processing, and conveying explicit expectations regarding the purpose of the processing?.
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Alongside small-group processing, the instructor should sometimes facilitate whole-class
processing. When cooperative learning groups are employed, the instructor monitors the groups,
evaluates their collaborative challenges, and provides comments on their teamwork efficacy. The
instructor strategyically transitions between groups, observing their activities. A formal
observation sheet may be utilised to collect precise data on each group. At the conclusion of the
class time, the teacher may facilitate a whole-class processing session by presenti %bsults of
their observations to the class. When each group includes a peer observer, the oUt€omes of their
observations may be aggregated to yield comprehensive class data. @u&ial element of both
small group and whole-class processing is the celebration of grotps and classes. A sense of

achievement, appreciation, and respect fosters dedication t , passion for collaborative work,

and self-efficacy about topic knowledge and tearnwiékfbﬁ)eers“.

Cooperative-learning groups are typically small and as diverse as the situation permits.

N\

The advised group size typically ran m four to five students. Groups should, at a minimum,

Group Heterogeneity

comprise boys and girls, and* @@ﬁs of varying skill levels. Representation of many ethnic
backgrounds and social sk%%uld be included, if feasible.

Purpose ative Learning
More Studengs\Actively Learning: Co-operative Learning facilitates more student engagement
in the ea@ process compared to teacher-centered or lecture-oriented techniques. Utilising the
latter often permits the active engagement of no more than one or two students in active learning
simultaneously. Employing cooperative strategies that facilitate group collaboration ensures

active engagement of all students in the learning endeavour. Students transform into active
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participants in their learning, rather than passive users of knowledge who only listen, watch, and
take notes?>.
Students acquire the skill of mutual assistance: Co-operative Learning promotes collaboration
among students, fostering support for peers within a group rather than competition. Thus,
students can amalgamate their abilities and assist one other.
Peer-to-Peer Learning Support: Cooperative learning enables high-achieving 1@10 assist
those who study at a slower pace. These high-achieving pupils can likely o@unicate more
effectively with their peers than the instructor can. The assistance of t@dents also enhances
the general level of explanation in the course.
Enhanced Motivation via Achievement: Cooperative Lea@ nhances student motivation by
providing several individuals the chance to experie c&r@htisfaction of victory (particularly in
cooperative activities including games) and aca accomplishment. In classes that permit
solely individual competition, it is probabl %t only a select group of high-achieving kids will
.

enjoy this experience. In classrom{@)ere students are organised into cooperative teams
comprising both high and low'@%rs, the chance for success is more equitably spread™.

Advantages of &@%ive Learning

The bene operative learning are extensive. Cooperative learning employs both
goal interdependence and resource interdependence to facilitate interaction and communication
amon gr@tembers. Transforming the instructor's function from lecturing to fostering group
interactions cultivates a social atmosphere conducive to student learning. Cooperative learning
fosters amicable relationships among students, enhances social and communication skills, and
promotes tolerance and acceptance of difference. It fosters active engagement of students in

knowledge production, hence enhancing their interest in the topic. Collaboration in education
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differs from rivalry. Positive interdependence in cooperation leads to productive interactions
where individuals enhance one other's learning endeavours. Conversely, competition,
characterised by negative interdependence, typically engenders oppositional interactions,
wherein individuals hinder one another's learning efforts, resulting in diminished success and
adverse relationships3.

Cooperative learning aims to provide incentives for groups of students Q%ating to
accomplish a collective task, in contrast to non-cooperative activities wheare ifidividuals lack
intrinsic motivation to assist their peers in achieving a shared obj ectiperative learning is
beneficial in teaching numerous science disciplines, including Biology, at both secondary and
postsecondary educational levels. Cooperative learning 1 established in educational

learning is predicated on the premise that gro mbers are interconnected, necessitating

research as an effective technique for enhancing s udﬁQacademic performance. Cooperative
e

collective success; they will actively su k\one another to ensure the completion of the
R
assignment and the attainment of the @'s objectives®.

Furthermore, the poten&\a&gf cooperative learning is evident to several scholars. The
academic and social bent@?e well acknowledged; cooperative learning is the acquisition of
information withi {\s' ially interactive setting by one or two small groups of students.
Cooperative 1 ggcomprises ideas and practices designed to improve communication among
learners f@’hared objective. A cooperative learning environment denotes a scenario in which
learners, united by a shared objective, endeavour to attain a collective educational aim. A small,
devoted cohort of students collaborates, leveraging each other's knowledge to attain a shared
objective. In a cooperative learning setting, learners are positioned at the core of the educational

process and engage in collective learning. Students will not find learning enjoyable if it occurs in
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isolation. Consequently, students enhance their critical thinking and cognitive abilities through
mutual learning™.

There are five essential value-added concepts of cooperative learning. Firstly,
interdependency among learners facilitates collective learning, since they collaborate in small
groups to achieve a common goal. This form of learning holds significant significance for
everyone. They mutually gain from each other's expertise. Secondly, every Q&mber is
responsible for disseminating his or her information to the others. Thirdly, use théif collaborative
abilities to assist one another in learning and to motivate participati@ roblem-solving and
cooperative learning. Consequently, they endeavour to enhanc t@ective accomplishments
of the group. Fourthly, equitable opportunities for all; eai g member are accountable for
participating in the group-building activity and e e@ for its joint success. Fifthly, they
collectively engage in learning, interaction, and dge transmission. In cooperative learning,
students collaborate to achieve shared goa §objectives. All efforts are directed towards a

.
singular objective: to mutually benef@ another via the exchange of personal knowledge and
abilities?3, ° \QQJ

Conversely, coopk@iv learning utilising computer-mediated technologies enhances the

efficiency and e@of group learning. Technology may be included into the cooperative
m

learning envi@

learners. %’Qucator, in the role of an observer, can provide support as required. These group

t and can facilitate the attainment of a shared objective among group

learners are long-term collaborators who engage in cooperative learning within the classroom

and will maintain their collaboration beyond the class. In collaborative environments, small

groups of students engage in a designated task to overcome their collective deficiencies, enhance
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their strengths, and exchange experiences to acquire information. In a collaborative setting, there
exists a principle of disseminating information and authority between students and educators®’.

A cooperative setting is a non-threatening learning space where students interact freely
without racial prejudice, sharing and exchanging valuable ideas. This situation relies on mutual
support, respect for one another, and the reciprocal benefit derived from a collegial and
professional relationship. The foundational principle of cooperative learning is respect for
students, irrespective of their ethnic, intellectual, educational, or social origifis, a conviction
in their capacity for academic success. All students must engi surroundings that
acknowledge their unique talents and cater to their distinct nee@ children must study inside
a nurturing group to feel secure enough to take chances?®. Q

Collaborative learning fosters a collective fe livb%elonging. Acquisition of knowledge,
much like existence, is fundamentally a col%ﬁb deavour. This strategy provides learners

assroom engagements. Collaborative dynamic
°

with assistance and motivation via structuﬁ}e
forms, often leading to constructive é%tectlons. Cooperative learning holds great potential; it
aims to foster active and constru\ck%engagement among students in their learning process. In a
collaborative environmeﬂ@Qunction of the educator shifts significantly. They do not function
as the only sourc t@ledge, but rather as a companion and a support during times of need.
They support&l ers in nurturing and developing their innovative ideas and constructive
thougl@’b

The effectiveness of cooperative learning relies on the nature of the discussions that
occur among students within the group. Discussing a question fosters meaning and

comprehension; individuals derive meaning from their experiences through conversation.

Research indicates that explaining answers to peers can significantly improve students'
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comprehension, as the process of clarification and communication deepens their understanding.
The focus of these discussions lies in the process itself rather than the correctness of the answers
provided. In cooperative learning activities, every team member holds the responsibility of not
only grasping the material presented but also assisting their peers in understanding it, fostering

an environment of collective success. Students collaborate on the assignment until xy group

R
O

Cooperative learning consists of groups of three or @&students engaging

member comprehensively grasps and finishes it*’.

Disadvantages of Cooperative Learning

collaboratively to accomplish a task or project. Nonetheless@ orative learning may face
various drawbacks that include but are not restricted to: Q

Challenges in Group Dynamics: A significant ay@ of cooperative learning lies in its
dependence on a positive group dynamic to oper. optimal efficiency. Disagreements among
individuals can hinder or impede a group's*&f{&orative efforts, presenting a notable challenge

.

when members lack fully developed {@’S\for resolving conflicts. Relationships among students
frequently involve playground & that reflects immaturity. Students are not permitted to exit
the classroom. Incompat%?rsonalities can lead to ineffective collaborative learning, even in
the absence of @r drama. This occurs when students with assertive traits assume
leadership positions; regardless of their suitability for guiding the specific project™.

Imba n@’b\Vorkloads and Assessments: Apart from interpersonal disagreements,
collaborative learning may lead to a disproportionate allocation of tasks. At its finest,
collaborative learning fosters an environment where students uplift and motivate each other,

leading to a shared and balanced advancement in understanding. In certain cases, it is observed

that more advanced students dominate the project, prioritising convenience and efficiency over
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the opportunity to assist their peers in the learning process. On the other hand, less motivated
students may intentionally depend on their more hard-working peers to finish the tasks, thereby
evading any personal effort. The outcome in both scenarios is characterised by an imbalanced
workload, which consequently results in disparities in learning, potentially causing some
students to lag behind. Similarly, this applies to student evaluations, as it is frequently
challenging to assess group members on an individual basis. This may lead to %akicipants
obtaining identical grades or credits, irrespective of their individual contribut@sj :

Classroom Management Challenges: Although numerous drawbac@ooperative learning
impact students, this strategy can also present challenges for d§tors. Collaboration among
students necessitates communication between them. Any e@o@who has overseen a classroom
of 20 to 30 students understands that children gran dﬁ&%portunity to engage in conversation
tend to raise their voices, which can disrupt the 1 g environment. It is also unfeasible for a
single educator to consistently oversee ev Xroup, which may lead to discussions that stray

.
from the main topic. Collaborativifg;mps of students may also rise from their seats to

collectively examine materials {A%é absence of stringent discipline, cooperative learning has

the potential to transfom‘%ﬁmctured classroom into complete disorder?®.
Relations %@%{een Concept Mapping and Cooperative learning Strategies to the
Achie ent of Biology Students
Enh ce@derstanding and Retention: Concept mapping is a visual learning tool that
encourages individuals to organize and represent knowledge in a graphical format. When applied
to Biology students, this technique allows them to create visual representations of complex

biological concepts, fostering a deeper understanding of the subject matter. The act of

constructing concept maps requires active engagement with the material, promoting cognitive
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processing and knowledge integration. Cooperative learning strategies, on the other hand,
involve collaborative learning experiences where pre-service teacher work together to achieve
common academic goals. Through group discussions, joint problem-solving, and peer teaching,
individuals can gain diverse perspectives and reinforce their understanding of biological
concepts. The connection lies in the notion that both concept mapping and cooperatiye learning
enhance comprehension and retention of biological knowledge among Biology st Qé“g.

Promotion of Critical Thinking and Problem-Solving Skills: Con%gapping and
cooperative learning strategies contribute to the development of criti@h king and problem-

solving skills, essential attributes for effective Biology etce@ Concept maps require

individuals to identify relationships between different con d articulate these connections.
This process not only aids in understanding but sq&%rates analytical thinking. Similarly,
cooperative learning strategies, such as group, dis ns and collaborative projects, expose pre
service teacher to various problem-solvinﬁ\skategies. Engaging with peers allows them to
confront different perspectives and ({@ﬁges, fostering the ability to think critically and apply
their knowledge in novel situati@\n&%ls crucial for successful Biology instruction?®,

Building a Supportive\éQning Community: Cooperative learning strategies inherently
involve building @Ve learning community within a group of Biology students. This sense
of community@gfs an environment where individuals feel comfortable seeking help, sharing
ideas, an@%aborating on learning tasks. This support network is invaluable for Biology
students facing the challenges of understanding complex biological concepts. Concept mapping,

when integrated into cooperative settings, becomes a collaborative endeavor, further

strengthening the sense of community. This interconnectedness creates a positive learning
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environment that encourages active participation and, consequently, contributes to the academic
achievement of Biology students®.

Application of Constructivist Learning Theory: Both concept mapping and cooperative
learning strategies align with the principles of constructivist learning theory. Constructivism
posits that individuals actively construct their knowledge by building upon their prior
experiences and interacting with new information. Concept mapping allows Bio Q&den‘[s to
organize their existing knowledge and connect it to new biological conc%gcilitating the
construction of a more robust mental framework. Cooperative learnited in collaborative
learning, aligns with the social aspect of constructivism. 0 interactions with peers,
Biology students share their interpretations, refine their un@ ing, and collectively construct
knowledge. The synergy between these strategie a@nsu‘uctivist principles establishes a
pedagogical foundation that supports the academi evement of students in Biology?3®.
Preparation for Effective Teaching Pr kes: The connection between concept mapping,

8

cooperative learning strategies, and\ﬁ?achlevement of students in Biology extends beyond
academic achievement. These S\Qgéies contribute to the development of teaching skills and
strategyologies. As Biology\students engage in creating concept maps and collaborating with
peers, they are n astering content but also honing skills applicable to future teaching
roles. The abii Qconvey complex biological concepts visually and facilitate collaborative
learni @’gences prepares them for employing similar techniques in their own classrooms.
Ultimately, the integration of concept mapping and cooperative learning strategies equips

Biology students with a pedagogical toolkit that enhances their readiness and effectiveness as

future Biology educators?®.
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Fostering Communication and Interpersonal Skills: Concept mapping and cooperative
learning strategies inherently involve communication and interpersonal skills, which are crucial
for effective teaching. Constructing concept maps requires pre-service teacher to articulate their
thoughts clearly and concisely. Moreover, in cooperative learning settings, individuals engage in
active communication with their peers to convey ideas, provide explanations, and collaborate on
learning tasks. The development of these communication skills is not only b @ for the
academic environment but also essential for future interactions with Stud nts@he ability to
convey complex biological concepts with clarity and engage in @c ive communication
contributes to the overall success of Biology students in their teachirig roles.

Addressing Diverse Learning Styles: One of the strength cept mapping and cooperative
learning strategies lies in their flexibility to cater to ﬁ@e learning styles. Concept mapping
allows Biology students to create visual reRreQ ons, appealing to those who are visual
learners. On the other hand, cooperative 1 }mg strategies provide opportunities for different

.

learning preferences by incorporat@iscussions, hands-on activities, and group projects.
Recognizing and accommodaﬁ&crse learning styles among Biology students ensures that a

broader spectrum of indiwi can engage with and benefit from these instructional strategies,
ultimately enhanc; @academic achievement in Biology?®.
Motivation a%

strategie\sj&on‘[ribute to increased motivation and engagement among Biology students. The

gagement: The incorporation of concept mapping and cooperative learning

visual nature of concept maps makes the learning process more interactive and personally
meaningful. When pre-service teacher find relevance and personal connections to the material,
their motivation to learn is likely to increase. Additionally, cooperative learning strategies

introduce an element of social interaction and shared responsibility, making the learning
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experience more engaging. Higher motivation and engagement levels can positively impact the
overall academic achievement of Biology students by fostering a positive attitude towards the
subject matters.

Assessment and Feedback Integration: The use of concept mapping and cooperative learning
strategies allows for innovative assessment strategies and constructive feedback. Concept maps
can serve as not only a learning tool but also as a means of assessing the depth Q%.\racy of
understanding. Peer assessments within cooperative learning settings provide ogy students
with diverse perspectives on their strengths and areas for improvem ntegrating assessment
and feedback into the learning process contributes to a form@ rategy, where pre Biology
students can continually refine their understanding and te@g skills. This iterative process is
conducive to long-term academic achievement gd‘& cultivation of effective teaching

practices?”. ’b

Long-term Professional Development: éyond immediate academic achievement, the
.
connection between concept mappir@operative learning strategies, and students in Biology
extends to long-term professi@%’evelopment. The skills acquired through these strategies
critical thinking, comm iC%l, collaboration, and effective teaching strategies are not only
relevant during e-Z\&{%e education but also form a foundation for continuous professional
growth. As th ure educators transition into their teaching careers, the experiences and skills
gaine th@ concept mapping and cooperative learning will contribute to their effectiveness

as lifelong learners and educators, positively impacting both their teaching practices and the

learning experiences of their students*.
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2.1.4 Concept of Gender

Gender plays a crucial role in the assessment of Biology students, significantly
influencing the attainment of Biology knowledge. The variable of gender is believed to affect
students' learning and may also shape their attitudes towards science, particularly in the field of
Biology. The concept of gender has attracted the focus of academic professionals in Nigeria,
especially in light of the ongoing emphasis on achieving gender equality acros %sectors
Gender encompasses a range of physical, biological, mental, and behavioura clg:terlstlcs that
differentiate between female and male populations. Gender 1nvolve &)Cietal and cultural
expectations, characteristics, actions, and rules that are attrib 0 1nd1v1duals according to
their biological sex. In this study, gender is defined as a ct‘ 1stic assigned to individuals as
either male or female, primarily based on biologic qla%erlstlcs Challenges associated with
gender in science education have emerged as minent issue for educators in the field,
highlighted by the comprehensive studles u aken on this matter. Nonetheless, there remains
a lack of consensus on whether it infl €%@s students in the area of Biology*'.

Nevertheless, several '@hers have shown that female students exhibit greater
enthusiasm for Biology 3@ mistry compared to their male peers. Conversely, other studies
have found no n %parity in the average scores of male and female students in science
disciplines. T@e conclusive findings on gender necessitate additional inquiry to determine
whether @ has an impact on pre-service instructors in the field of Biology. The ambiguity
over the degree to which gender seems unresolved. Studies have indicated that girls exhibit a
more favourable disposition towards Biology compared to guys. Students are the future leaders
of education. No research has been conducted on the gender disparity in Biology achievement

among students in the south west region. Science serves as a means for fostering economic
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development and ensuring the survival of every nation. Biology is a widely favoured subject
among secondary or students due to its relevance and practicality in addressing the needs of the
majority. The inclusion of equity is also considered at this level*2.

Consequently, it provides a robust basis for addressing gender biases and
misunderstandings within the realm of science. Investigations into gender disparities in academic
performance within the sciences have produced varied findings, indicating th Qn r could
indeed influence students' success in scientific disciplines. Additionally, i@@revealed that
gender did not play a significant role and had a minimal impact on @/1 uals' success in the
domains of science, technology, and mathematics. Nonetheless,.theNinvestigation has brought to
light worries and unease regarding the insufficient Qt for female success and
accomplishments in the domains of science, technol y,@mathematics‘”.

Additionally, the investigation into the ts of practical activities in Biology on
students' acquisition of process skills rev &t there was no significant difference in the

.
average scores between male and f@students who were instructed in Biology through the
practical strategy. The ﬁndings{,kgﬁdicated an interaction between the teaching technique and
gender. A study investigd@%e effects of a practical assisted instructional technique on student
performance in evealed that there was no statistically significant difference in the
average Biolo%ac levement scores between male and female students who participated in the
activit, -b%’bstrategy. A subsequent investigation examined the differences in academic
performance between male and female senior secondary students who were instructed in ecology

through outdoor teaching strategys. It was found that there was no discrepancy in the academic

achievement of male and female students who were exposed to indoor and outdoor laboratory
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instructional tactics. This indicates that both instructional strategies are equally appropriate for
all genders*.

