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Abstract

Chief Examiner’s reports of WAEC highlight persistent challenges, particularly in Ecology,
where students struggle with critical thinking, analytical reasoning, and real-world application of
biological concepts. This study determined the Effects of Team and Project-based learning
strategies on senior secondary school students' achievement in Ecology in the Abeokuta
Metropolis, Nigeria. Four hypotheses were formulated and tested at 0.05 level of significance.
The pretest—posttest control group quasi—experimental design was adopted. The study population
comprises 3,680 SS II students (1,706 male and 1,974 female students); from which, a total of 91
participants (44 male and 47 female students) from the three randomly sele schools
participated in this study. Ecology Achievement Test (EAT) (KR-20 = 0.76) an ctional
Guides for Teaching and Learning Ecology were used as instruments fo@collectlon
Analysis of Covariance (ANCOVA) was used for data analysis. There wa ficant main
effect of Team—based learning strategy on senior secondary school s achlevement in
Ecology (Fq; 555 = 160.770, p < 0.05, partial n* = 0.745). There was cant main effect of
Project-based learning strategy on senior secondary school studen @ievement in Ecology
(Fa:s7 = 79.050, p < 0.05, partial n* = 0.581). There was no signiﬁmain effect of gender on
senior secondary school students’ achievement in Ecology (F( = (0.002, p > 0.05, partial n*> =
0.000). There was significant interaction effect of Team— arning strategy, Project-based
learning strategy and gender on senior secondary school s;]u eénts’ achievement in Ecology (Fs; 84

=40.191, p < 0.05, partial n> = 0.705). Based on the gs, the study concludes that Team-
based and Project-based Strategies enhanced stude ievement. The study recommends the
adoption of these innovative strategies in teachin ogy to promote better academic outcomes
among senior secondary school students rega@ gender differences.

Q)

Keywords: Academic achlevemﬁy Ecology, Team—based learning strategy, Project-based
learning strategy % itional teaching strategy
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Chapter One
Introduction

1.1 Background to the Study

Biology holds a central place in the senior secondary school curriculum, serving
as a gateway to understanding the structure, function, and interactions of living organisms
within their environment. In one of its key areas, Ecology, provides S%ts with
essential insights into the relationships between organisms and thei ts and the
importance of environmental sustainability!. Despite its signifi®ance, the teaching of
Ecology in many Nigerian schools, particularly in the Metropolis, is often
delivered through conventional lecture methods that c@t actively engage learners or
promote deep conceptual understanding. This si@& has raised concerns about how
best to improve student participation and co@’aension in Biology classrooms. As such,
there is a growing interest in the use ®ovaﬁve instructional strategies, such as team-
based and project-based leamir%' ich emphasize collaboration, inquiry and real-life

application of knowledge. @e strategies are believed to not only enhance students’

interest in Ecolog@o foster critical thinking and retention of scientific concepts. It

is against this backdrop that this study investigates the effects of these strategies in
[ ]

improvin@ents’ understanding of Ecology, using their achievement as a measure of

learnt tcomes.

\/ Achievement is a critical measure of student success, reflecting their mastery of
subject material and preparedness for higher education and employment. In Nigeria, the
West African Senior School Certificate Examination (WASSCE) serves as the primary
benchmark for evaluating students' academic performance, in many subjects including

Biology. Students' performance in the WAEC Biology examination in Ogun State has
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experienced fluctuations but has generally trended upward in terms of credit-level passes
(C6 and above) over the years. From 2016 to 2019, pass rates hovered between 50% and
55%, with slight improvements linked to teacher training initiatives and curriculum
enhancements. However, in 2020, scores dropped significantly to 51.4%, primarily due to
the disruptions caused by the COVID-19 pandemic, which severely disrupt&academic
activities across the country!-2, Q

Over the past five years, the performance of students in Ogun@n the WAEC

earlier years. The percentage of candidates who obtain. dit level (C6 and above)

Biology examination has shown a gradual upward trend, des @e ious fluctuations in
during this period was: 51.4% (2020), 58.2% (202 9% (2022), 61.4% (2023), and
63.3% (2024). The notable decline in 2020 l@ue to the disruptions caused by the
COVID-19 pandemic, followed by a {e@%‘éprovement in subsequent years. This rise
in performance can be attribute&% stronger educational interventions, increased
emphasis on practical-based L{(%ﬁg, and a more stable academic calendar. By 2024, the
pass rates had reached’Q&hest level, indicating progress in science education within
the state>**. In 2&% e WAEC Chief Examiners’ report revealed that students lack a

comprehe@lerstanding of basic biological principles and struggle with applying
1

theore@ owledge practically, especially in topics like Ecology that require analytical
th& and problem-solving skills?3.

\/ Ecology, a vital subset of Biology, involves studying the relationships between

organisms and their environments. This field is increasingly important in the Nigerian

educational system, given the country's environmental challenges, such as deforestation,

pollution, and loss of biodiversity. Teaching Ecology equips students with the knowledge

20



and skills to address these environmental issues through conservation and sustainability
practices. However, students often find Ecology concepts challenging due to the abstract
nature of ecological relationships and the lack of practical, hands-on learning experiences
in schools®. To overcome these challenges, teaching methods that emphasize active
involvement, practical applications, and critical thinking are essential®.

Over the years, educators and researchers have explored differ ﬁaegies to
improve academic achievement in Ecology. Traditional methods, SL@} ecture-based
teaching, remain widely used but often fail to engage students @&e}g leading to passive
learning and limited retention’. To address these limj t@vaﬂous learner-centered
strategies have been introduced. One of these stratgnquiry-based Learning (IBL),
which encourages students to ask question cp&%t experiments, and draw conclusion
based on their findings®. Although {r& *based Learning has proven effective in
promoting critical thinking, its im %n‘[ation is hindered by limited resources and a

.
lack of adequate training a&ﬁ%‘ teachers. Additionally, cooperative learning, which
promotes collaboration&a&gﬁg students, has shown promise in enhancing learning
outcomes, but its‘@%in large classrooms often faces challenges®. Studies have called
for more %Ve, interactive approaches like Team-based Learning (TBL) and
Projec@se Learning (PBL) that align better with the dynamic, practical nature of
A

Team-based Learning (TBL) is an instructional strategy that emphasizes
teamwork and structured collaboration among students. Through team-based learning,
students work in small groups to engage in problem-solving, fostering both independent

and collective learning'!. In science education, team-based learning has gained attention

21



for its ability to improve comprehension and retention by promoting active engagement
with course material'>. The collaborative structure of team-based learning aligns well
with the teaching of Ecology, as it encourages students to approach ecological concepts
from multiple perspectives, enhancing their understanding and ability to apply knowledge
to real-world environmental issues!®.Studies have shown that team-based learning can
significantly enhance students' critical thinking and teamwork skill@ic larly in
subjects that require the integration of complex information, % s Ecology!'“.
Furthermore, team-based learning has been linked to improv@ﬂemic outcomes, as
students often retain information more effectively wher@ ctively participate in group
discussions and problem-solving activities'. Q

Project-based Learning (PBL) is a le mcb@ﬂtered strategy that involves students
working on projects over an extended to explore and apply subject matter!®,
Project-based learning encourageﬁ}dents to engage with real-life issues, making

.

learning more relevant and f0{%>g critical thinking, creativity, and collaboration. In the

context of Ecology, Proj %ased Learning can be particularly effective as it enables

students to addres@&mmental topics directly by conducting field research, analyzing
ecologicaé@ developing conservation strategies!'”.
0

%J

st ' motivation, engagement, and academic performance, especially in subjects that

ct-based learning has been widely recognized for its positive impact on

require hands-on, experiential learning'®. However, while project-based learning holds

great promise, its implementation in Nigerian schools is often constrained by limited

resources, large class sizes, and a lack of adequate training for teachers on this strategy'®.

22



The cognitive benefits of project-based learning have been well-documented, with
studies showing that it enhances students’ problem-solving and research skills. In project-
based Learning, students are encouraged to investigate real-world problems and devise
solutions, which align with the analytical and Inquiry-based nature of Ecology. This
strategy not only improves content knowledge but also equips students with skills that are
essential in higher education and the workplace?’. In Nigerian schools, Qﬁsources
are often limited, implementing Project-based Learning could allov@t@nts to utilize
locally available materials, making the learning experienc@&oe relevant to their
immediate environment?!,

Studies have demonstrated that collaborativg environments can positively
impact academic achievement by promotin itical thinking, communication, and
interpersonal skills. In team-based le{rté% e emphasis on group accountability and
peer support can motivate studentsﬁ\s&y engaged and develop a deeper understanding
of the subject matter. Resear&ﬁ%&ows that team-based learning helps students to think
more critically about %%gy topics by encouraging them to share ideas and

\

perspectives?. jeet*based learning, on the other hand, allows students to take

ownership:@ learning by completing projects that require applying theoretical

knowl%ﬁ n practical contexts, which could be especially beneficial for topics like
\/ Research also highlights the motivational impact of collaborative learning on
students. Both team-based learning and project-based learning provide a sense of
autonomy and purpose, which can lead to increased motivation and engagement. In a

study on Biology students’ attitudes towards learning, it was found that students who
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participated in team-based learning and project-based learning were more motivated to
learn and demonstrated a stronger commitment to understanding the material?*. This is
particularly significant for Ecology, as students who are motivated are more likely to
appreciate the relevance of ecological issues in their daily lives.

Furthermore, the implementation of team-based learning and p&bct-based
learning in Nigerian schools could enhance students’ underst. g *of the
interconnectedness of ecological systems, an understanding crucial r@ressing local
environmental challenges. Given Nigeria's diverse ecosysteme ecological issues
they face, equipping students with an in-depth underst@% Ecology is essential for

fostering a generation that value and protects th onment. This underscores the
relevance of this study, as it seeks to explor ecam-based learning and project-based
learning can enhance academic achievem cology?’.
Despite the potential benefit o\team-based learning and project-based learning,
°
there are challenges in impl@ng these strategies in Nigerian schools, such as large

class sizes, limited res@% and insufficient teacher training. Many teachers are not

familiar with the&@?tegies, and adapting the curriculum to support team-based and
project-bet@vities requires substantial changes in instructional planning?®.
Neverﬁes ,

tr@mative, providing students with a more engaging and enriching learning

Y

experience.

studies indicate that when effectively implemented, these strategies can be

Gender disparities in education remain a persistent issue globally, and Nigeria is
no exception. In the field of science education, female students often face challenges that

limit their academic performance, including societal expectations, reduced access to
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resources, and a lack of encouragement for pursuing Science, Technology, Engineering,
and Mathematics (STEM) fields?’. These disparities are particularly evident in rural and
underserved areas, where cultural beliefs and socioeconomic factors further exacerbate

the gender gap in academic achievement?8,
Gender differences in academic achievement, especially in science subjects,
&etudents

have outperformed female students in science and technology subje ch has led to

continue to be a subject of concern in Nigeria and worldwide. Historicall;@
gender imbalances in Science, Technology, Engineering, thematics (STEM)
fields®. Socio-cultural factors, classroom dynamics, a t@r biases are some of the
factors that contribute to this disparity. Studies own that gender-responsive
teaching strategies, such as Team-based a dd&%&t-based learning can help mitigate
these differences by providing equal o nities for male and female students to
contribute, collaborate, and lead?°. \
.

In the Nigerian conte){c%\ traditional education system has often been criticized
for its gender biases, ﬂ@%aching materials and instructional methods inadvertently
reinforcing gend@%eotypes. These biases can affect students' self-esteem and
academic e@Went, especially among female students. Adopting Team-based
Learni@n Project-based Learning strategies could potentially offer a more inclusive
le@rQ environment, allowing both male and female students to perform at their best®!.
By structuring group activities and projects in a way that values contributions from all
students, these methods could foster greater equity in learning outcomes, particularly in

Ecology where both conceptual understanding and hands-on experimentation are

important.
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Gender-responsive pedagogy, which aims to address the different needs of male
and female students, has gained traction in recent years. Studies suggest that active
learning strategies, such as team-based learning and project-based learning, are more
likely to close gender gaps in academic performance compared to traditional teaching
methods*2. By fostering a more inclusive classroom environment, these strategies could
provide both male and female students with equal opportunities to exc@ogy. In

Nigeria, where gender inequality in education remains a challe\Qe,J opting such

inclusive strategies could contribute to broader educational e u@ls.
Studies have also highlighted the need for gen -%ive assessment practices

in collaborative learning environments. Traditi@ sessment methods may not

adequately capture the contributions and 1 r@rogress of each student in a group

setting, which could inadvertently disadva female students®?. Gender-sensitive could

ensure that both male and femal \students are fairly allowing teachers to better

.

understand the effects of teaniﬁaj%'leaming and project-based learning across genders.

In terms of colk@%e learning strategies like team-based learning and project-

based learning, ré@%ndicates that female students can benefit significantly from the

supportiviu?%tive nature of these approaches. Collaborative learning environments
I

often l@

ac@articipation and improved performance**¥. Nevertheless, understanding the role

uce anxiety and foster confidence among female students, leading to more

of the effectiveness of team-based learning and project-based learning is critical for

designing equitable and inclusive educational strategies that address the unique needs of

both male and female students.
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1.2

While team-based learning and project-based learning have been extensively
studied in the context of science education, research on their specific application within
Ecology education in Nigerian secondary schools is limited. This study addressed this
gap by determining the effects of team-based learning and project-based learning on
Senior Secondary School Students' achievement in Ecology in the Abeokuta Metropolis,
Nigeria. Additionally, this research will explore how gender ma Q&we the
effectiveness of these strategies, providing insights into the dynamics 0f collaborative
learning in science education. By focusing on team-based l@n and project-based

learning in Ecology, this study aims to contribute to fe%lopment of instructional

strategies that enhance students' understanding of @ al concepts and improve their

academic performance. 6r§
(&
O

The performance of s@ts in the WAEC Biology examination in Ogun State

Statement of the Problem

has shown a gradual im@%ﬁent from 2020 to 2024, despite previous fluctuations. The
pass rate at the cfa@gel (C6 and above) rose from 51.4% in 2020; a decline likely due
to the CO ‘I@%andemic to 58.2% in 2021, 58.9% in 2022, 61.4% in 2023, and 63.3%
in 202 m(a¢ing the highest achievement in recent years>3. This upward trend reflects
th@'rQact of improved teaching strategies, enhanced practical learning, and better
E{riculum implementation. However, WAEC Chief Examiners' reports highlight

persistent challenges, particularly in Ecology, where students struggle with critical

thinking, analytical reasoning, and real-world application of biological concepts. To

sustain and accelerate this progress, a shift from traditional lecture-based methods to
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1.3

more active learning strategies, such as team-based and project-based learning, is crucial.
These strategies can foster deeper conceptual understanding, promote collaboration, and
bridge gender disparities in science education. Strengthening teacher preparation,
laboratory resources, and student-centered instructional methods will be essential in
ensuring long-term academic success in Ecology. This study therefore determined the
effect of team-based and project-based learning strategies on Senior S@Q& School

Students' Achievement in Ecology, with a focus on gender differeQe,J Ogun State,
Nigeria. é
Q
Aim and Objectives of the Study QQ
The aim of this study is to dete i%% effects of team and project-based
learning strategies on Senior Secondary S Students’ Achievement in Ecology in the
Abeokuta Metropolis, Nigeria. The j&tlves were to:
i.  determine the main effe&ﬁgﬁ\f eam-based learning strategy on senior secondary
school students’ ach&%nt in Ecology in the Abeokuta Metropolis, Nigeria;
ii.  determine th@?effect of Project-based learning strategy on senior secondary
school @’ achievement in Ecology in the Abeokuta Metropolis, Nigeria;
. ex 'n<e;t\e main effect of gender on senior secondary school students’ achievement
\;@’Qcology in the Abeokuta Metropolis, Nigeria; and
iv.  examine the interaction effect of Team-based learning strategy, Project-based

learning strategy and gender on senior secondary school students’ achievement in

Ecology in the Abeokuta Metropolis, Nigeria.
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1.5

Hypotheses
The following null hypotheses were tested at the 0.05 level of significance:

Hyo1: There will be no significant main effect of team—based learning strategy on senior
secondary school students’ achievement in Ecology in the Abeokuta Metropolis,
Nigeria.

Hy2: There will be no significant main effect of project-based learning s@ senior

secondary school students’ achievement in Ecology in the Abeo Metropolis,

Nigeria. é

Ho3: There will be no significant main effect of ge e$senior secondary school
students’ achievement in Ecology in the Abeo f@ Metropolis, Nigeria.

Ho4: There will be no significant interact'ow&e t of team—based learning strategy,
project-based learning strategy and er on senior secondary school students’
achievement in Ecology in th&ﬁ\&uta Metropolis, Nigeria.

c,J\
Significance of the Stu@é
The effee@f eam-based and Project-based learning strategies on senior
secondaryiﬁgﬁtudents’ achievement in Ecology holds great importance for educators,
policy@e , curriculum developers, and other stakeholders. Since Ecology is a major

c ent of the Biology curriculum, understanding how collaborative teaching methods

affect student performance can shape more effective teaching and learning practices.

This study offers valuable evidence for policymakers to support the integration of
these strategies into educational reforms, especially as they promote critical thinking,

collaboration, and real-world problem-solving. It also informs decisions on teacher
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training by emphasizing hands-on, student-centered methods. Curriculum developers can
use the findings to design interactive Ecology lessons that actively engage students
through teamwork and practical tasks. By aligning content with strategies that foster
deeper learning, curriculum design becomes more meaningful and effective.

For school administrators, the study encourages investment in re&c\:es and

professional development to support these learning approaches. It ma;% thfluence

school structures, such as scheduling, to better accommodate i ed activities.
t

Teachers stand to benefit by gaining insight into strate t improve student
understanding and engagement. With evidence of positi c@nes, they can confidently
adopt these methods to create inclusive classrooms@ omote active participation and
collaborative learning. Students, as the pri agb%wﬁciaries, are empowered through
these approaches to take charge of their le . Team-based and project-based tasks not
only enhance understanding of Ec&% ut also help develop communication, critical
.

thinking, and teamwork ski@itles essential beyond the classroom. Parents gain
confidence in knowin&% these teaching strategies can support their children’s
academic and p&@? growth. This understanding may encourage them to provide
support fo I@based activities at home.

e Study also contributes to the broader field of science education research in
N@ It opens avenues for further exploration, such as long-term impacts,
implementation challenges, and effectiveness across different subjects or learning
environments. Educational technology developers can draw from the study to design

tools that support collaborative learning, improve project management, and enhance

engagement in Ecology classrooms.
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1.6

Scope of the Study

This study determined the effect of team-based learning and project-based
learning strategies on the academic achievement of Senior Secondary School Students in
Ecology within the context of public secondary schools in the Abeokuta Metropolis,
Ogun State, Nigeria. The study covered Senior Secondary Schools within this&etropolis.
This urban setting represents a diverse student population with ac to *varying
resources and educational support. By focusing on this location,@ej udy aims to
understand how team—based learning and project-based leamir@a gies function in an

urban Nigerian school environment, where resog vailability and students’

engagement levels may vary significantly. Q

The study targets Senior Secondary S‘cba%tudents, typically in SS2, as they are

at an advanced stage of secondary educat% ere Ecology is intensively covered. This
group is well-positioned to engage *%‘teambased learning and project-based learning
activities, which require a ({66\9 level of maturity, collaborative skills, and content
knowledge. The study e&ned these learning strategies to improve understanding and
academic outcom@%g students in this age group.

T “\@focused specifically on Ecology, a major component of the Senior
Secon@ chool Biology curriculum. The study specifically determines the effects of
te %sed learning and project-based learning on students' academic performance in
Ecology. The study was conducted over eight weeks in academic term to allow sufficient
time for the implementation of team—based learning and project-based learning strategies
in the curriculum. This period is expected to provide measurable outcomes on students’

academic achievement and comprehension in Ecology, enabling the study to capture any
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1.7

1.8

short-term effects on learning outcomes. Academic achievement in Ecology was
measured through pre- and post-assessments, including tests, quizzes, and project
evaluations. These assessments measured students’ understanding and retention of

ecological concepts before and after exposure to team—based learning and project-based

Limitation of the Study Q/

The following limitations were encountered throughout the @‘ of conducting this

learning strategies.

study:
Time Constraints: The academic calendar and nation schedules limited the
duration available for the intervention and d a% tion.
Inconsistent Student Attendance: Irre 1% udent attendance during the intervention
period affected participation and the >h§bility of post-test results.

°
Environmental Distraction@se, overcrowded classrooms, or inadequate ventilation
in some schools may ha acted teaching and learning effectiveness.

Data Collection D@ Delays in retrieving complete test scripts and permissions from
school autib@lowed down the data analysis process.

\O@OMH Definitions of Terms

Academic Achievement: Refers to students' test scores on the Ecology Achievement
Test (EAT) before and after being taught using team-based, project-based and traditional

strategy.
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Ecology: Covers topics in the senior secondary Biology syllabus, such as ecosystems,
energy flow, and biodiversity, which are the focus of this study.

Team-Based Learning: A group learning strategy used in this study where students
work together to improve their understanding and performance in Ecology.
Project-Based Learning: A hands-on learning strategy used in this study where students
carry out projects individually on ecological topics to enhance their grz&%lkaademlc
outcomes in Ecology.

Traditional Learning Strategy: The conventional classrooéXehods used to teach
students.

Gender: Classifies participants as male or female, @ths study to examine potential
differences in Ecology performance across t c@trategles.

Senior Secondary School Students: Th students in Senior Secondary II (SS II),

typically between the ages of 15 a \8, who are currently enrolled in Biology classes

and formed the participant gr@r this study.
AQJ
¢

O
&
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Chapter Two
Literature Review

This chapter presents comprehensive review of related literature and it is
organized into the following subheadings:
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2.1.2 Biology

2.1.3 Ecology /\QJ
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2.5 Summary of Literature Reviewed
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2.1

2.1.1

Conceptual Review
Academic Achievement

Academic achievement refers to the measurable performance of a student in
educational activities, typically reflected in test scores, grades, and other forms of
assessments. It is an indicator of the extent to which a student has acquired, understood,
and can apply knowledge and skills in specific subjects or academic Q&ademic
achievement is a key concept in education as it reflects not onl &ctiveness of
teaching and learning but also the progress and developm&@&students within the
educational system'.

Academic achievement involves the master@ nitive skills and knowledge in
specific subject areas. For example, in Eco o% means understanding fundamental
concepts such as ecosystems, biodivers% nd energy flow. Cognitive mastery is
typically measured through test § exams that assess knowledge retention,

.
comprehension, and the @ to apply learned concepts. Besides cognitive
understanding, academ@gﬁevement also encompasses the development of critical
thinking, proble(@%g, analytical reasoning, and practical application skills. In
subjects li({@ gy and Ecology, students must not only learn theoretical content but

also demonstrate their ability to apply knowledge in experiments, real-world situations,

Q@ronmemal problem-solving?.

Academic achievement is influenced by students’ motivation, engagement, and
attitudes toward learning. A positive attitude toward the subject and active participation
in class activities, projects, and group work are often correlated with higher levels of

academic success. Behavioral engagement includes students' attendance, participation in
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class discussions, and commitment to completing assignments. Various tools and
methods are used to evaluate academic achievement, including standardized tests,
teacher-made exams, quizzes, assignments, and practical assessments like projects and
experiments. These tools help to measure not only students' knowledge but also their
application of skills and concepts in different contexts>.