Thus, the impact of gender on pre-service Biology instructors' attitudes towards Biology
remains uncertain. This condition highlights the importance of doing this study to investigate any
gender disparity among pre-service Biology teachers in their attitudes towards Biology while
utilising Concept mapping and cooperative learning as teaching strategies. A Qt study has
demonstrated that the impacts of concept mapping and cooperative leamin@gt influenced
by gender. Nevertheless, a comprehensive analysis of scientific literat@ender disparities in
science accomplishment has revealed a report indicating the@a students outperform their
female counterparts®. Q

The significant disparities in scientific achi V?& between male and female students
have been significantly diminished over time. H% 1, there is still much work to be done in
order to fully eliminate this gap. Moreove&h&:r factors have been attributed to this disparity,

.
one of which being the improper u{ﬁ%&ion of instructional strategies. Reports indicate that
employing concept-mapping a&%stwctional tool effectively elucidates science topics for
students, facilitating meﬁ@ | learning outcomes. Furthermore, it has been proposed that
differences in ge Q\(@ ence the application of concept mapping and collaborative learning
among studen%tu ying science, particularly in Biology. The existence of contradictory results
regard%/@r@nt achievement has prompted an exploration into the effects of Concept Mapping
and Cooperative Learning strategies on Biology students, along with the implications related to

gender®,
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2.1.5 Concept of Cell Biology

Cell Biology, usually referred to as cellular Biology or cytology, is a field of Biology that
specifically examines cells, including their composition, activities, and relationships with the
surrounding environment. Cells are the fundamental building blocks of all living beings,
encompassing both simple single-celled animals such as bacteria and intricate multi-celled
organisms like humans. Comprehending the fundamental processes of life, %growth,
reproduction, metabolism, and adaptation, requires a crucial understandin (@Biology. The
study of cellular structure is essential to the field of Cell Biolo@&lls exhibit diverse
morphologies and dimensions, with each cell type specialised to_ca ut distinct physiological
roles inside an organism. Cells consist of various organelle g’ng the nucleus, mitochondria,
endoplasmic reticulum, and Golgi apparatus. Thes 06 lles collaborate to uphold the cell's
structure and perform vital functions such as ating energy, synthesising proteins, and
facilitating cellular communication*®. \

From a functional standpoint@emonstrate extraordinary intricacy and specialisation.
They possess the ability to ex diverse range of functions, such as absorbing nutrients,
eliminating waste, movi@%eacting to external stimuli. Cell Biology explores the regulation
and coordination @tasks, frequently through complex signalling channels and molecular
interactions. 611 signalling pathways enable cellular communication and response to
environm changes, ensuring coordination and homeostasis in multicellular organisms.
Furthermore, the field of Cell Biology is crucial in comprehending the mechanisms of disease
and creating effective treatments. Various diseases, including cancer, neurological disorders, and

infectious diseases, are characterised by abnormalities in cellular function or structure. Through

the process of clarifying the fundamental biological pathways, scientists are able to pinpoint
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possible areas for drug development and create plans for diagnosis and treatment. Furthermore,
strategys such as cell culture, microscopy, and molecular Biology empower scientists to alter and
examine cells in controlled laboratory environments, enhancing our understanding of cellular
Biology and its practical implications in the fields of medicine and industry 4647,

The dynamic nature of cells is one of the intriguing elements of Cell Biology. Cells are
dynamic entities that experience ongoing processes of proliferation, mitosis, sp Q%on, and
apoptosis throughout their lives. Cell division is crucial for the growth and elopment of
multicellular organisms, and for tissue repair and regeneration. Th@l ycle, consisting of
interphase, mitosis, and cytokinesis, controls the organise ement of cell division,
guaranteeing precise duplication of genetic material and Qlon of cellular components to
offspring cells. In addition, Cell Biology investig ey@nolecular mechanisms that underlie
cellular functions. Biological molecules, _in g DNA, RNA, proteins, lipids, and
carbohydrates, interact within cells to pe o\rh a wide range of functions through complex

.
networks. For instance, DNA replic&ﬁs\nd transcription are vital processes that guarantee the
accurate transmission of geneﬁ%@mation from one generation to the succeeding one. Protein
synthesis, which includ chiption and translation, is crucial for creating the necessary
structural and fu\(/@rotems that are vital for cellular functions and the overall functioning
of organisms

C@)logy is a multidisciplinary field that includes multiple sub-disciplines dedicated
to studying distinct aspects of cellular structure, function, and organisation. The sub-disciplines
encompassed in this field are molecular Biology, developmental Biology, structural Biology, and

systems Biology. Each of these sub-disciplines provides distinct perspectives on the intricacies

of cellular life. Molecular Biology is the study of the molecular mechanisms that drive cellular
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processes, with a focus on understanding the structure and function of biomolecules such DNA,
RNA, proteins, and lipids. The objective is to comprehend the mechanisms by which these
molecules interact and control the expression of genes, the creation of proteins, and the
transmission of signals inside cells. Strategies such as DNA sequencing, polymerase chain
reaction (PCR), and recombinant DNA technologies are essential in molecular Biology research,
allowing scientists to manipulate and examine cellular components at the molecu Q%‘”.
Developmental Biology is concerned with the mechanisms through which organisms
progress and mature, starting from a single cell and culminating in aicated multicellular
organism. This study delves into the cellular and molecular meﬁl that regulate embryonic
development, tissue specialisation, and organ formation, a@e external influences that impact
these processes. Developmental biologists study to 'c@ming the determination of cell fate,
specification of cell lineage, and motions involv shaping the body using model organisms
\)
including fruit flies, zebra fish, and mice. T y\mploy advanced imaging techniques and genetic
R
tools in their research. Structural Bi@ 1s the study of the three-dimensional arrangement of
molecules and large complexe@gﬁs, with the goal of understanding their activities and how
they interact with one ot@ tegies like as X-ray crystallography, nuclear magnetic resonance
(NMR) spectrosc )’K@ cryo-electron microscopy (cryo-EM) are employed to ascertain precise
structures of 60& ns, nucleic acids, and other biological components. Structural biologists
exami&%rb structures to acquire understanding of the molecular mechanisms that underlie
biological functions, such as enzyme catalysis, membrane transport, and signal transduction*®.
Systems Biology employs a comprehensive strategy to investigate biological systems,
combining experimental data with computational models to comprehend the interactions between

cellular components that give rise to emergent traits and behaviours. Systems Biology utilises
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strategies from mathematics, computer science, and engineering to scrutinise intricate biological
networks, including metabolic pathways, gene regulatory networks, and protein-protein
interactions. Systems biologists seek to understand the fundamental principles that govern the
behaviour of cells and predict how disruptions to these networks can cause diseases or be used
for therapeutic purposes. Cell Biology not only examines individual cells but also explores the
organisation of cells into tissues, organs, and organ systems to create intricate %s. Cell-
cell interactions and cell-extracellular matrix interactions are essential for tiSstie formation,
homeostasis, and function. Cell adhesion molecules have a role in o@) adhesion and cell-
matrix adhesion, which are important for maintaining tissue_i @, facilitating embryonic
development, and promoting wound healing. Furtherrnore,r ss in the study of Cell Biology
has resulted in the development of disciplines s cly&Q‘tem Cell Biology and regenerative
medicine. Stem cells are a type of cells that h\awQ et developed into specific cell types and
have the ability to reproduce themselves an éﬂsform into specialised cells. Comprehending the
.
molecular mechanisms that control t{{%&mces of stem cells and the regeneration of tissues has

the potential to create new treat for various diseases and traumas, such as spinal cord injury,

heart disease, and degena@&dsorders“g.
2.2 Theoretic ‘l@work
2.2.1 Ausub&%aningfnl Learning Theory

D@ Paul Ausubel was an American psychologist known for his substantial
contributions to educational psychology, cognitive science, and science education. Ausubel drew
inspiration from the teachings of Jean Piaget. In a manner akin to Piaget’s notions of conceptual
schemes, Ausubel connected this to his elucidation of the process through which individuals

acquire knowledge. Ausubel posited that the comprehension of concepts, principles, and ideas is
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attained via deductive reasoning. In a similar vein, he held a strong conviction regarding the
importance of meaningful learning rather than mere rote memorisation. The primary determinant
affecting learning is the existing knowledge of the learner. This prompted Ausubel to formulate a
compelling theory regarding meaningful learning and the concept of advance organisers®.
Ausubel posits that the acquisition of new knowledge is contingent upon existing
knowledge. The construction of knowledge initiates with our observation and ac Q&lgement
of events and objects, utilising the concepts we already possess. Knowledgelis a¢quired through
the development of a web of ideas, which we continuously expand. B usubel emphasises
that meaningful learning is an essential form of learning for @e classroom instruction.
Meaningful learning encompasses new knowledge that s with the learner's existing
understanding, facilitating retention and practical @n. Ausubel’s theory highlights the
importance of students' prior knowledge for ing meaningful learning. Additionally,
educators must recognise the existing kno&é}e of their students to effectively integrate it into
.
their instructional strategies>°. \CO\

Ausubel also stresses *t ortance of reception rather than discovery learning, and

meaningful rather than t%ming. He declares that his theory applies only to reception

learning in schoot‘@. He didn’t say, however, that discovery learning doesn’t work; but
n

rather that it @

princi% ideas are achieved through deductive reasoning. He also suggests the use of an

t efficient. In other words, Ausubel believed that understanding concepts,

advanced organizer as a way to help students make connections to their ideas with new concepts.

this advanced organizer is a device or a mental learning aid to help students get a grip on the new

information. The advance organizers can be verbal phrases or graphs>'.
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Ausubel aims to facilitate the assimilation and accommodation of new information for
students during the learning process; this process must be crafted by the educator to effectively
introduce new concepts. David Ausubel emphasises the necessity for students to engage actively,
while educators should enhance new learning through techniques such as highlighting, filling in
gaps, restructuring sentences, or providing supplementary examples. Ausubel's Theo&consists
of three essential requirements, which include: Q
Applicable previous understanding: Students develop cognitive representdtions of the
language that facilitate their connection to new information. Studentstically examine the
concepts they encounter at various stages of their second lan%e cquisition in a meaningful
manner>2, Q
Substantial content: In other words, learners deve%@ﬂant ideas and statements that must
be pertinent to the knowledge being acquired. ’b
The individual must opt for meaningful leasning: Students need to intentionally and thoughtfully

.
connect new information to what the\ﬁ%SJy understand in a meaningful manner>2.

Meaningful Learning® \AQ

Ausebel’s theory m%sises the importance of meaningful learning. His theory posits
that for meaning @g to occur, individuals need to connect new knowledge with relevant
concepts they%ea y possess. New knowledge should engage with the existing framework of
the le e@derstanding. Meaningful learning stands in contrast to rote learning. He advocated
for the concept of meaningful learning rather than mere rote memorisation. The latter has the
capacity to integrate new information into the established knowledge framework, albeit without
any interaction. Rote memory serves to retrieve sequences of items, like phone numbers.

Nonetheless, it does not aid the learner in comprehending the connections among the objects.
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Meaningful learning entails recognising the connections between concepts, allowing it to be
effectively transferred to long-term memory. The integration of new information into existing
knowledge structures is the most critical aspect of meaningful learning. Ausubel posits that
knowledge is structured in a hierarchical manner, suggesting that new information gains
significance when it can be connected to existing knowledge™2.
Requirements for Meaningful Learning Q\
Advance organisers are proposed by Ausubel as a tool to connect new leamir@ial with pre-
existing related concepts. Advance organisers facilitate the lea@process by aiding
comprehension when challenging and intricate materials are presented. This is fulfilled through
two criteria: The students are required to analyse and co d the information provided in
the organizer—this enhances the overall efficacy Qf ’@ganiser. Additionally, the organiser
should clearly demonstrate the connections bet he fundamental concepts and terms that
will be utilised. Ausubel’s theory of adva e\rganisers is categorised into two distinct types:
N
analytical and informative™. \CO\
Comparative organisers serve 1@%&6 existing schemas and act as reminders, helping to bring
into working memory ‘%®le %s that may not be immediately recognised as relevant. A

comparative orga 1@!% the dual purpose of integration and discrimination. It combines
;‘fn

new ideas w, damentally similar concepts within cognitive frameworks, while also
enhan in@’gbility to distinguish between new and existing ideas that, although fundamentally
different, may be easily confused>?.

Expository organisers offer essential new knowledge that students require to comprehend the

forthcoming information. Expository organisers serve a crucial role when the learner encounters

new and unfamiliar material. Their strategy frequently connects the learner's existing knowledge
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with new and unfamiliar content, which is intended to enhance the plausibility of the unfamiliar
material for the learner.

Types of Meaningful Learning
Representation learning: It is when students acquire vocabulary. In this way, students learn

words that represent real objects which have meaning for them; however, it does not identify

categories. Q
Concept learning: It is defined as objects, events, and situations that posses@on attributes
that are designated through some sign or symbol. Q
Proposition learning: When students know the concept meaning, they can form structures that
contain two or more concepts which affirm or deny somet us, a new concept is similar to
a structure when it is integrated into new learning w%@deas that the learner knows.
Ausubel Learning Model ’b
Ausubel believed that learning pro é& in a top-down or deductive manner. Ausubel's
.
theory consists of three phases. The Kﬁ&ments of ausubel teaching strategy are shown below
in the table . AQ

Table 2.2.1 Ausubel’s Mo QMeaningful Learning

Phase One :Advance \ PHarse Phase three:
Organizer ° \ o :Presentation of Strengthening
< \, Learning task or Cognitive
6 Material Organization
-

Clarif of the Make the organization Relate new
lesson of the new information

material explicit to advance organizer
Present the lesson Make logical order of Promote active

learning material reception learning.

explicit
Relate organizer to Present material in

. terms of basic
Students prior

81



knowledge similarities and
differences by using

examples, and engage
Students in

meaningful learning
activities

Source: Ausubel’s Model, 2021
Relevant of Ausubel's Meaningful Learning Theory of Concept Mappin&eaching

strategies on student’s achievement in Biology O

Ausubel's Meaningful Learning Theory holds significant relevan& investigation of
concept mapping teaching strategies and their effects on the acade Qrformance of Biology
students, especially in relation to the topic of the cell. Ausub@sits that meaningful learning
takes place when new information is linked to the co r@ structures or concepts that an

individual already possesses in their mind. In th%%ﬂ of Biology education, the concept

mapping strategy effectively supports this t@g prompting students to structure and relate

their understanding of Cell Biology in a o\('ﬂ&fnt manner.

Concept mapping allows s%ggs to visually represent relationships between different
components of the cell, foste X deeper understanding. Ausubel emphasizes the importance of
building upon prior k &dge, and concept mapping serves as a tool for activating and
reinforcing the @ isting cognitive structures. By engaging in the process of creating
concept ma@@dents actively construct their understanding of Cell Biology concepts, making
the leahx'g%experience more meaningful and enduring.

Furthermore, Ausubel's theory highlights the significance of the organization of
knowledge in the learning process. Concept mapping aids in the organization of information

about Cell Biology, helping students to see the hierarchical structure of concepts within the topic.

This organized representation supports the integration of new information into existing cognitive
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frameworks, contributing to a more coherent understanding of the complexities of Cell Biology.
Ausubel's emphasis on advance organizers is also pertinent to this research. Concept maps can
serve as effective advance organizers by providing a visual overview of the key concepts and
their interconnections before delving into specific details. This strategy can enhance students
ability to grasp the overall structure of Cell Biology, facilitating a smoother ,and more
comprehensive learning experience. Q
Moreover, Ausubel's theory underscores the importance of anchorin@nowledge in
the learner's existing cognitive structure. The concept mapping strat@ourages students to
relate new information about Cell Biology to what they alread ow, facilitating a more
seamless integration of knowledge. This process not @ ids comprehension but also
contributes to long-term retention, as the interconrg@ture of concepts promotes a robust
understanding of the subject matter. ’b
1

Y

Ausubel's concept of subsumptlﬁ particularly relevant when considering the

complexity of Cell Biology. The 1&6;\\6'

etails of cellular structures and processes can be
overwhelming, but concept rﬂq@%allows students to subsume specific details under broader

categories. This hierarcm@oannization aligns with Ausubel's view that meaningful learning

involves fitting %@ormation into a cognitive structure, promoting a more nuanced
understanding&lﬁé‘

M er, Ausubel's emphasis on the significance of meaningful reception learning

relationships between different aspects of Cell Biology.

aligns well with the concept mapping strategy. The visual representation of concepts through
mapping actively engages educators in the learning process, transcending mere rote
memorisation. While developing and enhancing their concept maps, individuals are engaged in

the active construction of their understanding of Cell Biology, reflecting Ausubel's perspective

83



that meaningful learning is an active process that includes the reception, assimilation, and
application of new information. Given Ausubel's focus on the teacher's role as a facilitator,
employing concept mapping in the instruction of Cell Biology is consistent with this viewpoint.
Instructors have the capacity to assist learners in developing their concept maps, offering
valuable support and constructive feedback. This collaborative strategy improves the learning
process by ensuring that the maps precisely represent the subject matter and cor@@n ith the
students' existing cognitive frameworks. QJ

In summary, Ausubel's Meaningful Learning Theory of® robust theoretical
framework for comprehending how concept mapping teachin tra%s influences the success
of Biology students, particularly in the complex area of dy. The theory highlights the
importance of meaningful connections, the organi ti% knowledge, and the use of advance
organisers, which aligns effectively with the of integrating concept mapping into the
teaching strategy, potentially improving the efféetiveness of Biology education for students.

2

2.2.2 Constructivism Learning T@»

Constructivist Learning {& serves as a psychological and educational framework that
emphasises the active rot@%mers in constructing their understanding and knowledge of the

world. Instead ocl%c' absorbing information, individuals actively participate in cognitive
rpfet new experiences by leveraging their prior knowledge. At its essence,

processes to %

Const ct@Learning Theory is influenced by Jean Piaget's cognitive development theory.
Piaget suggested that cognitive development takes place through assimilation and
accommodation, as individuals incorporate new information into their existing cognitive

structures or modify their mental frameworks to fit new experiences>>.
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This theory also emphasizes the active role of learners in the educational process. It
posits that individuals learn best when they actively participate in the construction of their
knowledge. This active engagement may involve problem-solving, critical thinking, and hands-
on experiences that prompt learners to reflect on and adapt their understanding. Social
constructivism, an extension of constructivist theory, emphasizes the social nature of learning.
Proposed by Lev Vygotsky, it asserts that social interactions and collaborative Qﬁtvs play a
crucial role in the construction of knowledge. Learners benefit from en a@gj discussions,
group work, and collaborative problem-solving to co-construct meanin@

Vygotsky put forth the idea of the Zone of Proxi l$\mlopmen‘[ (ZPD), which
illustrates the spectrum of tasks that learners are capabl pleting with assistance from
someone more knowledgeable. This concept emph ispb% significance of scaffolding, wherein
educators or peers offer assistance to learners a confront challenges that slightly exceed
their existing abilities. The Constructivis&\Lbarning Theory emphasises the importance of

.
existing knowledge in the education{@mey. This indicates that people engage in the process

of linking new information tw@%{e-existing mental frameworks, associating new ideas with

their current knowledge b@is strategy of expanding on existing knowledge fosters a deeper

and more cohesiv hension®’.
Authenti arning environments are considered essential in constructivism. These
environm mirror real-world scenarios and provide learners with meaningful tasks and

challenges. Authentic learning experiences allow individuals to apply theoretical knowledge in
practical contexts, enhancing the transferability of their learning to real-life situations. Reflection
is a key component of constructivist learning. Learners are encouraged to reflect on their

experiences, thoughts, and problem-solving processes. This metacognitive aspect promotes self-
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awareness and enables individuals to monitor and regulate their own learning. Constructivism
views learning as a continuous, lifelong process. It rejects the notion of a fixed body of
knowledge that individuals passively absorb. Instead, learning is seen as an ongoing, adaptive
process where individuals continuously construct and reconstruct their understanding based on
new experiences and insights. Constructivist Learning Theory recognizes and values, individual
differences among learners. It supports personalized and students-cent *sﬁategies,
acknowledging that each learner brings a unique set of experiences, perspectives, and prior
knowledge to the learning process. This emphasis on individuality f@% more tailored and
effective educational experience’®.

Constructivism is a learning theory that posits kn: ¢ is most effectively acquired
through reflection and the active construction Qf ,@standing in the mind. Therefore,
understanding is a shared interpretation amon duals. The individual engaging with the
material must reflect on the information &%nted and, drawing from previous experiences,

.
personal perspectives, and cultural é;texts, formulate an understanding. Constructivism is
divided into two primary facti@%’dical and social. The initial form of radical constructivism
suggests that the knowled%&struction process relies on the individual's personal interpretation

of their active @GS. The second form of social constructivism posits that human

development embedded within social contexts and that knowledge emerges through
intera%@h others. This chapter discusses the history, practice, examples in education and
limitations. History there is three foundational psychologists of constructivism. Jean Piaget falls
into the radical constructivism camp. Lev Vygotsky, on the other hand, concentrates on the

social aspects of learning through experiences. John Dewey straddles the line between the two

perspectives and has many ideas that match with each side. The common ground that united
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these psychologists under the umbrella of constructivism is that all three believed that the
learning theories (examples are behaviorism and humanism) at the time did not adequately
represent the actual learning process. In addition, their ideas were rooted in experiences in the
classroom instead of experiments in a lab (compared to behaviorism)?®,

The constructivist strategy emphasizes that the active construction of knowledge by the
learner is socially and culturally rooted. This emphasis raises an interesting Qﬁ for the
teacher, which is, how seriously should the teacher take the socially and culturally”rootedness of
the learner’s construction of knowledge? A traditionalist might argue x students social and
cultural preconceptions are essentially subjective and should be t&of the classroom and that
the students should engage in the learning experience on @ y rational and objective basis.
But the constructivist strategy highlights the subjectiv. re of the construction of knowledge
and this claim is particularly relevant for the\% ciences where essentially the Students is

N

studying the actions and interactions of m beings in areas such as politics, economics,
society and culture. In the social s @eﬁuman beings are essentially studying their own
actions and interactions and the@gﬁmething inherently subjective about such an exercise™.
However, this is }@%eny the importance of objectivity and the capacity for abstract
thought in acade ’S@gvor even about our own actions and interactions. For a teacher in the
social science%e est way to resolve the dilemma raised by the constructivist emphasis on the
subjectiv@’bsocially and culturally rootedness of the construction of knowledge by the learner
is to encourage the learner to the reflect objectively and rationally on his/her subjectivity and the

social and cultural roots of his/her preconceptions and to channel them into a productive learning

experience®’.
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Relevant of Constructivism Learning Theory on the Effectiveness of Concept

Mapping Strategy on the Achievement of in Biology Students

The constructivism learning theory is essential for comprehending how the concept
mapping strategy impacts the performance of Biology students, particularly regarding the topic
of cells. Firstly, it is important to note that constructivism highlights the active role of learners in
building their knowledge through engagement with their surroundings. In the r Qo iology
education, this indicates that students are more inclined to understand and ren@@ information
about cells when they are actively involved in constructing concep@p . Concept mapping

aligns with a constructivist strategy by enabling individuals ;\Q \%y organise and connect

information, thereby promoting a deeper understanding.

Additionally, constructivism highlights the irv@‘nce of the social dimension in the
learning process. For pre-service teachers, enga %écollaborative concept mapping activities
fosters discussions, facilitates the exchange §;a5, and encourages peer-to-peer teaching. The

.
interactions contribute significantly K&evelopment of personal understanding and create an
opportunity for the sharing‘@gﬁed viewpoints, thereby enriching the overall learning

experience. The social ﬂ@%on holds significant importance in the Biology topic, as it

frequently encomﬁ@tricate concepts that gain from diverse perspectives and dialogues. The
S

constructivist @

journey. @orating concept mapping into the teaching of Cell Biology allows students to

cctive emphasises the significance of existing knowledge in the learning

merge their prior knowledge with new insights, fostering significant connections. This facilitates

the retention and application of knowledge, allowing individuals to expand upon their current

cognitive frameworks. The interactive aspect of concept mapping resonates with constructivist
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principles, promoting learners to contemplate their existing knowledge and weave it into a
unified structure.

Constructivism highlights the importance of the teacher acting as a facilitator instead of
merely passing on knowledge. Within the framework of the concept mapping strategy, educators
facilitate the development of maps by students, promoting critical thinking and independent
connection-making. This strategy encourages individuals to take charge of their 1 Q% ourney,
resonating with the idea that knowledge is built through active engagement, ratlier than simply
absorbed. It acknowledges the significance of applying knowled@&eal-world contexts.
Employing concept mapping in the Biology classroom enables t@ to link theoretical ideas
regarding cells to real-world applications. This connection@ -world situations increases the
significance of the learning experience, rendering i 1}8 mpactful and useful. In conclusion,
the constructivist learning theory offers a theore ramework that bolsters and improves the
effectiveness of the concept mapping strate }renhancing the performance of Biology students,

.
especially regarding their comprehen@ cellular Biology concepts.

Constructivism recogn@%{at learning is a continuous journey, where individuals
consistently enhance an@/ their comprehension through new experiences and insights. In
the context of co ping, this supports the notion that learners can consistently revise and
enhance their@p as their comprehension of Cell Biology develops, fostering a deeper and
more hq/@r&mderstanding over time. Furthermore, constructivism highlights the significance
of metacognition, prompting learners to contemplate their own cognitive processes. When
students create concept maps, they are encouraged to analyse the connections among various

cellular components critically. This level of awareness enhances comprehension of the subject,
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as individuals gain insight into their cognitive processes and the rationale for the connections
they create in their concept maps.

Furthermore, the constructivist perspective emphasises the diverse array of personal
learning styles and preferences. Concept mapping addresses this diversity by providing a flexible
tool that allows pre-service teachers to visually represent content in a way that corresponds with
their unique cognitive processes. The customisation of educational resources fi Q a ‘student-
centered strategy, aligning with constructivism's emphasis on tailoring edu%@to individual
needs and cultivating a more inclusive learning environment. @ er, constructivism
recognises the importance of learning experiences that are emb dm%thin a particular context.
Within the realm of Biology teaching, this entails estab connections between cellular
principles and tangible instances and implementa 'opb%ncept mapping enables students to
incorporate actual scenarios into their maps, s ngthening the relationship between Cell
Biology and real-life situations. This praga\tlx strategy not only improves comprehension but

.
also fosters a sense of inquisitivenes@mlration for the topic at hand.

Ultimately, the constm@gf learning theory offers a comprehensive framework that
beyond mere knowledge s@%ion. The evidence suggests that when concept mapping is in line
with constructivi@@', it enhances the overall learning experience for pre-service Biology
instructors. Cgmstrictivism improves the effectiveness of the concept mapping strategy in
helpin%@s develop a thorough understanding of cells by taking into account the continuous

nature of learning, encouraging metacognition, accommodating different learning styles, and

emphasising real-world applications®!.
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2.2.3 Vygotsky’s Social Development Theory

Social Development Theory, also known as Sociocultural Development Theory, is based
on the findings of Lev Vygotsky, a notable Russian psychologist who lived from 1896 to 1934.
The acknowledgement of Vygotsky's contributions in Western contexts was restricted until the
1980s. His untimely passing at the age of 38 left his theories incomplete, though translations of
some of his Russian papers continue to be undertaken. Vygotsky's theory of soci Q&wlopment
suggests that a child's cognitive growth and learning potential are shaped and enldnced through
their social interactions. Vygotsky's Socio-cultural theory asserts t@a ing is primarily a
social process, emphasising the collective nature of kno &cquisition over solitary
exploration. He explains that a child's learning is signi@ improved when they receive

guidance from a more knowledgeable individual 3 '@mmunity, like a parent or teacher.

Vygotsky's sociocultural theory suggested that in learn and acquire knowledge through the

K

beliefs and attitudes present in their socialﬁk_\ndings. He asserted that cultural factors played
a crucial role in shaping cogniti velopment, leading to differences among various

civilisations. Vygotsky highligl@%e importance of language as the essential foundation for all
learning®2. QQ

Furthermo e®§eow highlights the essential role of social interaction in the processes
il

of learning andhcoghitive development (Vygotsky, 1978). Vygotsky posited that social learning
precedes @opmental processes. He asserts that every function involved in a child's cultural
development occurs in two stages: initially, on a social level, and subsequently, on an individual
level; first, between individuals (inter-psychological), and then within the child (intra-
psychological). Lev Vygotsky's Social Development Theory highlights the essential role of

interpersonal interactions in human cognitive development, positioning social interaction as a
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fundamental element.. Vygotsky postulated that the process of learning is inherently social in
nature, and that significant cognitive growth is achieved through active engagement and
cooperation with one's peers. Within this particular framework, the interchange of ideas,
thoughts, and experiences among individuals serves as a catalyst for cognitive development.
Social contact encompasses more than just formal instruction; it also include&()rdinary
encounters, play, and shared experiences®®. Q

Language is of utmost importance in the context of social inter@according to
Vygotsky's framework. He contended that language serves not@ as a medium of
communication but also as a cognitive instrument. Language @ndividuals to assimilate
knowledge and participate in cognitive processes. Enga dialogues, conversations, and
collaborative problem-solving allows individuals %(&%ely negotiate the interpretation of

information, exchange viewpoints, and collective% 1d knowledge. The inherent sociability of

o

language enables individuals to not only\ convey their present comprehension but also to
investigate and broaden their cogniti\‘/€§s\'its6 .

The Zone of Proximali& ment (ZPD) is closely connected to social interaction. The
Zone of Proximal Dev&@%ﬁ (ZPD) denotes the disparity between a student's existing
competence in ¢ c\@)a task with the support of an adult or peers, and their capacity to
independently&o Ve the issue. Vygotsky posited that learning occurs within this particular zone.
A scela\ﬂ;@%onstrating the Zone of Proximal Development (ZPD) could involve a young girl
encountering her initial jigsaw puzzle. On her own, she is probably not equipped to effectively
put together the puzzle. When the child's father participates in a collaborative activity with her,
showcasing essential strategies such as recognising corner and edge pieces, and supplies several

puzzle pieces for the child to put together on her own while giving encouraging feedback, the
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likelihood of the child succeeding is enhanced. As the child's abilities develop, the father
provides the young one with increased independence in their tasks. Vygotsky (1978) defines the
Zone of Proximal Development as the particular range where optimal instruction or guidance
should be offered to a child. This allows the child to develop skills that they will later be able to
use independently®,

Vygotsky proposed that optimal learning takes place when individuals a Q%ed with
guidance in tasks that fall within their Zone of Proximal Development (ZPD)j which refers to the
gap between their autonomous capabilities and their potential achi@lts with assistance.

Engaging in social interaction, particularly with a more knowledgeable individual (MKO), is

essential in offering the required support and scaffolding Q carners in closing the disparity

between their current skills and their potential®*, &Q

This theory highlights the importance of s% ing children's learning by involving them
with a more cognitively advanced individ &O). An individual characterised as having a
greater level of expertise concerning &;\Ss& or topic that the younger person is trying to achieve
or understand is referred to as t@re knowledgeable other." This role is generally taken on by

a parent, career professiﬁ@% teacher, but it may also be filled by a peer or mentor. This

strategy is not lit@)just academic or instructional contexts; it can also be broadened to
n

include recre al” learning activities, such as playing games or using technology. In these
circu sta@fb, it is more likely that a peer or older child will possess a higher level of expertise.
The MKO can serve as an electronic tutor, especially in contexts where a program is tailored to
enhance learning via voice prompts or films. Vygotsky's theory highlights the importance of
supporting children's learning through interactions with individuals who have more knowledge

and expertise, referred to as a more knowing other (MKO). The concept of the "more
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knowledgeable other" denotes a person who has a greater degree of expertise related to the task
or subject that the learner is trying to achieve or understand. Generally, the individual occupying
this position would be a parent, carer, or educator, though it could also be a colleague or guide®’.
Vygotsky highlights the significant impact of culture on cognitive development.
According to Vygotsky, the cognitive development and content of children's thoughts are shaped
by the environment in which they are raised. Therefore, Vygotsky posit Q&gnitive
development differs throughout cultures. Young children possess inherentl rechted memory
capacities. Nevertheless, society plays a decisive role in shaping the @i memory strategys
individuals acquire. As an illustration, note-taking is taught in gur secicty as a means to enhance
memory retention. In communities without written lananative strategys were likely
devised, such as using knots in a thread as a mnemoni 1¢e, carrying pebbles as a memory aid,
or repeatedly reciting the names of ancestors to 1661 a huge amount of information. Vygotsky

\®

posits that cognitive functioning and develo%jl t are influenced by the beliefs, values, and tools
sed,

of the culture in which an individua&@x therefore being socio-culturally determined. The

cognitive development and fun@&(g tools differ between cultures, as illustrated by the case of

memory®. QQ
Consisten h@ aforementioned statement, Vygotsky placed significant emphasis on

the notion tha@m interaction takes place within a certain cultural and historical framework,

hence {/

common habits, known as cultural tools, have a role in facilitating social interactions and shaping

ing how individuals see the world and gain knowledge. Language, symbols, and

cognitive development. An individual's cultural and societal background serves as the foundation

for comprehending and analysing information. Consequently, social interaction occurs not just at
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an individual level but is also strongly ingrained in the wider cultural framework, thereby
enhancing the variety of cognitive processes among various tribes and societies®.
Relevant of Vygotsky’s Social Development Theory on the Effectiveness of
Cooperative Learning Strategy on the Achievement of Biology Students
Vygotsky's Social growth Theory highlights the significance of social contact in the
process of cognitive growth. According to this view, learning takes place Q% social
collaboration, and individuals develop knowledge through their intera% with others.
Cooperative learning strategies harmoniously correspond with Vygots@ncepts when applied

to the field of education. Cooperative learning is a pedagogical strategy where students

collaborate in small groups to collectively accomplish sharg cctives, hence creating a social

atmosphere that nurtures cognitive growth®®. be

The cooperative learning technique can b cularly effective in the setting of Biology

students. The field of Biology frequently encorhpasses intricate concepts and processes that can
.

be more effectively understood thr{ s%ﬁaogue and cooperation. Through participation in

cooperative learning activities;,

ts have the opportunity to collaborate, communicate their

viewpoints, exchange Q@s, and jointly develop a more profound comprehension of

biological concepc(@ooperative strategy employed here reflects Vygotsky's conviction that
p

social interact@

M er, cooperative learning enhances the Zone of Proximal Development (ZPD),

ay a crucial role in fostering the growth of advanced cognitive abilities®®.

which is another fundamental principle in Vygotsky's theory. The Zone of Proximal
Development (ZPD) delineates the spectrum of tasks that a learner is capable of accomplishing
with the assistance of a more competent individual, such as a peer or instructor. Within a

cooperative learning environment, students have the opportunity to support one another by
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providing scaffolding to facilitate the acquisition of intricate biological concepts, while operating
within their own zones of proximal development (ZPDs). This reciprocal assistance improves
their comprehension and equips them for proficient instruction in the future. Cooperative
learning, being a social activity, also caters to the emotional aspect of education. Vygotsky's
theory recognises the importance of emotions and motivation in the process of learning.
Collaborative work not only improves the cognitive development of students b Q&reates a
good and supportive learning atmosphere. The group's collective sense of bélongihg and shared
duty can have a positive influence on the pre-service teachers' drive@ve in their Biology
studies and future teaching pursuits®’.

Furthermore, Vygotsky's Social Development mphasises the influence of
cultural and social factors on the process of learnin C@aﬁve learning inherently integrates a
variety of viewpoints and experiences within %®e. For Biology students, this is especially
beneficial since it provides them with e kﬂre to a range of teaching strategies, cultural

R
perspectives, and various strategies \ﬁining biological processes. Engaging with peers
from other backgrounds and ces enables students to enhance their ability to adjust their
teaching strategies to a@% the varied students groups they may meet in their future
classrooms®’. ‘@

Additi@ Y, Vygotsky's theory highlights the significance of language in the process of
cognit'xq/@rgth. Cooperative learning fosters dynamic verbal conversation and discussion
among participants. By expressing their opinions and elucidating topics to their classmates,

teachers strengthen their own comprehension of biological principles. The linguistic component

of cooperative learning is consistent with Vygotsky's concept of "inner speech," in which
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language functions as a cognitive tool. Engaging in meaningful discourse can enhance students
understanding of biological topics, hence improving their overall pedagogical ability®.

Furthermore, the collaborative nature of cooperative learning aligns with the
constructivist strategy to education, which posits that learners actively build their understanding
by connecting new information to their existing mental frameworks. Vygotsky's Social
Development Theory enriches constructivism by emphasising the import QXM social
interaction in knowledge production. Collaborative learning in student education in Biology
allows individuals to integrate new biological knowledge into their ex@&gframeworks through
active engagement in discovery and discussion. This procedur e@es comprehension of the
subject while promoting a reflective and adaptable teachin g’“.

In summary, Vygotsky's Social Develop e%%ory provides a robust theoretical
framework for understanding the effectivene%fb erative learning strategies in the training
of future Biology educators. Cooperative émng, highlighting the social and collaborative

.
aspects of the educational proces&%ﬁgns with Vygotsky's theories. This strategy can
significantly enhance the (x@% development, utilisation of the Zone of Proximal

Development (ZPD), an@ation among Biology students. This strategy not only deepens

their understandtf;\Q\he topic but also equips them with essential collaboration and

instructional sRills Tor their future educational environments®.
224 S nterdependence Theory

Social Interdependence Theory is a conceptual framework created by psychologist
Morton Deutsch during the mid-20th century. Its purpose is to comprehensively comprehend and
elucidate the intricacies of social relationships and the dynamics of group interactions. The thesis

is based on the concept that individuals' cognition, emotions, and actions are shaped by their
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interconnectedness with others. The essence of SIT is in the concept of interdependence, which
denotes the reciprocal reliance individuals have on one another to accomplish shared objectives’.

Social Interdependence Theory (SIT) proposes that individuals are not independent
entities, but rather, they are interconnected within a broader social framework, where their
achievements and results are interconnected with those of others. Interdependence can manifest
in different ways, including positive interdependence, where individuals depen Q&h other
for mutual achievement, or negative interdependence, when the success of one pefson comes at
the cost of another’. Q

Social interdependence theory categorises interdepe@%to two primary forms:
cooperative interdependence and competitive interdepee. Cooperative interdependence
arises when individuals recognise that their obj ct'raQan only be accomplished through
working together and providing mutual assi tan&mpetitive interdependence occurs when
individuals perceive that their success is dependent on surpassing others. The form of social

.

interactions and relationships is grea@ﬂuenced by the type of interdependence that exists in a
given circumstance. The thc@%@o highlights the significance of goals in determining
dependency. According Q&heory, the level of interdependence depends on the goals that
individuals are t @ achieve. Shared goals among individuals tend to promote good
interdependenbgdch in turn encourages cooperation and collaboration. On the other hand,
when @rbe in conflict, it can result in negative dependency, which in turn can initiate
competitive dynamics’!.

In addition, social interdependence theory presents the notion of positive and negative
social dependency systems. Positive interdependence structures foster collaboration and synergy,

as individuals acknowledge that their achievements are interconnected. Conversely, negative

98



interdependence structures can result in rivalry and discord, since the achievement of one person
may be detrimental to others. The theory emphasises the influence of communication and
interaction patterns on social interdependence. Efficient communication and favourable
interactions are crucial for establishing and sustaining cooperative dependency. On the other
hand, misunderstandings or unfavourable interactions can worsen conflicts and strengthen the
reliance on competition between parties. Furthermore, the social interdepende Q&y (SIT)
suggests that the degree of interdependence between persons might have %@pact on their
attitudes and perceptions. Positive interdependence promotes favour@(itudes, trust, and a
shared sense of identity, whereas negative interdependence cabre in mistrust, competition,
and a concentration on personal interests’?. Q

Relevant of Social Interdependence Th rpb the Effectiveness of Cooperative

learning Strategy on the Academic Achi ent of Biology Students

is essential for comprehending how

The Social Interdependence The \
XY
cooperative learning strategies impa@ success of Biology students. Cooperative learning is
an educational strategy in whm&nts collaborate in small groups to reach shared objectives.
Social Interdependence 'S@formulated by David W. Johnson and Roger T. Johnson, posits
that the outcome ‘@Viduals are interconnected; indicating that the achievement of one
individual is a@g(ed with the achievements of others within a group. Social interdependence
theory, cl@ks interdependence into two distinct structures: positive, which encompasses
\/

cooperation, and negative, which involves competition. Cooperative learning strategies aim to

cultivate positive interdependence, establishing social interdependence theory as a fundamental

framework for comprehending the dynamics of group learning’>.
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Furthermore, Cooperative learning strategies automatically foster good interdependence
among group members. Within the framework of students specialising in Biology, this implies
that their achievement is interconnected with the achievement of their fellow students. When
individuals perceive a connection between their achievements, they are more inclined to engage
in collaboration, resource sharing, and mutual support in their pursuit of learning. Furthermore,
social interdependence theory highlights the significance of collective objecti i shared
resources among individuals in a community. Shared objectives in c@operdtive learning
environments for pre-service teachers may encompass the acquisitio@iﬁc Biology ideas,
the cultivation of proficient teaching practices, and the improv en%communication abilities.
Through collaborative efforts, pre-service teachers can c @their expertise and available
materials, resulting in a more holistic comprehensio (f@ubj ect matter’?,

Social interdependence theory emphasis significance of favourable interpersonal

N

connections in improving group dynamics. &operative learning promotes the development of
.
social relationships among pre-sew'fﬁ\eﬁners, hence establishing a nurturing educational
setting. Positive interpersonal !:Q&gﬁons foster a feeling of inclusion and reciprocal admiration,
so exerting a beneficial im%%l the collective accomplishments and contentment of individuals
within the collect] ementing cooperative learning strategies, particularly in the context of
Biology instryétion, enables pre-service teachers to actively participate and collaborate in their
engag@%th the subject matter. Engaging in activities such as group discussions, problem-
solving exercises, and joint projects adhere to the concepts of social interdependence theory.

These activities foster positive interdependence and improve the overall effectiveness of the

learning process’.
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The theory of social interdependence highlights the notion that when there is a positive
interdependence among group members, it results in the active engagement and involvement of
all individuals within the group. Cooperative learning practices, which are based on the concepts
of social interdependence theory, guarantee that students participate actively in conversations,
problem-solving, and collaborative activities. Active participation in this activity not only
improves their comprehension of biological ideas but also cultivates their abi Q% critical
thinking and communication. Cooperative learning, driven by social interdepctidence theory,
promotes the exchange of varied viewpoints and knowledge among embers. Within the
realm of Biology, students may possess diverse experiences c$ backgrounds, or prior
knowledge. Through engaging with fellow students and gng their distinct perspectives,
they enhance the overall comprehension of the topigp@ating a more inclusive and thorough
educational atmosphere’. ’b

A

Social interdependence theory focu n the concept of social loafing, which refers to
.
the tendency of individuals to reduc Q§§fort when working in a group. When cooperative
learning practices are 0rganisc®%oourage positive interdependence, they effectively reduce
social loafing by prioritiﬂ@vidual accountability. Students develop a sense of responsibility
towards their col A(esulting in heightened motivation and exertion as they acknowledge
the influence & ir contributions on the collective achievement of the group. In addition to
acquir'n%/ ficiency in biological material, cooperative learning guided by social
interdependence theory facilitates the cultivation of diverse skills crucial for proficient teaching.

students acquire not just specialised knowledge in their subject area, but also refine their abilities

in collaboration, communication, and leadership. These skills can be applied to their future
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classrooms, equipping them to provide captivating and cooperative learning environments for

their students’®.
23 Review of Empirical Studies
2.3.1 Concept Mapping and Biology Students Academic Achievement

This study investigated the effects of employing the concept mapping teachir%chnique
on the academic performance of high school students in Biology. The investig@was guided
by two research objectives and three null hypotheses, utilising a quas &u’lnental research
strategy. A total of 241 students were chosen from the study pop cross three schools in
the Enugu Education Zone, utilising a multistage selection stra %elnstrument employed for
data collection was the Biology Achievement Test (BAT@\e data gathered from the study
questions underwent analysis through the app%%n of mean and standard deviation
calculations. The hypotheses were further exam hrough Analysis of Covariance (ANCOVA)
with a significance threshold set at O.QS&results demonstrated that students taught Biology
using concept mapping achieved }@ levels of success than those who received instruction
through traditional lectures. context of Biology achievement scores, female students
demonstrated superior perguance compared to their male counterparts when concept mapping
was employed {il\ﬁung strategy. The investigation revealed no significant correlation
between teacl@ strategies and gender concerning students' average achievement scores in
Biologg\/% findings highlighted the educational implications and offered recommendations,
notably suggesting that science educators integrate concept mapping into their instructional

strategies. This study is similar to the current study, with the difference that government

educational institutions will be employed?.
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This paper introduces a teaching technique designed for laboratory lessons in a Human
Parasitology course, which is part of the Biological Sciences Teaching Education Course at the
Faculdade de Formacao de Professores, Universidade de Pernambuco, FFPG — UPE, situated in
Garanhuns, Brazil. The Concept Maps provided support for the proposed plan. These tools are
based on the theoretical principles of Ausubel's Meaningful Learning Theory. The course was
attended by a cohort of undergraduate Students in their 6th semester who were gﬁ'n careers

as middle and high school teachers specialising in biological sciences. Our o&ej ions indicate

that the use of Concept Mapping has enhanced Students involvement @xosequently increased
the level of interest in lectures on Human Parasitology. Furthermorenthe Concept Maps that were
created demonstrated clear indications of gradual specialié@nd comprehensive integration
of the suggested concepts. Therefore, we conten t%ancept Maps are valuable tools for
instructing parasitology in laboratory sess% ancing the pedagogical strategies, and
therefore increasing their potential sign’if\m&lc for the advancement of a Teacher Education

.

c,)\
X

This study examines h oncept maps influence the academic performance of higher
y <\

Course®.

secondary school students, iny Biology. This study aims to explore the effects of the idea map
strategy on the 'a@ performance of XI Standard Biology students. This investigation
utilises an expetimental research strategy. The sample comprised four individuals designated
with the %’bﬁ." Colleges from Gadhinglaj Taluka were selected through a random selection

strategy. The implementation of the concept map technique in Biology education demonstrated

significant benefits for students at the higher secondary level®.