The way subjects are taught has a profound effect on academ'cQﬁvement.
Student-centered approaches like Team-based Learning and Proj t@wd Learning,
which encourage collaboration, active learning, and practic@lication, have been

found to improve students' academic outcomes compared tontraditional teacher-centered

methods, which are more focused on memorizatio @\ passive learning. Students who
are highly motivated and interested in a subj c?&Q‘to perform better academically. This
can be influenced by various factors, suc e relevance of the subject to their future

systems like peer collabore@a

goals, teaching methods that makesie\aming engaging, and the availability of support
nd teacher guidance®.The quality of the learning
environment, includiag&%room resources, teacher-student interactions, and peer

support, plays a k@& role in academic achievement. Positive, interactive, and well-

resourced @environments foster better academic outcomes by encouraging student
paﬂici@génd engagement.

Q’bAcademic achievement is a multifaceted concept that encompasses not only
knowledge acquisition but also the development of critical skills, attitudes, and behaviors
that contribute to students' overall educational success®. In the context of this study,

understanding the concept of academic achievement in Ecology is crucial for determining

how different teaching methods influence students' learning outcomes and addressing
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factors such as gender disparities. Ecology, as a subfield of Biology, requires students to
understand complex concepts about the interactions between organisms and their
environment. Academic achievement in Ecology is not only measured by students' ability
to recall factual information but also by their capacity to apply ecological concepts to
real-world environmental challenges, such as biodiversity loss, climate &ge, and
conservation efforts’. Q

In this study, academic achievement in Ecology is evaluat@gh students'
performance in exams, practical projects, and their ability to a@xﬁeoretical knowledge

in hands-on ecological tasks. The study compares ho T%based and Project-based
;e

learning strategies influence students' academic@e ment in Ecology, assessing

application of knowledge. By assessing ts' academic achievement, educators can

whether these approaches foster deep;ré ing, critical thinking, and practical
determine the effectiveness of thei é@ ing methods. If students consistently perform
poorly, it may indicate a ne‘{&l opt more innovative and interactive instructional
strategies, such as Tean&% Learning and Project-based Learning.
Academic\@%ement scores help identify specific areas where students are
strugglin a@ educators to provide targeted interventions. For instance, in Ecology,
studen&ay struggle with abstract concepts like energy flow in ecosystems, and teachers
ca@rbﬂify instruction to address these gaps. Academic achievement data is critical for
policymakers to make informed decisions about curriculum design, teaching strategies,
and resource allocation. Improving student performance in subjects like Ecology is

important for addressing global environmental challenges and promoting sustainable

development®. Assessing academic achievement also helps in identifying gender
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2.1.2

disparities or socio-economic gaps in student performance. In this study, a focus on
gender differences will provide insights into how instructional strategies like team-based
learning and project-based learning can either mitigate or exacerbate these gaps, ensuring

that all students, regardless of gender, have equal opportunities to succeed.

Biology Q\
Biology is the branch of science that studies life and@ organisms,
encompassing their structure, function, growth, evolution@l interactions within
ecosystems. Rooted in the Greek words "bios" (meaning and "logos" (meaning
study), Biology seeks to understand the fundamenta@l ples that govern life processes,
from the microscopic molecular level to the lg@tale of ecosystems. It is a broad and
interdisciplinary field that overlaps wiﬂ{b‘§y other scientific disciplines, including
chemistry, physics, and environm b‘science, each contributing to a more holistic
understanding of life®. ’\C;\\'

One of the centr; %‘fqes in Biology is the concept of the cell, recognized as the
basic unit of life. i@;% theory, developed in the 19th century, established that all living
organisms ‘a%%{nposed of cells, and all cells arise from pre-existing cells. This

discov@tr nsformed Biology, as it provided a universal framework for studying life.
Wi

N

and processes within cells, including how cells divide, obtain energy, and maintain

this framework, cellular Biology, or cytology, explores the structure, function,

homeostasis. Advances in cellular Biology have paved the way for understanding more

complex biological concepts, such as genetics, molecular Biology, and physiology®.
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Cell theory states that all living organisms are composed of cells, which are the
basic units of life. It also emphasizes that all cells arise from pre-existing cells. Gene
theory posits that traits are inherited through genes, which are segments of DNA that
encode information for protein synthesis and biological functions. The theory of
evolution by natural selection explains how species adapt and evolve over time through
genetic variations and environmental pressures. Homeostasis refers t Q ability of
organisms to maintain stable internal conditions despite external chaQeriths is crucial
for survival and proper functioning. Biological systen@xﬂ characterized by
interdependence, where organisms interact with each @d their environments in
complex ways. This principle highlights the impo@ f ecological relationships and
biodiversity®?. ,bQ

Genetics is another core compone iology that studies heredity and variation

\

es in the discovery of DNA (deoxyribonucleic

in organisms. The foundation of geﬁh
acid), the molecule that carr@netlc information. DNA encodes the instructions for
building and maintairm anisms and is passed from one generation to the next.
Through the pro%%f replication, transcription, and translation, DNA sequences are
used to cr %i;ins, the molecular machines that perform most of the functions within
cells. @1 ian genetics, the study of how traits are inherited according to rules
di red by Gregor Mendel, provides insight into inheritance patterns and genetic
variation. Modern genetics has expanded to include molecular genetics, genomics, and
biotechnology, allowing scientists to manipulate genes, study genetic diseases, and

develop genetically modified organisms'!.
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Evolution is a foundational theory in Biology that explains how species change
over time through the processes of natural selection and genetic drift. Charles Darwin’s
theory of evolution, first published in On the Origin of Species in 1859, revolutionized
our understanding of life's diversity. According to Darwin, organisms with advantageous
traits are more likely to survive and reproduce, passing those traits to their ofxng. This

process of natural selection leads to adaptation, where populations of or Qns become

better suited to their environment over generations. Evolutiona studies the
origins and diversity of life, helping to explain relationsl@b tween species, the
development of new species, and the adaptation of organi @hanging environments'?.

Another key concept in Biology is Ecolog@ study of interactions between
organisms and their environment. Ecology xa& how organisms interact with each
other and with abiotic (non-living) com s such as climate, soil, and water. These
interactions form ecosystems, co k& networks of organisms and their physical

.

surroundings that function (G?erconnected systems. Ecologists study energy flow,

nutrient cycling, and® ,@gﬁtion dynamics within ecosystems to understand how

organisms are inﬂ% d by their environment and how they contribute to ecosystem

stability. Q@ of global environmental change, Ecology is essential for addressing
hds

issues %

Q hysiology is the study of the functions and mechanisms of living organisms,

biodiversity loss, climate change, and conservation'3.

focusing on how organs and systems within an organism work individually and together
to sustain life. This includes the study of respiration, digestion, circulation, and
reproduction, as well as the ways organisms maintain homeostasis; a stable internal

environment despite external fluctuations. For example, human physiology explores how
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our bodies regulate temperature, pH, and glucose levels to ensure survival. Comparative
physiology extends these studies across different species, helping scientists understand
how organisms adapt their physiological processes to meet the demands of diverse
environments’.

Behavioral Biology examines how organisms interact with their environment and
each other through behavior, which can include finding food, matin Q&fending
territory. Behavioral biologists study the neurological and geneticbas¢s of behavior,
investigating how behaviors evolve and contribute to surviva@l production. Social
behaviors, such as cooperation and communication, arg.gspecially significant in species
with complex social structures, such as humans, Qs, and some bird and insect
species. Ethology, a branch of behavioral g%@, observes animals in their natural

habitats to understand how behaviors are iﬁbl

At a broader level, Biology i \d1\1ded into several branches based on the scale of

ced by evolutionary pressures'!4,

study, the types of organismiﬁ%ied, and specific biological processes. Micro Biology
studies microscopic oxg@ like bacteria, viruses, and fungi, playing a crucial role in
medicine, indust@%nvironmental science. Botany focuses on plants, including their
structure, q;;{@%nd ecological importance. Zoology examines animals, exploring their
anato physiology, behavior, and evolution. These branches, along with others like
m@ Biology, paleontology, and biochemistry, provide a diverse framework for
hﬁerstanding life on Earth'>.

Biology has vast practical applications across multiple fields. In medicine,

Biology underpins our understanding of the human body, disease mechanisms, and

treatment development. Pharmacology, immunology, and pathology, for example, are all
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grounded in biological concepts. Biotechnology applies biological knowledge to develop
new products and technologies, such as genetically engineered crops, pharmaceuticals,
and biofuels. Conservation Biology uses ecological principles to protect biodiversity and
manage natural resources, a critical task in the face of global challenges like deforestation

and climate change®!.

onal models.

The methods used in biological research are diverse and sophi;;@ranging

from fieldwork and observations to laboratory experiments and corapu
Modern Biology relies heavily on technologies like microsco@&)«!A sequencing, and
bioinformatics to analyze and interpret complex biologi I$Advances in technology

have accelerated biological research, enabling brea@ s in areas such as genomics,

synthetic Biology, and regenerative medic:inpb% instance, CRISPR-Cas9, a gene-

editing technology, has revolutionized cs by allowing precise modifications to

DNA, opening up possibilities for treating genetic disorders®!>.
.
The significance of @’}g}'f extends beyond scientific research; it influences
society in profound wa&{derstanding biological concepts is essential for addressing
pressing global i%&ch as pandemics, food security, and environmental degradation.

Biology ﬁ% empowers individuals to make informed decisions about health,
a

nutriti%

e ring advance, ethical considerations in Biology become increasingly relevant,

Y

raising questions about genetic modification, cloning, and biodiversity preservation'®.

environmental conservation. Furthermore, as biotechnology and genetic

Biology helps us comprehend the fundamental processes that govern life, from
cellular functions to complex ecosystems. This knowledge is essential for advancing

scientific research and technology. Biological research underpins medical science,
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leading to advancements in healthcare, disease prevention, diagnosis, and treatment.
Understanding human Biology, genetics, and immunology is crucial for developing
vaccines, therapies, and medical technologies. Biology informs conservation efforts by
helping us understand the interrelationships between organisms and their environments.
This knowledge is vital for protecting biodiversity and addressing environmental
challenges such as climate change, habitat destruction, and pollu 'Q%ological
principles are applied in agriculture to improve crop yield, pe&st istance, and
sustainable farming practices. Advances in plant and animal contribute to food
security and agricultural sustainability. Biology plays a key tole’in biotechnology, where
biological systems are utilized for industrial and ical applications. This includes
genetic engineering, biopharmaceuticals, ru!b%fuels, which have transformative
impacts on society. Biology fosters s ic literacy and critical thinking skills,
promoting an understanding of h l\t}, Ecology, and the natural world. Educating
individuals about biologica{Cp}hciples is essential for informed decision-making
regarding health, envim@g(, and policy®®15.

Biology i@%and dynamic field that seeks to understand the complexities of
life on Ea h@y the cellular level to entire ecosystems, the study of Biology provides
insigh%ltaf/are essential for advancing knowledge, improving health, and addressing
e mental challenges. As a foundational science, Biology informs various disciplines
and plays a crucial role in shaping our understanding of the natural world and our place
within it. In the context of this study, understanding biological concepts, particularly in
Ecology, is vital for enhancing teaching strategies and improving student outcomes in

Biology education'*!7,
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2.1.3

In conclusion, Biology is a multifaceted science that seeks to unravel the
mysteries of life by exploring its complexity, diversity, and underlying principles. From
the molecular level to ecosystems, Biology provides a comprehensive framework for
understanding the mechanisms that sustain life. The field continues to evolve, fueled by
technological advancements and interdisciplinary approaches that deepen our
understanding of life on Earth. By exploring the intricate connections bet *oganisms
and their environments, Biology offers insights that are essential for\hunitan well-being,
environmental stewardship, and the sustainable manageme\@&esources for future

N
O
Q
Ecology ,bQ

generations'”.

Ecology is the branch of Biolo studies the relationships between living
organisms and their interactions wit %r physical environment. Derived from the Greek
words "oikos" (meaning hou&@environmen‘[) and "logos" (meaning study), Ecology
explores how organisa&%act with each other and with their surroundings, forming

complex webs of@ncompasses the study of ecosystems, communities, populations,

and the e{@ntal factors that influence life processes. Understanding Ecology is
a

essent%

@mental health are maintained and how human activities impact ecosystems'3.

it provides insights into how biodiversity, natural resources, and

The concept of Ecology is rooted in the idea of interdependence among organisms
and their environment. Each organism, from microscopic bacteria to towering trees and
animals, plays a specific role within its ecosystem. These roles, or ecological niches,

define how organisms obtain resources, reproduce, and interact with others. For instance,
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plants serve as primary producers in most ecosystems, converting sunlight into energy
through photosynthesis, which forms the basis of the food chain. Herbivores consume
plants, carnivores eat herbivores, and decomposers break down dead matter, returning
essential nutrients to the soil. This interconnected system, known as a food web, is
fundamental to ecosystem stability and resilience!®.

One of the core areas of Ecology is the study of ecosys@ich are
communities of organisms interacting with each other and with “their physical
environment. Ecosystems can vary widely in size and compl@ om small ponds to
vast rainforests and coral reefs. Within an ecosystem,._enésgy flows through different
trophic levels, or stages of the food chain, beginnin@ primary producers and moving
through various levels of consumers to d op&@rs. This energy flow is crucial for
sustaining life, as each trophic level de on the one below it. Ecosystems also

N

involve nutrient cycles, where e%?ﬁa elements like carbon, nitrogen, and water
nd the environment. These biogeochemical cycles are

circulate through living organi

vital for sustaining life® intaining ecosystem balance!®.

The con@ the biosphere; Earth’s global ecosystem, encompasses all

ecosysten@%planet. The biosphere is divided into biomes, large geographic areas
charac@'ze

ra@sts, deserts, grasslands, and tundral. Each biome has unique abiotic (non-living)

by distinct climates, vegetation, and animal life. Examples include tropical

factors, such as temperature, rainfall, and soil composition, which shape the types of
organisms that can thrive there. Understanding biomes is fundamental in Ecology, as it
helps scientists’ study how climatic factors influence biodiversity and how different

ecosystems contribute to the global balance of life!®!°,
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Population Ecology is another critical area within Ecology, focusing on the
dynamics of species populations within an ecosystem. Population ecologists study factors
that influence population size, growth rate, and distribution, including birth rates, death
rates, and migration. Populations are regulated by various factors, such as availability of
resources, predation, disease, and competition. Concepts like carrying capacity, the
maximum number of individuals an environment can support sustainably; Q&nﬁal in
understanding population growth and its implications for ecosystem| hedtth. Population
studies are particularly relevant in the context of consewatio@gy, as they provide
insights into species that may be at risk of extinction®’.

Community Ecology examines interactior@@g different species within a
particular area or ecosystem. These in ere&% include competition, predation,
mutualism, and parasitism, each of which es community structure and function. For
example, in mutualistic relationshi Rt species benefit, as seen in pollination, where

.

insects obtain nectar from ﬂo@ﬁ\\ﬁ%e assisting in the plant’s reproduction. Conversely,
in competitive interactk@%cies vie for the same resources, which can limit population
sizes and alter c@y composition. By studying these relationships, ecologists can
understan&@‘ors that promote species diversity and stability within communities'>!°.

&(ey principle in Ecology is the concept of ecological succession, the process by
w@cosystems change and develop over time. Succession can be primary, occurring
on newly formed or barren landscapes with no previous life, or secondary, happening
after a disturbance, such as a fire or flood, that disrupts an existing community. Through
succession, ecosystems gradually progress from simple to more complex communities.

For example, in primary succession, lichens and mosses may colonize bare rock, paving
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the way for grasses, shrubs, and eventually trees. Succession plays a critical role in
ecosystem resilience and recovery, demonstrating the dynamic nature of ecological
communities?'.

Biodiversity, the variety of life within an ecosystem, is a central concept in
Ecology. It includes species diversity, genetic diversity, and ecosystem diversity, each
contributing to the overall health and resilience of ecosystems. Hi Q&oliversity
generally indicates a stable ecosystem, as a greater variety of species ¢an better withstand
environmental changes and disturbances. Biodiversity is cmc@ecosystem services;
benefits that ecosystems provide to humans, such clean” water, fertile soil, and
pollination. However, human activities, such as Qation, pollution, and climate
change, threaten biodiversity worldwide, lefgmea loss of ecosystem services and an
increased risk of ecosystem collapse!®2!. ’b

\S
N\

Ecologists also study the actions between organisms and their abiotic

.
environment, which includes‘\ﬁg’}ré ike temperature, water, sunlight, and soil. These
abiotic factors inﬂuence&%stribution, behavior, and physiology of organisms, shaping
ecosystem structige function. For instance, plants in arid regions have adaptations
like deep Q?\S\o' ater-storing tissues to survive in dry conditions. Likewise, animals in
cold ¢ g’may develop thicker fur or hibernate to cope with low temperatures. These
ac@%ons highlight the intricate relationship between organisms and their environment,
v/
a concept central to ecological studies®>?3.
Human Ecology examines how human populations interact with the environment

and the impact of human activities on ecosystems. With the rapid growth of human

populations and industrialization, human activities have become a dominant force
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shaping ecosystems globally. Activities like deforestation, pollution, urbanization, and
resource exploitation disrupt ecosystems, leading to habitat loss, climate change, and
declining biodiversity. Ecologists study these impacts to understand how human actions
alter natural systems and to develop strategies for sustainable resource management and
conservation??,

The concept of ecological footprint, which measures the i Q*O human
activities on the environment, is also significant in Ecology. It quantifiesthe amount of
land and resources needed to sustain a population’s lifestyle, hocieties assess their
resource use and environmental impact. High ecologica o%ts indicate unsustainable
practices that deplete natural resources faster than gl be replenished. By reducing
ecological footprints, societies can work to a(a%tainable development, which meets
human needs without compromising the h of ecosystems!321:23,

Conservation Ecology fo >§ on protecting and restoring biodiversity,

.

emphasizing the need to pres@\pemes, habitats, and ecosystems. Conservationists aim
to mitigate threats to‘@érsity, such as habitat destruction, invasive species, and
overexploitation. @%ed areas, such as national parks and wildlife reserves, are
establishe ‘@guard vulnerable species and ecosystems. Conservation efforts also
includexgestoration Ecology, which seeks to rehabilitate degraded ecosystems to restore
th@ucture, function, and biodiversity. Conservation Ecology is vital in addressing the
ecological crises posed by human activities, ensuring that future generations inherit a
healthy and diverse planet®.

In recent years, climate change has become a central issue in Ecology, affecting

ecosystems and species distributions worldwide. Rising temperatures, changing
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precipitation patterns, and extreme weather events disrupt ecosystems, forcing species to
adapt, migrate, or face extinction. Polar regions, coral reefs, and tropical rainforests are
among the ecosystems most vulnerable to climate change. Ecologists study these impacts
to predict future changes, inform conservation efforts, and develop strategies for climate
resilience??24,

Ecology provides insights into how ecosystems operate, includi %y flow,
nutrient cycling, and species interactions. This knowledge is essential for<inderstanding
environmental processes and dynamics. Ecological princi@a fundamental for
conservation efforts. By understanding ecosystems and_theit\components, ecologists can
develop strategies to protect biodiversity, restore habitats, and manage natural

@alyze environmental problems such

on, and invasive species. Understanding

resources sustainably. Ecology helps identi

as climate change, habitat destruction,
ecological processes is vital for %oping effective solutions to these challenges.
.

Incorporating ecological kno@ge into planning and decision-making is essential for
sustainable developmcm\&s involves balancing human needs with environmental
health to ensure \@H-being of current and future generations. Teaching ecological
concepts @awareness of environmental issues and encourages responsible
citizen 'Qn understanding of Ecology empowers individuals to make informed
de@s about conservation and environmental stewardship!'>2223,

Ecology is a vital field of study that examines the relationships between
organisms and their environments. It encompasses various levels of biological

organization, from individuals to ecosystems, and provides critical insights into the

functioning of the natural world. As environmental challenges become increasingly
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2.14

complex, ecological knowledge is essential for fostering sustainability, conservation, and
a deeper appreciation of the interconnectedness of life on Earth. In the context of
education, particularly in teaching Biology and Ecology, understanding ecological
principles is crucial for developing effective teaching strategies that promote student
engagement and learning outcomes?*24,

Ecology is an interdisciplinary science that draws on principle *Biology,
chemistry, geology, and environmental science to understand the c@ interactions
within ecosystems. It emphasizes the interconnectedness of @ the importance of

maintaining balance within natural systems. As global enyir ntal challenges intensify,

Ecology provides the knowledge and tools needed ~@w Ess issues like biodiversity loss,
climate change, and resource depletion. @ng a deeper understanding of our
relationship with the natural world, Ecolo ys a critical role in promoting sustainable
living and environmental steward’s&&.

c,)\
Teaching Strategies ° \Aé
Teaching s@?ies refer to the methods and techniques that educators employ to

facilitate n@leaming and enhance educational outcomes. These strategies are
ssent%gﬁlponents of the teaching-learning process, as they determine how
in@tion is presented, how students engage with the material, and how learning is
assessed. Effective teaching strategies take into account the diverse needs of students,
their learning styles, and the specific objectives of the curriculum. Direct instruction is a

teacher-centered approach where the educator presents information in a structured and

systematic manner. This strategy often involves lectures, demonstrations, and explicit
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teaching of concepts. While it is effective for conveying factual information and basic
skills, it may not engage students in higher-order thinking or promote deep
understanding?>-2°,

Cooperative learning involves students working together in small groups to
complete tasks, solve problems, or engage in discussions. This strategy fosters
collaboration, communication, and teamwork while encouraging &eaming.
Techniques such as think-pair-share, jigsaw, and group projects are{conihonly used in
cooperative learning?’. Inquiry-based learning is a stude@ red approach that

encourages students to ask questions, explore, and inyesti topics of interest. This

strategy promotes critical thinking, problem-solvin \‘Q. ndependent learning. Students
actively engage in the learning process b)b%%ting experiments, researching, and
drawing conclusions based on evidence?®. ’b

Project-based Learning is a &%ng strategy where students engage in long-term
projects that require them @y their knowledge to real-world challenges. This
approach emphasizes® ac& learning, creativity, and collaboration. Project-based

Learning helps s&%&develop critical thinking and practical skills while fostering a

deeper unf&@ng of the subject matter?®. Team-based Learning is an instructional
a

strateg@

to@ e problems and apply concepts, enhancing their understanding through peer

combines individual and group learning experiences. Students work in teams

interaction. Team-based Learning emphasizes accountability, collaboration, and critical
thinking, making it particularly effective in higher education and complex subjects°.
Differentiated instruction involves tailoring teaching methods to accommodate the

diverse learning needs, interests, and abilities of students. This strategy allows educators
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to provide various pathways for students to engage with content, such as through varied
instructional materials, groupings, and assessments’!. In a flipped classroom model,
traditional teaching and homework roles are reversed. Students are introduced to new
content at home through videos or readings and engage in active learning activities
during class time. This strategy allows for more personalized and interactive learning
experiences in the classroom. The integration of technology in tea %rategies
includes the use of digital tools, multimedia resources, and online platforfs to facilitate
learning. Technology can enhance engagement, provide in dback, and create
interactive learning environments*2.