The investigation sought to analyse the effects of Concept mapping as an instructional

strategy on Chemistry performance, with a particular focus on gender differences. The
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investigation encompassed a cohort of 236 students drawn from four government schools located
in Ludhiana city. The sample consisted of two distinct groups: one experimental group
comprising 118 students and a control group also consisting of 118 children. All students were in
the IX class. The experimental group underwent the concept mapping strategy, while the control
group experienced the traditional lecture and discussion strategy. The Mixed Group Intelligence
Test (MGTI) created by Mehrotra (2008) was utilised to align the groups. Qre earcher
employed a Chemistry achievement test that they created and standardised {to er data. The
findings of the study indicated that the group taught through Conc@ ping demonstrated

notably greater levels of achievement in Chemistry than fe%lp instructed using the
1

Conventional strategy. No notable differences were obse the academic performance of

male and female students within the experimental g upb%le subject of Chemistry!!.

The study investigated the effects ying the Concept Mapping instructional
technique on academic performance i.n Bwjry schools in Nigeria. The study employed a
Quasi-Experimental Research desig\cﬁ&urposively selected sample of 168 Senior Secondary
School Class-two Physics Stu'd@ was drawn from various Senior Secondary Schools in Ekiti
State, Nigeria. The tool ek@%d for the study consisted of two parts: a) a Motion Concept Map

tailored for the ri@udy, and b) printed materials consisting of tutorial test items that were
ise

created and to gather responses to the therapy. The study investigated whether the
treatrrgtj!&ﬁcanﬂy influenced students' learning achievement, retention, and learning attitude.
The study revealed that employing the Concept Mapping Instructional strategy had a beneficial

effect on learning outcomes in physics. The study also demonstrated a significant impact of the

treatment on students' retention of learnt material and their overall attitude towards learning. The
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results indicated that integrating the instructional strategy with various teaching strategies

resulted in improved academic performance'?.

This investigation explored the effects of lectures, cooperative learning, and concept
maps on the improvement of critical and creative thinking skills. The investigation employed a
quasi-experimental non-randomized design, incorporating a cohort of third-year BRsychology
students alongside two cohorts of third-year Pre-service Elementary Teachers study was
conducted over a period of 15 weeks, which corresponds to one semester. ngof the Primary

maps, whereas the

School Teaching classes incorporated both cooperative learning a
other class exclusively used cooperative learning. The Criticale

eative Thinking exam was
conducted to assess the levels of critical and creative tl@lg abilities before and after the
intervention. The results demonstrate that students nIB two classrooms utilising cooperative
learning and cooperative learning combi ’bﬂ concept maps exhibited significant
improvements in critical and creative ;[hi }kills when compared to the class that followed
traditional lecturing strategies. Int&éégly, there were no significant differences observed

between the first two classe%&awing from these data, instructional recommendations are

offered!3. QQ

The invet’gi&ﬁ%xplored the impact of employing the concept mapping instructional
technique on @academic performance and long-term knowledge retention of underperforming
Biologx@ﬁs in senior secondary schools within Minna Metropolis. The investigation
employed a quasi-experimental design. The investigation involved a sample of 86
underperforming students from two senior secondary schools in Minna Metropolis, focussing
specifically on the SS1 level. The tool used for data collection was the Biology Achievement

Test (BAT), which received validation from experts in Science Education, specialists in
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Biological Science, and Biology instructors. The internal consistency was evaluated through the
Pearson Product Moment Correlation strategy, resulting in a coefficient of r=0.85. The results
indicated a significant difference in the average achievement scores between low-achieving
Biology students who received instruction using concept maps and those who were taught
through the conventional lecture strategy. The results demonstrate that the use of concept maps
was more effective in enhancing the academic performance of underperfo 'Qﬁients in
Biology than the conventional lecture strategy. It is advisable to promot€ th¢™te-training of
educators in the application of concept mapping instructional te@q s to enhance the

performance and retention of low-achieving Biology students'#,

The impact of students' self-efficacy beliefs O@%ll‘ academic achievement and
motivation throughout all stages of their academic 'o%ghas garnered considerable attention
from many scholars. It greatly improves the oxcrall development and success of the students,
even as they progress to the next pha.se %r educational journey. This quasi-experimental
study sought to investigate the eﬂ%g\of employing the concept mapping strategy as an
intervention on improving § %s‘ self-efficacy beliefs related to their motivation and
achievement in Biology.\@% of 120 students from two different senior high schools in the
Ashanti Region 'f@a took part in the experiment. The data collection utilised two
instruments: @estionnaire assessing students' self-efficacy and motivation, along with an
achiev@ xam. The analysis of the results employed statistical strategies such as Pearson
product-moment correlation, one-way ANOVA, and multiple regression. The findings of the
study indicate that the regular and effective application of the concept mapping technique greatly
enhances students' self-efficacy beliefs about their progress, thereby increasing their motivation

to learn and succeed in Biology!®.
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The objective of this study was to assess the efficacy of utilizing concept maps in
enhancing the academic achievement of 10th-grade Students in the field of science, specifically
in a Biology unit, and to compare it with a conventional instructional strategy. Additionally, the
researchers examined the correlation between the Students proficiency in concept mapping and
their academic progress. Both the control and experimental groups were mandated to complete a
pretest prior to teaching and a posttest at the conclusion of three weeks. A 31- Qon est was
administered to evaluate the extent of learning progress made on a Biology @cused on the
concept of Balance in Nature. Novak's grading scheme was utilized to@&te the maps created
by the Students. The initial discovery of the study revealed th @ts who were exposed to
concept maps did not exhibit significantly superior achie@ compared to Students in the

traditional group who were at the same level. ihgb%erved disparity in the educational

advancements between the experimental an coﬁbg groups on their unit examination, while

statistically significant, does not appear to bg exelusively attributable to the utilization of concept
.
mapping. The second conclusion rev@ﬁ there was no significant correlation between total
scores in concept maps and Sh{e&%achievement in Science. In addition, the findings indicated
that there was no corre?@?between the proficiency in concept mapping and the learning
progress of Stud \& used concept mapping. However, the study indicates that concept
mapping can 6a effective instructional strategy when it is carefully incorporated into the
regula; cl@)m routine and when other factors such as Students motivation and preparedness,
reading ability levels, time, and classroom environment are taken into account'®.

The investigation explored the comparative effectiveness of the concept-mapping

teaching strategy versus the traditional strategy to delivering secondary school physics content to

students. The study employed a quasi-experimental research design. The population comprises
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all senior secondary school II physics students in Ekiti State. A sample comprising eighty
physics Students from senior high school two were randomly assigned to either a concept-
mapping group or a traditional group. Each participant received specific guidance on the
principles of motion. The groups participated in a post-test following a two-week treatment
period to assess any significant differences in physics achievement. The examination Qf the post-
test scores indicated that the group taught with the concept-mapping instruc Q téchnique
attained significantly superior results (P < 0.05) in comparison to the conv@gl group. The
results demonstrate that the implementation of the concept-mappin@bctional strategy, in
conjunction with other teaching strategies, resulted in improve(@ ing outcomes!”.

This study aimed to compare the concept ma@ strategy, which is based on
constructivist theory, with the conventional strategy. to,ﬁ%ing Biology in Senior High Schools.
Two complete classes were selected at random HQ&I pool of five co-educational senior high
schools offering elective biology courses i&t&%!ew Juaben Municipality. The design utilised

.
was a pretest and post-test non-equi\é\q'uasi design. The sample size included 105 students.
The experimental group consﬁ@g’ﬂ students, while the control group included 54 students.
The participants in the %&en‘[al group were instructed using concept mapping, while the
control group un aditional instructional strategies. Both groups were provided with the
same instruct@r garding the subjects of photosynthesis and internal respiration. The data
analysis @d various statistical tools such as means, standard deviations, frequencies, the
Mann-Whitney U test, independent sample t-test, and paired sample t-test. The results indicated

that participants who were taught through concept mapping achieved better outcomes than those

who were instructed using conventional strategies. The findings indicate the importance of
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encouraging the use of concept mapping techniques across various Biology subjects in Senior
High Schools®.

The investigation explored the effects of a collaborative concept mapping teaching
strategy on the academic performance and knowledge retention of senior secondary school
students in the area of ecology in Benue state, Nigeria. The investigation was guided by four
specific aims. Four questions were formulated and explored, while four eses were
developed and tested at a significance level of 0.05. The investigation employed a quasi-
experimental design that included a pre-test, post-test, and a cont@r p. The study was
conducted in the state of Benue. The investigation centred on 66 ific cohort of 16,322 senior

secondary one (SS1) Biology students. The selection of ‘@ udents was conducted from a

pool of 96 government grant-aided secondary schoo, QBenue state, as documented by the
Yy

Benue State Ministry of Education in 2018. A to

w

sample was conducted through a multistage

217 senior secondary I Biology Students
participated in the study. The selection
sampling technique. The data colh@h instruments included two tests developed by the
researchers: the Ecology Ach'h“\ve&g(t Test (EAT) and the Ecology Retention Test (ERT). The

Kuder-Richardson stratﬁgb rmula K-R21) produced a reliability coefficient of 0.84.The

questions posed @de were addressed through the application of descriptive statistics,
e

specifically th@

hypot es@ising the Analysis of Covariance (ANCOVA) at a significance level of 0.05. The

and standard deviation. Inferential statistics were employed to test the null

findings indicate that the use of collaborative concept mapping as an instructional technique in
Ecology education can improve students' academic performance. The study indicated that
educators should integrate collaborative concept mapping as a teaching strategy in Ecology to

improve students' academic performance and knowledge retention’.
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This study examined the influence of concept maps on the academic performance of high
school students in the area of ecology in Ogbomoso, Nigeria. A quasi-experimental design was
employed. The study population included all SSII Biology Students in Ogbomoso South. A
sample of 267 students was drawn from four intact classes, consisting of 115 males and 152
females. The tool employed was the Biology Achievement Test. The analysis inyolved the
application of a t-test and covariance analysis to evaluate the data. The study's fi Qgs evealed
a significant disparity in the performance of students who received instrictiofi“in ecological

principles within the Biology curriculum. It is proposed that students@ﬁeld of Biology be

introduced to concept maps as an effective learning tool for the@tui’es‘?

This investigation utilised a quasi-experimental fra

second-year medical students participating in a @ny course. The participants were

and included a cohort of 100

randomly assigned to either a control group (le “based) or an intervention group (concept
mapping). The California Critical Thinki \kllls Test was employed to assess the critical
thinking levels of medical students\GS\ analysis involved an independent samples t-test to
evaluate the data. Before the '&@gﬁion, the CT scores for the intervention and control groups

were 6.68 + 2.55 and 6.6%. 4, respectively. Post-intervention, the scores rose to 11.64 £ 2.29

and 10.04 = 3.1 :‘@tively. The examination of mean score variations between the two
n

groups prior t@

the e e@al group post-intervention (P=0.021). The investigation revealed that Medical

ollowing the intervention indicated a notable increase in CT scores within

Students instructed via concept mapping exhibited a notable enhancement in CT scores

compared to the control group. It is essential for medical students to develop strong CT skills to

facilitate precise and informed decision-making in patient care. As a result, it is expected that
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educators and organisers of medical training will adopt this teaching strategy to foster critical
thinking abilities in medical students’.

The study was conducted at the Health Technical Institute situated in Tanta. The study
comprised a total of 60 nursing students as participants. Tools: Data were collected using a
revised concept mapping questionnaire and an evaluation of critical thinking skills. The findings
revealed a significant correlation between concept mapping and critical thinkin Q& among
nursing students. A robust and statistically significant positive correlation was idefitified between
concept mapping and critical thinking skills in nursing students. @stions: To improve

nursing students' comprehension of concept mapping ant @ thinking skills, it is

recommended to develop and implement strategies that ge the integration of concept
maps and critical thinking in their academic activi ie@b hermore, it is essential to promote
active engagement among nursing students in inn ¢ teaching strategies”.

The article has been successfully &erred. The article received a recommendation.

.

Concept maps serve as valuable i{ﬁ%&ctional tools that utilise evidence to evaluate how
effectively students have met ﬂ@ming objectives in a significant manner. Furthermore, they
offer clear insights to ih@%training and support a deeper understanding of the essential
principles of lea@is study offers an in-depth analysis of concept maps and shares our

direct experiepees in applying concept maps across four essential dimensions of education:
teachi@%g, testing, and thinking®’.

The objective of utilising a mixed-strategy strategy alongside a comparative research
design was to investigate the effects of the concept-mapping strategy on the economic learning
and perceptions of international college students. A cohesive group comprising students from

various countries was tasked with collaborating on a concept-mapping strategy. A distinct group,
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which was not affected by external factors, comprised individuals who communicated in English
and served as a control group for comparative analysis. The participants in the intervention group
employed the concept-mapping strategy while studying economics. The participants in the
comparison group did not undergo any intervention or specialised instruction throughout the
research duration. Assessments and midterm exams on economic knowledge were administered
to both cohorts. After the study was completed, the students' proficiency in Qo ics was

Qd midterms,

evaluated through various strategies, including achievement exams like{ 7e

scores from concept-mapping rubrics, and levels of classroom enga@n The application of

the concept-mapping technique notably improved the acade 'c%rmance of international
students in economics. The results demonstrated a favorab Q‘n of quiz scores over time for
four quizzes and two midterms in both groups. T. e@gs further revealed no statistically
significant difference in classroom engagement between the two groups. This indicates
that international students with a conventional educational background were engaging at a
.
comparable level to students from th{é&l‘ he correlation coefficient between the overall score
of concept mapping and the fﬂ&%ﬁe indicates a modest positive relationship. The qualitative
data uncovered six uniq@s: (a) familiarity and utilization of the concept-mapping strategy,

(b) available res{@ar developing concept maps, (c) advantages of using the concept-
mapping strat%a identified by participants, (d) reasons for ambivalence towards the concept-

mapping @gy, (e) alternative note-taking strategies employed by participants, and (f)

participants' inclination to utilize the concept-mapping strategy in the future®!.
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2.3.2 Cooperative Learning and Biology Students Academic Achievement

The investigation explored the effects of utilising a cooperative learning strategy on the
academic performance and long-term knowledge retention of secondary II students enrolled in
Biology in Ebonyi State, Nigeria. The investigation was guided by two research enquiries and a
singular hypothesis, utilising a quasi-experimental strategy. The investigation encompassed a
cohort of 24,459 secondary II students. A total of 161 students, comprising Qles and 84
females, were selected from four co-educational boarding secondary s%@ough a simple
random sampling strategy. Two schools were randomly designated of the experimental
group, while the remaining two schools were assigned to the &oup through a coin flip.
The treatment group engaged in Biology instruction thrm@w cooperative learning strategy,
whereas the control group experienced Biology ins ion via the standard strategy. The initial
collection of data regarding student acco%@en‘[s was conducted through a Biology
Accomplishment Test (BAT), which \:v%s&)s quently adapted to assess knowledge retention.
The enquiries were addressed by em&@g the measures of mean and standard deviation, while
the hypothesis was examined t Qgﬁ the use of ANCOVA at a significance level of 0.05. The
results indicated that em@% a cooperative learning strategy is more effective than traditional
learning strategi '@mncing academic performance and ensuring long-term knowledge

retention. It h@een proposed that educators in the field of Biology adopt cooperative learning
techni@%nprove students' academic performance and knowledge retention®?.

This study investigates the effects of cooperative learning within a Biology classroom on
students' development of scientific skills and their overall academic performance and success. A
total of 120 students from grades seven and ten took part in the study conducted at a private

school in Beirut. The investigation centred on the instruction of Biology across various classes in
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two distinct grades, employing two separate strategies: cooperative learning for the experimental
group and individualistic-direct learning for the control group. Both groups in each grade
participated in pre- and post-tests to evaluate student achievement, particularly in scientific skills,
prior to and following the intervention. The findings of the study reveal that cooperative learning
significantly influences the academic performance of tenth-grade students in developing and
applying scientific skills. Nonetheless, there was no notable effect detected in @Opment

of new scientific skills among seventh-grade students®3. <

This study aimed to assess how effective the cooperativeg technique is in
enhancing the mathematical performance of senior high schoo@l s in Sokoto State, Nigeria.
A quasi-experimental design was employed, consisting of t parate groups: the control group
and the experimental group. The investigation me 'cl@l focused on three objectives, three
research enquiries, and their corresponding nul l§heses. In this investigation, three schools
were chosen at random in Sokoto. The. fo \o[‘the study was on all senior secondary school II
(SSS II) students. A total of 240 stud&cg\vere selected as samples from these three schools. The
selection process involved inﬁa&ses, indicating that the whole class was incorporated into
the study. The participﬁké?ere allocated into experimental and control groups. The data
collection instru '@sed was the "Mathematics Integration Achievement Test" (MIPT),
consisting of %’tems. The validation of this test was carried out by three experts, resulting in a
reliab@’gﬁcien‘[ of 0.88. The findings of the study reveal that collaborative learning
strategyes provide significant benefits for mathematics education in secondary schools. The

implementation of the cooperative learning strategy has been proposed as the most effective

strategy and teaching strategy for mathematics instruction. The findings of the study suggest that

114



this strategy enhances students' understanding of mathematics and improves their academic

performance®?.

Cooperative learning is an educational strategy that involves students being grouped
together to work collaboratively towards a common goal. Prominent learning theories suggest
that optimal learning outcomes are attained when students engage in actively const&ting their
own knowledge within an environment that fosters active learning. This setting to promote
social engagement and teamwork among learners, ultimately resulting in the aghievement of a
specific objective. Cooperative learning creates an effective learnin @%here and offers the
benefit of building an active learning community where stude %Velop skills applicable in
multiple settings. The rise of online learning has cons 'éyaccelerated in recent years,
witnessing even more significant expansion d it\b%e COVID-19 pandemic. Tertiary
institutions were required to adopt online Jle platforms as the exclusive strategy for
delivering academic programs remotel.y\l,@t of the growing prominence of online learning,
there is a call for educators to exal\ﬁg e Intricacies of teamwork and collaboration, and to
investigate strategies for eﬂ@mg these elements within a digital context. Fostering
collaborative involveme\@% online learning environment is essential to reduce feelings of
isolation and pro, '@p learning experiences. In the second accounting module of a fully
online degreeéartlcipants delve into a case study that encompasses both a collaborative
assign%\& a personal assignment component. This study aims to evaluate the effectiveness

of collaborative efforts by analysing the grades earned through teamwork in contrast to those

achieved independently?’.

Cooperative learning (CL) is a pedagogical concept that has been widely applied in the

realm of Physical Education (PE), especially during the early training of educators. The aim of
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this study is to evaluate how well future physical education instructors can apply the training
they have obtained at university, while also examining the anxieties, uncertainties, and
challenges they face during its implementation. A total of thirteen individuals pursuing careers as
physical education teachers, comprising seven females and six males, with an average age of
20.87 years, took part in the programme. The participants underwent extensive training in
cooperative learning across various disciplines and applied it in their classrooms ﬁyut their
internship. The selection of individuals was conducted through purpos ve fon-probability
sampling strategys. The investigation utilised a qualitative strateg oratlng interviews,
teaching diaries, and seminars with the tutor as the main § data collection. Three
analytical categories were utilised: (a) initial expectatlon ng the implementation of the
CL; (b) challenges encountered during its i @mn (c) reflections on its future
application. The results indicated that aspirin, e& rs did not observe the fulfilment of their
expected accomplishments, as they faced r s1s nce from both students and physical education
.
teachers. Furthermore, they emphasis@importance of continuous training within a framework

that includes numerous intricacj %ensure effective implementation. It is essential to persist in

the investigation of a pe&@al framework within physical education, as it presents multiple

avenues and carri @erable societal consequences®’.

Coope ive learning is an instructional strategy that has gained traction in recent years as
a mea&/@rbmprovmg student achievement. This meta-analysis examines the effects of
cooperative learning on student achievement by synthesising data from various published studies
that met our inclusion criteria. A total of 35 studies were included in the analysis, and the
findings indicated a significant and positive effect of cooperative learning on students' academic

achievement. The moderate effect size indicates that cooperative learning serves as a highly
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effective instructional strategy for improving student achievement. The findings of the study
carry important implications for theory, practice, and policy, suggesting that educators ought to
integrate cooperative learning into their teaching strategys. It is crucial to acknowledge the
limitations of this meta-analysis, including the possibility of publication bias and the variability
among the studies that were included. Further exploration is necessary to address these
limitations and assess the potential benefits of collaborative learning 6% ifferent

environments and populations®. <

Collaborative learning and cooperative learning represent utrategies that were
developed independently by different groups of scholars in t %and 1970s. Due to their
varied origins and linked developmental paths, they have d@t traits while also showing many
commonalities. The relationship between collabora 'VfB%ing and cooperative learning can be
quite complex. This study provides a succinct hi cal overview of collaborative learning and
cooperative learning, aiming to identif}.l thg}fgins, differences, and commonalities. This study
examines the definitions of the two@ and compares their characteristics. Following this, a
detailed analysis of their histerical” development over the last fifty years is provided: early
progress in the 1960s anﬁ\@% enhancement in the 1980s and 1990s; incorporation in the mid-
1990s; and the ¢ 'a@ of Computer-Supported Collaborative Learning (CSCL) in the late
1980s. This @y offers a succinct summary of the four main paradigms in conventional
invest';(/'@r»b into collaborative and cooperative learning: the "effect" paradigm, the

"conditions" paradigm, the "interaction" paradigm, and the "design" paradigm®’.

An assessment is carried out to analyse Cooperative Learning strategies in relation to
conventional teaching strategies for students in grades 6-12. Grades 6-12 represent a crucial

phase where students begin to explore various career paths and enhance their understanding of
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their role in the professional landscape. The inquiry focusses on whether cooperative learning
leads to greater student achievement compared to traditional learning strategies. The
investigation focused on five key indicators of student success: self-efficacy, academic
achievement, meeting the needs of diverse learners, collaboration, and the promotion of critical
thinking. The investigation of these markers was conducted to address the research question. An
extensive examination was conducted on various strategies related to coop Qe&eaming,
including Teams Games Tournaments (TGT), Think Pair Share (TPS), dents Team
Achievement Division (STAD), Collaborative Strategic Reading @ Numbered Heads
Together (NHT), Problem Based Learning (PBL), Jigsaw, Co- C%m, Reading-Concept-Map-
Timed-Pair-Share (Remap-TmPs) model, Learning Tog@, ine@, Activity Based, and
Collaborative Argumentation. The assessment :z§@tive learning strategies in student

learning was conducted using statistical technizu cluding Analysis of Variance (ANOVA),

Analysis of Covariance (ANCOVA), and&’ 15.0 software. Most studies have found that
°

cooperative learning strategies ou@m traditional strategies in terms of effectiveness.

Commonalities were identiﬁc%kzﬁe focus to enhance the reader's comprehension of the

effectiveness of cooperam@%ing in grades 6-12 worldwide®.

This inve '@nalysed the effects of the Cooperative instructional strategy alongside
the Concept @pplng-Guided Discovery integrated instructional strategy on the attitudes,
achieV%@rgmd retention rates of Basic Science students. A straightforward random sampling
strategy was employed to select 103 sixth-grade students from three public elementary schools
located in the North-East Senatorial District of Benue State, Nigeria. The investigation employed
a quasi-experimental framework. The investigation was guided by three primary questions and

examined three hypotheses, all evaluated at a significance level of 0.05. The process of gathering
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data included the use of two particular instruments: the Basic Science Attitude Questionnaire
(BSAQ) and the Basic Science Achievement Test (BAT). The assessment of the BSAQ's
reliability was conducted through Cronbach Alpha, resulting in a value of 0.80. The reliability of
the BAT was similarly established through split-half analysis, yielding a coefficient of 0.81. The
results demonstrate that both instruments exhibited adequate reliability for the study. The issues
of the study were tackled through Mean Gain scores, while the hypotheses unde %ting via
Analysis of Covariance (ANCOVA). The magnitude of the alterations wag asS€ssed utilising
Scheffe's post-hoc test. The findings of the study revealed sign@ differences in the
engagement and knowledge retention of students taught usi %ooperative instructional
strategy and the Concept Mapping-Guided Discovery Q

ed instructional strategy, in

contrast to those who were instructed through the C y%%lal Demonstration Strategy®’.

Cooperative learning (CL) is an ad\a%%lnstructional strategy that utilises various
motivational strategies to enhance tlie i }oance of lessons and promote greater learner
accountability. This study sought to L{c%ﬁgate the influence of cooperative learning on students'
achievement in chemistry at thgtadvanced level within 12-year basic education institutions. The
study employed a quasi\é mental design, where one group was subjected to cooperative
learning as the t @ while another group acted as the comparison (control) group. The
treatment grogpzwas taught organic chemistry through cooperative learning strategies, whereas
the co@up was instructed using conventional teaching strategies (CTM). A total of 257
students were included in the study cohort. The data was collected using an organic Chemistry
Achievement Test and later analysed with SPSS version 23.0 and MS Excel 2016. The
ANCOVA analysis indicated that students taught through cooperative learning strategies

significantly outperformed those in the control group (F=78.07, df=1, 256, p<.001), showing
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learning gains of 16.0% for traditional strategies compared to 53.6% for the cooperative learning
strategy. Nonetheless, the analysis revealed no statistically significant difference in the
distribution of gender among the student population. Chemistry educators ought to receive

training in cooperative learning and be motivated to integrate it into their instructional strategies

This study aimed to compare the constructivist-based concept m&&yrategy with the

to enhance students' academic performance®.

2.3.3 Concept Mapping and Students Gender

traditional strategy of teaching biology in senior high schools. Two e classes were selected
at random from a total of five co-educational senior high scho@ﬁg elective biology in the
New Juaben Municipality. The design utilised was the pre@)ost non-equivalent quasi design.
A total of 105 students participated in the study. Th%@nental group consisted of 51 students,
while the control group included 54 students@%articipants in the experimental group were
taught concept mapping techniques,. \@ the control group was instructed using the
traditional strategy. Both groups we&%&vided with the same instruction regarding the subjects
of photosynthesis and internal ration. The analysis involved various statistical measures,
including means, standar@nations, frequencies, Mann Whitney U test, independent sample t-
test, paired sam .®one-way MANOVA, two-way ANOVA, Pearson's Product Moment
Coefficient co@ation, and thematic content analysis. The results indicated that participants who
were @rgrough concept mapping demonstrated superior performance compared to those
who were instructed via conventional strategies. The results demonstrated that both males and
females constructed concept maps in a comparable fashion. Moreover, those who experienced

concept mapping held a positive view of the technique. It has been proposed to encourage the

implementation of concept mapping in biology classes at the senior high school level. Significant
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attention must be directed towards students concerning analysis and other subjects that require

advanced cognitive abilities®.

The investigation explored the effectiveness of employing the concept mapping
instructional strategy to improve the academic performance of high school students in biology.
The study was guided by two hypotheses that were examined at a significance level &05. The
investigation utilised a quasi-experimental strategy, purposefully selecting 122 Secondary
students from two senior secondary schools in Adamawa state. The instru e@g‘[a collection
employed was an achievement test referred to as the Biology ts Achievement Test
(BSAT), which was developed from WAEC tests conducted frem 2005 to 2010. The instrument
was subjected to content validation by three experts, and itity was evaluated through the
Cronbach alpha formula. A dependability coefficie 1@ was obtained. The treatment lasted
for six weeks, and the data were analysed u%%—way Analysis of Covariance (ANCOVA).
The findings indicated that the use (:f cohcept mapping strategy notably enhanced students'
academic performance in the area OK' gy. Furthermore, no significant difference was noted
between male and female stuc&@n the experimental group. Incorporating the concept mapping
strategy into biology edﬁ@?is recommended to enhance meaningful learning experiences.
Furthermore, it i 's@ to organise seminars for in-service and practicing educators to equip

them with the@ls necessary for the effective application of the concept mapping strategy’.

{I/%r?ldy aimed to determine the effect of the concept-mapping teaching technique on
students' academic performance and their attitudes towards basic science. Fifteen research
questions were formulated, and corresponding hypotheses were developed and evaluated at a
significance level of 0.05. The investigation utilised a 2x2x2x2 factorial non-randomized pre-test

post-test non-equivalent control group quasi-experimental design. The sample for this study
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included 214 students and six teachers, all chosen from six secondary schools located in the
Delta Central senatorial district. The instruments employed for data collection included the Basic
Science Achievement Exam (BSAT) and the Students Attitude Questionnaire (SAQ). The
instruments were subjected to comprehensive validation, and their psychometric characteristics
were evaluated to confirm their reliability before use. The collected data underwent analysis
through descriptive statistics, paired sample t-test, independent sample t-test, an Q%’A. The
main findings of the study included the following: The application of\mapping concepts
positively influenced students' academic performance. (ii) A signiﬁcag«fﬁrence was observed
in the academic performance of students in the experimental r(%ompared to those in the
control group. (iii) A notable difference was observed in @ emic performance of students
attending single-sex schools compared to those in 'xg&%\der schools within the experimental
groups. (iv) The academic achievement of stude the experimental group did not show any
significant differences across varying abiliti¢s. There was no notable interaction between
.
teaching strategy and gender regardi@%’emic achievement. (vi) The analysis revealed that the
combined influence of teach'ﬁ@%{egy, gender, and ability did not significantly impact the
academic achievement of@[s in basic science. The analysis revealed no notable interaction
among teaching )\@gender, and ability regarding attitude. The findings indicate that the
concept mapp@ chnique is an effective strategy for teaching basic science in educational
settings\I%’QVisable for both educators and learners to receive adequate training to develop the
necessary skills for utilising concept mapping, and they should be motivated to incorporate it

into the teaching and learning process'’.

This investigation explored the effects of concept mapping and cooperative learning

strategies on the academic performance of junior high school students in Social Studies in the Ika
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South Local Government Area, Delta State. The study was designed with five enquiries and five
proposed explanations. The investigation employed a quasi-experimental framework featuring a
non-randomized pretest-posttest control group. The survey encompassed a sample of 5,522
students enrolled in public secondary schools within Ika South LGA. A total of 141 students
from JSSII were chosen through a multistage sampling strategy. A 50-item instrument known as
the "Social Studies Achievement Test" (SSPT) was utilised for data collection, Qin trument
was validated by a panel of seven experts. A reliability coefficient of 0.75 was obtained through
the Pearson Product Moment Correlation. The research questions wressed through the
evaluated using analysis of

calculation of mean and standard deviation, and the hypotheses, we

covariance (ANCOVA) at a significance level of .05. The @ [S demonstrated that each of the
independent variables significantly influenced the i ent of student achievement in Social
Studies. Moreover, the concept mapping stratggbﬁced similar advantages for both male and
female students. Nonetheless, a disparity K}noted in the performance of male and female
students taught through the concept @\1{; strategy, with female students demonstrating better
results. The results and conclu&g{ndicate that arranging seminars and workshops for Social
Studies educators throug@tche federation to impart strategies like concept mapping and
cooperative learni @d enhance the quality of teaching and learning in Social Studies
Education. In@o ating concept mapping and cooperative learning strategies into the pre-

sewice@@rgg strategies of the Nigeria Certificate in Education (NCE) and degree programmes

is recommended, and implementing these strategies during the Teaching Practice Exercise!”.

This investigation explored the effects of the Concept-mapping teaching technique on the
academic performance and knowledge retention of high school students studying biology in

Lagos, Nigeria. The investigation employed a quasi-experimental research framework. The
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sample included all second-year biology students in senior secondary school. The investigation
encompassed two entire classes of SS II students. The study utilised the Biology Achievement
Test (BAT) and Concept-Mapping Based Lesson Plan (CMBLP) as its instruments. The
reliability coefficients for the instruments were recorded at 0.75 and 0.82, respectively. The
investigation was guided by three enquiries along with their corresponding hypotheses. The
statistical strategy employed to evaluate the hypotheses at a significance ley Q&OS was
Analysis of Co-variance (ANCOVA). The findings of the study reveal that the”experimental

students' achievement and retention. Furthermore, the findin ted that gender had no

group surpassed the control group, illustrating that concept-ma &msitively influenced
impact on students' achievement. The findings indicate th ators ought to be motivated to
integrate the concept-mapping instructional strate (i&%eir senior school biology teaching
practices. Moreover, it is essential to enhance ac ¢ performance and retention among male
students, akin to that of their female counteﬁx )

This study sought to explorxcl;\\e'ffects of Concept Mapping (CM) and Cooperative
Mastery Learning (CML) on 1 ving retention of photosynthesis concepts among secondary
school students in the N@%e region of Rwanda. A quasi-experimental design with a non-
equivalent contro, é@as utilised, incorporating both a pre-test and a post-test. A total of 151
students rece@ instruction through CM, 144 students were taught using CML, and 154
studen@@pated in Conventional Teaching Strategies (CTM). The Photosynthesis Retention
Test was utilised for data collection, achieving a KR-21 reliability coefficient of 0.82. The
analysis of the data was conducted mainly through the mean and Analysis of Covariance

(ANCOVA). The results demonstrated that both the CM and CML treatment groups showed

enhanced performance relative to the CTM group regarding photosynthesis retention. The two
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experimental groups exhibited a statistically significant difference favouring the CM. Male and
female students instructed through CM demonstrated comparable retention in photosynthesis.
Nonetheless, a notable difference in mean retention scores was identified among students
exposed to CML, with females exhibiting significantly higher retention compared to their male
counterparts. The findings indicated that the CM and CML techniques demonstrated greater
efficacy in comparison to CTM. A recommendation was proposed to motiv @ators to
implement CM (Concept Mapping) and CML (Computer-Mediated Learning) strategies in their

biology instruction’®. §

This investigation aimed to explore the effects of con@t pping, a learning strategy
rooted in constructivist principles, on the academic perfoce of seventh-grade students in
general science. This investigation employed a qua '-E@mental strategy, specifically utilising
a 2x2 factorial design. The sample comprised %@ ren enrolled in two single-sex educational
institutions. The study sought to accom.pli }following objectives: (i) to explore the influence
of concept mapping as a learning str, \on students' academic performance, (ii) to analyse the
varying effects of concept mapping on the academic success of male and female students, and (iii)
to assess the interaction %&1 concept mapping as a learning strategy and gender regarding
students' academj 'a@men‘t. An achievement test was employed, created by the individual,
serving as bo%pre-test and a post-test. During a five-month therapy period, the experimental
group@ ated in a three-week training program aimed at enhancing the development of
concept maps. Subsequently, the students autonomously developed concept maps focussing on
various general science topics. The participants subsequently engaged in discussions about their

maps with their colleagues in group settings. The educator analysed the students' maps alongside

scientifically validated concept maps to pinpoint any possible inaccuracies or areas needing
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improvement. The evaluation of gain accomplishment scores was conducted through a two-way
analysis of variance (ANOVA). The results showed that both male and female students taught
through concept mapping achieved higher levels of success than those who received instruction
through traditional teaching strategies. Nonetheless, male students who received instruction
through concept mapping demonstrated significantly higher achievement than their female peers.

Consequently, employing concept mapping as an instructional strategy for gest ience in

elementary classrooms is recommended. Concept maps may also find application in science

textbooks designed for school use®!. é
2.3.4 Cooperative Learning and Students Gender %
This investigation explores the effects of cooper ;aming strategies on students'

academic performance in Biology. This investigat:'onr@oyed a quasi-experimental strategy

and centred around two research enquiries and % ypotheses. The population for this study

N

comprised 1255 Biology students from 15 @ secondary schools located in the Isi-Uzo L G A
region. The investigation employed ‘_}mp

e size of 120 students. The instrument for data
collection comprised previou&ﬁc questions in Biology, specifically chosen from the
curriculum topics of Geﬁ%, he Nervous System, and the Digestive System. The issues were

examined throug@ication of mean and standard deviation, and the hypotheses underwent

testing via ANEOV'A. The results reveal a significant disparity between the cooperative learning
strate ’ge traditional learning strategy, with a clear preference for the cooperative learning
strategy. The data-driven recommendations indicate that a significant emphasis should be placed

on female students, given the observed trend of males outperforming females in cooperative

learning settings. Biology instructors at the secondary school level ought to undergo thorough
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training on how to effectively implement cooperative learning strategies in their teaching of
Biology®*.

This investigation explored the effects of introducing a cooperative learning strategy on
the academic performance of students in Biology at Senior Secondary schools in Rivers State.
The investigation employed a quasi-experimental strategy. Port Harcourt, found in Rivers State,
is positioned within the South-South geo-political region. Nigeria is situated in est Africa
region. A total of 2,150 Senior Secondary three Biology students make u t@ ulation, from
which a sample of 120 individuals was selected from intact classg{hosen schools. The
investigation was guided by three research enquiries and three_proposed hypotheses. The team
employed a Biology Achievement Test as the tool for d ction. The selected test items
were derived from standardised questions used in ripb%lior School Certificate assessments.
The West African Examinations Council receive(fb dation from two professors with expertise

\®)
in Science Education and one professor it}a focus on Measurement and Evaluation. The
W
reliability coefficient was determine’{ﬁgoug the test-retest strategy, specifically utilising the
Pearson Product Moment Corr@ Coefficient, resulting in a value of 0.78. The analysis of
the data included calcum@%e mean, standard deviation, and conducting a t-test, all at a
significance level Q%The findings of the study revealed a significant difference in academic
performance Petween students who received instruction in Biology through a cooperative
learni &y and those who were educated using traditional lecture strategies. The students
in the experimental group, instructed through the cooperative learning strategy, demonstrated
significantly superior scores on the Biology achievement test in comparison to their counterparts

in the lecture strategy group. No significant difference in achievement was observed between

males and females. Determine whether the school is classified as public or private. In conclusion,
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the cooperative learning strategy demonstrates greater effectiveness in instruction and enhances
the academic performance of Biology students when compared to the traditional lecture
strategy®3.

This study sought to examine the effects of implementing a cooperative learning strategy
on the average achievement scores of secondary school students in Biology. A Solomon four-
group design was utilised, focussing on a target population of 183 form two st m four
secondary schools. The experimental groups were instructed on a specific Biology topic over a
duration of five weeks, employing a cooperative learning strategy. T@ rol groups received
instruction through the conventional teaching strategy. A pre- s% administered before the
treatment, and a post-test was conducted after the tr@ was completed. A Biology
Achievement exam was conducted to evaluate the ca%% performance of students. The pilot
testing phase revealed that the exam achieved a ility coefficient of 0.84, derived from a
sample size of 59 students. The analysis iRed the application of t-tests, ANOVA, and

.
ANCOVA strategies. Hypotheses w, \Va uated for acceptance or rejection according to a
significance threshold of PSO@ adoption of a cooperative learning strategy resulted in a
significant rise in averag@ement scores in contrast to the conventional teaching strategy.
Additionally, it @{nonstrated that gender did not significantly influence academic
G

achievement. Fhe findings indicate that implementing cooperative learning is an exceptionally
effective @mtional strategy that warrants promotion among Biology educators®*.

The research examines the perspectives of online students on group work, their
collaborative processes, and the skills they developed through the case study strategy. The

investigation utilised a mixed-strategys strategy, combining both collective and individual

assessments, in addition to survey evaluation and qualitative data analysis derived from a
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questionnaire. The analysis revealed that the average score for the group assignment surpasses
that of the individual assignment, while the individual assignment shows a broader distribution
of scores. Male students who opt for collaboration in a group generally attain higher group marks
than their individual scores, suggesting that they gain advantages from working together.
Students collectively acknowledged the importance of collaborative efforts as an essential skill
for their future careers. They recognised that participating in collaborative effort Qan ed their
understanding by utilising the insights and skills of their peers. Working in a group requires
considerable time and effort; however, students will develop the neces@&sills to gain essential
knowledge and address the assigned problem. Students recognised several supplementary skills
that they felt were developed through their participation@ aborative projects. The skills
included effective communication, attentive listening, sive negotiation, thorough research,
and problem-solving. Engagement in collabo ati\% eavours greatly enhanced these abilities.
The results demonstrate that effective grc&& aboration can be achieved and managed in an
online setting, although it neces@ meticulous consideration of the logistical and
technological challenges that m&%ﬁrge. While not all students may fully accept it, group work
as a form of cooperativ@lg can equip them with essential skills for their future careers,
where collaborati @é crucial®.