The choice of teaching strategies should ali che desired learning outcomes
and objectives of the curriculum. Different s a%%may be more effective for achieving
specific goals, such as developing crit% igKing skills or mastering factual knowledge.
Understanding the diverse needs, b éounds, and learning styles of students is crucial

W
when selecting teaching str’{égsﬁor example, some students may benefit from

collaborative leaming,ﬂ@%thers may thrive in independent Inquiry-based tasks?>-28,

The natu@complexity of the subject matter can influence the choice of

teaching t;\&@ . For example, complex topics may benefit from inquiry-based or
s¢

proj ec%

Q@ial environment of the classroom can impact the effectiveness of teaching

learning to facilitate deeper understanding and application. The physical

strategies. Factors such as classroom size, available resources, and student-teacher

relationships should be considered when designing instructional approaches. The

educational context, including the institution's goals, curriculum standards, and available
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resources, plays a significant role in determining which teaching strategies are
appropriate and feasible?628,

Effective teaching strategies foster active participation and engagement among
students, making learning more enjoyable and motivating. By employing appropriate
teaching strategies, educators can enhance students' understanding of concepts, critical
thinking skills, and academic achievement. Effective teaching strategies Q%ucators
to address the varied learning styles, preferences, and abilities of §tud¢fits, promoting
inclusivity and equity in education. Many modern teac@ategies emphasize
collaboration and communication among students, helpi % develop essential social
and interpersonal skills. Strategies such as pro@) ed learning and team-based
learning help students develop skills necess r success in real-world situations,
including problem-solving, teamwork, andf@ al thinking?®-°,

\S
The concept of teaching st é&es encompasses a wide range of methods and
.

techniques that educators uS{G;\%cﬂitate learning and improve academic outcomes.
Understanding and imp@%ng effective teaching strategies are essential for promoting
student engagem@ncing learning, and catering to the diverse needs of students. By
selecting *\@;opriate strategies for their specific context, educators can create
dyna a effective learning environments that prepare students for future
ck&eszmé. In the context of this study, exploring how team-based and project-based
\/

learning strategies impact academic achievement in Ecology will provide valuable

insights into effective teaching practices in science education.

2.1.4.1 Team-based Learning Strategy
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Team-based learning is an instructional strategy that emphasizes collaboration,
active learning, and accountability among students in small groups. It is designed to
enhance student engagement, promote critical thinking, and improve learning outcomes
by integrating individual and group work?°. Team-based learning is particularly effective
in higher education settings, but it can also be adapted for use in secondary education,
including subjects such as Biology. Before the class, students are assi @ﬁngs or
materials that provide foundational knowledge on the topic to be diScussed. This
preparation is crucial for ensuring that all students arrive w1t@§bhne understanding,
enabling them to engage meaningfully in group activitie

At the beginning of the team-based learmn‘s n, students take an individual
Readiness Assurance Test (iIRAT) to assess erstanding of the pre-class materials.
This test typically consists of multiple-c uestions and is designed to reinforce the
content covered in the ass1gned read K? llowing the iRAT, students take the same test
as a team (tRAT). During g{ﬁ;hase students discuss each question and come to a
consensus on the corre ers. This collaborative approach fosters communication,
negotiation, and Qnderstanding of the material, as students explain their reasoning
to one a & ter completing the tRAT, the instructor provides immediate feedback
on the am’s performance. This feedback helps students identify areas of strength and
w@ss and reinforces their understanding of the concepts®.

N

work on complex, real-world problems or case studies that require them to apply the

The core of team-based learning involves application exercises, where teams

knowledge they have gained. These exercises promote higher-order thinking skills, such

as analysis, synthesis, and evaluation. Teams are often tasked with solving problems,
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making decisions, or presenting their findings to the class. Team-based learning includes
a peer evaluation component, where team members assess each other’s contributions and
collaboration. This encourages accountability within teams and helps ensure that all
members are actively participating and contributing to the group’s success. In team-based
learning, the instructor acts as a facilitator or guide rather than a traditional lecturer. The
instructor’s role is to provide support, clarify concepts, and encourage gr Q%ussions.
This shift in the instructor's role allows for a more interactive and 'dyndthic classroom

environment33-34, Q

Team-based learning promotes active participati nd engagement among

students, as they are required to work collaborativel Q\ ontribute to group discussions.

This engagement can lead to improved m ti@ and interest in the subject matter.
Research has shown that team-based lea can lead to higher academic achievement
compared to traditional teaching m ms”. The emphasis on application and problem-
.
solving helps students deve@ deeper understanding of the material. Team-based
learning encourages stu, o think critically and apply their knowledge to real-world
scenarios. The cb@&tive nature of the strategy fosters discussions that challenge
students t a@ information, evaluate alternatives, and make informed decisions®.
agkfng in teams helps students develop essential communication and
in@sonal skills. They learn to articulate their ideas, listen to others, and work
collaboratively towards a common goal, which are valuable skills for their future
careers®®. Team-based learning creates a supportive learning environment where students

feel more connected to their peers. This sense of community can enhance student

satisfaction and reduce feelings of isolation, particularly in larger classes. The individual
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and team assessments in team-based learning foster a sense of accountability among
students. They recognize that their contributions impact the team’s performance,
motivating them to engage fully in the learning process?’.

The effectiveness of team-based learning can be influenced by group dynamics,
including conflicts, varying levels of commitment, and different communiw styles.
Instructors need to monitor group interactions and provide support Ip* resolve
conflicts. While team-based learning promotes collaboration, it aQ)metimes be
challenging to assess individual contributions accurately. Im ing peer evaluations
and individual assessments can help address this iss %ssful implementation of
team-based learning requires careful planning Qparation by the instructor.
Developing appropriate materials, applicati n@ises, and assessments can be time-
consuming. Some students may be resista collaborative learning methods, especially
\®
1

if they are accustomed to tradition ture-based instruction. Instructors may need to

participation?>-,

help students understand t@ne its of team-based learning and encourage their

Team-basb@%ing is a dynamic and effective instructional strategy that

promotes t@gagement, critical thinking, and collaboration among students. By
integr clydividual and group work, Team-based learning enhances learning outcomes
ar@?&pares students for real-world challenges. As educators seek to improve teaching
methods and foster deeper understanding in subjects like Biology, implementing team-
based learning can provide a transformative learning experience that not only enhances
academic achievement but also develops essential skills for students' future

endeavors3#33:36,
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2.1.4.2 Project-based Learning Strategy
Project-based learning is an instructional approach that emphasizes student-
centered inquiry and active engagement through the completion of projects. This strategy
encourages students to explore real-world problems and challenges, fostering a deeper
understanding of content while developing critical skills such a Qla oration,
communication, and problem-solving. Project-based learning is groﬁdﬁ in real-world
issues and challenges, allowing students to engage with rel@ roblems that affect
their communities or the world. This relevance increa %ation and interest in the
subject matter. In project-based learning, students active role in their learning
process. They make decisions about thei @s, including the direction of their
research, the methods they will use, and h. ey will present their findings®.
Project-based learning ofg\nvolves students working in teams, fostering
.
collaboration and teamwork. @nts learn to communicate effectively, delegate tasks,

and support one anothcri&' mirrors workplace dynamics. Projects require students to

engage in Inquirys@ learning, where they ask questions, conduct research, and seek
answers tﬁ%&ploraﬁon. This process develops critical thinking and analytical skills.
Whﬂe&

pr@fg Students reflect on their experiences, challenges, and discoveries throughout the

nal product is important, Project-based learning emphasizes the learning

project, leading to deeper insights. Project-based learning often integrates multiple
subjects or disciplines, allowing students to make connections between different areas of
knowledge. For example, a project on climate change can include science, social studies,

and mathematics. Students typically present their projects to an audience, which may
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include peers, teachers, community members, or experts. This public aspect adds a layer
of accountability and encourages high-quality work?37.

Project-based learning increases student motivation and engagement by allowing
them to explore topics they are passionate about and see the relevance of their work.
Students develop essential skills such as critical thinking, problem-solving, collaboration,
communication, and time management, which are crucial for success in t Q&entury.
The inquiry-based nature of project-based learning encourages studénts fo” delve deeper
into topics, leading to a more comprehensive understanding O@th and concepts. By
allowing students to make choices about their projects ro%w-based learning fosters a
sense of ownership and responsibility for their lea@, ncreasing intrinsic motivation.
Project-based learning connects classroorr§ ing to real-world contexts, making

education more relevant and preparing sﬂ% for future challenges in their careers and

communities?®2°, \
.

Project-based leamin{@}& be time-intensive, requiring careful planning and
management to ensure‘@gfs are completed within the academic schedule. Evaluating
projects can be ch@lg due to the subjective nature of many projects. Teachers must
develop ¢ %sics and assessment criteria to measure student learning effectively.
Some @e s may require additional resources, materials, or technology, which may not
al@rbbe readily available in every classroom or school. Working in teams can lead to
challenges related to group dynamics, including conflicts, uneven participation, or
varying levels of commitment among team members?’.

Project-based learning is an effective educational strategy that promotes active

engagement, critical thinking, and collaboration among students. By allowing learners to
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tackle real-world problems, Project-based learning fosters a deeper understanding of
content while equipping students with the skills necessary for success in their academic
and future professional endeavors. As educators increasingly recognize the value of
Project-based learning, they can create more meaningful and impactful learning
experiences for their students®.

Project-based learning can also be implemented with a focus on i Qﬁ student
engagement rather than collaborative group work. In this context, Prgject=based learning
emphasizes personal inquiry, independent research, and self-@ learning, allowing
students to take ownership of their educational ex r&. In individual-focused
project-based learning, students choose topics 0@ ions that resonate with their
interests or personal experiences. This auto O%Qselecting projects fosters motivation
and engagement, as learners are more i ed in their own inquiries. Students are
responsible for managing their pro'&&m start to finish. This includes setting goals,

.
planning their research, gathe’iﬁ%;esources, and creating a timeline for completion. This
self-directed approach E@ges initiative and accountability37-8,

Individual\@%s allow students to dive deeply into a specific topic of interest,
promotin @1 understanding and mastery of content. Students engage in extensive
researchy, critical analysis, and reflection on their findings. Students can determine how
th%%l approach their projects, including the methods and formats they will use to
present their work. This flexibility enables them to leverage their strengths and
preferences, whether through writing, visual presentations, or creative mediums.
Individual-focused project-based learning places a strong emphasis on self-reflection

throughout the project. Students assess their progress, challenges faced, and what they
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have learned about the subject matter and themselves. Each student’s project is unique to
their interests and learning goals, creating a personalized educational experience. This
customization allows learners to connect their studies to their future aspirations or real-
world issues they are passionate about. Students present their individual projects to the
class or a wider audience, which serves as an opportunity to showcase their findings and
articulate their learning journey. This public presentation can enhance Qld ce and
communication skills3%4, QJ

Students gain a sense of control over their lean@vhich can increase
motivation and commitment to their projects. The indep nce encourages critical
thinking and decision-making skills. With the abi focus on a topic of personal
interest, students are more likely to eng e(&%lorough exploration and develop a
comprehensive understanding of the su atter. Individual project-based learning
cultivates important skills such as ti e\ﬂanagement, self-discipline, and problem-solving

.

as students navigate their p@s independently. By allowing students to tailor their
projects, project-based’ ihg accommodates diverse learning styles and preferences,
leading to more @ngul educational experiences. Individual-focused project-based
learning epéotitages students to take full ownership of their educational journey, fostering
intrins@o ivation and a sense of accomplishment upon project completion®.

Q tudents may face challenges in accessing resources or support, as they are
working independently. This can lead to frustration if they encounter obstacles without
immediate assistance. While some students thrive with autonomy, others may struggle to
stay motivated or organized without the structure that collaborative projects can provide.

Evaluating individual projects can be complex due to the diversity of topics and
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approaches. Teachers must create clear rubrics to assess various elements such as
research quality, creativity, and presentation skills. Working individually can sometimes
lead to feelings of isolation. Students may miss out on the social aspects of learning that
can enhance their educational experience®.

Individual-focused project-based learning provides a valuable framework for
students to engage deeply with topics of personal interest while deve %ssential

skills for their future endeavors. By promoting autonomy, self-difectidfi, and critical

inquiry, this approach fosters a meaningful and personalize@ ing experience that

empowers students to take charge of their educational j(@%

2.1.4.3 Traditional Teaching Strategy ,bQ
Traditional teaching strategy refe a teacher-centered instructional approach
that emphasizes direct instruction,\rot® learning, and standardized assessments. This
.
method typically involves th{({%ﬁqer as the primary source of knowledge, delivering
content to students in & @%red format. The teacher is the primary authority and source
of information in@?ssroom. Instruction is delivered through lectures, demonstrations,
and direct e@ methods. Lessons are often organized around a predefined curriculum
with a&a sequence of topics. Content is delivered in a linear fashion, focusing on
spEeific subject matter knowledge. Emphasis is placed on memorization and repetition.
Students are often required to memorize facts, formulas, and procedures, which can lead
to surface-level understanding*!.
Students typically assume a passive role in the learning process, receiving

information rather than actively engaging with it. Classrooms are often characterized by
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limited student participation and interaction. Evaluation of student learning is commonly
based on standardized tests, quizzes, and examinations. These assessments focus on
recalling information rather than applying knowledge or critical thinking. Instruction
often does not account for individual learning styles or differences among students. All
students may be expected to learn the same material in the same way, regardks of their
unique needs*. Q

The well-defined structure of traditional teaching can provid€ clarity and
organization, helping students understand the progression of c@t Teachers can cover
a large amount of material in a relatively short time, makinghit suitable for curricula with
extensive content. The predictable nature of trad @-‘ eaching can help establish a
disciplined learning environment, which opa dents may thrive in. Traditional
teaching methods often align with the f of standardized tests, providing students
with the skills and knowledge neede %erform well on such assessments*+2,

.
The passive nature of {@ﬁonal teaching can lead to disengagement, as students

may find lectures mono@% and uninteresting. Emphasis on memorization can result in

a lack of deep uﬂ@%ding or critical thinking skills. Students may struggle to apply

knowledgtl‘@-world contexts. Traditional teaching often fails to accommodate

divers%l

m&ggle to keep up. The focus on rote learning and standardized assessments can

ing styles and paces. Students who require more time or different approaches

diminish intrinsic motivation, as students may view learning as a chore rather than an
enjoyable process. Traditional teaching methods often do not encourage collaboration
among students, limiting opportunities for peer learning and the development of social

skills*®.
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Traditional teaching strategies have long been a fundamental part of education
systems worldwide. While they offer structure and efficiency, the limitations in student
engagement, critical thinking, and individualized learning experiences have led educators
to explore more interactive and student-centered approaches. Balancing traditional
methods with innovative practices can enhance the learning experience and b&prepare
students for the complexities of the modern world*. Q

Traditional teaching strategy, often referred to as the "lecture@ or "teacher-
centered" approach, is an instructional model where the teaches a central role in
imparting knowledge to students in a structured, sy, er@ and often hierarchical
manner. This strategy is rooted in conventional onal methods that have been
practiced for centuries, focusing on direct i t% from the teacher to the students. In
a traditional classroom, the teacher typi leads the lesson, presents information,
demonstrates concepts, and assigns tasks, while students assume a relatively passive role

.

as recipients of knowledge. ’E?}}F\ evolving educational practices have introduced a
variety of teaching stra@ ytraditional teaching remains a dominant approach in many
educational syst%%rldwide, especially in areas where educational reforms or
resources e@fd‘”’“.

6§r/nary characteristic of traditional teaching strategy is the lecture, where the
te provides direct instruction on a subject by delivering content in a linear,
structured format. This approach is designed to convey large amounts of information
within a limited timeframe, making it an efficient way to cover the curriculum. Through
lecturing, teachers have the flexibility to control the pace of the lesson, emphasizing key

points, illustrating complex concepts, and guiding students through new material.
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Typically, students are expected to take notes, listen attentively, and absorb the
information presented. The traditional lecture model has been shown to be effective in
transmitting foundational knowledge, especially in subjects that rely on factual,
procedural, or historical information, such as mathematics, history, or language arts*>#4,
In traditional teaching, the teacher also holds authority as the main, source of
knowledge, guiding students’ understanding of subject matter through Qly defined
objectives and assessments. This role of the teacher as the "expert" "knowledge

bearer" reflects a structured hierarchy within the classrc@&vhere students are

encouraged to look up to the teacher as the primary re &r learning. The teacher,
therefore, not only delivers knowledge but also student progress, maintains
discipline, and enforces classroom rules. This @ure often promotes a sense of order
and predictability, helping students to foc follow clear, predefined expectations for
academic performance and behavic%.\

R\

Classroom manageme C%\tra itional teaching strategies emphasizes control and
discipline, with a strorrg\Q% on structure and order. The teacher often establishes a set
of rules and rom%% create a stable learning environment, aiming to minimize
distractio ‘@aximize time spent on academic tasks. This approach helps maintain a
focuse g{oom atmosphere where students know what to expect, reducing uncertainty
ar@ﬁtering an environment conducive to learning. Disciplinary measures and
behavioral expectations are usually communicated clearly, and adherence to these
guidelines is often reinforced through rewards or penalties. Proponents argue that this

level of structure helps students cultivate self-discipline, respect for authority, and a work

ethic that can be beneficial in their educational journey*®.
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Assessment in traditional teaching strategies generally revolves around formal
methods such as tests, quizzes, and written assignments, which measure students'
retention and understanding of the content covered. These assessments are often
summative, given at the end of a unit or term to evaluate overall performance. The
reliance on standardized tests and grades allows for a quantifiable measure of students'
academic abilities, which can provide valuable data for tracking p s, 'making
educational decisions, and reporting to parents or guardians. Altho summative
assessments dominate, traditional teaching may also incorpor@o ative assessments,

such as classroom questions and homework, to mo@oing understanding and
e

provide feedback. This assessment approach aligns traditional teaching emphasis
on accountability, ensuring that students me spb%demic standards*>47,

Another hallmark of traditional te is its reliance on textbooks, workbooks,
and other established curriculum b&rces. These materials provide a standardized,

.

structured approach to lea{%\ that supports the sequential delivery of content.
Textbooks, for examp %used as primary resources that guide the syllabus and
provide consister&@%aﬁon across classes. This allows teachers to plan lessons based
on a fixed® materials, which can contribute to the uniformity of educational
experi%gﬁ:ross different classrooms or schools. Additionally, textbooks often include
pr@ exercises, summaries, and review sections, which help students consolidate their
understanding and prepare for assessments*?43,

In the traditional teaching model, there is a high emphasis on memorization and

rote learning, especially in subjects where foundational knowledge is essential. Students

are often required to memorize facts, definitions, formulas, and processes to build a
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strong base of knowledge. This method can be particularly effective in subjects such as
mathematics and the sciences, where certain principles must be mastered before more
complex concepts can be understood. While rote learning has been criticized for
potentially discouraging critical thinking, it can be a valuable tool for students in
acquiring fundamental knowledge quickly, particularly in educational setti&gs where
foundational skills are essential for progression®s. Q
Traditional teaching strategy is also commonly associated w@one-size-ﬁts-
all" approach to instruction, where lessons are designed to ac@s he entire class as a
single unit rather than catering to individual learning st s%ﬂities. This standardized
approach can make it challenging to accommodate@e s with diverse learning needs,
as the teacher’s primary focus is on deliveri g(g%xrriculum rather than adapting it for
each student. While this approach ma\% support differentiated instruction, it does
provide a consistent framework w'hwhich all students are expected to learn and
.
progress. Teachers may prox{ﬁe;\%dltional support for students who struggle, but the
primary goal remains w@%& the set curriculum in a cohesive, uniform manner*®-4,
Critics of\@%mal teaching strategies often point to its limitations in fostering
creativity, A—solving skills, and critical thinking. Since traditional teaching tends to
priorit% actual knowledge and structured assessments, students may have limited
o;@nities to explore topics in depth, engage in hands-on activities, or apply
knowledge in practical, real-world contexts. For instance, subjects like science and social
studies, which benefit from experiential learning and Inquiry-based approaches, may be

constrained by traditional methods that limit interactive and investigative experiences. As
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a result, students may develop a passive attitude toward learning, seeing education as a
process of receiving information rather than actively engaging with knowledge®.

Despite its criticisms, traditional teaching remains a widely used strategy because
it provides a stable, predictable learning environment. It is often particularly suited to
large classroom settings where individualized instruction is difficult to implement.
Additionally, traditional teaching can be effective in educational syste Q& limited
resources or where the emphasis is on preparing students for standardiZed tests. The
simplicity and clarity of this method ensure that all st@* receive the same
foundational knowledge, supporting standardization i m%ion and facilitating the
process of assessing students’ academic progress or@ scale#346:48,

Another advantage of traditional tea hi@a%ategies is that they provide a strong
foundation in literacy and numeracy, whic critical for academic success. By focusing
on basic skills through structuredypractice and repetition, traditional methods help

.
students build competencies i’{(ﬁ?dlng, writing, and arithmetic that serve as the building
blocks for future leami@%(is focus on foundational skills is particularly valuable in
early education, Q@Qudents require consistent, repetitive practice to master essential
skills. Thr n@itional instruction, students develop discipline, attention to detail, and

the ability to follow structured instructions, all of which contribute to academic
pe@ance“"‘g.
A\

In recent years, traditional teaching has evolved to incorporate elements of
technology and digital resources, enhancing the delivery of content. For example,
teachers may use multimedia presentations, videos, and digital whiteboards to make

lectures more engaging and visually stimulating. These additions, while maintaining the
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2.1.5

teacher-centered approach, help modernize traditional teaching by adapting it to
contemporary classroom settings. Such integration of technology allows traditional
teaching to remain relevant, balancing the benefits of structured instruction with the
advantages of modern educational tools*>°.

Ultimately, traditional teaching strategy plays a significant role in shaping
educational systems worldwide, influencing how generations of stu te rm and
acquire knowledge. It provides a framework that values consisterJQructure, and
academic rigor, focusing on the transmission of foundational %edge. While it may
lack the flexibility and interactivity of student-centere@%hes, traditional teaching

remains an effective, practical method for im core skills and knowledge,

especially in settings where other strateg:'ey@ be challenging to implement. It

continues to evolve as educators find wa tegrate modern techniques and resources

while preserving its foundational g&%@s”.
c,)\

Gender ° \Aé
Gender r&% the socially constructed roles, behaviors, expressions, and
identities @uals, typically classified as masculine, feminine, or non-binary. While
sex re& 0 biological differences (such as chromosomes, hormonal profiles, and
@rgctive organs), gender encompasses the roles and expectations society assigns to
people based on their perceived sex. It is a complex and fluid concept, shaped by cultural,
social, historical, and psychological influences. Gender is a multifaceted and socially

constructed concept that influences individuals' identities, roles, and opportunities.