The irﬁgﬁion into cooperative learning (CL) is robust and dependable. While CL
presents @%erable benefits in empirical studies, its incorporation into teacher education
programs faces several challenges. Teacher educators show hesitation in embracing collaborative
learning (CL) and tend to stick with the conventional frontal teaching strategy. The difficulties
encountered by those who educate teachers in implementing CL could explain this situation. A

concurrent triangulation mixed strategy study design was employed to investigate the perceived
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difficulties in implementing cooperative learning among teacher educators from India. A
questionnaire was distributed, resulting in the collection of 300 responses from teacher educators
through a survey. Following that, a semi-structured interview was carried out with eight
participants from the survey. The findings reveal that teacher educators identify approximately
63% of challenges stemming from issues related to teachers, learners, the curriculum syllabus,
and administrative obstacles. Female teacher educators faced more significant Qen es than
their male counterparts. The ANOVA analysis revealed a notable differen Qe challenges
faced across various age groups. The findings underscore the impor@f conducting future
studies to meticulously explore the challenges associated wit 'r@enting CL in larger and
more diverse samples across various educational cont@ orldwide, aiming to develop
effective solutions®®. Q
O

This study sought to evaluate the varyin %Q of personalised and collaborative video-
based instructional strategyes on the acadg%performance of high school students in Biology
within Makurdi Metropolis, Benue %;\%\Iigeria. Three enquiries were formulated, leading to
the generation of three hypo@%that were then rigorously examined. The investigation
employed a quasi-experh@%framework characterised by a non-randomized pretest-posttest
control group stra @ population for this study includes 1,907 individuals, with a sample of
84 SS1 studer@e cted from two secondary schools through a multistage sampling strategy. In
each ch(@%hole classes were randomly assigned to either an individualised video-based
instructional strategy or a collaborative video-based instructional strategy. The Biology
Achievement Test (BAT) was developed, validated by a panel of five experts, piloted, and then

utilised for the study. The reliability of BAT was assessed through the Kuder-Richardson

formula 21 (K-R21), yielding a value of 0.68. The study's issues were tackled through the
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application of mean and standard deviation, with hypotheses being evaluated via Analysis of
Covariance (ANCOVA) at a significance threshold of 0.05. The results demonstrate that tailored
and cooperative video-based teaching strategies effectively improve student performance in
ecology. Nonetheless, the use of a collaborative video-based teaching strategy demonstrates
greater effectiveness than a personalised video-based instructional strategy. A statistically
significant difference exists in the mean scores of male and female stude Q%e taught
ecological concepts through individualised and cooperative video-based insfructiohal strategies.
The findings indicate a preference for the cooperative Video-ba®tmctional strategy.
Consequently, it is recommended that secondary school Biol educators implement a
cooperative video-based instructional strategy in their teace subject”’.

The investigation explored the effects of t%%nbered heads together cooperative
instructional strategy (NHT) on the degree_of @st in Biology among secondary school
students in the Awka Education Zone. The m\gstigation was guided by two research questions
and three null hypotheses, evaluated é&gﬁilcance level of 0.05. The investigation employed a
quasi-experimental strategy, sp@ly implementing a pretest posttest non-randomized control
group within a 2x2 factoﬁ@%@rch design. The sample comprised 4,755 individuals enrolled in
their second yea t@or secondary education (SS2). A multi-stage sampling process was
employed to s@:t sample size of 64 SS2 students, comprising 21 males and 43 females. The
paﬂici@sen for the investigation were organised into two intact groups. Participants were
subsequently assigned at random to either the experimental group, which included 23 females
and 10 males, or the control group, comprising 20 females and 11 males, determined by a coin

flip. The process of data collection utilised a Biology students interest scale (BSIS) comprising

20 items and five response alternatives, developed by the team. The interest scale for Biology
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students was validated by three experts, and its reliability was demonstrated with a Cronbach's
alpha coefficient of 0.77. The group of students participating in the experiment was taught
selected Biology concepts through the NHT strategy, whereas the control group was instructed in
the same topics using the Conventional Lecture Strategy (CLM). The study's issues were tackled
through the application of mean and standard deviation, with null hypotheses being evaluated via
Analysis of Covariance (ANCOVA) at a significance threshold of 0.05. The findi &\e study
demonstrate that NHT outperforms CLM in fostering students' interest in Bidlogy=The influence
of gender on students' interest in Biology was minimal. Additionall Xnalysis revealed no
notable correlation between teaching strategies and gender Ql ing students' interest in

Biology. The study concluded that NHT is an inclusive st at boosts student engagement

in Biology by fostering collaborative group work agd@dual accountability within the team.

The findings indicate that Biology educators_in s ought to adopt NHT (Next-Generation

Teaching) to boost student engagement in @bj ect of Biology®®.
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2.4  €onceptual Model

Independent variables Moderator variable Dependent variable
Concept mapping
strategy
Cooperative learning Students’ Academic
strategy Gender — Achievement

Conventional strategy (

\
>

The conceptual model depicts how the different les interact with one another. There is a

Fig 2.1: Developed by Researcher, 2025

connection between the dependent varia bgediating variable and the two independent
variables. The effect that the indep \f ctors have on the Biology students achievement,
which is the dependent Variab\].:AQ/ﬂl investigate the connections. It is expected that if the

strategies are used effec@%ey will add to good teaching and high attainment of academic

achievement amo&}l@'\gy students.
0

2.5 Sum Gap in Literature Reviewed

&(@ maps serve as visual tools for organising and illustrating knowledge, as
evidenced by this review. Concept maps enable a structured arrangement of ideas, placing the
broadest and most general concepts at the top, while the more specific and narrower concepts are
arranged beneath them. The literature highlights that concept maps and cooperative learning

serve multiple purposes in the classroom, encompassing teaching and learning, evaluation,
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curriculum design, and the documentation and preservation of expert knowledge. Concept
mapping is extensively employed in educational environments as a strategy for facilitating

teaching and learning.

Cooperative learning is an instructional strategy that engages students in group-based
learning activities, emphasising the importance of healthy interactions among partich&r[s. This
strategy involves small groups of students with different skill levels engagi educational
activities to improve their understanding of a specific topic. The partici athj each student
within the group and the cooperation among group members is (@ixdred important. The
contributions of the students are recognised and rewarded f ﬁheir personal and group
efforts. The cooperative learning technique has been not@ enhance active listening, foster
participation, and cultivate empathy by designati rég% group member a vital role in the

academic task. Collaboration among group m%%ls crucial for collectively reaching a shared

goal, as each individual depends on the ir’l&o\heir colleagues.

Novak was at the forefront @eloping concept mapping and cooperative learning at
Cornwall University during th % The teaching strategys outlined here draw upon cognitive
learning principles, spec@y Ausubel's theory of meaningful verbal learning and the tenets of
constructivism. .c’\%x’i ing literature provides empirical evidence indicating that concept
mapping and @perative learning yield superior outcomes in Biology, with groups utilising
concep%%plng often exhibiting a marginal advantage in various situations. Additionally, there
were no notable differences in the academic performance of males and females in Biology,
indicating that this instructional strategy effectively educates both genders in the classroom. A

significant number of students expressed a positive view on concept mapping and cooperative

learning, recognising that it improved the structure of their knowledge. Nonetheless, the findings
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indicated that the implementation of concept mapping and cooperative learning failed to
significantly reduce the anxiety levels encountered by female students within the realm of
science. Moreover, students have indicated that creating a concept map requires a significant

investment of time.

The use of concept mapping and cooperative learning techniques has been c firmed to
promote meaningful learning more effectively than rote learning. The participa he concept
mapping and cooperative learning groups demonstrated enhanced ‘Q\ensmn and
application skills relative to those instructed through traditional stra s ThlS study utilised
concept mapping and cooperative learning strategies, which a fective and innovative. It
is important to highlight that these strategies are not cor@é adopted in Nigerian schools,
unlike their significant application in Western cou 1% timately, the literature suggests that
the conventional strategy centres on the insta{c@fén encourages rote memorisation devoid of

comprehension. Further studies indicate t%hl dren exposed to conventional teaching strategies

generally attain lower academic pe@nce than their counterparts who experience different

instructional strategies.
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This chapter focuses on the procedure that will be used in this study. It will involve the
Research Design; Population of the Study; Sample and Sampling Technique; Description of
Research Instruments; Validity of Research Instruments; Reliability of Research Instrument;
Data Collection, Data Analysis and Ethical Approval.
3.1  Research Design
The study employed a 3x2 factorial quasi-experimental design, inco Q%pretest-
posttest measures, along with non-randomized control and non-equivalent@groups. The
study emphasises concept mapping strategy, cooperative learning g , and conventional
strategy across three levels, including two treatment groups.and\a control group. Concept
mapping strategies and the cooperative learning strategy ned as independent variables,
serving as the treatment group for the experimen 1@5, while the conventional teaching
strategy was employed for the control group. T endent variable was the achievement of
pre-service teachers. Gender served as the K&&ator variable, also divided into two levels: male
and female. ,\C;\\'

Table 3.1 Research Design Lm%

Group Pr§t®‘ Treatment Post-test Gender
4
E: . ,\Q,% X Q4 M/F
E» 6 Q: X2 Qs M/F

\/Qﬂ’s Qs Qs M/F

E1 — Experimental 1 for Concept mapping strategy

E» — Experimental 2 for Cooperative learning strategy
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Es- Conventional Strategy

Q1- Pre-test for treatment group 1
Q: - Pre-test for treatment group 2
Qs- Pre-test for control group

Q4- Post-test for treatment group 1

Qs - Post-test for treatment group 2

Q6 - Post-test for control group < O
X - Treatment1 6\

X - Treatment 2 %
M1 — Male 1 for Concept mapping strategy QO

F1_Female 1 for Concept mapping strategy ’bQ
M: - Male 2 for Cooperative learning strategy fbb
F>.Female 2 for Cooperative learning stra@

M;. Male 3 for Conventional Strategy. (;\\'

\

Hi-High 1 achievement f@%ept mapping strategy
Li-Low 1 achievem\ Concept mapping strategy
H:.-High 2 acl@gfént for Cooperative learning strategy
L>-Low ravement for Cooperative learning strategy
Hs. Hig}(achievement for Conventional Strategy
Ls Low 3 achievement for Conventional Strategy
3.2 Population of the Study
The population for the study comprises of all the 100 Level Biology students in Federal

Colleges of Education Southwest, Nigeria which include Federal College of Education (Special)
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Oyo, Oyo State, Federal College of Education Abeokuta Osele Ogun State and Federal College
of Education Iwo, Osun State. The population of 100 level Biology students in Federal College
of Education (Special) Oyo were 117 Students while the total population of Biology students at
Federal College of Education Osele were Abeokuta 115 Students and the total population of
Biology students at Federal College of Education Iwo were 123. The total target populations for
the study were 355 Biology students of the schools in consideration as at the ti@co ducting

this study as shown in the Table 3.2.

Table 3.2 Population of the Study &

Federal College of Federal College of Federal Collegé\o Total Population
Education  (Special)  Education Abeokuta  Education sun

Oyo Ogun State State Q

117 115

’bbbe‘j 355
S
N

3.3 Sample and Sampling @ﬁques

A multi-stage sarﬁ@%ocedure was utilised to select the participants for the study. The
initial phase ent 'I‘s@‘oymg a simple random sampling technique to select three Federal
Colleges of E@a 1on that fulfil the criteria of possessing qualified lecturers and accessible
teachi@’gaming facilities relevant to the topic at hand.

Secondly, the study comprised three intact classes of 100 level Biology students, which
will be randomly selected from three different schools according to the established selection
criteria. One school was designated as the control group while two schools were assigned as

experimental groups (E1 and E2). The two experimental groups, E1 and E2, underwent concept
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mapping and cooperative learning strategies, respectively, while the control group, E3,
experienced the conventional strategy.
3.4 Research Instruments

This study utilised four research instruments, including the Cell Biology Achievement
Test (CBAT) and a lesson plan format for concept mapping for the first expenment 1 group, a
cooperative learning strategy for the second experimental group, and a lesson pl Qm for the
conventional strategy for the third experimental group. These tools were dGSI facilitate the
teaching of Cell Biology, which is central to the study.

3.4.1 Description of Research Instruments %

Cell Biology Achievement test (CBAT) QQ

Cell Biology Achievement test (CBAT). hqv&%evement test was developed by the
research in order to assess the level of achievemendtii"Cell concepts. It covered the main topic of
Biology taught with partl students. It initial&%nsists of 50 items multiple choice questions with
five options A to E and based on si)@&itive levels, Knowledge, comprehension, Application.
Cell Biology Achievement Tes@T) answered by the Biology students it has two sections.
Sections A consist of de% hic Data which include Gender, Level, Name of the institution,
Age. While secti @ally comprises of 50 multiple choice questions with option A-E which
was self-struc o test the student’s achievement in cell topics in Biology. Find below table
of spe@rg for CBAT.
Table 3.4.1 Table of Specification

Content Time % of the No Knowledge Comprehension application
spent time of

on spent on test
topic objectives item
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Cell and 30 26% 1 5(1,12) 4(18,20) 3(14,16,)
concept

and  cell

theory

Protoplasm 45 39% 2 6(9,10,) 6(3,4,8) 1(5,6,7) \

and its
properties O
Cell 40 35% 2 5(15,19) 2(2,11) 2(13,6\

division :

Total 115 100% 5 16 12 6\

Q

Experimental Group 1 (Concept mapping strate be

e Research assistants Identify and lis\gby concepts and terms relevant to the cell

Q)

°
e Research assistants provideéj\verview of the topic, ensuring students understand the

biology

key concepts that were @J%ed in the map.
Q
e Students were as@o brainstorm and list related sub-concepts and terms for each key
concept. (@
o Rese@ assistant encouraged them to think about how these sub-concepts are related to

\th/ley concepts and to each other.
e Research assistants start the concept map with the central concept (sCell Biology) in the
center of the map. And have students place the key concepts around the central concept.

e Students added sub-concepts around each key concept, linking them with lines.
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Students were instructed to add further details and hierarchies, creating more branches as
needed and emphasise was made on the importance of showing connections and

relationships clearly.

Experimental Group II (Cooperative Learning Strategy)

Students were divided into small groups

Students were assigned specific roles within each group, such as fac@, recorder,
timekeeper, and presenter. QJ

Relevant resources were given to students, including textbo es, and multimedia
materials, to aid group discussions and research. 0%

The research assistants facilitate discussions by of guidance, answering questions,
and ensuring that discussions stay on track. be

Encourage students to teach concepts%% other within their groups, reinforcing their
own understanding and promot}@eaming.

Each groups present their %@or solutions to the class.

Individual and grc& hievement through various strategy, such as quizzes,

presentations, a}boup reports were assessed in order to ensure accountability and

understa@t’i&\'

Experim Group III (Conventional strategy)

J \@e’tailed lesson plan was developed by outlining the key topics, objectives, and

activities for the cell biology lesson.
Start with an engaging introduction to capture students' interest and provide an overview
of what will be covered in the lesson, highlighting the importance and relevance of cell

biology.
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e Delivered a structured lecture on the topic, using clear and concise language.

e Break down complex topics into manageable sections and explain each key concept
thoroughly, providing examples and analogies to aid understanding.

e [Engage students by asking questions throughout the lecture to check their understanding.

e Use various assessment strategy to evaluate student understanding tests \

3.5 Validity of Cell Biology Achievement Test (CBAT) O

The validation of the research instruments was conducted by t& isor and three
lecturers from the Department of Science Education at Lead Cit sity, Ibadan, Nigeria.
The BAT was initially constructed with 50 objective questior@i underwent expert review to
ensure its legitimacy regarding face, content, and c @t validity. All corrections and
suggestions were implemented prior to the productic@(bhe final draft.

3.6  Reliability of Cell Biology Achievenz\@ t (CBAT)

A preliminary study was carried % assess the reliability of the primary research tool,
the Cell Biology Achievement Tes@ AT). The research tools were applied to a subset of the
population that was not 1 V® in the primary study. The reliability value of the instruments
was determined using der Richardson (KR-20) formula. The result obtained was 0.75
while the d1scr1n@t/ %dex and difficulty index is 0.30 and 0.20, respectively.

Met bf Data Collection

\R&to administering the instruments to the chosen students, a letter of introduction was
secured from the Head of Department (HOD), Science Education, Lead City University Ibadan,
and sent to the Heads of the selected schools. The approval of the Lecturer and the collaboration
of the chosen students were also being requested prior to the implementation of the instruments.

The study was conducted over a duration of 10 weeks, with the initial week dedicated to visiting
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schools. One week was allocated for the training of research assistants. The pre-test was
administered to all groups over a period of two weeks, followed by a six-week treatment phase
for the treatment group, and finally, the post-test was conducted in the last week. The team and
the assistants waited for all the participating students to complete the achievement test before
collecting.
3.7.1 Work Schedule Table for Data Collection Q\

Work Schedule for data collection was divided into five stages; Visit@Qge, Training
of research assistant stage, pre-treatment stage, treatment stage an@ treatment stage as

shown in the diagram:

Week Week Spend Description

1 week 1 week Visitation to schools
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2 week 1 week Training of Research Assistance

3 week Iweeks Administration of pre-test instrument

e Achievement test

4 t0 9 week 6weeks Treatments \
e Experimental Gr Q
o EXPerimer;‘u{ &
10 week 1 week Administra@f Posttest Instruments;

&evement test

&Z}
Total week 10weeks fb

3.8  Method of Data Analysis
The hypotheses formulated for the study were tested using analysis of covariance at 0.05

level of significance.
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3.9  Ethical Approval
Ethical approval to carry out the study was obtained from the relevant authorities’ right
from the Head of Department of Science Education, Lead City University, Ibadan, and Head of

Department (Biology) in the three selected Federal Colleges of Education.

Chapter Four

Results and Discussion of Findings
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This chapter presents results of the analyses and discussion of findings. The results and
discussion of findings are presented based on demographic data analysis of the participants and
hypotheses as follow:
4.1 Demographic Data Analysis

This section examines and presents information about the demographic data analysis of
students based on gender.

Table 4.1.2: Distribution of the Participants by Gender

Gender Frequency Percent Cumulative Percent
Male 154 43.4 43.4

Female 201 56.6 100.0

Total 355 100.0

Source: Field Survey, 2024

Table 4.1 revealed that 154 (43.4%) of the partigipants were males, while 201 (56.6%) were
females. This means that most of the participants™ere females.

Table 4.1.3: Distribution of the Partitipants by Groups

Group Frequency Percent Cumulative Percent
Control 123 34.6 34.6

Concept Mapping 117 33.0 67.6

Cooperative learning 115 32.4 100.0

Total 355 100.0

Source: FieldSurvey, 2024

Table ¢ r&vealed that 123 (34.6%) of the participants were exposed to conventional strategy of
teaching as controlled group, 117 (33.0%) were exposed to concept mapping while 115 (32.4%)
were exposed to cooperative learning.

4.2 Test of Hypotheses

This section answered the test of hypothesis
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Ho1: There will be no significant main effect of concept mapping strategy on Biology students’
academic achievement when taught Cell Biology.

Table 4.2.1a: Shows the analysis of covariance of main effect of concept mapping on
Biology students’ academic achievement when taught Cell Biology.

Type III Sum of Mean Partial Eta
Source Squares df  Square F Sig. Squared
Corrected Model 4561.001° 2 2280.500  33.884 .000 .222
Intercept 1932.749 1 1932.749  28.717 .000 .108
Pre-Test 341.127 1 341.127 5.068 .025 .021
Concept Mapping 1984.441 1 1984.441  29.485* .000 .111
Error 15950.983 237 67.304
Total 126436.000 240
Corrected Total 20511.983 239

a. R Squared = .222 (Adjusted R Squared =.216) * denoted significant @ p<0.05
Source: Field Survey, 2024

Table 4.2.1a showed a significant main effect of céndept mapping on Biology students’
academic achievement when taught Cell Biology, (E(.237=29.485 with associated probability
(p=0.000) whereby the probability value of ,0.000"1s less than 0.05 (p<0.05) level of significant.
While Partial Eta Squared value of 0.1d Nshowed the contributing effect size of 11.1%. The null
hypothesis is therefore rejected. \Miis implied that the introduction of concept mapping as a
strategy significantly affected\tlte academic achievement of Biology students when taught Cell

Biology.

Table 4.2.1b: Estimated Marginal Means of Concept Mapping on Biology students’

academic achievement when taught Cell Biology

95% Confidence Interval
Group Mean Std. Error Lower Bound Upper Bound
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Control 17.670* 811 16.071 19.268
Concept Mapping 24.518* .836 22.872 26.164

Table 4.2.1b shows that participants exposed to concept mapping (treatment group 1) had higher
posttest mean ( x ) score of 24.518 on Biology students’ academic achievement when taught Cell
Biology, than other participants in the control group with posttest mean ( x ) score of 17.670.
This means that participants exposed to Concept Mapping strategy of teaching tredtment group
1) performed better than those in the control group, the difference is sguffisiedt to justify the
effectiveness of concept mapping over conventional strategy of teaching céll.

Ho2: There will be no significant main effect of cooperatiyeearhing on Biology students’
academic achievement when taught Cell Biology

Table 4.2.2a Analysis of covariance of main effectl 0f cooperative learning on Biology
students’ academic achievement when taught Cell\Biology.

Type HI Sum of Mean Partial Eta
Source Squares Df Square F Sig. Squared
Corrected Model 4032.837° 2 2016.418 29.427 .000 .200
Intercept 1252.154 1 1252.154  18.274 .000 .072
Pre-Test 349.317 1 349.317 5.098  .025..021
Cooperative Learning 754.514 1 754.514 11.011* .. 045
Error 16102.861 235 68.523 001
Total 122340.000 238
Corrected Total 20135.697 237

a. R Squared = .200 (Adjusted R Squared =.193) * denoted significant @ p<0.05
Source: Field Sufvéy, 2024

Table 4.2.2a fevealed a significant main effect of cooperative learning on Biology students’
academjc \achievement when taught Cell Biology (F(i235=11.011 with associated probability
(p=0.001) whereby the probability value of 0.001 is less than 0.05 (p<0.05) level of significant.
The Partial Eta Squared value of 0.045 accounting for 4.5%. The null hypothesis is therefore
rejected. This implied that use of cooperative learning as a strategy independently and

significantly affect the academic achievement of Biology students when taught Cell Biology.
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Table 4.2.2b: Estimated Marginal Means of Cooperative Learning on Biology students’
academic achievement when taught Cell Biology

95% Confidence Interval

Group Mean Std. Error Lower Bound Upper Bound
Control 17.670* 811 16.071 19.268
Cooperative learning23.436* 978 21.509 25.362

Source: Field Survey, 2024

Table 4.2.2b revealed that participants exposed to cooperative learning (treatmenQ&p 2) had
higher posttest mean ( x ) score of 23.436 on Biology students’ academic@:}@emen‘[ when
taught Cell Biology, than other participants in the control group with @e mean ( x ) score of
17.670. This means that participants exposed to Cooperative %ﬂg strategy of teaching
(treatment group 2) performed better than those in the co <Q0_ oup, the difference is sufficient
to justify the effect cooperative learning on the aca erg@‘hievement of Biology students while
taught cell biology compared with Convention tegy of teaching in Federal College of

Education in Southwest Nigeria.