Understanding gender beyond binary classifications allows for greater inclusivity and
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helps challenge stereotypes and inequalities. In educational contexts, recognizing the
impact of gender can contribute to developing strategies that promote gender equity and
enhance learning outcomes for all students>!>2,

Gender is understood not as a fixed, innate characteristic, but as a social construct.
Societies create norms and expectations around what it means to be "male" or "female,"
which often influence how individuals perceive themselves and how th. perceived
by others. These norms can vary significantly across cultures and change™dver time. For
example, the roles associated with being a woman in one @ may be drastically
different from those in another®®.Gender identity refe @individual’s deeply felt
internal experience of gender, which may or m Qalign with the sex they were
assigned at birth. Common gender identities %@ Cisgender: When a person’s gender
identity matches their assigned sex _at 7 Transgender: When a person’s gender
identity differs from their assigned h\%irth. Non-binary/Genderqueer: People who do

.
not exclusively identify as m{é%b\{emale, often seeing themselves as outside or beyond
the binary classiﬁcatiorP\QQ

Gender rd@% the expectations society places on individuals based on their
perceived %These roles can dictate what behaviors, professions, and attributes are
considgred @ppropriate or inappropriate for people of different genders. For instance,
tr@ally, masculinity has been associated with traits like assertiveness, independence,
\/

and competitiveness, while femininity has been linked to nurturing, emotional
expressiveness, and collaboration. Gender stereotypes are over-generalized beliefs about

the characteristics and behaviors of men and women. These stereotypes can limit

individuals by reinforcing rigid notions of what is acceptable for each gender. For
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example, the stereotype that men are better at math and science while women are more
suited for caregiving roles has historically shaped educational and career choices®'>.
Gender plays a significant role in shaping educational experiences, outcomes, and
future career paths. While progress has been made in addressing gender disparities in
education, challenges remain. Ensuring gender equality in education requires a holistic
approach that involves breaking down stereotypes, providing equita IQ%SS, and
creating inclusive learning environments where students of all gendefs can thrive
academically and personally. Efforts toward gender equality sliminate disparities
between genders in terms of opportunities, rights, and @) 1bilities. Gender equity, on

the other hand, recognizes that different gender require different resources or

support to achieve equal outcomes, empkg@faimess in treatment according to
individuals’ specific needs and challe es%

Gender and education ar%%sely intertwined, as educational systems and

.

practices have historically @nﬂuenced by gender norms and expectations. The
interaction between ge %nd education can shape individuals’ access to learning
opportunities, th%%mic performance, and their future career paths. Understanding
how gend \ nces education is crucial for addressing inequalities and promoting

equityb

Q’b}listorically, education systems have often reflected the dominant gender norms

ing environments>’.

of their societies, which has led to unequal access to education for different genders: In
many parts of the world, women’s access to formal education was restricted until
relatively recently. Education for girls was often limited to preparing them for domestic

roles, whereas boys were encouraged to pursue academic and professional careers. Men
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have traditionally been expected to engage in higher education and enter professions such
as law, medicine, and engineering, reflecting societal roles as breadwinners and leaders.
Over the last century, global movements advocating for gender equality have expanded
educational access for both girls and boys, resulting in significant progress in many
countries. However, gender disparities in education persist in various forms today>"-8.
Although significant improvements have been made in provi 'Q%cational
access to both boys and girls, gender disparities still exist, particularly=in developing
regions. In some parts of the world, especially in rural or low-®m communities, girls
face greater barriers to education, including poverty, early“marriage, and gender-based
violence. UNESCO reports show that girls are mor @than boys to be out of school,
especially in conflict zones and areas wit 11%@’ educational infrastructure. In some
developed regions, boys are at a higher ris ropping out of school or underperforming
academically compared to girls. Fgr\ssuch as engagement with the school curriculum,
.
societal pressures to prioriti@Srfc over education, and behavioral issues have been
linked to this trend>’. Q
Gender d %ﬁ in academic achievement have been a subject of study for
many ye @ch has shown gender-based differences in performance across various
e

subjec n linked to societal norms and expectations. Studies show that girls tend to
m@%rm boys in language and reading comprehension. Girls also demonstrate better
classroom behavior and engagement, which can positively impact their academic success.
Boys tend to perform better in areas such as mathematics and physical sciences, but this

is not universal. Societal stereotypes, teacher expectations, and confidence levels have

been identified as contributing factors to these patterns. However, boys may also face
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challenges related to behavioral issues, classroom engagement, and motivation, which
can affect their overall academic performance®-61:62,

Gender, socio-economic status, and cultural expectations can significantly
influence academic achievement. For instance, in many societies, gender roles and biases
may affect the performance of male and female students differently, particularly in

&mucation,

science-related subjects®®*%4. In Nigeria, there is often a gender gap in scij

where male students tend to outperform females due to societal eK atiofiS, stereotypes,

and limited support for girls in Science, Technology, En i@n
§,

(STEM) fields. The role of parents and peers in s‘@i students' attitudes toward

and Mathematics
learning and academic achievement is crucial. Pare@ olvement in a child's education,

ic supports%6!,

along with a supportive peer group, can 0%@& impact academic performance by
fostering encouragement, discipline, a\%&

Gender stereotypes in educgokre pervasive and can influence students’ subject

.

choices, academic self-conc@ud career aspirations. Traditional gender stereotypes
often steer girls awer)& subjects like Science, Technology, Engineering, and
Mathematics (S'%Qnd encourage them toward the arts, humanities, and social
sciences. Q@ the other hand, may face pressure to excel in Science, Technology,
Engin%lg, and Mathematics (STEM) subjects but may be discouraged from expressing
iné& in subjects perceived as "feminine," such as literature, art, or education. Research
indicates that teachers' expectations for students’ performance may differ based on

gender. For example, teachers may unconsciously expect boys to be more disruptive or

less focused on academics, while girls may be viewed as more diligent or obedient. These

76



expectations can influence how teachers interact with students, assess their abilities, and
provide feedback, thus reinforcing gender disparities®>>,

The school environment and peer interactions also play a significant role in
reinforcing or challenging gender norms. In many classrooms, boys are more likely to
dominate discussions, while girls may take on more passive roles. These dynamics can
impact confidence levels, participation, and the willingness to take ris %d ically.
Peers can also shape students' attitudes toward gender and ed ca§ Boys may
experience peer pressure to conform to traditional notions@&asculinity, such as
downplaying academic achievement or focusing on spo imilarly, girls may feel
pressure to conform to expectations of femininity; s avoiding "hard" subjects or
excelling in social and emotional domains®>¢¢, er

Promoting gender equality in edudation involves addressing both the visible and
invisible barriers that affect studen %&cess to and experiences in education. Ensuring

.
that both boys and girls have\ﬁé}' access to education is a key priority. This involves
addressing issues like S&) enrollment, attendance, and retention, particularly in areas
where girls are m%%ely to drop out. A gender-sensitive curriculum recognizes and

challenge ‘@ biases in teaching materials, subjects, and learning strategies.
Incorp U(ng diverse perspectives and role models into the curriculum can help
di@le stereotypes and encourage students to pursue their interests, regardless of
gender. Training teachers to be aware of gender biases and to adopt gender-inclusive
teaching practices is essential for fostering an equitable classroom environment. Teachers

can play a critical role in breaking down stereotypes and encouraging all students to

achieve their full potential®>¢7,
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2.2

2.2.1

Gender norms and expectations in education often shape students’ career choices.
Despite efforts to encourage more girls to pursue careers in Science, Technology,
Engineering, and Mathematics (STEM), these fields remain male-dominated in many
countries. The underrepresentation of women in Science, Technology, Engineering, and
Mathematics (STEM) is linked to factors such as gender stereotypes, lack of female role
models, and a lack of encouragement from educators. Professions like n @eaching,
and social work are often seen as “feminine” and are dominated by womefi” Boys may be

discouraged from entering these fields due to societal expectati@und masculinity>663,

Theoretical Framework Q :
Constructivist Learning Theory ; ,bQ

Constructivist Learning Theory ‘Tb psychological theory of learning that

NQ
emphasizes the active construction o b&)wledge by learners. Developed by scholars such
.

as Jean Piaget, Lev Vygots@nd Jerome Bruner, Constructivist Learning Theory
suggests that learners a’c\tg&%ouild their understanding of the world through experiences,
interactions, and ton. Rather than passively receiving information, learners actively
construct e%o' knowledge by engaging with new experiences and integrating them
with their eXisting knowledge and mental frameworks®®6%-70,

Q%Constructivist Learning Theory emphasizes the importance of active engagement
in the learning process. Learners are encouraged to explore, inquire, and problem-solve to
make sense of new information and experiences. By actively engaging with learning

materials and tasks, learners take ownership of their learning and develop a deeper

understanding of the content. Based on Constructivist Learning Theory, learning involves

78



the construction of mental representations or schemas that organize and make sense of
new information. Learners actively construct their own knowledge by integrating new
information with their existing knowledge and experiences. Learning is seen as a process
of meaning-making, where learners build upon their prior knowledge to construct new
understandings’!.

Social interaction plays a crucial role in constructivist learnin @nments.
Collaborative learning activities, discussions, and peer interactions ptovid€ opportunities

for learners to exchange ideas, negotiate meaning, and co-con@knowledge together.

Social interactions with peers, teachers, and experts @ to the development of

learners' understanding and perspective-taking abi onstructivist Learning Theory

emphasizes the importance of providing aﬂ@hg and support to learners as they
engage in challenging tasks. Scaffoldin to the support and guidance provided by
more knowledgeable individuals to }{eamers reach higher levels of understanding and
competence. The Zone of PrO{é}bevelopmen‘[ (ZPD) represents the gap between what
learners can do indepa@% and what they can achieve with the support of others. By
providing approp}@%lffolding, educators can support learners' progress within their
ZPD and Q@their learning®®.
onStructivist approaches encourage learners to engage in reflection and
m gnition, or thinking about their own thinking. Reflection involves actively
Xewing and evaluating one's own learning experiences, identifying areas of
understanding and areas for improvement, and setting goals for future learning.

Metacognition involves awareness and control of one's own cognitive processes,

including planning, monitoring, and evaluating learning strategies. Constructivist
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Learning Theory advocates for learning experiences that are situated in authentic, real-
world contexts. Authentic tasks and problems provide meaningful and relevant contexts
for learning, allowing learners to apply their knowledge and skills to solve authentic
problems and address real-world challenges. Authentic learning experiences promote
deeper understanding and transfer of learning to new situations’.

Constructivist Learning Theory has profound implications fo @ng and
learning practices. Educators who embrace constructivist principles ign learning
environments that are student-centered, inquiry-driven, and @rative. They create
opportunities for active engagement, social interaction,_ and reflection, fostering deep
understanding and lifelong learning skills in their @p . By aligning instruction with
constructivist principles, educators can empcwb@@ners to become active agents in their
own learning journey’>. ’b

Active engagement in learni \&rs to the active involvement of learners in the

.
learning process. Instead o{Ca\slvely receiving information, learners are actively
participating, interactin&% contributing to their own learning experiences. Active

engagement fost@er understanding, retention, and transfer of knowledge by

encouragiég@grs to think critically, apply concepts in different contexts, and make
n

conne sbetween new information and their existing knowledge>7>.

Q%Engaging learners in hands-on activities, experiments, simulations, or practical
tasks allows them to actively manipulate materials, explore concepts, and experience
learning firsthand. Hands-on activities promote active engagement by providing

opportunities for sensory experiences, problem-solving, and skill development.

Encouraging learners to ask questions, pose hypotheses, and explore answers through
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Inquiry-based learning promotes active engagement and curiosity. Inquiry-based
approaches challenge learners to think critically, analyze evidence, and construct
explanations, fostering a deeper understanding of the subject matter’>.

Collaborative learning activities, such as group discussions, peer teaching, or
collaborative projects, promote active engagement by encouraging learners to interact
with peers, share ideas, and negotiate meaning together. Collaborative Qﬁ fosters
social interaction, communication skills, and teamwork while {proffioting deeper
understanding through peer interaction and collective pr@&olving. Presenting

learners with real-world problems, challenges, or case dies encourages active

engagement by requiring them to apply their kno ﬂa o¢ and skills to solve authentic
problems. Problem-solving tasks stimulate c itie@nking, creativity, and metacognitive
skills as learners analyze situations, gener: utions, and evaluate their effectiveness’.
Engaging learners in activ*\aﬁcipation during class discussions, debates, or

.
Socratic seminars encourages to express their ideas, share perspectives, and engage

in dialogue with peers. s& participation promotes critical thinking, communication

N\
skills, and deepb@%rstanding as learners articulate their thoughts, justify their
reasoning a%%pond to alternative viewpoints. Incorporating interactive technology
tools, %1 s multimedia presentations, educational games, or online simulations, can
er@ active engagement by providing interactive and immersive learning experiences.
Interactive technology tools allow learners to explore concepts, manipulate variables, and
receive immediate feedback, promoting active experimentation and exploration’>74,

Encouraging learners to engage in reflection and metacognition promotes active

engagement by fostering awareness of one's own thinking processes and learning
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strategies. Reflection involves reviewing and evaluating learning experiences, identifying
areas of understanding and areas for improvement, and setting goals for future learning.
Metacognition involves monitoring, regulating, and adapting one's own learning
strategies to optimize learning outcomes. Overall, active engagement in learning is
essential for promoting deeper understanding, retention, and transfer of knowledge. By
providing opportunities for hands-on activities, Inquiry-based learnin Qll orative
interaction, problem-solving tasks, active participation, interactive te@y tools, and
reflection, educators can foster a dynamic and engaging 1@1 environment that
empowers learners to become active participants in their,owiNearning journey”’.
Knowledge construction refers to the pro Qwhich learners actively build
their understanding of the world through ex er'%&, interactions, and reflection. Instead
of passively receiving information, 1 arnéb ctively engage in cognitive processes to
make sense of new information and integrate it with their existing knowledge and mental
.
frameworks. Knowledge coq{ﬁ}ion is a central concept in constructivist theories of
learning, which emphas@%active role of learners in creating their own knowledge and
understanding. l@ge construction involves active engagement in the learning

process. Lia@arﬁcipate in activities, experiences, and interactions that require them

to thin&rl cally, analyze information, and apply concepts in different contexts. Active
er@nent promotes deeper understanding and retention of knowledge by encouraging
\/
learners to actively process and integrate new information with their existing
knowledge’>7°,
Learners construct mental models or cognitive structures that represent their

understanding of the world. These mental models organize knowledge, concepts, and
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relationships into coherent frameworks that help learners make sense of their experiences
and guide their behavior. Through experiences, interactions, and reflection, learners
refine and revise their mental models to accommodate new information and perspectives.
Knowledge construction involves making connections between new information and
existing knowledge. Learners actively seek out connections, patterns, and relationships
between concepts, drawing upon their prior knowledge to make sense of GQX riences.
By making connections, learners deepen their understanding an clop a more
integrated and interconnected network of knowledge. Kno@ construction is a
process of meaning-making, where learners actively intetpret, analyze, and evaluate
information to construct meaning and understandi gners engage in sense-making
activities, such as asking questions, seekin e)@‘dons, and synthesizing information,

to construct coherent and meaningful inte ions of the world around them?”.
Social interactions support kwledge construction by exposing learners to

.

diverse perspectives, challeng&@heir assumptions, and promoting deeper understanding
through dialogue am\« te. Knowledge construction involves reflection and
metacognition, o&@%g about one's own thinking. Learners engage in metacognitive
processes 1{&' monitoring, evaluating, and regulating their own learning, to make
sense ofitheir experiences and improve their understanding. Reflection allows learners to
re@ and evaluate their thinking processes, identify areas of understanding and areas
\/
for improvement, and set goals for future learning. Knowledge construction is a dynamic

and iterative process that involves active engagement, making connections, meaning-

making, social interaction, and reflection. By empowering learners to construct their own
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knowledge through experiences, interactions, and reflection, educators can foster deeper
understanding, critical thinking, and lifelong learning skills®®78,

Social interaction in the context of learning refers to the exchange of ideas,
perspectives, and experiences between learners, teachers, and peers. It plays a crucial role
in the learning process by providing opportunities for collaboration, communication, and
cooperative learning. Social interaction enhances learning outcomes by p Qtin deeper
understanding, critical thinking, and knowledge construction @Qh dialogue,
negotiation, and shared experiences. Social interaction facilit@ﬂaborative learning,
where learners work together to achieve shared learni ﬁ. Collaborative learning
activities, such as group discussions, cooperative , and peer teaching, provide
opportunities for learners to engage in joi p&%m-solving, share expertise, and co-
construct knowledge together. Collabo learning promotes active engagement,
deeper understanding, and the devel }ent of teamwork and communication skills®-7078,

.

Peer interaction allo@mers to exchange ideas, perspectives, and feedback
with their peers. Pr%&fussions, debates, and peer review activities provide
opportunities for ﬁ%& to challenge their assumptions, consider alternative viewpoints,
and refine t@derstanding through dialogue and debate. Peer interaction fosters a
sense 6co munity, mutual support, and collective learning among learners. Social
in@%on is central to social constructivist theories of learning, which emphasize the
role of social interaction in knowledge construction. Based on social constructivist
learning theory, learning is a social process that occurs through interaction with others in

meaningful contexts. Learners actively construct their understanding of the world through

dialogue, collaboration, and shared experiences with peers and teachers’”’®,
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Social interaction provides opportunities for scaffolding, where more
knowledgeable individuals (such as teachers or peers) provide support and guidance to
learners as they engage in challenging tasks. Scaffolding helps learners progress within
their Zone of Proximal Development (ZPD), the gap between what learners can do
independently and what they can achieve with the support of others. By, providing
appropriate scaffolding, educators can support learners' learning and d Qp%ent in a
social context. Social interaction allows learners to engage with diverse” perspectives,
cultural backgrounds, and experiences. Interacting with pee@o different cultural
backgrounds promotes cultural awareness, empathy, and appreciation for diversity. By
engaging in dialogue and collaboration with peer diverse backgrounds, learners
develop intercultural competence and broad %&nderstanding of the world®7°.

Social interaction provides opportamiti€s for learners to receive feedback, reflect
on their learning, and revise thei hﬁerstanding based on input from others. Peer

.
feedback, teacher feedbacl& collaborative reflection promote metacognitive
awareness and self-re gfeaming. By engaging in dialogue and reflection with peers
and teachers, leam@pen their understanding, identify areas for improvement, and set

goals for 6’% arning. Social interaction plays a vital role in the learning process by
ol

promo laboration, communication, and knowledge construction. By fostering a

SNUT&VG and interactive learning environment that encourages social interaction,
educators can enhance learning outcomes, promote critical thinking, and foster a sense of
community among learners®7°.

Scaffolding and the Zone of Proximal Development (ZPD) are key concepts in

educational psychology, particularly associated with the work of Lev Vygotsky. They
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describe how learners can be supported in their learning process to reach higher levels of
understanding and competence. The Zone of Proximal Development (ZPD) refers to the
gap between what a learner can do independently and what they can achieve with the
guidance and support of a more knowledgeable individual, such as a teacher, peer, or
mentor. The ZPD represents the range of tasks or activities that are too difficult for the
learner to accomplish alone but can be accomplished with guidance and %It is the
"sweet spot" where learning is maximized. Vygotsky emphasized that I€arning should
occur within the ZPD, as it promotes cognitive developm@ allows learners to
advance to higher levels of understanding and competenge®®.

Scaffolding is the process of providing temp pport, guidance, or assistance
to learners as they engage in challenging t kav& activities within their ZPD. The term
"scaffolding" comes from the analogy d% caffold in construction, which provides
temporary support to workers as\théy build a structure. Similarly, scaffolding in
education provides support tg&%hers as they construct their understanding. Scaffolding
can take various fom@%uding modeling, questioning, providing cues or hints,
breaking tasks im@t ller steps, offering feedback, and adjusting the level of support
based on e&\%}; needs. The goal of scaffolding is to gradually reduce support as
leame%ag/competence and move toward independent mastery of the task or concept.
T imate aim is for learners to internalize the skills and strategies they have learned
and become more self-regulated learners. In summary, the ZPD represents the range of
tasks that are just beyond a learner's current level of independent ability, while

scaffolding refers to the support provided to help learners successfully complete tasks

within their ZPD. Together, scaffolding and the ZPD provide a framework for
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understanding how learners can be supported in their learning process to achieve optimal
cognitive development and academic success®®.

Reflection and metacognition are cognitive processes that involve thinking about
one's own thinking, learning, and problem-solving strategies. They play crucial roles in

understanding. Both reflection and metacognition help learners monito te, and

the learning process by promoting self-awareness, self-regulation, and deeper
Qﬁm
adapt their learning strategies to optimize learning outcomes and, acliftve academic
success. Reflection involves actively reviewing and evalu@&me’s own learning
experiences, thoughts, and actions. It includes thinking about what was learned,
how it was learned, and why it was learned. Reﬂe‘ ompts learners to consider the
significance of their learning experiences, i eo@reas of understanding and areas for
improvement, and make connectlons be new information and prior knowledge.
Reflective activities can take vari s, including journaling, self-assessment, think-
aloud, and structured reflecti \%s These activities encourage learners to engage in
metacognitive processe® deepen their understanding through self-examination and
self-analysis®®7”. Q
M %on refers to awareness and control of one's own cognitive processes,
including planning, monitoring, and evaluating learning strategies. It involves thinking
ab@rQow one learns, what strategies are effective, and when adjustments are needed.
N/
Metacognitive skills enable learners to regulate their learning behaviors, set goals,

monitor their progress, and adapt their strategies based on feedback and self-assessment.

Metacognition is essential for self-regulated learning, which refers to learners' ability to
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take control of their learning process and manage their own learning activities
effectively””.