Ho3: There will be no signiﬁcanz&éﬁ\'ﬂffect of gender on biology students’ academic
achievement when taught Cell-BQ%l.
N
S

Tablek&l Analysis of covariance of main effect of Gender on Biology students’
academic achievement when taught Cell Biology.

Type HI Sum Partial Eta
Source of Squares df Mean Square F Sig. Squared
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Corrected Model 3542.3142 2 1771.157 33.384  .000 159
Intercept 1663.152 1 1663.152 31.348  .000 .082
Pre Test 2825.557 1 2825.557 53.257  .000 131
Gender 367.977 1 367.977 6.936 .009* .019
Error 18675.280 352 53.055

Total 197709.000 355

Corrected Total 22217.594 354

a. R Squared = .159 (Adjusted R Squared =.155) * denoted significant @ p<0.05
Source: Field Survey, 2024 S

Table 4.2.3a indicate that there is a significant difference on the main e@f Gender on
Biology students’ academic achievement when taught Cell BiOIOQ&tFederal College of
Education in Southwest Nigeria (F(1352=6.936 with associated %ﬂity (p=0.009) whereby

Q Of significant while Partial Eta

the probability value of 0.000 is less than 0.05 (p<0.05)
Squared value of 0.019 showed the contributing eéfe%%e of only 1.9%. Therefore the null

hypothesis is rejected. This implied that gender % actor affect the academic achievement of

O

Table 4.2.3b: Estimated Marginal s of Gender on Biology students’ academic
achievement when taught Cell B‘@o y

95% Confidence Interval
Gender Mean Std. Error Lower Bound Upper Bound

Biology students when taught Cell Biology.

Female 23.408* .590 22.247 24.569
Male 21.334* 516 20.319 22.349
N 7

Table 4.2.3%§:ated that the female participants had higher posttest mean ( x ) score of 23.408
than tw their male counterparts had posttest mean ( x ) score of 21.334. This means female
had higher mean average score than the males after considering other factors, gender is also a
key factor that significantly affects the academic achievement of biology students taught cell

Biology.
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Ho4: There will be no significant interaction effect of concept mapping strategy and gender on
Biology students’ academic achievement when taught Cell Biology.

Table 4.2.4a Analysis of covariance of interactive effect of concept mapping strategy
and gender on Biology students’ academic achievement when taught Cell Biology.

Type III Sum Mean Partial Eta
Source of Squares df  Square F Sig. Squared
Corrected Model 5784.3622 4 1446.090 23.074 .000 .282
Intercept 2576.894 1 2576.894 41.118 .000 .149
Pre-Test 97.970 1 97.970 1.563 212 .007
Gender 552.324 1 552324  8.813 .003 .036
Concept Mapping 2080.674 1 2080.674 33.200 .000 .124
Gender * Concept Mapping  673.304 1 673.304  10.744 .001* .044
Error 14727.621 235 62.671
Total 126436.000 240
Corrected Total 20511.983 239

a. R Squared = .282 (Adjusted R Squared =.270) * denoted significant @ p<0.05
Source: Field Survey, 2024

Table 4.2.4a showed a significant interaction.efféetjof gender and concept mapping on Biology
students’ academic achievement when  tadght*Cell Biology (F(; 235=10.744 with associated
probability (p=0.001) whereby the pgobability value of 0.001 is less than 0.05 (p<0.05) level of
significant while Partial Eta Squated value of 0.044 showed the contributing effect size of only
4.4%. The null hypothesis, was therefore rejected. This implied that the introduction of concept
mapping strategy» With, great consideration of the students’ gender significantly affect the

academic achigement of Biology students when taught Cell Biology.

Table 4.2.4b: Estimated Marginal Means of concept mapping and gender on Biology
students’ academic achievement when taught Cell Biology

Gender Group Mean Std. Error 95% Confidence Interval

160



Lower Bound Upper Bound

Female Control 21.056* 1.096 18.897 23.214
Concept Mapping 24.732*  1.179 22.410 27.055
Male Control 14.517*  1.062 12.425 16.609
Concept Mapping 24.981*  1.023 22.967 26.996

Table 4.2.4b showed that for the female participants there is a little difference in the average
mean ( X ) score between control group (x ) = 21.056 and Concept Mapping (trea@\l) group
(x ) = 24981, while the male participants had a clear average mean diﬂ%:/ between the

control group ( x ) = 14.360 and Concept Mapping strategy(tre@ 1) group (x ) =

24.981.Although, the effect of concept mapping strategy was e%tt on both gender, it is

obvious that concept mapping strategy had a clear influe @ ct on the male as there is an
obvious difference between the control group and trea@ group of concept mapping strategy.
Hence, it could be deduced that concept mappin a great effect/impact on the male than on

the female’ academic achievement of Biolo \m\Qents taught cell Biology.
S
S
&
¢
\?:b
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Ho5: There will be no significant interactive effect of cooperative learning and gender on

Biology students’ teachers’ academic achievement when taught Cell Biology.

Table 4.2.5a Analysis of covariance of interaction effect of cooperative learning and gender
on Biology students’ teachers’ academic achievement when taught Cell Biology

Type HI Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected Model 5285.146* 4 1321.286 20.731 .000  .262
Intercept 1897.784 1 1897.784 29.776 .000  .113
Pre Test 83.285 1 83.285 1307 254  .006
Cooperative Learning 1022.494 1 1022.494 16.043 .000  .064
Gender 851.980 1 851.980 13.367 .000 .054
Cooperative Learning * Gender 395.528 1 395.528 6.206* .013  .026
Error 14850.551 233 63.736
Total 122340.000 238
Corrected Total 20135.697 237

a. R Squared = .262 (Adjusted R Squared =.250) * denoted significant @ p<0.05

Source: Field Survey, 2024

Table 4.2.5a revealed that there is assignificant interaction effect of gender and cooperative

learning on Biology students’ academic”achievement when taught Cell Biology (F(1, 233=6.206

with associated probability (p=0:013) whereby the probability value of 0.013 is less than 0.05

(»<0.05) level of significatt” while Partial Eta Squared value of 0.26 showed the contributing

effect size of 2.6%» The null hypothesis was therefore rejected. This implied that the

introduction~Qf.gooperative learning strategy with great consideration on the students’ gender

significantly affect the academic achievement of Biology students when taught Cell Biology.
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Table 4.2.5b: Estimated Marginal Means of cooperative learning strategy and gender on
Biology students’ academic achievement when taught Cell Biology

95% Confidence Interval

Group Gender Mean Std. Error Lower Bound Upper Bound
Control Female 21.056* 1.096 18.897 23.214
Male 14.517*  1.062 12.425 16.609

Cooperative learningFemale  24.840°  1.308  22.264 27.417

Male 23.563* 1.135 21.326 25.799 §

Table 4.2.5b indicated that for the female participants there is a diff the average mean
(x ) score between control group ( x ) = 21.056 and Cooperatiye learning strategy (treatment 2)
group ( x ) = 24.840 while the male participants had a c@osnive average mean difference
between the control group (x ) = 14.517 and Coo rz@eaming strategy (treatment 2) group
( x ) = 23.563. Although, the female had hi ean score, it is obvious that cooperative
learning strategy had a clear inﬂuenge/e&%n the male as there is an obvious difference
between the control group and treatr@roup of cooperative learning strategy. Hence, it could
be deduced that cooperative lé®%strategy had a great effect/impact on the male than on the
female academic achieveh@ f Biology students taught cell Biology.
4.3 Discussio{;@ings

Accor@ to the initial hypothesis, the results indicated that the introduction of concept
mappi%gﬁ strategy significantly affect the academic achievement of Biology students when
taught Cell Biology at Federal College of Education in Southwest Nigeria because the p value of
0.000 is less than 0.05 (p<0.05) level of significant which means that the null hypothesis is

rejected. Also the Estimated Marginal Mean shows that participants exposed to Concept

Mapping strategy of teaching (treatment group 1) performed better than those in the control
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group. The finding aligns with a previous study conducted in Enugu Education Zone using a
multistage selection strategy. The outcome of the study indicated that Students who were
instructed in Biology through the utilization of concept mapping exhibited superior achievement
compared to their peers who were taught utilizing the lecture technique'. Also, the study
investigates the impact of concept maps on the academic achievement of higher secondary level
school Students in the field of Biology in Colleges from Gadhinglaj Taluka Q%lhat the
concept map technique employed for teaching Biology proved to be helpful| for Students at the
higher secondary level®>. Another study conducted in four Govemme‘@&wols in Ludhiana city
revealed that the group instructed through the use of Concept.mapping exhibited significantly
higher levels of accomplishment in Chemistry compa@ the group taught using the
Conventional technique®. The finding is also in inb ith the study carried out in Senior

Secondary Schools in Ekiti State revealed that th f Concept Mapping Instructional strategy

N

positively impacted learning achieveme%i} physics*. Also a study conducted at senior
secondary schools in Minna Metr@,

the research findings support the view that the
substantial disparity in the aver@%ﬂevement scores between low-achieving Biology Students
who were instructed thro&@ utilisation of concept maps and those who were taught using the
traditional lecture .

&

Th ing from the hypothesis two reviewed that there is a significant main effect of
coope ati&ming strategy on Biology students’ academic achievement when taught Cell
Biology at Federal College of Education in Southwest Nigeria whereby the p value of 0.000 is
less than 0.05 (p<0.05) level of significant. The null hypothesis there will be no significant main
effect of cooperative learning on Biology students’ academic achievement when taught Cell

Biology at Federal College of Education in Southwest Nigeria was rejected, while the estimated
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marginal mean revealed that participants exposed to cooperative learning (treatment group 2) had
higher posttest mean ( x ) score of 23.436 on Biology students’ academic achievement when
taught Cell Biology, than other participants in the control group with posttest mean ( x ) score of
17.670. This means that participants exposed to Cooperative learning strategy of teaching
(treatment group 2) performed better than those in the control group, the difference is sufficient
to justify the effect cooperative learning on the academic achievement of Biolo Q]e ts while
taught cell biology compared with Conventional strategy of teaching in eg College of
Education in Southwest Nigeria. The above findings is in line with a @ rried out in Ebonyi
State, Nigeria revealed that the use of cooperative learning stra asses the effectiveness of
traditional learning strategy in promoting elevated ac1c achievement and long-term

retention of knowledge®. While another study rev leb% cooperative learning has a notable

impact on the academic achievement of grade % tudents in acquiring and using scientific

skills”. \S
Furthermore findings fro@pot esis three indicated that there is a significant

difference on the main effect G@%’er on Biology students’ academic achievement when taught
Cell Biology at Federal G@Qof Education in Southwest Nigeria whereby the p value of 0.000

is less than 0.05 ii\@ level of significant. The null hypothesis there will be no significant
n

main effect o er on Biology students’ academic achievement when taught Cell Biology at
Federal C@rgﬁ of Education in Southwest Nigeria was rejected, while the estimated marginal
mean indicate that the female participants had higher posttest mean (x ) score of 23.408 than that
of their male counterparts had posttest mean ( x ) score of 21.334. This means females have

higher mean average score than the males taught Cell Biology at Federal College of Education in

Southwest Nigeria. The findings is not in line with study carried out in two senior secondary
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schools in Adamawa state that shows no notable disparity observed between male and female
students in the experimental group’. A study carried out at Ika South Local Government Area,
Delta State which revealed that an inequality was observed in the achievement of male and
female students whereby female students exhibiting superior outcomes!” while a study carried
out at High School Students in Biology in Lagos, Nigeria revealed that gender did not have any
influence on students achievement!'?. This present study is also in line with %Js study
carried out in secondary schools in Nyamagabe area, Rwanda which revgaled™that females
demonstrating significantly higher retention than males!?. O

The result from the findings in hypothesis four indicated\that there is a significant
interaction effect of concept mapping strategy and geo Biology students’ academic

achievement when taught Cell Biology at the Feder;l G@e of Education in Southwest Nigeria

whereby the p value of 0.001 is less than 0.05 :E ) level of significant. The null hypothesis

there will be no significant interaction effeg oncept mapping strategy and gender on Biology
students’ academic achievement wh@gh

Southwest Nigeria was rejede&(ile estimated marginal mean shows that for the female

Cell Biology at Federal College of Education in

participants there is a lim@ence in the average mean (x ) score between control group (x )

= 21.056 and Ct@apping strategy (treatment 1) group ( x ) = 24.981 while the male

participants h% clear average mean difference between the control group (x ) = 14.360 and
Conce&@ng strategy (treatment 1) group (x ) = 24.981.Although, the effect of concept
mapping strategy was evident on both gender. The present study is in line with the previous
study which shows no notable disparity observed between male and female students in the

experimental group’.
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While in another study it showed that no significant combined effect of teaching strategy,
gender, and ability on the academic achievement of basic science students which does not
support the present study because in the present study the hypothesis is significant'®. Also a
study carried out in Ika South Local Government Area, Delta State shows that inequality was
observed in the achievement of male and female students who were instructed using the concept
learning strategy, with female students exhibiting superior outcomes!®. Anoth Q% carried
out with High school students Biology in Lagos, Nigeria revealed that gender not have any
influence on students achievement'*. While another study carried out@ secondary schools
in Nyamagabe area, Rwanda revealed that both male and female studénts who were taught via
Concept mapping showed equal retention in photosynthes@ erefore, from both the present
and previous study shows those researchers hav @t perspective on gender academic
achievement. ’gb

Hypothesis five, the result of the fi di\ngs revealed that there is a significant interaction
effect of cooperative learning strate@ gender on Biology students’ academic achievement
when taught Cell Biology at F@%College of Education in Southwest Nigeria whereby the p
value of 0.0013 is less t@% (»<0.05) level of significant. The null hypothesis there will be
no significant i@s effect of cooperative learning and gender on Biology students’
academic ach@m nt when taught Cell Biology at Federal College of Education in Southwest
Nigeri w@ected while the estimated marginal mean indicates that for the female participants
there is a little difference in the average mean ( x ) score between control group (x ) = 21.056
and Cooperative learning (treatment 2) group ( x ) = 24.840 while the male participants had a
clear positive average mean difference between the control group (x ) = 14.517 and Cooperative

learning (treatment 2) group (x ) = 23.563. Although, the females had higher average mean score,
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it is obvious that cooperative learning had a clear influence/effect on the males as there is an
obvious difference between the control group and treatment group of cooperative learning.

Previous study carried out in Rivers State Nigeria shows that there was no discernible
disparity in achievement between males and females which are not in line because the present
study shows higher average mean score!®>. While in another study it shown that gen er did not
have a major impact on academic achievement which does not align with the Qnt study!®.
However, a study conducted in Makurdi Metropolis, Benue State, ngerla ve at there is a
statistically significant difference in the mean scores of male and fer‘ dents when taught
ecological concepts using cooperative video-based instructional_str: egles which is in line with
the present study while another study conducted at Awka E@t n Zone revealed that there was
no significant relationship between teaching strateg&@ender in relation to students interest

in Biology which is not in line with the prese
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Chapter Five

Conclusion

5.1 Summary of Findings

The study examined the effects of concept mapping and cooperative learning strategies
on the academic performance of students in cell biology at Federal Colleges of Education in
Southwest Nigeria. Seven hypotheses were assessed through ANCOVA to Q%vine the
significance of independent variables on dependent variables. The investig%@[ilised a 3x2
factorial quasi-experimental framework, integrating both pre-test and «t&Qst assessments, and
non-randomized control and non-equivalent intact groups. The inv%hon highlights the use of
concept mapping strategy, cooperative learning strategy, tional strategies across three
levels, which include two treatment groups and one con@ group. The treatment group for the
experimental groups consisted of concept mappi egies and cooperative learning strategies
as independent variables, while the con@glp utilised the usual teaching strategy. The

dependent variable was the performan ’S‘p -service teachers, classified into two groups: high
p Q%

N\

performers and low performer‘s.@ariable of gender acted as a moderating factor, categorised
into two distinct levels: @1 female. The study population includes all first-year Biology
students from Fede;&olleges of Education located in Southwest Nigeria, specifically at
Federal Colle gﬁ-}ducation (Special) Oyo, Oyo State, Federal College of Education Osiele
Abeokuta@n State, and Federal College of Education Iwo, Osun State. The total target
populzh( for the study consists of three hundred fifty-five (355) Biology students from the
relevant schools during the period of this research. The results revealed a significant main effect
of concept mapping on the academic performance of Biology students engaged in Cell Biology
Eta Squared value of 0.111 signifies an effect size contribution of 11.1%. A significant main
effect of cooperative learning strategy on the academic achievement of Biology students
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studying Cell Biology has been observed, as indicated by (F(1,235-11.011, p<0.05). The Partial
Eta Squared value of 0.045 indicates that 4.5% of the variance is accounted for. A significant
difference has been observed concerning the main influence of Gender on the academic
performance of Biology students taught Cell Biology at the Federal College of Education in
Southwest Nigeria (F(1352=6.936 p<0.05). Furthermore, the Partial Eta Squared value of 0.019
suggests an effect size contribution of only 1.9%. There was a significant inte Q%ffect of
gender and concept mapping strategy on the academic achievement of students iff Cell Biology
(Fa, 235=10.744, p<0.05). The Partial Eta Squared value of 0.04®ﬁes an effect size
contribution of 4.4%. There was a significant interaction e & gender and cooperative

Qell Biology (F, 233)=6.206,

learning strategy on the academic achievement of stud

p<0.05). Furthermore, the Partial Eta Squared Value;oﬁgQG signifies an effect size contribution

®%

Based on the findings, the s@ndings indicate that concept mapping strategy and

of 2.6%.

5.2 Conclusion

cooperative learning strategy h@%igniﬁcant positive impact on the academic achievement of
Biology students in cell@ at Federal Colleges of Education in Southwest Nigeria. Both
strategies demon )\@fzneﬁcial impacts on students' comprehension, with concept mapping
strategy cont®1 g 11.1% and cooperative learning representing 4.5% of the variance in
achievem%%urthermore, gender served as a moderator factor affecting academic results, as
male and female students exhibited different responses to the instructional strategies employed.
The results suggest that employing alternative teaching strategies like concept mapping strategy
and cooperative learning strategy can lead to improved learning outcomes in comparison to

traditional strategies. Furthermore, the investigation uncovered notable interaction effects
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involving gender and the instructional strategies, in addition to the relationship between concept
mapping and cooperative learning, on student achievement. The findings indicate that students'
academic achievement in cell biology is enhanced by a blend of teaching strategies, especially
when considering gender differences. The significant effect sizes from these interactions

highlight the importance of incorporating a range of instructional strategies to addrilifferent

R
O

Based on the study's findings and objectives, the followommendations are

learning requirements.

5.3 Recommendations

proposed:

1. Lecturers in Federal Colleges of Education in S Qt, Nigeria should incorporate
concept mapping strategy into their cell b’@ curriculum to enhance students'
academic achievement. This strategy cané@ rt students' comprehension and retention
of complex biological concepts, as s k\&y its significant effect on learning outcomes.

.

2. Cooperative learning strategy@ be embraced as an effective instructional strategy in
cell biology, as it pr@@ tudent engagement, peer learning, and overall academic
success. By work%%aboratively, students may better understand and retain complex
informatio @

3. Educa%csff)uld be mindful of gender-specific learning needs and preferences when
se@g instructional strategies. Given that gender has a significant effect on students'
academic achievement, personalized strategies that accommodate gender differences can
further improve learning outcomes.

4. Given the interaction effect of concept mapping strategy and gender, teachers should

consider tailored applications of concept mapping that address the unique needs of male
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and female students. This customization can further maximize the effectiveness of
concept mapping for diverse student groups.

5. Cooperative learning groups should be structured with consideration of gender dynamics,
encouraging inclusivity and balanced participation. This strategy can address the distinct

learning styles of male and female students, fostering a supportive andx)ductive

R
O

It will serves as reference materials for other researchers in t@ of effectiveness of

learning atmosphere.

5.4 Contribution to Knowledge

concept mapping and cooperative learning strategies on Feder (@es of Education students

Academic Achievement in Cell Biology in Southwest@e a. it will also assist school

administrators in understanding and to inspire and; 5\4@ the usage of concept mapping and

cooperative learning strategies in the classroom. ’b

N

A similar research should @arryout on effectiveness of concept mapping and

5.5 Suggestion for Further Study

cooperative learning strategies @% secondary school students Academic Achievement in Cell

Biology in Southwest Ni r1Q

¢
O

\®
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Appendix I
Lesson Plan on Cell Biology using Concept mapping Strategy.
Topic: cell and cell theory
Level: 100
Lesson note: week 1
Period: 1 Q\
Date: 8 July, 2024 Q/O
Instructional Materials: A chart showing concept of a cell é
Behavioural Objectives: By the end of the lesson, Students sh@%ﬂe to;

1. Define Cell. Q

2. Highlight the historical background of Cell conceng

X°

Entry Behavior: Students are familiar wit&
Instructional Procedure &CO\

Step 1: The teacher presents @ncept of cell as the basic, structural, functional and biological

3. State the two types of Cell

unit of all known living,o ism. Cell takes into consideration the chemical processes of life in
relation to cell c(\./e/%n nt from prokaryote to eukaryote cell. It is also the study of genetic
component %él with emphasis on DNA and RNA.