Together, reflection and metacognition promote deeper understanding, critical
thinking, and lifelong learning skills by empowering learners to take an active role in
their learning process. By engaging in reflection and metacognition, learners, develop a
greater awareness of their strengths and weaknesses, become more strate '@ffective

learners, and take ownership of their learning journey. Educatots cafi support the

development of reflection and metacognition by incorporatortunities for self-

reflection, self-assessment, and metacognitive instructiop intostheir teaching practices. By
fostering a culture of reflection and metacogniti bhe classroom, educators can
empower learners to become more autonom y@-ﬂirected, and lifelong learners®®,
Authentic learning contexts refer -world or real-life situations that provide
meaningful and relevant contexts fi kﬁming. In authentic learning, learners engage in
.
tasks, activities, and projects‘&ﬁg\mirror or simulate authentic, real-world experiences,
problems, or challenge@hentic learning contexts promote deeper understanding,
transfer of leamm%&l application of knowledge and skills to real-life situations.
Authentic é@ contexts are meaningful and relevant to learners' lives, interests, and
experi%es. They connect classroom learning to real-world contexts and everyday
ex@wes, making the learning process more engaging, meaningful, and personally
relevant for learners. Authentic learning contexts involve tasks, activities, or projects that
reflect real-world problems, challenges, or situations. Learners engage in problem-

solving, critical thinking, and decision-making to address authentic problems and develop

solutions that have real-world applications’!.
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Authentic learning contexts are characterized by complexity, ambiguity, and
authenticity. They present learners with situations that are multifaceted, open-ended, and
reflective of the complexities of the real world. Learners grapple with real-world
constraints, uncertainties, and ethical considerations as they work towards solutions.
Authentic learning contexts often integrate multiple disciplines, perspectives, and
domains of knowledge. They provide opportunities for learners to make i @iplinary
connections, draw upon diverse areas of knowledge, and apply skills,and*€oncepts from
various disciplines to address complex, real-world problems. @ic learning contexts
emphasize the application of knowledge and skills to real-life\situations. Learners engage
in hands-on activities, projects, or simulations t@e ire them to apply concepts,

principles, and procedures in authentic con‘texa‘%'omoting deeper understanding and

transfer of learning. Authentic learnin texts often involve collaboration with

community partners, experts, or sta %1 ers. Learners work collaboratively with peers,

.
mentors, or external partne@ address real-world problems, share expertise, and
contribute to meaningfu@%mes that have an impact beyond the classroom’!72,
Examples@entic learning contexts include: Designing and implementing a
communit '@6 project to address a local need or issue; Conducting scientific
investigationnls or experiments that address real-world phenomena or problems;
P@aﬁng in simulations or role-playing activities that simulate real-world scenarios,
such as business negotiations or historical events; Engaging in Project-based learning
experiences that involve interdisciplinary inquiry, research, and problem-solving to

address authentic challenges. Overall, authentic learning contexts provide rich and

immersive learning experiences that promote deeper understanding, critical thinking, and
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transfer of learning to real-world situations. By connecting classroom learning to
authentic contexts, educators can foster engagement, relevance, and meaningful learning
outcomes for learners’7®,

Piaget’s theory of cognitive development laid the groundwork for Constructivist
Learning Theory. He proposed that children progress through stages of deyelopment,
actively constructing knowledge as they interact with their environment. %cepts of
assimilation (integrating new experiences into existing frameworks) and d&€commodation
(modifying existing frameworks to incorporate new experi@) re fundamental to
constructivist learning. Vygotsky emphasized the socia @ural aspects of learning.
He introduced the concept of the Zone of Proximae opment (ZPD), which refers to
the difference between what a learner can do )@ndenﬂy and what they can achieve
with guidance from a more knowled person. Vygotsky argued that social
interaction is crucial for cognitive klopment. Bruner emphasized the importance of

.
discovery learning, where st@eam best by discovering facts and relationships for
themselves. He advocat&eaching strategies that encourage exploration, inquiry, and
problern-solvingéQQ

Ed t@ﬁhould create opportunities for students to work together in groups,
share i@s, and engage in discussions. Group work and peer teaching can foster deeper
m@mding and critical thinking. Teachers should design lessons that encourage
students to ask questions, explore topics of interest, and conduct investigations. This
approach nurtures curiosity and a desire for lifelong learning. Recognizing that students
have diverse backgrounds and learning styles, educators should adapt their teaching

methods to meet individual needs. This can involve varying tasks, resources, and
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assessment methods to support all learners. Assessment should include tasks that reflect
real-world challenges and allow students to demonstrate their understanding in
meaningful ways. This may involve portfolios, presentations, or projects that assess both
the process and product of learning. Teachers act as facilitators rather than traditional
sources of knowledge. They guide discussions, provide resources, and support students in

experiences®®’!.

their learning journey, allowing students to take charge of thled cational

Constructivist learning theory provides a com r@re framework for
understanding how students learn and develop kno 6§By emphasizing active
engagement, social interaction, and the importanc@ 1or knowledge, Constructivist
Learning Theory encourages a more dynami: aningful approach to education. The

principles of Constructivist Learning The(bg ave significant implications for teaching

strategies, curriculum design, and asse€ssment, promoting a learning environment that
o 5\'
nurtures critical thinking, col@ﬂon, and lifelong learning®%8!,
Team-based Lc@% is an instructional strategy that promotes collaborative

learning and crify a%nking through structured team activities. The integration of

constructii}?@siples in Team-based Learning creates a rich learning environment that
St

nhan%

e ent engagement and understanding. Students complete assigned readings or
le@rQ materials before class. This preparation allows them to come to class with a
foundation of knowledge. By encouraging students to review materials beforehand,
Team-based Learning acknowledges and builds on students’ prior knowledge. Students

engage with the content actively and prepare for collaborative learning in the

classroom?37!,
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Students take a short quiz individually to assess their understanding of the pre-
class materials. The individual Readiness Assurance Test (IRAT) encourages students to
reflect on their understanding and identify gaps in knowledge. This self-assessment aligns
with the constructivist principle of self-directed learning. After the individual test,
students retake the same quiz in their teams, discussing answers and rationales, The team
Readiness Assurance Test (tRAT) fosters social interaction and collabo ®llowing
students to learn from one another. This process embodies the con%@ist view that
knowledge is co-constructed through dialogue and shared unde@ g3+,

Teams work on complex, real-world problems o c@dies that require critical
thinking and application of concepts. These activi Q/ide a meaningful context for

learning, where students apply their knowl gp&olve practical problems. This aligns
with the constructivist principle that_leafgigg is most effective in relevant, authentic
situations. After completing activiti kms receive feedback from peers and instructors,
.
and students reflect on thei&(%hnng experiences. Feedback promotes reflection and
deeper understanding, a&%g students to evaluate their learning processes. This aligns
with the constn&@gemphasis on reflection as a vital component of learning.
Instructor iscussions, provide resources, and support teams in their learning
joume@%
T le encourages students to take ownership of their learning, consistent with
\/

constructivist principles®*’.

instructor acts as a facilitator rather than a traditional source of knowledge.

Team-based Learning fosters active participation and engagement, making
learning more meaningful and enjoyable for students. The emphasis on problem-solving

and application of knowledge encourages students to think critically and analytically.
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Working in teams helps students develop essential collaboration and communication
skills, preparing them for real-world scenarios. Engaging with peers and actively
applying concepts enhances retention and understanding of ecological principles. Team-
based Learning promotes a sense of community and support among students, which can
enhance motivation and confidence?’.

The integration of constructivist learning theory into Team- @eaming
creates a powerful educational framework that enhances student learanjQ engagement.
By emphasizing active participation, collaboration, and reﬂecf@%am-based Learning
aligns with constructivist principles and provides stude %neaningful opportunities
to construct their understanding of ecological conc@ is approach not only deepens
knowledge but also prepares students for gf;&% learning and teamwork in diverse
settings3+71,74, ’b

\®
Project-based Learning is \1structional strategy that engages students in
.
exploring real-world problen&@s\ challenges through extended projects. When aligned

with constructivist lea&(heory, Project-based Learning emphasizes the learner's

active role in the‘l@%g process, facilitating knowledge construction through personal

exploratio ‘@dividual inquiry. This approach allows students to take ownership of
their lf@%}while connecting new concepts to their prior knowledge and experiences*”.

Q%rojects are centered around complex, authentic issues or questions that are
relevant to students' lives and interests. This relevance helps students connect new
knowledge to their existing understanding, promoting engagement and motivation.

Students select specific aspects of the project that interest them, allowing for personalized

learning paths. This approach respects individual differences and promotes self-directed
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learning, enabling students to construct knowledge based on their interests and
experiences. Students conduct research, gather information, and investigate various
sources to develop their understanding of the topic. The emphasis on inquiry supports the
constructivist principle that knowledge is constructed through exploration and
engagement with diverse perspectives and resources®*-.

Students apply their knowledge and skills to create solutio @uas, or
presentations that address the project question or problem. Engaging@ lem-solving
fosters critical thinking and allows students to actively ct and test their

earning. Throughout the

understanding of concepts, aligning with constructivist y,

project, students are encouraged to reflect on thei Q fing processes, challenges, and

successes. Reflection is crucial for consoli ti;%%ming, allowing students to evaluate

their understanding and adjust their oaches as necessary, consistent with

constructivist principles. At the proj >S conclusion, students present their findings and
.

solutions to peers, teachers, o&ﬁ?@ader audience. Sharing knowledge reinforces learning

and encourages dialogu ling students to articulate their understanding and receive

feedback, furtherﬁ%&ng their comprehension*®8!,

Be E@ applying constructivist learning theory in individual-focused project-
based g(g: Students have the autonomy to pursue topics that resonate with them,
m@‘ learning more meaningful and relevant. The process of researching, analyzing,
and solving problems encourages students to think critically and creatively, fostering
higher-order thinking skills. Individual exploration empowers students to take charge of

their learning journey, promoting motivation and a sense of agency. Engaging in self-

directed inquiry allows students to connect new knowledge with their existing
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2.3

frameworks, resulting in a more profound and integrated understanding of the subject
matter. The emphasis on inquiry and presentation enhances students' abilities to gather
information, analyze data, and communicate their findings effectively. The skills
developed through Project-based learning; such as self-directed learning, critical thinking,
and effective communication are essential for success in future ac&nic and
professional endeavors®4081, Q

The application of constructivist learning theory in Project-l{se@eaming with
an individuality approach creates a rich learning environmen@&mphasizes personal
exploration, ownership, and critical thinking. By allowi %n‘ts to engage with real-
world problems through self-directed inquiry, educ ster a deeper understanding of
concepts and prepare students for lifelong e@ This alignment not only enhances

academic achievement but also equipg st with essential skills for success beyond

the classroom3®:7!, &
° \'

Review o @Pirical Studies

2.3.1 Team-bpased Learning Strategy and Academic Achievement in Ecology

\;ébl‘ eam-based Learning (TBL) is an effective pedagogical strategy that promotes
student engagement, accountability, and equity in both face-to-face and online
classrooms. Rooted in evidence-based educational theories, TBL incorporates active

learning methods such as self-testing, team discussions, and the application of knowledge,

all of which contribute to better student performance, retention, and a stronger sense of
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belonging; factors that are often lacking in online courses. In this study, Team-based
Learning was implemented in both a face-to-face introductory course on evolution and
biodiversity with approximately 200 students (starting in 2018) and an online version of
the same course with around 30 students (starting in the summer of 2019). To facilitate
the transition to an online environment, various online tools and applications were used,
including Simbio, Slack, Voice Thread, Articulate 360, and Teammates®?, Q

The results from the online implementation of team-based leagning“were positive;
students were engaged and accountable for their learning, leaf@to strong performance
throughout the course. The success of this model serves %ample of how to design a
life science course using Team-based Learning prind transition it effectively to
an online platform. Given the increasing %@rard remote instruction and online

learning, the study recommends adoptiﬁé am-based learning as a course design

\®)

approach that can significantly enha Bhe online learning experience for students®?.
.

This study aimed to e@ the impact of two different teaching strategies; jigsaw
learning teams and teac discussion on secondary school students' performance in
Ecology. The iss&@%or performance in Biology has often been attributed to factors
such as la ’\% sizes, challenging concepts, and the teachers’ presentation skills. To
addresgnghis, the study sought to determine the effectiveness of these two teaching
m@s in enhancing students' academic performance. The research used a quasi-
experimental, non-randomized pretest-posttest design. A total of eighty Senior Secondary

One (SS1) students from two intact classes in a public secondary school in Ikwuano

Local Government Area, Abia State, were selected through a multi-stage random
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sampling technique. Data were collected using a twenty-item Ecology Attainment Test,
which had a Kuder-Richardson reliability coefficient of 0.78%3.

The findings showed that students who were taught Ecology through the Jigsaw
learning teams’ strategy performed better in the Ecology Attainment Test compared to
those taught using the Teacher-Led Discussion strategy. However, this c&ference in
performance was not statistically significant. The study recommen Qat Biology
teachers should vary their instructional strategies to offer students erse learning
opportunities and enable them to take responsibility for theix@n g. It also suggests

adopting interactive and collaborative teaching meth@ as Jigsaw learning, to

create a learning environment where students ain concepts to each other,

fostering greater engagement and understan. 11%% implementing a variety of teaching
strategies, teachers can improve std%rf% erformance in Biology, particularly in
complex topics like Ecology®®. \

.

This study aimed to\eghpare the effectiveness of the cooperative learning
approach versus conveafiortal teaching methods in enhancing students' academic
achievement and*@%s towards Biology. Recognizing that the quality of education
largely d % how teachers interact with students in the classroom, the study
focuse@n etermining whether the cooperative learning approach could yield better
re@rahan traditional direct Instruction. The research employed an experimental design
and used a researcher-made achievement test and an attitude survey to measure the
outcomes. The experimental group was taught using the cooperative learning approach,
while the control group received instruction through direct instruction. The results

showed that the experimental group demonstrated a 41.86% improvement in their pre-
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and post-achievement test scores, compared to the 36.49% improvement in the control
group. Similarly, the experimental group showed a greater improvement of 81.90% in
their attitude survey, while the control group achieved 81.69% improvement®*.

Despite these improvements, t-tests and F-tests conducted to analyze the data
revealed that there were no significant differences between the pre- and post-test scores
in both the achievement tests and attitude surveys at the 0.05 probabi Q%el. This
suggests that while the cooperative learning approach resulted in{positive gains, the
differences between the two teaching methods were not @tl lly significant. In
conclusion, although the cooperative learning appro@ wed some advantages in
improving students' performance and attitudeQe study indicated that these
improvements were not significant when o% d to Direct Instruction. Therefore,
while cooperative learning has potential b s, further research is needed to explore its
effectiveness more deeply®. \

.

This meta-analysis a@\to examine the impact of group work as an active
learning strategy on sﬁ@%erformance in biology classrooms. The analysis included
data from 91 sm%%awn from 53 articles. The overall findings revealed that the
implemen @group work in biology classrooms resulted in an improvement of 1.00
standa@e iation in student performance, which translates to a change greater than one
le%’gade. Further analysis of the data showed that this positive impact held true across
a variety of conditions, including different group sizes, class sizes, and for both biology
and life science majors as well as non-majors. Additionally, the performance boost was

consistent regardless of whether the groups were assigned by the instructor®’.
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However, the study found that group work did not significantly improve
performance in graduate-level courses or in cases where group work was incorporated for
only part of the course term (e.g., less than a semester or quarter). Furthermore, when
group work was not graded, no performance improvement was observed. These results
underscore the effectiveness of group work in enhancing student performance,in biology
and highlight the importance of studying specific active learning strategi ﬁierstand
their full potential. The findings suggest that group work, when implémerted effectively,
can lead to significant academic improvements®’. Q<

This study sought to examine the -effecti n&of Computer-Supported
Collaborative Learning (CSCL) on academic achie Qy conducting a meta-analysis
of existing research. The goal was to gv@ findings from various studies to
determine the overall impact of compute orted collaborative learning interventions
on students' academic performance&ﬁieve this, the research team analyzed a total of
40 studies that were carried@between 2010 and 2020. These studies met specific
inclusion criteria, wh&'qls\%%ured that only relevant and high-quality research was
considered. The tb@%ple of participants across all included studies amounted to 3,474
students. 3@ from these studies were processed using Comprehensive Meta-
Analysis, (CMA) software to calculate the effect size and combined effect size for each
stl@. he effect size is a statistical measure that quantifies the strength of the
relationship between computer-supported collaborative learning and academic

achievement, while the combined effect size provides an overall estimate based on the

aggregation of individual study results®.
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From the analysis, it was found that the majority of the studies were conducted at
the university level. These studies typically involved medium sample sizes and were
published in academic articles. Most of the research focused on disciplines within the
sciences and social sciences, indicating a concentrated interest in the impact of computer-
supported collaborative learning within these fields. In terms of the interventio&urations,
a significant portion of the studies (37.8%) were carried out with inte ion” periods
ranging between 1 and 4 weeks, suggesting that many researchers %Qfor relatively
short-term  computer-supported  collaborative  learning @ ntions in their
investigations®S.

The overall effect size calculated across all @was found to be 0.523, which
is considered a moderate effect. This sug estb%t computer-supported collaborative
learning has a positive impact on students”a@%mic achievement, though the effect is not
overwhelmingly large. The moderat e}%ct size indicates that CSCL strategies contribute

.
to academic success, but ther‘gﬁgkother factors at play that can influence the outcomes,

such as the quality of il@ntaﬁon, the subject matter, and the learning environment.

In addition to calk%?g the overall effect size, the researchers conducted a moderator

analysis t@ate whether specific factors influenced the effectiveness of computer-
C

S
suppo laborative learning. The analysis revealed that the learning stage, subject

d , and sample size did not significantly alter the effectiveness of computer-
supported collaborative learning on academic achievement. This suggests that computer-
supported collaborative learning has a broadly applicable impact across different
educational contexts, regardless of whether the intervention is used in primary, secondary,

or higher education, or whether the subject matter is scientific, social, or otherwise®.
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However, the moderator analysis did indicate that the duration of the intervention
played a role in determining the effectiveness of computer-supported collaborative
learning. Studies that implemented computer-supported collaborative learning for longer
periods showed stronger positive effects on academic achievement compared to shorter
interventions. This finding suggests that for computer-supported collaborative learning to
be most effective, it may require more sustained engagement frc@yd ts and
instructors to fully realize its potential benefits®¢. QJ

In conclusion, the meta-analysis found that Comput@oﬁed Collaborative
Learning (CSCL) has a moderate positive effect on academitachievement across various
educational settings. The analysis also highlig the importance of intervention
duration in maximizing the effectiveness o cv@er-supported collaborative learning.
Based on these findings, the study recom s that educators and researchers consider
longer computer-supported collabogative learning interventions to improve academic

.
performance, as the duration @gagement appears to play a key role in the success of

the strategy. Additiona@ ¢ findings suggest that computer-supported collaborative

learning can be a\@%ial teaching strategy across diverse disciplines and educational

2.3.2 Proj ec@as

Q’bl' his study focused on developing a learning model that integrates Project-based

%exible and impactful approach to enhancing student learning®¢.

d Learning Strategy and Academic Achievement in Ecology

Learning (PBL) with the STEAM (Science, Technology, Engineering, Arts, and
Mathematics) approach to enhance science literacy among students. The primary aim was
to create a teaching framework that aligns with the demands of 21st-century learning,

focusing on improving students' science literacy while considering their individual
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characteristics and expected learning outcomes. The research followed several stages:

starting with a needs analysis, then proceeding to product design, product development,

product implementation, and ultimately, evaluation. The study involved 35 grade X

students from SMAN 2 Selong, including 25 female and 10 male students. The

instruments for data collection included a variety of guidelines: a nee&analysis

questionnaire, product validation criteria, practicality assessment gui es,” teacher
S

response forms, and learning outcome tests specifically designe

the topic of
ecosystem materials®’. é

The data collected was analyzed descriptively, e%g key findings: Product
Validity: The learning model was deemed valid, rec@ positive evaluations from three
experts in the fields of linguistics, material s i% d learning technology. The average
scores from these experts were 83.91, 84. d 83.73, respectively, confirming that the
model met academic and practical %ards. Product Practicality: The model was also
evaluated as practical, with é)\verage score of 82.63, suggesting that it could be
effectively implemente@% classroom setting. Product Effectiveness: The model was
found to be effec@ ith an effectiveness percentage of 88.57%, indicating its success
in improvj ent learning in the ecosystem subject. Improvement in Learning
Outco@ e intervention led to a significant improvement in student performance, as
sh@y an N-Gain score of 0.76, which reflects the model’s effectiveness in enhancing
students' understanding of the taught content®’.

Overall, the study demonstrated that integrating Project-based Learning (PBL)

with the STEAM approach has great potential in improving science literacy and

achieving better learning outcomes. The model was valid, practical, and effective, and its
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use significantly boosted students' knowledge of ecosystem topics. This approach offers a
promising way to prepare students with the skills needed for 21st-century challenges and
provides a deeper, more engaging learning experience in science®’.

The study explored the impact of the Field Trip Teaching Strategy (FTIS) on the
academic achievement of Senior Secondary One (SS1) students in ecology within
Anambra State. It aimed to determine whether field trips enhance student 'Q%e:tanding
of ecological concepts more effectively than the Conventional Lect@@%hod (CLM).
To achieve this, the research was guided by two research ques@ d three hypotheses
were tested at a 0.05 alpha level. A quasi-experimental \design, specifically a non-
randomized control group design, was adopted. tudy employed a multistage
sampling technique to select 148 SS1 studg%%n 33 co-educational schools in the

Nnewi Education Zone, drawn from a tdfé opulation of 20,536 students. Two intact

N

classes were randomly assigned to m\prerimental group, which was taught ecology
through field trips, and th{@n% group, which received instruction using the
conventional lecture ns\@ . To assess students' performance, a validated Biology
Achievement Tes@ was used, with a reliability estimate of 0.89. The collected data
were anal e@g mean and standard deviation to answer the research questions, while
Analy% ovariance (ANCOVA) was used to test the hypotheses?.

Q he findings revealed that students who participated in field trips performed
significantly better in ecology compared to those who were taught using traditional
lecture methods. This suggests that field trips provide students with a more engaging and

immersive learning experience, allowing them to directly observe and interact with

ecological concepts. Additionally, the study found that gender had no significant effect
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on students' achievement, indicating that both male and female students benefited equally
from the field trip experience?.

Based on these findings, the study recommends that curriculum planners should
integrate field trips into the SS1 Biology curriculum to provide students with practical,
hands-on learning opportunities. Teachers are also encouraged to adopt field trips as a
teaching strategy to enhance students' engagement and comprehensio Q%ological
concepts. Furthermore, schools and educational authorities should ‘offefthe necessary
support to facilitate field trips, ensuring that students gain @1 d experiences that
reinforce classroom learning. Ultimately, this study hi lm%he value of experiential
learning in improving students’ understanding a@ ntion of biological concepts,
particularly in ecology. By incorporating fi into the teaching process, educators
can create a more interactive and eri% Beaming environment that fosters deeper
knowledge and appreciation of the natural world?.

.
Problem-solving is thﬁ\ﬁxgoess of developing solutions to overcome obstacles and

achieve a desired goal.‘@%er, in the context of 21st-century learning, problem-solving

skills go beyond simply finding answers to specific problems. Students must be able to

express o@upport their arguments with evidence, and apply biological knowledge
e

to real life situations. To achieve this, Project-based Learning (PBL) must incorporate the
4 ments; Communication, Collaboration, Critical Thinking, and Creativity to
enhance students' problem-solving abilities. An analytical study was conducted with
seven students involved in Project-based Learning, using observation, document analysis,

and interviews to identify challenges in the learning process. The second phase of the

study aimed to test an initial theory using the ISP Model through similar data collection
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methods. The third phase focused on refining findings or theories by conducting further
interviews, observations, and document analysis®®.

This research, designed as a qualitative case study, seeks to provide deeper
insights into the application of 4C elements in online project-based learning for Biology.
The collected data were analyzed using the triangulation technique, ensuring accuracy
and reliability. The findings highlight the importance of integrating 4 Q&nts into
project-based learning, particularly in an online setting, to improve|studénts' problem-
solving skills. This concept paper presents a framework for im xeting 4C elements in

project-based learning through modeling, guidance, ai %gic application. Project-

based Learning is an instructional method that pri ands-on projects, cooperative
learning, and inquiry-based exploration, all w@@uden‘ts to actively build knowledge
and skills. By incorporating structured_str. s into project-based learning, students can
develop the necessary skills to %}oach and solve complex biological problems
effectively®s. \’\\'

The academic p&x&g{ance of students is a global concern for educators, as it
directly inﬂuenc%&ng outcomes and future opportunities. This study investigated
the effect f@ Problem-based Learning (STEM-PBL) as an inquiry-based approach
on th%ecrﬂ%mance of secondary school students in Biology at government-owned
se@rgry schools in Kebbi State, Nigeria. A non-equivalent control group design was
employed, with two schools selected for the study. Purposive sampling was used to
choose participants, and each class consisted of 40 students. Data were collected using

the Diffusion and Osmosis Achievement Test (DOAT), and the results were analyzed

using descriptive statistics and the Independent Samples t-test®.
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Findings revealed that STEM Problem-based Learning had a significant and
positive impact on students' achievement in Biology. Students in the experimental group,
who were taught using STEM Problem-based Learning, retained more Biology concepts
compared to those in the control group, who were taught using traditional methods.
Based on these findings, the study recommends that Biology lessons should be made
more engaging to enhance student participation and learning. Teachers s Q also adopt
creative and innovative instructional strategies, particularly activit@b methods, to
improve students' understanding and retention of biologica@%epts. This research
highlights the importance of inquiry-based learning ro%s like STEM Problem-
based Learning in fostering deeper comprehension Qg-term retention of scientific
knowledge among students. By integratin sw&rategies into classroom instruction,
educators can create a more stimulating a ctive learning environment®’.

This study explored the ip&t of Problem-based Learning (PBL) on the

.
academic achievement of SC’K&;\SE ucation students in Ecology Concepts in Gusau.
Given the growing nec@%fective teaching strategies in science education, the study
aimed to deterﬁ%Qwhether Problem-based Learning could enhance students’
understandi retention of ecological concepts compared to conventional teaching
(e

metho%

st opulation consisted of 1,225 Senior Secondary Two (SS2) Biology students from

asi-experimental pretest-posttest control group design was employed. The

11 public secondary schools in Zaria Metropolis. From this population, a random sample
of 137 students from two schools was selected. The students were divided into two
groups: an experimental group, which was taught Ecology using Problem-based Learning,

and a control group, which received instruction through traditional teaching methods®.
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To assess students' performance, the Ecology Achievement Test (EAT) was used
as the primary data collection instrument. The test was validated and had a reliability
coefficient of 0.87, established through Pearson Product Moment Correlation. The
research was guided by two research questions and two null hypotheses, which were
analyzed using Mean, Standard Deviation, and Independent Samples t-test at a 0.05 level
of significance. The findings revealed that students who were taught usin lee -based
Learning performed significantly better than those taught through co@Qnal methods.
This suggests that Problem-based Learning encourages de@ gagement, critical
thinking, and a more comprehensive understanding of E l$conceptsgo.

Based on these findings, the study recom at Biology teachers should be

trained to effectively implement Probljrrv@ Learning in their classrooms.

Additionally, workshops, seminars, and’éq erences should be organized to equip
teachers with the necessary skill&%‘ integrate Problem-based Learning into their
instructional methods. Furthf@e, curriculum planners should consider incorporating
Problem-based Learnin& gy into the Biology curriculum, particularly in the teaching
of Ecology, to improye students’ learning experiences and academic performance. This
study hig @e importance of innovative teaching methods in science education. By
adopti@r lem-based Learning, educators can foster a more engaging and interactive
le@rQ environment that enhances students’ understanding, retention, and problem-
solving skills in Ecology and beyond®.

This study explored the effect of Problem-based Learning (PBL) and Hands-On

Activities on the academic performance of secondary school students in Biology.

Recognizing the need for more effective teaching methods, the research aimed to
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determine whether these approaches could enhance students' understanding and
achievement compared to traditional instructional methods. A quasi-experimental design
was adopted, specifically a non-equivalent control group design with pre-and post-tests.
The study population included 2,691 students from 32 public secondary schools in
Nsukka. Using a multi-stage sampling procedure, the researchers selected 85 Senior
Secondary Two (SS2) students from two intact classes. To measure stu Q&aademic
performance, a Biology Achievement Test (BAT) was developed as th& primary data
collection instrument. The data were analyzed using mean @andard deviation to
answer the research questions, while Analysis of Cox@n ANCOVA) was used to
test the null hypotheses®!. Q

The findings of the study revealed si@n‘[ difference in students’ academic
achievement based on the teaching met sed. Students who were taught Biology
using Hands-On Activities perforah%gniﬁcantly better than those taught through

.
traditional methods, demon{faghg a deeper understanding and better retention of
biological concepts. Thi&%ests that engaging students in practical, interactive learning
experiences enhaﬂ@%r comprehension and overall academic performance®'.

Ba e@ese findings, the study recommends that Biology teachers incorporate
hands-gn_activities into their teaching strategies to improve students' engagement and
le@rQ outcomes. Additionally, workshops, orientation courses, and seminars should be
organized to train teachers on how to effectively implement hands-on activities in
Biology instruction. Furthermore, curriculum planners should integrate activity-based
learning approaches into the Biology curriculum to maximize student achievement and

foster a more interactive learning environment. In conclusion, the study underscores the
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effectiveness of hands-on activities in improving students' academic performance in
Biology. By actively engaging students in learning processes, these approaches enhance
comprehension, retention, and problem-solving skills, making Biology education more
practical, engaging, and effective’!.

This study explored the effectiveness of Project-based Learning (PBL) in
improving learning activities and scientific literacy including ati *context,
knowledge, and competence among Primary Education Postgr@ﬁ students at
Bengkulu University in natural science subjects. The rese@imed to determine
whether the Project-based Learning model could enhance stidents’ engagement and their
ability to apply scientific knowledge effectively. A % om Action Research approach
was employed, conducted over three cycle dp&che first semester of the 2019/2020
academic year. Data were collected throu servations, tests, and rubrics, focusing on
students' learning activities, enviro&khtal awareness, and health consciousness. The

.
research instruments include&ﬁ%\'\g'her-Order Thinking Skills (HOTS) test, a rubric for
assessing student perb@%e, and a student report assessment sheet for evaluating
scientific aspects@ertudy established clear success indicators, requiring that both
lecturers @ts demonstrate effective engagement with PjBL and that at least 80%
of stu@s achieve a good level in scientific literacy components; attitude, context,
k&lge, and competence®?.
A

The results demonstrated that using the Project-based Learning model
significantly enhanced students' learning activities and scientific literacy. Students
showed greater participation, improved understanding of scientific concepts, and a

stronger ability to apply knowledge in real-life contexts. The study concludes that
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Project-based Learning is an effective instructional strategy for improving scientific
literacy and learning engagement in natural science subjects. It is recommended that
educators integrate Project-based Learning approaches into science instruction to foster
critical thinking, problem-solving skills, and real-world application of knowledge.
Additionally, lecturers should receive training on implementing Project-based learning
effectively to maximize its benefits for students. By adopting Project- Qﬁaming,
educational institutions can enhance student-centered learning, promote scientific inquiry,

and develop competent, knowledgeable, and environmental@cious graduates in

g
QQ

Gender and Academic Achievement in Ec l@

science education®2.

This longitudinal study explores t elopment and impact of math and science
ol Eu

dents, their parents, and teachers. The study

gender stereotypes among high sch*

sought to answer three mail\ﬁ%stlons: What is the prevalence of gender stereotypes
regarding math and sck@%ﬁong high school students, their parents, and teachers? Are
there any relatic?s@y between parents’ and teachers’ gender stereotypes and the
stereotype ‘1@! adolescents? How do adolescents' gender stereotypes influence their
math %s ience identity, and how does this impact their academic outcomes? The
re@t utilized a nationally representative sample of 22,190 U.S. adolescents, including
50% girls, and gathered data from both their parents and teachers. The students were
surveyed in 9th and 11th grades, and their transcripts were collected at the end of high

school®3.
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The findings revealed that adolescents' gender stereotypes became significantly
more traditional as they progressed from 9th to 11th grade. Additionally, parents were
found to be three times more likely to believe that males are better at math and science
than females, and there was a significant correlation between parents' and adolescents'
gender stereotypes. Furthermore, the study found that adolescent' gender stereotypes in
math and science were strongly related to their math and science identit ﬁh, in turn,
was associated with their STEM outcomes throughout high school. Thisstudy provides
valuable insights into how academic gender stereotypes devel@; ing adolescence and
how the beliefs held by parents and teachers can influ ce%ents’ academic identities
and performance in STEM subjects. It underscore Qed for strategies to challenge
these stereotypes in order to promote greater eq@x STEM education®.

This study employed a mixed-met research design to compare the academic

\S)

performance of males and female%%mg STEM subjects at both the university and
senior high school levels. A@ally, the study explored the factors that contribute to
gender differences in mﬁ&: performance at these two levels of education. The results
indicated that at ﬂ@?ior high school level, males outperformed females academically.
However, a’\‘&tertiary level, females' academic performance showed a notable
imprm@e relative to males. Gender stereotypes were identified as a major contributor
to academic performance gap at the high school level. At the tertiary level,
%rovements in females' academic performance were attributed to several factors,

including teaching methodologies, motivational support from parents, and advocacy

campaigns aimed at empowering women®*.
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In contrast, the study found that males' academic performance at the university
level was negatively impacted by their participation in extra-curricular activities and
other economic ventures. These activities, influenced by broader socio-economic factors,
such as financial constraints and gendered ideologies, were seen as contributing to the
academic underperformance of males. The study recommends a balanced focus on both
females and males in STEM education. While it is crucial to promote %ﬁsion of
more females in STEM disciplines and careers, there is an equally, important need to
address the challenges facing males. This can be achieved thr@)ntinuous education

and sensitization regarding gender stereotypes, as well : i%nenting policy measures

to support and sustain the academic success of b ers in STEM, contributing to

overall national development®*, be

Despite the importance of Bio for sustainable development, students'

performance in the subject has b&e}inconsisten‘u Various interventions have been
.

implemented to improve stq{ﬁ%&' learning of Biology, yet the issue of performance
inconsistency persists.® %onse, this study aimed to investigate the role of hands-on
learning in enhanb@ udents' academic achievement in Biology. The study employed a
pretest-po @trol group quasi-experimental research design with a 2x2 factorial
setup. @s explored the moderating effect of gender on students' academic achievement.
Tl@‘icipants consisted of 58 students enrolled in Biology courses at two randomly
selected schools. These students were from intact classes, which made the groups
naturally assigned. The data was collected using a 25-item Biology Achievement Test for

Students (BATS), which was validated for both face and content validity. A test-retest

reliability method yielded a reliability coefficient of 0.68%.
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Data analyses revealed a significant difference in the effect of the learning
strategy on students' academic achievement in Biology (F(1, 53) = 8.595, p = 0.05), with
the conventional method of teaching being more effective. However, the study found no
significant difference in the effect of gender on academic achievement (F(1, 53) = 0.980,
p > 0.05).The researchers concluded that while hands-on activities are essential for
enhancing Biology learning, the conventional teaching method proved (Qé%éctive in
improving student achievement. Consequently, the study recommendS that school
authorities allocate adequate time for hands-on learning act@s to improve student
outcomes in Biology®>.

The study assessed the academic performa S II male and female Biology

students who were taught using the Taleng ing Management System (LMS) and

those taught through the expository meth

\®)

specifically a non-randomized pre- }post-test control group design. The study was

conducted in Uyo Local Go@hen‘[ Area of Akwa Ibom State, with a population of

quasi-experimental design was employed,

3,183 SS II Biology s@ across 15 public secondary schools in the area for the

2023/2024 acade@%ion. A purposive sampling technique was used to select schools

from the tar ulation, resulting in a sample size of 216 students, comprising 110
C

female@

w@mderwent face and content validation by an expert in test measurement and

06 males. Data was collected using the Biology Performance Test (BPT),

evaluation to ensure the accuracy, appropriateness, and completeness for the study. The
instrument had a reliability coefficient of 0.86, indicating high reliability®®.
Descriptive statistics, including mean, standard deviation, and mean gain scores,

were used to answer the research questions, while Analysis of Covariance (ANCOVA)
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was used to test all the null hypotheses at a 0.05 significance level. The findings
concluded that Talent LMS significantly enhances the academic performance of
secondary school students in Biology in Uyo Local Government Area. The study
revealed a significant difference in the academic performance between students taught
with Talent LMS and those taught using the expository method. Additionally, the study
showed that there was no significant difference in the academic perform. Q%ﬂale and
female students taught using either Talent LMS or the expository method™Based on the
results, the study recommends that teachers should incorpo lent LMS into the
teaching of Biology to improve students' academic 6%“6’ as it can enhance
learning and academic outcomes®. Q

This study aimed to examine the 2@@ achievement of Senior Secondary
School students in Biology and to e the gender differences in students’
performance. The ex-post facto desiﬁx descriptive research was adopted for this study.
Data were collected using q&ﬁ%forma from a sample of 200 students selected using
stratified random sampl%gﬁm Science secondary schools in Kano State, Nigeria. The
data collection Q%%eciﬁcally focused on the students' performance in Biology

achievem@@%onducted as part of the qualifying examinations in the region®’.

e analysis of the data revealed several significant findings. The internal
cohgistency reliability of the Biology achievement test used in the study was found to be
low and unsatisfactory. The test's low reliability raised concerns about its effectiveness in
accurately measuring students' academic abilities in Biology. Overall, the students'

performance in the Biology tests was below average, with the mean score of the sample

being 47.02 and a standard deviation of 16.493. This indicated that students were
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struggling to perform well in Biology, with a significant number of students failing to
meet the expected standard. The mean score of 47% reflected a clear gap between
students' actual performance and the desired academic standards in the subject”’.

Further analysis revealed that gender differences existed in the academic
achievement of students in Biology. Specifically, the study found that male students
consistently performed better than their female counterparts in the Bio Qﬁt& This
difference in performance based on gender suggested that gender-related factors might be
influencing the academic achievement of students in the subjeo@&eﬁndings highlighted
the need for further investigation into the factors that 0@'[6 to this gender gap in
academic performance. For instance, societal expe@g teaching methods, and access
to resources might contribute to the dispari&jbgﬁevement between male and female

&Q’Z}

Another critical finding of t udy was the significant difference in academic

students?’.

8
performance between student&&§h\u an and rural schools. Students from urban schools
performed better than {;k@counterparts in rural schools. This disparity could be
attributed to seve%&rs, such as better access to educational resources, more qualified
teachers, 5@ r exposure to extracurricular learning opportunities in urban areas. On
the ot%g
le

materials, limited access to qualified teachers, and a lack of facilities, all of

d, students in rural schools might face challenges such as inadequate

which can negatively impact their academic performance in Biology®’.
The study also concluded that the Biology test used in the Kano State qualifying
examinations was not a reliable tool for assessing students' true academic potential in the

subject. The low reliability of the test suggests that the assessment method may not
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accurately capture students' knowledge and abilities, potentially leading to skewed or
incomplete evaluations of their academic progress. The findings underscored the
importance of developing more reliable and valid assessment tools that can accurately
measure students' understanding of Biology and other subjects®’.

In addition to the concerns about the assessment tool's reliability, the study also
pointed to the unsatisfactory academic performance of students in Bio ﬁgeneral.
The overall poor performance reflected the need for significant impro@ s in teaching
methods, curriculum design, and support systems in schools. I@bvident that students
were not adequately prepared to meet the challenges of\ the subject, and the low
performance rates called for urgent reforms in the Ology is taught and assessed at
the secondary school level®’. be

Moreover, the study highlighted t ferential performance between male and
female students, as well as betwe \stents from urban and rural areas. The results

.
indicated that factors such K&er, school location, and socioeconomic conditions

could have a profound t@ t on students' academic achievement. The gender gap in

\

performance raise@%ﬁan‘[ questions about the role of gender stereotypes and cultural
expectatio S@uaping students' academic outcomes, particularly in subjects like
Biolog@vg{h may be perceived as more male-dominated in some contexts®’.

Q he study's findings have important implications for measurements and
evaluation of student learning. It called for a review and reform of the assessment tools
used to measure students' academic abilities, emphasizing the need for more reliable and
valid instruments. Additionally, the study stressed the importance of addressing the

gender disparities in academic performance, ensuring that both male and female students
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have equal opportunities to succeed in Biology and other subjects. Teachers, school
administrators, and policymakers were urged to focus on creating an inclusive learning
environment that supports all students, regardless of their gender or geographical
location®’.

Furthermore, the study suggested that improving the teaching methods and
learning resources in rural schools could help bridge the performance ga %n urban
and rural students. This could involve providing better access to educatiohal materials,
training teachers to adopt more effective teaching strategies, @reasing funding for
schools in rural areas. In urban schools, it was recm@en that efforts be made to

sustain and further improve the quality of educatio@s ring that all students are given

the best possible opportunity to perform wel aq@lcally”.

The study provided valuable in into the factors influencing students'
academic performance in Biolo g%ano State, Nigeria. It identified significant
differences in performance {ﬁg& on gender, school location, and the reliability of
assessment tools. The {Q% concluded that the Biology tests used in Kano State
qualifying examihations were not a reliable measure of students' academic abilities, and
that more valid, and inclusive assessment methods should be developed. The
ﬁndin%ﬂs underscored the need for ongoing efforts to address gender disparities and

ge@rghical inequalities in education, with a focus on improving the quality of Biology

education at both the urban and rural school levels®’.

24 Conceptual Model

[ Independent Variables } [ Moderating Variable ] [ Dependent Variables ]
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Summary of Lit@re Reviewed

Tl(@re reviewed provides a clear foundation for understanding how

acader@achievement, gender, and teaching strategies influence learning outcomes in

@gy, especially in the Ecology component. Academic achievement is shaped by

several factors including instructional methods and learner characteristics. Biology, as a
subject, demands both theoretical knowledge and practical engagement, particularly in
Ecology, which explores the interaction between organisms and their environment.

Research supports the use of interactive methods like Team-Based and Project-Based
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Learning to enhance understanding in complex topics like Ecology, as these strategies
promote collaboration, critical thinking, and hands-on learning.

Team-Based Learning fosters group engagement and accountability, encouraging
students to work through problems together, while Project-Based Learning allows them
to investigate real-life ecological issues, deepening their understanding and making
learning more meaningful. In contrast, traditional methods like lectures a Q&veacher-
centered and may limit student engagement, though they remain relevafit’in delivering
structured content. é

Gender differences also play a role in science learni ith studies showing that
male and female students may respond differently@ ing strategies, affecting their
participation and performance. This undersgl%% need for inclusive approaches that

\Q’Z}

The study is anchored in %n ructivist Learning Theory, which emphasizes

consider diverse learning preferences.

learner-centered, experience-{@i education. This theory supports the effectiveness of
active strategies in fos@%eaningful learning in Ecology. Empirical findings confirm
that both Team-&@nd Project-Based Learning improve academic outcomes and
student e @n, while gender-sensitive instruction enhances participation across
board. aneptual model derived from this review highlights the interplay between
ge@ teaching methods, and academic performance in Ecology, providing a framework

for testing the study’s hypotheses.
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Chapter Three
@ Methodology

\% This chapter covered the research design; population of the study; sample and
sampling techniques; description of research instruments; validation of research
instruments; reliability of research instrument; data collection; and data analysis method

for the study.
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3.1

Research Design

This study employed the quasi-experimental research design with 3 x 2 Factorial
matrix using pre-test and post-test approach. The three levels of treatment are focused on
two experimental groups and one control group. Group A and Group B received team-
based and project-based learning strategies, respectively, while Group C, the control

group, received traditional strategy. Tables 3.1 and 3.2 provide more EfQ about the

research schema. < ,

Table 3.1: Research Schema N ’\
Group 1 Treatme*@‘ 2
(Pretest) C\ (Posttest)
Gy 0O, 0)}

G2 O3 Xa O4
2
Gs Os X3 Os

Source: Researcher’s Fieldwork, 20 g\\g
Where O, O3, Os = Pretest SC(%\\'
O3, O4, O = quttQ%&)res
N\

G1, G, G@nent Groups

Xi ﬁreatment 1 (Team-based learning strategy)

L = Treatment 2 (Project-based learning strategy)

Q’ng = Control (Traditional teaching strategy)
Mle 3.2: Schematic Representation of the 3 x 2 Factorial Matrix
Treatment Gender Academic
Achievement
Team-based learning strategy X1 Male / Female
Project-based learning strategy X2 Male / Female
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Traditional teaching strategy X3 Male / Female

Source: Researcher’s Fieldwork, 2025
Variables in the study
1. Independent variable includes:
Treatment 1 (Team-based learning strategy)
Treatment 2 (Project-based learning strategy)
Control (Traditional teaching strategy) Q/O
2. Moderating variable includes: Gender 6\

Male %
Female Q

3. Dependent variable includes: Achiev@ One Level

Achievement in Ecology @fb
Population of the Study K@

As at the time b@%ucting this research, the study population comprises 3,680
students, of whicm@are male and 1,974 are female. The students are from all public
SS 1II cl 40 public senior secondary schools found in the three Local

Gover@

S nd Odeda Local Government Areas, Ogun State. Additional details about the

Y

study population were provided in Table 3.3.

eas of the Abeokuta Metropolis, specifically Abeokuta North, Abeokuta

Table 3.3: Study Population

Abeokuta Metropolis LGAs  Number SS II Enrollments
of Schools Male Female Total
Abeokuta North LGA. 14 657 754 1,411
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3.3

Abeokuta South LGA. 14 549 705 1,254

Odeda LGA 12 500 515 1,015
Total 40 1,706 1,974 3,680
Source!

Sample and Sampling Techniques Q\

For this study, a total of 40 public Senior Secondary Scho@ss Abeokuta
North, Abeokuta South, and Odeda Local Government Areas @\ of Ogun State was
considered. However, only three schools were selected based on specific criteria to
ensure uniformity in educational standards a air representation of student
demographics. The selection process focused %Vernment—owned schools that offer
Biology up to the Senior Secondary Sc ertificate (SSSC) level and meet essential
academic and infrastructural require %s.

To systematically idq&@tbe most suitable schools, the researcher conducted
field visits to public S@gsecondary schools in each of the three LGAs to gather
essential informaﬁ&e selection criteria includes:

1. Then Biology teachers handling Senior Secondary II (SS II) classes.
2. Th@al ability of a Biology laboratory to support practical learning.
i/@presence of a well-equipped and functional laboratory for effective instruction.
4. The qualification of Biology teachers, ensuring they hold at least a B.Sc., B.Sc. (Ed.),
or PGDE.

5. The selected schools must be a co-educational institution to enhance and improve the

generalizability of the study’s findings.
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The selection process using multistage sampling procedure was carried out in
three stages:
Stage One: Schools that do not meet the stated criteria were excluded from the
study.
Stage Two: The remaining schools that fulfill all the requirements were grouped
o

according to their respective LGAs. From each group, one school was ranl elected

to participate in the study. QJ
Stage Three: If a selected school has multiple intact @%iology classes, one
was randomly chosen to ensure fairness. The Biologbte ers handling the selected
classes participated in the study as research assistanQ
To ensure an unbiased allocation, the,b ing method was employed. The names
o

of the three LGAs were written on segara(@

at random. The first LGA picked wa }aignated as Group A (Experimental Group 1), the

es of paper, folded, shuffled, and drawn

second as Group B (Experim@é}roup 2), and the third as Group C (Control Group).
Following the draw: * \AQ
1. Abeokuta Nof@&ssigned to Group A (Experimental Group 1).

2. Abeolg’\% was assigned to Group B (Experimental Group 2).
a

3. O as assigned to Group C (Control Group).

Q’bSimilarly, a balloting method was used to assign the selected schools to specific
experimental and control groups. Based on the draw:
1. Abeokuta Grammar School, situated in Abeokuta North LGA, was assigned to

Experimental Group A, where students received the Team-based Learning (TBL)

strategy as the treatment.
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3.4

2. Rev. Kuti Memorial Grammar School, Abeokuta, situated in Abeokuta South LGA,
was assigned to Experimental Group B, where students received the Project-based
Learning (PBL) strategy as the treatment.

3. Nawair-ur-Deen Grammar School, Obantoko, situated in Odeda LGA, was assigned
to Control Group C, where students were taught using the Traditionxeaching
Strategy. Q

Additional details on the random sampling used to select thr@ic secondary

schools for the study were provided in Table 3.4. Q

Table 3.4: Random Sampling for selected Public Sen}g&%dary Schools

Random Selected Schools Treatment ective LGAs
Groups y
Abeokuta Grammar School Group A QAbeokuta North LGA.

Rv. Kuti Memorial Grammar Gr@ Abeokuta South LGA.

School, Abeokuta @

Nawair-ur-Deen Grammar | ,& Group C Odeda LGA.
School, Obantoko CO\

Source! . \A%‘

This struc@lection process ensured that the study is conducted in a fair and

unbiased ma maintaining validity and reliability. By using multistage sampling
proce regnd random allocation, the study effectively assessed the impact of team-based
an@ect—based learning strategies compared to the traditional teaching strategy in the

Mhing of Ecology.
For this study, a sample size of intact classes were taken from each of the random

selected public Senior Secondary Schools.

Description of the Research Instruments
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3.4.1

The following instruments were used to collect data for this study:

1. Ecology Achievement Test (EAT)

2. Instructional Guide for Teaching and Learning Ecology based on Team-based
Learning Strategy

3. Instructional Guide for Teaching and Learning Ecology based on P&ect-based

Learning Strategy Q

4. Instructional Guide for Teaching and Learning Ecology based on Traditional

O

Ecology Achievement Test (EAT) Q

Teaching Strategy

This instrument was used to gather infoamation for the study to evaluate the
academic achievement of Ecology. Twenty &ct items drawn from previous Biology
Senior Secondary Certificate Exam (SSCE) questions based on Ecology only
made up the instrument. The it&@re multiple-choice, meaning that participants were
only able to choose one co:é&response at a time from options labeled with the letters A
— D. Forty-five mi i@&e allotted for answering all the questions.