Step }'\"l/%teacher goes further to highlight the historical background of Cell concept as: Cell
was first described in 1665 by Robert Hooke, a scientist of great talent and versatility who was
an accomplished technician and biologist. He designed one of the earliest optical microscopes
with which he examined a thin section of cork and discovered that the cork contain a numerous

box-like structures which we known to be cells.
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Matthias Schleiden and Theodor Schwann a zoologist in the year 1838-1839 produced a cell
theory which unified the ideas of the time by stating that the basic unit of structure and function
in living organisms is the cell. Then the cell would seem to be a basic structural and functional

unit of life of an organism.

Step 3: The teacher State the two types of Cell as Prokaryotic and eukaryotic cell \

\

Prokaryotic cell are the first form of life on earth. They are simpler and sm n eukaryotic
cell and lack membrane bound organelles. Prokaryotic cell include two dﬁ%ﬁn of the domain of

life such as bacterial and archers while Eukaryotic cell are fift i wider than a typical

prokaryote and can be as much as a thousand times greater @e.

Evaluation: The teacher evaluates the Students using }‘SQbﬂowing questions

1. Define Cell. @fb

2. Highlight the historical background o@)concept

3. State the two types of Cell . Aé

Conclusion/ summary: e&:her summaries the lesson by explaining and making corrections

where necessary ‘r@udents

Assignmen;&éw a well label diagram of the plant and Animal cell

State z&{e)gften (10) differences between plant and animal cells
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Topic: cell

Sub-topic: Cytoplast and its Constituents

Level: 100

Lesson note: week 2

Period: 1

Date: 15 July, 2024 Q\
Duration: Q/O
Instructional Materials: A chart showing the concept map of cell org@

Behavioural Objectives: By the end of the lesson, Students sh@ able to;

1. Explain the meaning of cytoplast. Q

2. list the cell organelles and functions. &Q

Entry Behavior: The Students have been taught

Instructional Procedure: The teacher presents ‘the topic with the following steps:

Step 1: The teacher presents the con&ﬁ%\& cytoplast and its properties as the part of the cell that
have different function that s@% the whole cell as the basic structural unit. The teacher

mentions different examples chll to include plant cell, animal cell and notes them on the board.

Step 2: Teache ﬁher to mention the cell organelles by listing them on the board and
g g y

stating at le‘}s@e function of each of the cell organelles;

1. Mleus: (i)control life activities of the cell (ii) Stores hereditary informationas it
contains DNA

ii. ~ Chromosomes: it contains DNA which stores genetic traits

iii.  Mitochondria: it is the describe as the power house of the cell. They are sites of

respiration or where energy is released from

185



iv.  Vacuole: it contain cell saps that act as osmoregulator by helping to remove excess water
in the cells

v.  Nucleous: Produce ribosome for protein synthesis.

vi.  Endoplasmic reticulum: it aids transport of materials within the cells

vii.  Golgi bodies: function in synthesis, packaging and distribution of materials

A\
S

viii.  Chloroplast: contains chlorophyll that aid photosynthesis in green plant

ix.  Lysosomes: they are sites for respiratory enzymes <
x.  Ribosomes: responsible for protein synthesis 6\
xi.  Cell wall: provides protection and shape for the cell S .

xii.  Cell membrane: it serves a great role in selective ab ; of materials

Evaluation:. The teacher evaluates the Students us@e following questions
1. List at least two cell organelles @%
2. State at least three function of th. organelles
Conclusion: The teacher summar&cta lesson by explaining and making corrections where
necessary for the Students. ) $
Assignment: what is ¢ lgsion and differentiates between mitosis and meiosis.
X
C
O
O
\¥

Topic: cell
Sub-topic: Mitosis
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Level: 100

Lesson note: week 3
Period: 1

Date: 22 July, 2024

Duration:

Instructional Materials: A chart showing the concept map of cell division OQ

C

Behavioural Objectives: By the end of the lesson, Students should be al&;

1. Mention types of cell division %
2. Define Mitosis Q

3. List stages involve in mitosis cell division b’b
Entry Behavior: The Students have been taué}\gll

Instructional Procedure: The teach@en s the topic with the following steps:
Step 1: The teacher state the @f cell division as mitosis and meiosis

Step 2: The teacher @ mitosis as the process by which a cell nucleus divides to produce two

daughter nuclii c@ing identical sets of chromosomes to the parent cells.

Step3: T récher list stages involve in mitosis cell division as interphase, prophase, metaphase,

anaphase and telophase.
Evaluation:. The teacher evaluates the students using the following questions
1. Mention types of cell division

2. Define Mitosis

187



3. List stages involve in mitosis cell division

Conclusion: The teacher summaries the lesson by explaining and making corrections where

necessary for the Students.

Assignment: explain the procedures involve in meosis cell division.

Appendix II
Lesson Plan on Cell Biology using Cooperative Learning Strategy.

Topic: cell and cell theory
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Level: 100

Lesson note: week 1
Period: 1

Date: 29 July 2024

Instructional Materials: Chart

Behavioural Objectives: By the end of the lesson, Students should be able to; OQ

1. Define Cell. &

2. Highlight the historical background of Cell concept %

3. State the two types of Cell Q

Entry Behavior: Students are familiar with cell 66
Instructional Procedure @

Step 1: The teacher presents the con@f cell as the basic, structural, functional and biological
unit of all known living organ‘i%%l takes into consideration the chemical processes of life in

relation to cell developren m prokaryote to eukaryote cell. It is also the study of genetic

component of celt@phasis on DNA and RNA.

Step 2: Ther goes further to highlight the historical background of Cell concept as: Cell
were tk&’scribed in 1665 by Robert Hooke, a scientist of great talent and versatility who was
an accomplished technician and biologist. He designed one of the earliest optical microscopes
with which he examined a thin section of cork and discovered that the cork contain a numerous

box-like structures which we known to be cells.
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Matthias Schleiden and Theodor Schwann a zoologist in the year 1838-1839 produced a cell
theory which unified the ideas of the time by stating that the basic unit of structure and function
in living organisms is the cell. Then the cell would seem to be a basic structural and functional

unit of life of an organism.

Step 3: The teacher State the two types of Cell as Prokaryotic and eukaryotic cell \

\

Prokaryotic cell are the first form of life on earth. They are simpler and sm n’ eukaryotic
cell and lack membrane bound organelles. Prokaryotic cell include two dﬁ%ﬁn of the domain of

life such as bacterial and archers while Eukaryotic cell are fift i wider than a typical

prokaryote and can be as much as a thousand times greater @e.

Evaluation: The teacher evaluates the Students using }‘SQbﬂowing questions

1. Define Cell. @fb

2. Highlight the historical background o@)concept

3. State the two types of Cell AQ‘\

Conclusion/ Summary: ‘R@%:her summaries the lesson by explaining and making corrections

where necessary ﬁ)@udents

Assignment: %w a well label diagram of the plant and Animal cell

State J\hﬁ/@ n (10) differences between plant and animal cells

Topic: cell

Sub-topic: Cytoplast and its Constituents
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Level: 100

Lesson note: week 2
Period: 1

Date: 5 August, 2024

Instructional Materials: Chart

Behavioural Objectives: By the end of the lesson, Students should be able to; OQ

1. Explain the meaning of cytoplast. «

2. list the cell organelles and functions. %

Entry Behavior: The Students have been taught cell Q

Instructional Procedure: The teacher presents the @bvith the following steps:

(e

Step 1: The teacher presents the concept of c@ast and its properties as the part of the cell that
have different function that sustains ég\\v le cell as the basic structural unit. The teacher

mentions different examples of c&Qo,mclude plant cell, animal cell and notes them on the board.

Step 2: Teacher goes @Q) mention the cell organelles by listing them on the board and

stating at least ontf@u of each of the cell organelles;
1. Nuc@(i)eontrol life activities of the cell (ii) Stores hereditary informationas it
\Q%ﬁns DNA
ii. ~ Chromosomes: it contains DNA which stores genetic traits
iii.  Mitochondria: it is the describe as the power house of the cell. They are sites of

respiration or where energy is released from
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iv.  Vacuole: it contain cell saps that act as osmoregulator by helping to remove excess water
in the cells

v.  Nucleous: Produce ribosome for protein synthesis.

vi.  Endoplasmic reticulum: it aids transport of materials within the cells

vii.  Golgi bodies: function in synthesis, packaging and distribution of materials

A\
S

viii.  Chloroplast: contains chlorophyll that aid photosynthesis in green plant

ix.  Lysosomes: they are sites for respiratory enzymes <
x.  Ribosomes: responsible for protein synthesis 6\
xi.  Cell wall: provides protection and shape for the cell S .

xii.  Cell membrane: it serves a great role in selective ab Qof materials
Evaluation:. The teacher evaluates the Students us@e following questions
1. List at least two cell organelles \Q’b

2. State at least three function of @rganelles

Conclusion: The teacher sumsiaties the lesson by explaining and making corrections where

necessary for the Student?bQ

Assignment: w@dwmon and differentiates between mitosis and meiosis.

O
&

Topic: cell

Sub-topic: Mitosis
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Level: 100

Lesson note: week 3
Period: 1

Date: 15 August, 2024

Instructional Materials: Chart

Behavioural Objectives: By the end of the lesson, Students should be able to; OQ

1. Mention types of cell division /\(J

2. Define Mitosis %

3. List stages involve in mitosis cell division Q

Entry Behavior: The Students have been taught celbfb

(&

Instructional Procedure: The teacher preserm\\g topic with the following steps:

o 5\'
Step 1: The teacher state the types oﬁés\ivision as mitosis and meiosis

Q

Step 2: The teacher define m@as the process by which a cell nucleus divides to produce two

daughter nuclei containingidentical sets of chromosomes to the parent cells.

ini
Step 3: The t ac@t stages involve in mitosis cell division as interphase, prophase, metaphase,

anaphase a phase.

Evaluation:. The teacher evaluates the students using the following questions
1. Mention types of cell division

2. Define Mitosis

3. List stages involve in mitosis cell division
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Conclusion: The teacher summaries the lesson by explaining and making corrections where
necessary for the Students.

Assignment: explain the procedures involve in meosis cell division.

Appendix III
Lesson Plan on Cell Biology using Conventional Strategy.

Topic: cell and cell theory

194



Level: 100

Lesson note: week 1
Period: 1

Date: 19 August, 2024

Instructional Materials: Lecture Note

Behavioural Objectives: By the end of the lesson, Students should be able to; OQ

1. Define Cell. &

2. Highlight the historical background of Cell concept %

3. State the two types of Cell Q

Entry Behavior: Students are familiar with cell 66
Instructional Procedure @

Step 1: The teacher presents the con@f cell as the basic, structural, functional and biological
unit of all known living organ‘i%%l takes into consideration the chemical processes of life in

relation to cell developren m prokaryote to eukaryote cell. It is also the study of genetic

component of celt@phasis on DNA and RNA.

Step 2: Ther goes further to highlight the historical background of Cell concept as: Cell
were tk&’scribed in 1665 by Robert Hooke, a scientist of great talent and versatility who was
an accomplished technician and biologist. He designed one of the earliest optical microscopes
with which he examined a thin section of cork and discovered that the cork contain a numerous

box-like structures which we known to be cells.
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Matthias Schleiden and Theodor Schwann a zoologist in the year 1838-1839 produced a cell
theory which unified the ideas of the time by stating that the basic unit of structure and function
in living organisms is the cell. Then the cell would seem to be a basic structural and functional

unit of life of an organism.

Step 3: The teacher State the two types of Cell as Prokaryotic and eukaryotic cell \

\

Prokaryotic cell are the first form of life on earth. They are simpler and sm n eukaryotic
cell and lack membrane bound organelles. Prokaryotic cell include two dﬁ%ﬁn of the domain of

life such as bacterial and archers while Eukaryotic cell are fift i wider than a typical

prokaryote and can be as much as a thousand times greater @e.

Evaluation: The teacher evaluates the Students using }‘SQbﬂowing questions

1. Define Cell. @fb

2. Highlight the historical background o@)concept

3. State the two types of Cell . AQ‘\

Conclusion/ summary: e&:her summaries the lesson by explaining and making corrections

where necessary ‘r@udents

Assignmen;&éw a well label diagram of the plant and Animal cell

State @ten (10) differences between plant and animal cells

Topic: cell

Sub-topic: Cytoplast and its Constituents
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Level: 100
Lesson note: week 2
Period: 1
Date: 26 August, 2024
Duration:

>\
N
O

Behavioural Objectives: By the end of the lesson, Students should be ab%;

Instructional Materials: Lecture Note

1. Explain the meaning of cytoplast. %

O

2. list the cell organelles and functions. Q

Entry Behavior: The Students have been taught celbrb

(&

Instructional Procedure: The teacher preserm\\g topic with the following steps:

Step 1: The teacher presents the cor@bf cytoplast and its properties as the part of the cell that
have different function that sl{z&% the whole cell as the basic structural unit. The teacher

mentions different examples %ell to include plant cell, animal cell and notes them on the board.

Step 2: Teache< g&her to mention the cell organelles by listing them on the board and

stating at le@e function of each of the cell organelles;

1. N@leus: (i)control life activities of the cell (ii) Stores hereditary informationas it
contains DNA

ii. ~ Chromosomes: it contains DNA which stores genetic traits

iii.  Mitochondria: it is the describe as the power house of the cell. They are sites of

respiration or where energy is released from
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1v.

Vi.

Vii.

Viii.

iX.

xi.

Xii.

Vacuole: it contain cell saps that act as osmoregulator by helping to remove excess water
in the cells

Nucleous: Produce ribosome for protein synthesis.

Endoplasmic reticulum: it aids transport of materials within the cells

Golgi bodies: function in synthesis, packaging and distribution of materials
Chloroplast: contains chlorophyll that aid photosynthesis in green plant Q\
Lysosomes: they are sites for respiratory enzymes (JO
Ribosomes: responsible for protein synthesis 6\

Cell wall: provides protection and shape for the cell %

Cell membrane: it serves a great role in selective ab ; of materials

Evaluation:. The teacher evaluates the Students us@e following questions

1.

2.

List at least two cell organelles \Q
State at least three function of @rganelles

Conclusion: The teacher sumsiaties the lesson by explaining and making corrections where

necessary for the Student?b

Assignment: w@dwmon and differentiates between mitosis and meiosis.

O
&

Topic: cell

Sub-topic: Mitosis

Level: 100
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Lesson note: week 3
Period: 1
Date: 26 August, 2024

Instructional Materials: Lecture Note

Behavioural Objectives: By the end of the lesson, Students should be able to; \

1. Mention types of cell division ( O
2. Define Mitosis 6\

3. List stages involve in mitosis cell division %
Entry Behavior: The Students have been taught cell QQ
Instructional Procedure: The teacher presents ti@ with the following steps:

Step 1: The teacher state the types of cell %1 n as mitosis and meiosis

Step 2: The teacher define mitosis é@process by which a cell nucleus divides to produce two

daughter nuclei containing 1 % sets of chromosomes to the parent cells.

Step 3: The teacher li K ages involve in mitosis cell division as interphase, prophase, metaphase,

anaphase and el&}é

Evaluatl% he teacher evaluates the students using the following questions
1. Mention types of cell division
2. Define Mitosis

3. List stages involve in mitosis cell division
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Conclusion: The teacher summaries the lesson by explaining and making corrections where
necessary for the Students.

Assignment: explain the procedures involve in meosis cell division

Appendix IV

Lead City University, Ibadan,

Department Of Science Education
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Biology Achievement Test (BAT)
Multiple Choice Objectives Questions

Section A
Demographic Data

Gender: Male[ ] Female[ ] Q\

Level. NCE1[ ]

Name of Institution: ..................... ’\< 0

Section B $0

Instructions: Tick the correct answer for each questions frt@pt n A-E
1. Cellis the Study Of ... .eevveeeeeeeereenn., Q

Basic structural functional and biological unib@iving organisms

a
b. Smallest unit of living organism

c. Chemical processes \Q’b
d. Living organisms Q
e. Biological unit of living orégk

2. In what year cell was first (@&Vered
1965 -

N
1966 QQ\
e ()
16

.(DII.@.Q-.OP"‘P
(=Y

3. any types of cell do we have
a
b. 4
c. 2
d. 7
e. 3
4. Cell comprises of------------------ component
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RNA and DNA

o

o

Prokaryotic cell and Eukaryotic cell

Plant and animal cell

d. Cytoplast and nucleus

e. Plasmids and cytoplasm

Bt e is the continuous living membrane with the nucleus

Cell wall Q\

a
b. Nucleus

c. Endoplasmic reticulum < 0
d. Ribosome 6\

e. Lysosomes %
. Prokaryotic include two domain of life such as O

Bacterial and archers Q

a
b. Chromatin and granules

c. Nucleus and vacuole b’b
d. Cytoplast and archers \Q
e. Bacterial and nucleus
. The nucleus gives the name eu]e@ its name meaning
False nucleus

a
.
b. True nucleus

Metabolic nu&é

d. Cytoplas
e. Golgi@ams

e

R -- contains chlorophyll and carries out photosynthesis
a. oroplast

}/Water

c. Micro bodies
d. Middle lamella
e. Large vacuole

is made up of roughly equal parts of protein and RNA

a. Nucleus
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b. Mitochondria
c. Lysosomes
d. Ribosome
e. Golgi apparatus
10. contains matrix with a few ribosome, a circular DNA molecules and
phosphate granules
a. Mitochondria \
b. Rough endoplasmic reticulum OQ
c. RNA Q/
d. Smooth endoplasmic reticulum ’\
e. Ribosome %0
11. Cell is bounded by a---------- O
a. Animal cell Q
b. Plant cell
Thick wall b’b
d. Soft wall
e. Tough wall
12. and pla ®r part in maintaining shape form of the cell
a. Cell sap and cellulose
b. Cellulose wall and ¢ lasm
c. Cell sap and drate
d. Pigment ﬁlorophyll
e. Cyto@an cell sap
13. Euka cell are about --------------- times wider than a typical prokaryote
a

}igve

c. Fifteen
d. Eight
e. Fifty
14, -=—----- discovered that cork is composed of numerous box-like structures known as
cells
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John Dalton

ISE

William wheel
c. Charles Darwin
d. Robert Hooke

e. Shchledien and Schwann

15. If cell is to divide--------- will replicate first
a. Genetic material \
b. RNA Q

e

DNA Q/O
d. Aandc ’\
e. Bandc %0
16. === is the longest phase of division, chromosor@e me visible as the contract,
nucleus shrink and become shorter and fatter Q
Prophase

a.
b. Anaphase b’b

c. Interphase
d. Metaphase
e. All of the above 5&
17. When a chromosome arran@\emselves on equator of spindles is called------------
DNA

a.
b rvA Qﬁ\
c. Metapha %

d. Anap@

e. the above

18, -2 is the process b which a cell divides to produce a daughter nuclei each

Mtaining half the number of chromosomes of the original nucleus

a. Haploid
b. Mitosis
c. Diploid
d. Anaphase
e. Meiosis
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19. The daughter cells receive only one of each chromosomes from the ------------
a. Animal cell
b. Daughter cell
c. Parent cell
d. Gamete cell
e. Haploid cell
20. In animal meiosis occurs in the formation of gamete such as------------- \
a. Eggs and sperm Q

b. Gamete and parent cell < O
c. Parent cell and daughter cell 6\

d. Egg and daughter cell %
e. Non of the above Q
21. Meiosis consists of two successive divisions, the pa 1 splits into and

a. Daughter cell and parent cells Q
b. First meiotic division and second meioti@on
c. Fist meiotic division and daughte ’b
d. second meiotic division and dau Xcell
e. all of the above .’\\'
22. the significant of mitos.is in@&e all expect
Genetic stability

:. Growth QQ\

c. Regenerati

d. Paren@
e. Ce@r replacement

23, -- r-b--- and ------------ meiosis does in two ways
a.¥ Independent assortment of chromosomes and crossing over
b. chromosomes and crossing over
c. Independent assortment and dependent assortment
d. Chromosomes and dependent assortment
e. crossing over and dependent assortment

24. All these are stages of meiosis expect
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a. Anaphase
b. Metaphase
Telophase

d. Tapelophase
e. Prophase
25, - is responsible for the transmission of the hereditary information from

generation to generation \

a. Chromosomes

b. Gene < 0
c. Hereditary 6\

d. DNA %
e. Molecules Q
P R is the number of chromosomes present @g

a. 15
b. 25 b’b
c. 78
d. 46
e. 100 5&
27, —mmmmmmmeeee is surrounded @n envelope of two membranes stroma and grana

a. Plasmodema
b. Middle lamelth

c. Micro bo

d. Chlor@

e. N s

28 --% ------ is the first form of life on earth
av'DNA
b. RNA

c. Prokaryotic
d. Eukaryotic
e. Metabolic activities

29. and play a major part in maintaining shape form of the cell
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A.

ISE

e.
30. Eukaryetic cell are about
a.

b.

i

Cell sap and cellulose
Cellulose wall and cytoplasm
Cell sap and carbohydrate
Pigment and chlorophyll
Cytopalsm and cell sap

Ten
Five
Fifteen
Eight
Fifty
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