There w o sections (A and B) in the Ecology Achievement Test (EAT).
Section %Q%ﬁ\'lded the participants' demographic data, such as their school name and
gen% ction B consisted of 20 multiple-choice questions addressing the concept of

\Ey ogy. The item specifications for the 20 multiple-choice questions, arranged
according to the higher order of cognitive levels (Bloom's Taxonomy: Knowledge,

Comprehension, Application and Analysis), are shown in Table 3.5.

Table 3.5: Table of Specification

Cognitive Level Number of Items Total Percentage %
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3.4.2

Knowledge 1,2,3,5,9,11, 13, 14, 16, 20 10 50

Comprehension 4, 6, 8, 10, 12, 15, 18 7 35
Application 7,17 2 10
Analysis 19 1 5

Total 20 20 100

S\

Source: Researcher’s Fieldwork, 2025 < O
Further information regarding Ecology Achievem@st (EAT) and its

respective answer as marking guide can be found in Ap@ll nd II, respectively.

Instructional Guide for Teaching and E:e@ Ecology based on Team-based

Learning Strategy ’b
Y
a

Lesson notes for teachin&c logy using the team-based learning strategy
including specific teacher and nt activities spans two class periods (90 minutes each)
and outlines both teach@%student activities for teaching ecology through team-based
learning. By co@t?g individual preparation with collaborative problem-solving,
students ¢ h{éin their understanding of ecological principles and develop essential
skills 6t mwork and critical thinking. This guide for instruction in teaching and
le& process in selected schools for the study during fieldwork which consists of
lesson overview (topic, grade level, duration, learning objectives, presentation and
assessment). Further information regarding instructional guide for experimental Group A

(Lesson Notes I) can be found in Appendix III.
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3.4.3

3.4.4

Instructional Guide for Teaching and Learning Ecology based on Project-based
Learning Strategy

Lesson notes for teaching Ecology using project-based learning strategy spans
two class periods (90 minutes each) and emphasizes independent research and personal
engagement. This detailed lesson notes leverages project-based learning to engage
students in exploring the impact of human activities on ecosystems. *p‘nasizing
personal inquiry and independent research, students can develop a déepef~tinderstanding
of ecological concepts while honing their presentation and c@ ication skills. This
guide for instruction in teaching and learning process i @ed schools for the study
during fieldwork consists of lesson overview (t rade level, duration, learning

objectives, presentation and assessment). Eup&Qinformation regarding instructional

guide for experimental Group B (Lesson

N

Instructional Guide for T{fﬁ}bﬂg and Learning Ecology based on Traditional

I) can be found in Appendix IV.

Teaching Strategy ° \AQ

Lesson nd@eaching Ecology using a traditional teaching strategy spans two
class peri ’\(&niﬂutes each) and covers the key concepts of Ecology, focusing on
direct @truction, lectures and individual assessments. This lesson notes employ a
tr@al teaching strategy to deliver foundational knowledge in Ecology. By focusing
on direct instruction, lectures, and individual assessments, students gain a structured
understanding of ecological concepts. While traditional strategy had their limitations,
they provide a clear framework for students to build knowledge and prepare for further

exploration in Ecology and Environmental science. This guide for instruction in teaching
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3.5

3.6

3.7

and learning process in selected schools for the study during fieldwork consists of lesson
overview (topic, grade level, duration, learning objectives, presentation and assessment).
Further information regarding instructional guide for Control Group C (Lesson Notes IIT)

can be found in Appendix V.

Validity of the Research Instruments Q\

Prior to utilizing the research instruments, to assess a@gts' academic
achievement in Ecology, the thesis promoter and two other@&rs (experts) in the
Department of Science Education, Lead City Universit lm%validated the instrument

based on face, content and construct validity. A ections and suggestions were

effected before the final drafts were produced f; %ﬁinistration.

Reliability of the Research Instrlge\nb
an

A different group of %ﬁb;\?}'

main study but share s&'%&gﬂiaracteristics with the randomly selected public secondary

s within the population who did not partake in the

schools students fq@ study were given the Ecology Achievement Test to calculate the

instmmen@lity value using Kuder-Richardson (KR-20) formula that result to 0.76.
)

Methoﬁ

Q’Q{esearch assistants (Biology teachers) received training on study-specific

ata Collection

teaching strategies during the first week of fieldwork. During the training session, the
objectives of the study and the procedures needed to complete it in eight (8) weeks were
thoroughly explained. Participants were given the pretest during the second week. For the

following five weeks (weeks three through seven), each of the randomly selected public
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3.9

secondary schools for the study had its treatment plan implemented according to the
designated teaching strategy. The posttest was administered in the eighth week. In the
purposive selected public senior secondary schools for the study, Biology teachers
(research assistants) were trained with the use of the team-based learning strategy
instructional guide for experimental group A, the project-based learnin strategy
instructional guide for experimental group B, and the traditional teachi @at gy with
researcher-prepared lesson notes for control group C. After the tra1@ e researcher
tested the research assistants' or Biology teachers' understand1 e subject matter by
observing them carries out the experiment for 30 under close supervision.
Participants in the experimental and control groups@r nced the same amount of time
(periods). In each school, a period was empl %&ehver the treatment once a week for

five (5) weeks (week three through wee n). The participants had a pre-test before

the experiment starts and a post -tes & conclus10n of the experiment.

\"J
Qﬁ\
Q
Methoﬁ ata Analysis

Q nferential statistics was used to analyze the data collected using Analysis of
Covariance (ANCOVA) at the 0.05 level of significance to test the hypotheses

formulated for the study.

Ethical Approval
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Ethical research procedures were followed in this project to guarantee the
anonymity, respect, and voluntary involvement of all participants. In order to introduce
the researcher to the authorities of the purposive selected public secondary schools for the
study, the researcher received a Letter of Introduction from the Head of Department.
Through this letter, official consent was requested to interact with participants and carry
out the study, which included giving the achievement test to gather date@kicipants
were asked for their informed consent prior to the study star@g) here was a
comprehensive consent form available that explains the methods, possible
advantages, and potential drawbacks of the study. The 6 to leave the study at any
time without facing any consequences is one Qe rights that participants were
guaranteed. The researcher guaranteed that in@‘lion gathered were treated with the
utmost confidentiality and used only for &rly research. To preserve their privacy,
participant identities and answers %&: anonymised. No participant was forced to

.
participate in the study; particl@bn was completely voluntary. The study was conducted

in accordance with the‘stsj&%f guidelines for research integrity and participant autonomy.

N
° @ Endnote

1. Teaehing Service Commission, Public Senior Secondary Schools (SS 1I) Population
/ okuta Metropolis, Ogun State TESCOM, 2024.
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* ’\’ Chapter Four
( \l Results and Discussion of Findings

rbéﬁs chapter presents result tables, the interpretation of results and discussion of

4.1 Demographic Data Analysis

Table 4.1.0: Team-based Learning Strategy, Project-based Learning Strategy and
Traditional Teaching Strategy

Teaching Strategies Gender Total

H
S
N



Male Female

Team-based Learning Strategy 14 17 31
Project-based Learning Strategy 15 18 33
Traditional Teaching Strategy 15 12 27

Total 44 47 91

Source: Researcher’s Fieldwork, 2025 Q\

4.2 Presentation of Data é
4.2.1 Hypotheses %

Hy1: There will be no significant main effect of te ;ed learning strategy on Senior

Secondary School Students’ achievemg@cology in the Abeokuta Metropolis,

Nigeria.

Table 4.1.1: Tests of Between-Subjects Effects of Team—based Learning Strategy on Senior
Secondary School Students’ Achievement in Ecology in the Abeokuta

Metropolis, Nigeria
Dependent Variable: Posttest
Source Type 111 Df Mean F Sig. Partial
Sum of Square Eta
Squares Squared
Corrected 177.9592 2 88.979 98.475 0.000  0.782
Model
Intercept 241.569 1 241.569 267.349 0.000 0.829
Pretest 42.328 1 42.328 46.845 0.000 0.460
Strategy 145.267 1 145.267 160.770*  0.000 0.745
Error 49.696 55 0.904
Total 12220.000 58
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Corrected

Total

227.655 57

a. R Squared = 0.782 (Adjusted R Squared = 0.774)
* denote significant at p < 0.05
Source: Researcher’s Fieldwork, 2025

From Table 4.1.1: The Analysis of Covariance (ANCOVA) result on the effect of
team—based learning strategy on Senior Secondary School Students’ achieyement in
Ecology in the Abeokuta Metropolis, Nigeria was; F(1; 55y = 160.770, p <@partial n?=
0.745. The results clearly show that the team-based learning stg{&hﬁd a significant
and positive impact on students' academic achievement in y. Therefore, the null
hypothesis (Hol), which states that there will be no sig ﬁlain effect of team-based

learning strategy, is rejected. Thus, there was sig@an‘[ main effect of Team—based

learning strategy on Senior Secondary Schoo@ts’ achievement.

Table 4.1.2: Estimated Marginal Means of Team-based Learning and
Traditional Teaching Strategies on Senior Secondary
School Students’ Achievement in Ecology in the Abeokuta

Metropolis, Nigeria
\ Dependent Variable: Posttest
Strategy Mean Std. 95% Confidence Interval
Error Lower Upper
Bound Bound
Team-based 15860 0171  15.517 16.202
Learning
Traditional Teaching  12.680*  0.183 12.313 13.047
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a. Covariates appearing in the model are evaluated at the following values:
Pretest = 10.29.
Source: Researcher’s Fieldwork, 2025

>\
N
O

N
O
Q

The Estimates Table 4.1.2 presents the adj ean posttest scores for each

instructional strategy, taking into account the effg€t,of the pretest scores (which are held
constant at a value of 10.29). Students w@re taught using the team-based learning
strategy had an adjusted mean postt&\\gre of 15.860, with a standard error of 0.171.
The 95% confidence interval fé%\’&stimate ranges from 15.517 to 16.202, indicating
high precision and stati @reliability. On the other hand, students who received
traditional teachin @1 adjusted mean posttest score of 12.680, with a standard error
of 0.183, aqd,&% confidence interval ranging from 12.313 to 13.047. The difference in

adjust ggan scores 15.860 for team-based learning versus 12.680 for traditional

te&@ demonstrates that students in the team-based learning group performed
\shgﬁiﬁcantly better than those in the traditional group, even after accounting for their

pretest scores. This further supports the earlier findings and provides a clear and practical

interpretation: team-based learning leads to higher academic achievement in Ecology

among senior secondary school students compared to traditional teaching strategy.

Therefore, the null hypothesis (Hol) is rejected.
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Ho2: There will be no significant main effect of project-based learning strategy on Senior
Secondary School Students’ achievement in Ecology in the Abeokuta Metropolis,
Nigeria.

Table 4.2.1: Tests of Between-Subjects Effects of Project-based Learning Strategy on
Senior Secondary School Students’ Achievement in Ecology in the
Abeokuta Metropolis, Nigeria

Dependent Variable: Posttest

Source Type III Df Mean F Sig. Partial
Sum of Square Eta
Squares Squared

Corrected 238.735 2 119368 13229 0000  0.823

Model

Intercept 86.839 1 86.839 96.210 0.000 0.628

Pretest 33.919 1 33919 37.579 0.000 0.397

Strategy 71.350 1 71.350 79.050%* 0.000 0.581

Error 51.448 57 0.903

Total 13403.000 60

Corrected 290.183 59

Total

a. R Squared = 0.823 (Adjusted R Squared = 0.816)
* denote significant at p < 0.05

Source: Researcher’s Fieldwork, 2025

From Table 4.2 NThe Analysis of Covariance (ANCOVA) result on the effect of
project-based learnifig strategy on senior secondary school students’ achievement in
Ecology in thevAbeokuta Metropolis, Nigeria was; F(1; 57y = 79.050, p < 0.05, partial n? =
0.584yNPhe findings clearly demonstrate that the project-based learning strategy
Significantly improved students' academic performance in Ecology. Therefore, the null
hypothesis (Ho2) is rejected. This means that project-based learning is not only effective
but plays a key role in enhancing the academic success of Senior Secondary School
Students in this subject. Thus, there was a significant main effect of project-based

learning strategy on Senior Secondary School Students’ achievement in Ecology.
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Table 4.2.2: Estimated Marginal Means of Project-based Learning and
Traditional Teaching Strategies on Senior Secondary School
Students’ Achievement in Ecology in the Abeokuta

Metropolis, Nigeria
Dependent Variable: Posttest
Strategy Mean Std. 95% Confidence Interval
Error Lower Upper
Bound Bound
Project-based 15983 0182 15618 16349  °
Learning
Traditional Teaching 13.317*  0.206 12.905 13.728

a. Covariates appearing in the model are evaluated at the following values:
Pretest = 11.63.
Source: Researcher’s Fieldwork, 2025

\C

The Estimates Table 4.2.2 presents the adju an posttest scores for students

taught using different instructional strategies,’@ the pretest scores held constant at

11.63. Students who received the project learning strategy had an adjusted mean

posttest score of 15.983, with a stan }\&‘ror of 0.182. The 95% confidence interval for
o

this estimate ranges from 15.@

students who were tau@ghg the traditional teaching strategy had a lower adjusted

49, showing a high level of precision. In contrast,

mean posttest scq@%&f&l% with a standard error of 0.206 and a 95% confidence
interval rang@s)m 12.905 to 13.728. The difference between the two strategies; a gap
of 2.6% fhts, indicates that students exposed to project-based learning performed
si%%ntly better academically than those taught traditionally, even when their pretest
scores were the same. These findings confirm that the project-based learning strategy is
more effective than the traditional strategy in improving students’ academic achievement
in Ecology. This further supports the rejection of the null hypothesis (Ho2), highlighting

the value of innovative, student-centered learning strategy in secondary science education.
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Ho3: There will be no significant main effect of gender on senior secondary school

students’ achievement in Ecology in the Abeokuta Metropolis, Nigeria.

Table 4.3.1: Tests of Between-Subjects Effects of Gender on Senior Secondary School Students’
Achievement in Ecology in the Abeokuta Metropolis, Nigeria
Dependent Variable: Posttest

Source Type III Df Mean F Sig. Partial Eta
Sum of Square Squared
Squares
Corrected
117.3222 2 58.661 21.411 0.000 0.327
Model
Intercept 321.810 1 321.810 117.461  0.000 0.572
Pretest 114.644 1 114.644 41.845 0.000 0.322
Gender 0.006 1 0.006 0.002 0.963 0.000
Error 241.095 88 2.740
Total 21195.000 91
Corrected 358.418 90
Total

a. R Squared = 0.327 (Adjusted R Squared = 0.312)
Source: Researcher’s Fieldwork, 2025

~

From Table 4.3.1: The A{&s of Covariance (ANCOVA) result on the effect of
gender on Senior SecondalQ'g‘:c?ool Students’ achievement in Ecology; F; ss) = 0.002,
p > 0.05, partial nzé\%ooo. There is no significant difference in the academic
achievement ofﬁgand female students in Ecology based on this data. Therefore, the

null hypo@%k\(

stud?bbcademic performance in this subject. Thus, there was no significant main effect

03) is retained, affirming that gender does not significantly influence

%der on Senior Secondary School Students’ Achievement in Ecology.

Table 4.3.2: Estimated Marginal Means of Gender on
Senior Secondary School Students’
Achievement in Ecology in the Abeokuta
Metropolis, Nigeria
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Dependent Variable: Posttest

Gender Mean Std. 95% Confidence Interval
Error Lower Upper
Bound Bound
Female 15.140*  0.243 14.657 15.622
Male 15.123*  0.251 14.625 15.622

a. Covariates appearing in the model are evaluated at the

following values: Pretest = 11.13. \

Source: Researcher’s Fieldwork, 2025 Q

O
/\
O
The Estimates Table 4.3.2 shows the adjusted posttest scores for male and

female students in Ecology, with pretest scores Qnstant at 11.13. Female students
had an adjusted mean score of 15.140, @1 standard error of 0.243. The 95%
confidence interval for this estimate ’Qom 14.657 to 15.622. Male students had an
almost identical adjusted mean s@f 15.123, with a standard error of 0.251 and a 95%
confidence interval rangi@’cgm 14.625 to 15.622. The very close means and
overlapping confi @ewals indicate that there is no meaningful difference in
academic achievemeéfit between male and female students in Ecology when controlling

for their @;\\Tmowledge. This further confirms that gender does not significantly

inﬂl@tudents’ performance, supporting the conclusion that the null hypothesis (Ho3)

\h%d be retained.
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Ho4: There will be no significant interaction effect of Team—based learning strategy,

Project-based learning strategy and gender on senior secondary school students’

achievement in Ecology in the Abeokuta Metropolis, Nigeria.

Table 4.4.1: Tests of Between-Subjects Effects of Team-based Learning Strategy,
Project-based Learning Strategy and Gender on Senior Secondary School
Students’ Achievement in Ecology in the Abeokuta Metropolis, Nigeria

Dependent Variable: Posttest

Source Type 1 Df Mean F Sig. Partial
Sum of Square Eta
Squares Squared

Corrected g7 3450 6 47.891 56.602  0.000  0.802

Model

Intercept 288.913 1 288.913 341462  0.000  0.803

Pretest 60.277 1 60.277 71241 0.000  0.459

Strategy X 170 028 5 34.006 40.191*  0.000  0.705

Gender

Error 71.073 84 0.846

Total 21195000 91

Comected  35¢ 418 90

Total

a. R Squared = 0.802 (Adjusted R Squared = 0.788)

* denote significant at p < 0.05
Source: Researcher’s Fieldwork, 2025

From Table 4¥:1: The Analysis of Covariance (ANCOVA) result on the effects

of team—based\lcarning strategy, project-based learning strategy and gender on Senior

Secondaxy School Students’ achievement in Ecology; Fs, 84y =40.191, p < 0.05, partial n?

=107705. This implies that students' performance is not only affected by the teaching

strategies used but also by how these strategies interact with gender. Therefore, the null

hypothesis (Ho7) is rejected. Thus, there was significant interaction effect of team—based

learning strategy, project-based learning strategy and gender on Senior Secondary School

Students’ achievement in Ecology.
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Table 4.4.2: Estimated Marginal Means of Team-based Learning Strategy, Project-
based Learning Strategy and Gender on Senior Secondary School
Students’ Achievement in Ecology in the Abeokuta Metropolis, Nigeria
Dependent Variable: Posttest

Gender  Strategy Mean Std. 95% Confidence
Error Interval

Lower Upper
Bound Bound
Project-based Learning 15.6722 0.233 15.209 16.135
Female Team-based Learning 16.1452 0.224 15.699 16.592
Traditional Teaching 13.016° 0.267 12.484 13.548
Project-based Learning 16.027% 0.245 15.540 16.514
Male Team-based Learning 16.3002 0.258 15.787 16.813
Traditional Teaching 13.042° 0.240 12.564 13.519

a. Covariates appearing in the model are evaluated at the following values: Pretest =
11.13.
Source: Researcher’s Fieldwork, 2025

\\
From Table 4.4.2: The estimated @xal means of posttest scores provide

insight into how different instructio@tegies; project-based learning, team-based
learning, and traditional tea@hﬁ@affected male and female students’ academic
achievement in Ecology F@f@cgale students, those taught through team-based learning
achieved the highest posttest score of 16.145, followed by those taught through
project-based 1 Q with a mean of 15.672. Female students exposed to traditional
teaching @ed significantly lower average score of 13.016. Similarly, male students
also @tmed best with team-based learning, scoring a mean of 16.300, slightly higher
\&heir female counterparts. Those taught through project-based learning had a mean
score of 16.027, while those in the traditional group scored the lowest at 13.042. The
consistency in pattern across genders highlights a clear trend: both team-based and

project-based learning strategies significantly improved academic outcomes in Ecology

compared to the traditional teaching strategy, with team-based learning being the most
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4.3

effective overall. Although male students had slightly higher scores in each strategy, the
differences between genders were minimal, indicating that the observed gains are largely

attributable to the instructional strategies rather than gender alone.

Discussion of Findings

There was a significant main effect of team—based learning str. Q\Ol senior
secondary school students’ achievement in Ecology. This indicates @t} dents taught
with team-based learning performed markedly better than tha ht with traditional

strategy. This outcome aligns with the findings @n%e study "Implementing

Team-Based Learning in the Life Sciences" where sed learning promoted student

engagement, collaboration, and deeper d@ding of scientific concepts'. The

structured nature of team-based learning ¢ erized by pre-class preparation, readiness

assurance testing, and application%%ed group tasks clearly contributed to improved
.

performance. This supports t@ or adopting team-based learning in science education

q@ﬁctive participation, especially in large classes or virtual

N\

settings. QQ

T '@ findings also align with the findings of a study carried out in Abia

to foster accountability,

State, @re students in the jigsaw learning team, a similarly collaborative strategy, also
pe@ed better than those taught traditionally, although the latter study's difference was
not statistically significant?>. This suggests that when properly implemented, structured
group learning significantly enhances academic outcomes in Ecology. Similarly, this
study outcome aligns with the results of the cooperative learning study: "Cooperative

Learning Approach as Innovation to Improve Students’ Academic Achievement and
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Attitude in Teaching Biology," which reported a higher percentage improvement in the
experimental group’s academic achievement compared to the control group, though the
difference was not statistically significant®. The team-based approach employed in this
study, with its emphasis on collaboration, accountability, and peer interaction, seems to
yield a more pronounced impact on student learning than the general cooperative
strategies previously examined. Q

The study result supports the meta-analytic conclusion that g@sed learning
strategies significantly enhance student achievement from the ‘@xalysis titled "Group
Work Enhances Student Performance in Biology: -Analysis®." Both studies
underscore the value of structured collaboration in ing deeper understanding and
improved outcomes in science education, p W&@y when such strategies are sustained
and assessed. This study result also % h the meta-analysis findings, titled "The

R

Effect of Computer-Supported Col beative Learning on Academic Achievement: A
Meta-Analysis Study," whic %\bﬁ a moderate effect size for Computer-Supported
Collaborative Learning \&‘L), confirming that structured peer collaboration; whether
digitally facilitated o inh-person positively influences student achievement®. Both studies
suggest that ative engagement enhances understanding, particularly when learning
involv cgﬁ)lex concepts such as Ecology.

Q here was significant main effect of project-based learning strategy on Senior
Secondary School Students’ achievement in Ecology indicates that students who engaged
in project-based tasks performed considerably better in Ecology than those taught

through traditional strategy. This finding align with the outcomes of the STEAM-

integrated model study titled: "Development of Project-Based Learning with STEAM
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Approach Model Integrated Science Literacy in Improving Student Learning Outcomes,"
where project-based learning effectively enhanced students’ grasp of ecosystem concepts,
demonstrated by an N-Gain score®. In both cases, project-based learning allowed students
to explore scientific concepts more deeply through hands-on tasks, problem-solving, and
real-world applications; key elements for developing science literacy and improving
academic achievement. Q

Students taught using this strategy performed notably better t@ir peers who
received instruction through the traditional strategy. This f@ resonates with the
outcomes of the Field Trip Teaching Strategy (FTIS e%red in this study titled:
“Effect of Field Trip on Secondary School Student aQemic Achievement in Ecology
in Anambra State”, where students engaged in riential learning also showed superior
performance compared to those taug%fab ventional lectures’. The success of both
project-based learning and field t khighlights a common thread; active, student-
centered instruction that 1m1&&%s learners in real-world tasks. This strategy not only
promote deeper unders‘t@%but also help bridge the gap between classroom theory and
practical applicat Q

Tt@g confirms that students who participated in project-based activities
d Si

perfor gnificantly better than their counterparts who were taught using the
co@ional strategy. This outcome aligns closely with the study on “Effectiveness of
STEM Problem-Based Learning on the Achievement of Biology among Secondary
School Students in Kebbi State,” which emphasized inquiry and student-driven

exploration. By allowing students to engage in hands-on tasks, construct knowledge, and

investigate real-world biological problems such as diffusion and osmosis, project-based
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learning facilitates deeper understanding and long-term retention®. The improvement in
achievement supports the notion that activity-based instructional strategy, like Project-
Based Learning and STEM- Project-Based Learning, enable learners to process and
internalize concepts more effectively than passive listening.

There was no significant main effect of gender on Senior Secondary School
Students’ achievement in Ecology. The analysis showed no statistically si %n‘[ main
effect of gender on students’ academic achievement in Ecology. This\indiCates that male
and female students performed comparably, regardless of the @ional strategy used.
This outcome contrasts with widespread gender stereo e%orted in the longitudinal
study titled: “High School Students’ MathematiQ Science Gender Stereotypes:
Relations with their STEM Outcomes and oq@rs’ Stereotypes,” where parents and
students increasingly perceived male as m%gapable in science subjects’. The finding is
encouraging, as it suggests that %} students are given equal access to learning
resources and innovative tea@ strategies, such as Ecology-focused active learning,
gender does not inhc& determine academic performance. It also implies that
equitable instrucﬁ@%ategies can help neutralize the impact of stereotypical gender
belicfs. 5\\%

&e esults revealed no statistically significant main effect of gender on academic
@%ment. This means male and female students performed similarly in Ecology,
regardless of the instructional strategy applied. This finding contrasts with the Ghanaian
study titled: “Gender Differences in Academic Performance of Students Studying Science,
Technology, Engineering and Mathematics (STEM) Subjects at the University of

Ghana,” where male were found to outperform female in STEM subjects at the Senior
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High School level'®. The absence of a gender gap in the study suggests that the use of
engaging and equitable teaching strategies may help neutralize the influence of gender
stereotypes, especially when students are equally supported in the classroom. It supports
the assertion that teaching methodologies play a pivotal role in reducing performance
disparities and empowering all learners.

The results indicated no statistically significant main effect of ge Qﬁmden‘[s’
academic achievement. This finding aligns with the conclusion dravﬁij e referenced
hands-on Biology study titled: “Learning Biology for Sustaievelopment Using

%hich similarly found no

Hands-On Strategy: Can Gender Achievement Gap Red

significant difference in academic performance bet ‘% ffale and female students'!. Both
studies suggest that when students are E xposed to structured instructional

strategies whether conventional or acti\ﬁé; ased; gender alone does not determine

achievement levels. This challenges \e\sglstent assumptions about inherent gender-based
academic capabilities in scie{é\}jects, indicating that other factors such as teaching
quality and classroom c@%‘ﬁent may have greater influence.

The resulﬂ%ﬁ' hypothesis revealed no statistically significant effect of gender
on acadetn;\ﬁ\c' vement, suggesting that both male and female students performed
similarly, in Ecology. This finding resonates with the conclusion from the Talent Learning
M@’Qment Systems (LMS) study titled: “Assessment of the Academic Performance of
SSII Male and Female Biology Students Taught Using Talent Learning Management
Systems (LMS) and those taught with Expository Method,” which showed no significant

difference in the academic performance of male and female students taught with either

Talent Learning Management Systems (LMS) or the expository method. These findings
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challenge the stereotype that one gender performs inherently better in science subjects
than the other. They also affirm that when exposed to effective teaching strategies, both
male and female students have equal potential to succeed!?.

The result indicated no statistically significant effect of gender on academic
achievement, suggesting that male and female students performed similarly in Ecology.
This outcome contrasts with findings from the Kano State study titled: iment of
Students’ Performances in Biology: Implication for Measurements{and™Evaluation of
Learning,” which reported that male students con51stent1yforrned female in
Biology achievement tests'?. The difference in these S reﬂect the influence of
instructional context and the quality of learning str dopted. While the Kano study

study implemented practical and enga instructional strategies that may have

relied on performance in standardized tes g@sd‘@rehablhty was later questioned; the
equalized learning opportunities fc& genders. This suggests that when students are
taught with inclusive and {C%s learning strategies, the gender gap in academic
achievement can be s1gr\ ly reduced.

There wa@?cant interaction effect of team—based learning strategy, Project-
based lea Alegy and gender on Senior Secondary School Students’ achievement in
Ecolog@w the highest academic performance recorded among students, both male and
fe@who were taught using team-based learning. This confirms the strong influence of
team-based learning on learning outcomes, consistent with its documented success in life
sciences education. The findings support the notion that team-based learning fosters

deeper cognitive processing and knowledge retention regardless of gender from the study

“Implementing Team-Based Learning in the Life Sciences: A Case Study in an Online
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Introductory Level Evolution and Biodiversity Course”. In the online evolution and
biodiversity course cited, students expressed a stronger sense of belonging and ownership
of their learning through team-based learning, a reflection echoed in the study where
strategy had more impact than gender'.

The interaction of strategy and gender confirmed that students, regardless of
gender, performed best when taught using the team-based learning strate %wed by
project-based learning, with traditional teaching yielding the least{performance. This
underscores the adaptability and inclusiveness of these str While the jigsaw
learning study in Abia State emphasized the need for v i@ interactive strategies to
support comprehension, the study provides robu Qtical backing to confirm the
effectiveness of such approaches, especially, wlaglstructional design considers gender
inclusivity and engagement?. ’bb

A significant interaction wg&%wed between instructional strategy and gender,

.
confirming that team-based @ng had the most substantial effect on achievement,
regardless of gender. '@the Cooperative Learning study: "Cooperative Learning
Approach as Innb@% to Improve Students’ Academic Achievement and Attitude in
Teaching Bi " showed slight but similar improvements in student attitudes in both

he ex@

t tal and control groups, it did not establish statistical significance’. In
co@, this study’s results clearly support the robust impact of well-structured,
interactive teaching strategies on academic achievement across genders.

Students, regardless of gender, achieved best when exposed to both strategies.

This finding echoes the effectiveness of the integrated STEAM project-based model,

which promoted inclusive learning and resulted in marked performance gains for all
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students®. The evidence suggests that combining varied, student-centered strategies
provides a balanced, engaging, and equitable classroom environment that enhances

overall academic success.
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5.1

Chapter Five
Conclusion

Summary of Findings

This study determined the effects of team and project-based learning strategies on
Senior Secondary School Students’ Achievement in Ecology in the Abeokuta Metropolis,
Nigeria with total of 91 participants (44 male and 47 female students) fro%he three
randomly selected schools for the study; Abeokuta Grammar S ituated in
Abeokuta North LGA, assigned to Experimental Group A, wheru ts received the
Team-based Learning (TBL) strategy as the treatment c g 31 participants (14
male and 17 female students). Rev. Kuti Memorial Gr@ar School, Abeokuta, situated
in Abeokuta South LGA, assigned to Experimen%&p B, where students received the
Project-based Learning (PBL) strategy as t%rtbatment comprising 33 participants (15
male and 18 female students). Nawai@n Grammar School, Obantoko, situated in
Odeda LGA, assigned to Controi\\' up C, where students taught using the Traditional
Teaching Strategy comprisi@&c?participants (15 male and 12 female students).

From the A a@of Covariance (ANCOVA) results: There was significant main
effect of tea Qd learning strategy on Senior Secondary School Students’
achievem@logy (Fa;55=160.770, p < 0.05, partial n*> = 0.745).

’b re was significant main effect of project-based learning strategy on Senior
\&e%ldary School Students’ achievement in Ecology (F;57 = 79.050, p < 0.05, partial n?
=0.581).

There was no significant main effect of gender on Senior Secondary School

Students’ achievement in Ecology (F(1;ss) = 0.002, p > 0.05, partial n*> = 0.000).
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There was significant interaction effect of team—based learning strategy, project-
based learning strategy and gender on Senior Secondary School Students’ achievement in

Ecology (Fs;84)=40.191, p < 0.05, partial n> = 0.705).

5.2 Conclusion
The study conclude that team-based and project-based lea Q%rategies
significantly enhanced students' academic achievement in Ecology. Although gender
alone showed no effect, both male and female students ber@‘equally from these
innovative strategies. The combination of team- and project-based strategies proved most

effective, highlighting the need for innovative and -centered teaching strategies in

Secondary School Ecology classrooms. er

\Q’b

Based on the findings {C% study, the following recommendations are made:

5.3 Recommendations

1. Schools shout @% and integrate team-based learning strategy into
the teh@%f Ecology to enhance students’ academic achievement.
2. &\u' stakeholders should provide resources and time allocation
ﬁupport project-based activities.
. Instructional approaches should focus on individual learning needs rather than

\*

4. The education system should institutionalize team-based and project-based

gender-based differences.

strategies as core instructional methods, regardless of gender differences.
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5.4

5.4.1

5.4.2

Contribution to Knowledge

The study contributes to understanding the effectiveness of team-based and
project-based learning strategies in enhancing senior secondary school biology students'
academic achievement in ecology. It provides insights into innovative pedagogical
approaches that can improve students' understanding and retention of ecological concepts.
The research adds to the existing body of knowledge on student-c Q%eaming

approaches and their impact on academic achievement in science educatioff:

Implication for Researchers %

The study's findings can inform future resea ghe design and implementation
of team-based and project-based learning tw@s in science education. Researchers
can build upon this study to explore the l(ﬁé;;rm effects of these strategies on students'

°

academic achievement and motivati%jl.\' Ee research methodology and instruments used

can serve as a reference for fi &?&tu 1es on similar topics.

Implication for Pra %ners

Te C@nd educators can adopt team-based and project-based learning

strateg@to enhance students' understanding and achievement in ecology and other
sc@ subjects. The study's findings can inform the development of teacher training
N/
programs and professional development workshops on innovative pedagogical
approaches. Practitioners can use the research's recommendations to design and

implement more effective and engaging lesson plans, promoting student-centered

learning and improving academic achievement.
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5.5

Suggested Area for Further Research

Based on the findings of this study, further research is recommended to explore
the long-term effects of team-based and project-based learning strategies on students’
retention and application of Biology concepts beyond classroom assessments.
Comparative studies could also be conducted across different subjects and educational
levels to determine the broader applicability of these strategies. Addi @, future
research should examine the influence of cultural, socio-economic}, and*psychological
factors on performance, particularly in science subjects. It @1% be valuable to
investigate the effectiveness of these instructional I c es in rural and under-
resourced schools, where access to quality teachl@e ods is often limited. Finally,

studies focusing on the development and; V@Oﬂ of more reliable strategies are

essential to ensure accurate measuremen udents’ academic abilities across diverse

learning environments. &
° &
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Appendix I
Ecology Achievement Test

Instructions:
In Section A: Please provide an appropriate answer to the following questions
In Section B: Please shade only one answer at a time from the given options
Duration: 45 minutes

Section A

Demographic Characteristics of Participants \

School Name: o
N\
Gender: Male ( ) Female ( ) <
Section B &
1. Which of the following is the primary source of energy in system?
A) Soil
B) Sunlight Q
C) Water Q
D) Oxygen Q
2. Which of the following is an example of &bﬁc factor in an ecosystem?
A) Temperature fb
B) Rainfall \( >
C) Plants \
D) Soil pH . @

3. Inafood chain, which %g?m is usually the producer?
A) Herbivore . A

B) Carnivore \
C) Plant Q
D) Omnivor

4. Whic@f llowing describes the role of decomposers in an ecosystem?
A)*They=€onsume producers.
y break down dead organisms and recycle nutrients.
hey feed on herbivores.
They produce oxygen for the system.

5. Which of the following is an example of a mutualistic relationship?
A) A lion hunting a zebra
B) A bee pollinating a flower
C) A tick on a dog
D) A bird eating ticks from a buffalo

6. Which of the following best describes an ecological niche?
A) The physical location where an organism lives
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B) The organism's role in its environment
C) The species' diet
D) The predator-prey relationship

7. What term is used to describe the gradual and predictable changes in species
composition in an area over time?
A) Ecological succession
B) Biodiversity
C) Natural selection

D) Population density \

8. Which of the following terms refers to the maximum number @Viduals an
environment can support? < \

A) Carrying capacity &
B) Population density 0
C) Habitat

D) Reproductive rate

9. The movement of energy through an ecosyster@);t represented by which of the
following?

A) Carbon cycle er
B) Water cycle b
C) Food chain fb

D) Nitrogen cycle @

10. Which of the following rep n abiotic factor in an ecosystem?
A) Fungi

B) Rock \
R
D) Algae Q\

11. What is the %m purpose of photosynthesis in plants?

A) To &Ql' oxygen

B) T@ down glucose

C)Ao store energy in the form of glucose
% release carbon dioxide

\2/ n a pyramid of biomass, which level has the greatest amount of biomass?
A) Primary producers
B) Primary consumers
C) Secondary consumers
D) Tertiary consumers

13. What type of organism is most likely to be a primary consumer?

A) Herbivore
B) Carnivore
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C) Omnivore
D) Decomposer

14. Which of the following is an example of a non-renewable resource in an ecosystem?
A) Air
B) Water
C) Soil
D) Fossil fuels

15. Which of the following is a characteristic of a stable ecosystem? \
A) High biodiversity and many niches
B) A lack of species interactions

C) A simple food chain < O
D) Limited competition &

16. Which of the following best defines a biome?
A) A small area where specific species live
B) A region with similar climate and vegetation

C) The role of a species in an ecosystem
D) The total number of species in an area Q

17. Which of the following is a primary effe@eforestaﬁon?
A) Increased biodiversity
B) Decreased carbon dioxide in th@osphere

C) Increased soil fertility
D) Loss of habitat for wildl &

18. In an energy pyramid, t ergy available decreases as you move up because
A) Energy is used'f oduction
B) Some energ as heat
C) Energy 1s§§ n dead organisms
D) Orgams not consume enough energy

19. Whatte \15 used to describe the relationship between organisms of different species
liviag together in close physical proximity, often to the benefit of both?

mpetition
&Commensalism
\/ ) Symbiosis
D) Parasitism

20. Which of the following cycles involves the process of nitrogen fixation, nitrification,
and de-nitrification?
A) Carbon cycle
B) Nitrogen cycle
C) Water cycle
D) Oxygen cycle
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Appendix II
Ecology Achievement Test
Marking Guide

7. A Q
Q

8. A >

9. C ’bb

181



Appendix 11T

Instructional Guides for Teaching and Learning
Instructional Guide for Experimental Group A

Lesson Note 1

Teaching Ecology using the Team-based Learning Strategy

Topic: Introduction to Ecology

Grade Level: Senior Secondary School (SSS) II

Duration: 2 class periods (90 minutes each)

Learning Objectives:

e Understand the basic principles of ecology and the cog

Q

R

ents of ecosystems.

¢ Analyze the interactions between biotic and abi@fa ors in an ecosystem.

e Apply ecological concepts to real—worl@narios through teamwork and

problem-solving.

2

Presentation: \Q’b
O\
Content Time | sﬁeacher’s Activities Students’ Activities
Development (Mins) ‘\
N Class Period 1
Introduction Greet students and introduce | Listen attentively to the

&, .
2

the topic of ecology.

teacher's introduction.

assist students as needed.

Collect the quizzes after 20

minutes.

Provide an overview of the | Ask  questions  for
. 5\% lesson structure and explain | clarification on the
0 the Team-based Learning | TBL  structure and
6 (TBL) approach. objectives.
be State the learning objectives
‘» for the lesson.
Individual 20 | Distribute the 10-question | Complete the iRAT
Readiness multiple-choice quiz based on | quiz individually,
Assurance Test pre-class readings. answering  questions
(IRAT) related to ecological
Monitor the classroom and | concepts.

Review answers before
submitting.
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Team Readiness
Assurance Test
(tRAT)

20

Form teams of 4-5 students
and explain the process for
the tRAT.

Distribute the same quiz for
the tRAT.

Monitor teams as they discuss
questions and come to
consensus on answers.

Work  collaboratively
within their teams to
discuss and answer the
tRAT questions.

Submit  the team's
answers after reaching
consensus.

Feedback and
Discussion

15

Review the correct answers to
the iIRAT and tRAT with the
class.

answer and
misconceptions.

clarify

Encourage and

ques@
facilitate class digeussion.

Provide explanations for eacl<

Engage Q{?\ the

disc @ y asking

questions™ or providing
ments.

ke notes on
explanations provided
by the teacher.

Application
Exercise
Introduction

25

Introduce a udy or real-
world scen elated to an
ecosyst ., the impact of

on local

ity).

the task for teams:
the case study and
biotic and abiotic

| analyze
discuss

Formulate questions
and begin discussing
the case study in their
teams.

Identify  biotic  and
abiotic factors involved
in the scenario.

4'\\ factors, potential ecological | Propose potential
Q\ consequences, and solutions. | ecological
consequences and
'@ Provide guidelines for the | solutions.
s 2 analysis.
Class Period 2
Ted@ﬂfésentations 30 Facilitate team presentations, | Present their team's
Q allowing each team 5-7 | findings and proposed
\/ minutes to present their | solutions to the class.
analysis.
Engage with other
Encourage the audience to ask | teams during the Q&A
questions after each | sessions by asking
presentation. questions or providing
feedback.
Class Discussion 15 Lead a class discussion | Participate  in  the
synthesizing  the  teams' | discussion, sharing
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presentations. thoughts and insights
based on their

Ask guiding questions to | presentations and the

facilitate deeper | information  provided

understanding and connection | by other teams.

to broader ecological

concepts.

Peer Evaluation 15 Distribute peer evaluation | Complete the peer
forms to  assess team | evaluation forms,
contributions. assessing \ their

teamma Q
Explain the purpose and | partigi
criteria for evaluating peers. con 'bu ons to the
m’s work.
Reflective Closing 15 Ask students to write a brie rite a reflective piece
Activity reflection on their lea out what they learned
experience regarding lo during the lessons, how
and teamwork. @ ecological  principles
Q apply to their lives, and
Provide promptg=~or Yguiding | their experience
questions for thgihretlections. | working in teams.
Assessment: \di

1. iRAT and tRAT Scores:

readiness assurance tests.

2. Team Presentation:

understanding of 0@&1 concepts, and audience engagement.

Eva

\\

nd1v1dua1 and team performance based on

&s team presentations using a rubric that includes clarity,

3. Peer Evalu&ons: Review peer evaluations to assess individual contributions and

team or®mics.

4. tive Writing: Evaluate reflections for understanding and personal connections

NoStos
cological concepts.
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Appendix IV
Instructional Guides for Teaching and Learning
Instructional Guide for Experimental Group B
Lesson Note 11
Teaching Ecology using the Project-based Learning Strategy

Topic: The Impact of Human Activities on Local Ecosystems

Duration: 2 class periods (90 minutes each)

Learning Objectives: «Q}
e Analyze the effects of human activities on local ecc@.

e Conduct independent research and synthesize ia ion from multiple sources.

Grade Level: Senior Secondary School (SSS) II \

e Present findings effectively through a chose@dium.

Pre-Class Preparation 6’§
Materials: ®%
e Access to research mater\\' ooks, articles, online databases).
e Art supplies or digi@é?ls for presentations (e.g., PowerPoint, Canva).

e Rubric fo%@nt.

Assignments:
o x
Students‘wi}s e“instructed to choose a specific human activity (e.g., deforestation,

pol@ urbanization) and its impact on a local ecosystem for their project.

\&entaﬁon:

Content Time Teacher’s Activities Students’ Activities
Development | (Mins)

Class Period 1

Introduction to 15 Introduce the project topic | Listen to the introduction
Project and explain its relevance to | and take notes on the project
students' lives and the | guidelines.
environment.
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Discuss the objectives and
expectations for the project.

Provide examples of specific
human activities that can be
studied.

Begin brainstorming
potential topics or activities
to research.

Project
Planning

30

Distribute handouts outlining
the project requirements,
including  deadlines  and
assessment criteria.

Guide students in developing
a project timeline and setting
personal goals.

Encourage students to think
critically about their cho
topics and what qu S
they might want to explore!

Select a specific human
activity to research and
define the sc of their
project.

Create gp) ect timeline,

outlié\g ¢y milestones for

re§eatchy  drafting, and
@ ation.

Formulate research
questions that will guide
their investigation.

Research Phase

Provide guidance e‘&f?ective
Sy, tncluding

research strategi

how to fi edible sources

and anal)&K rmation.

Cirt around the
m, offering support

C
%l% answering questions as
\sStude

nts begin their research.

Conduct independent
research  using  books,
articles, and online
resources to gather

information on their chosen
topic.

Take notes on key findings,
focusing on the specific
impacts of the chosen
human activity on local
ecosystems.

Reflection’ N
Planning f
Ne%lass
QJ’Z}

\%

Encourage students to reflect
on their research process and
any challenges they
encountered.

Explain the next class's focus
on synthesizing research and
preparing presentations.

Write a brief reflection on
their research progress and
any new insights gained.

Prepare questions or areas
for clarification to discuss in
the next class.

Class Period 2

Synthesis of
Research

Provide a mini-lesson on how
to synthesize research into
clear, cohesive presentations.
Discuss  different formats
(e.g., poster, PowerPoint,

Organize their research
findings into a coherent
format, selecting the
medium for their
presentation (e.g., visual
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written report). poster, digital slideshow,
written report).
Offer tips on effective

communication and | Begin creating their
presentation skills. presentations,  integrating
visuals and data as
appropriate.
Presentation 30 Circulate around the room, | Finalize their presentations,
Preparation providing  feedback  and | ensuring  they, clearly

suggestions as students work | articulate human

t
on their presentations. activity's ir&%n he local

ecosyste
Remind students to consider z )

their audience and the best Prao&‘%t eir presentations
way to convey their message. | in ually or in front of a
r feedback.

Presentations 30 Facilitate the presentati esent their projects to the
session,  introducing class, sharing their findings
student and maintainin@ne and the impact of their
limits. Q chosen human activity.

Encourage a pportive | Engage with peers by asking

atmosphen%b prompting | and answering questions

students Y\ questions and | after each presentation.
provid constructive

feed :
Assessment: K(—)\ .
1. Project Marking Guide:"Evaluate each project based on clarity of research, depth of

analysis, creativi ogesentation, and communication skills.

2. Reﬂe(i/ sess students’ reflections on their research process and learning

exper@es.

\3@‘ Feedback: Optionally, incorporate peer feedback on presentations to promote

engagement and constructive critique.
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Appendix V
Instructional Guides for Teaching and Learning
Instructional Guide for Control Group C
Lesson Note II1
Teaching Ecology using the Traditional Teaching Strategy

Topic: Introduction to Ecology

Grade Level: Senior Secondary School (SSS) II \
Duration: 2 class periods (90 minutes each) Q

e Define ecology and explain its importance. @
e Identify different ecological levels (organism, atfon, community, ecosystem,
biome, biosphere). Q

e Understand the relationship between@lsms and their environment.

Presentation: \Q’b
A\

Learning Objectives:

Content Time . her’s Activities Students’ Activities
Development | (Mins) (A\

,\\v) Class Period 1

Introduction to LSQ‘(Bevgin with a brief | Listen attentively and take
Ecology \ introduction to  ecology, | notes on the definitions and

\bQ defining the term and | examples presented.

discussing its significance in

. 56 understanding environmental | Participate in a  brief

0 ) issues. question-and-answer
session to clarify
6 Use a whiteboard or flip chart | understanding.
be to write key definitions and
\/ draw connections to real-

world examples (e.g., climate
change, conservation efforts).

Lecture on 30 Present a structured lecture on | Take detailed notes during
Levels of the different levels of | the lecture.
Ecological ecological organization:
Organization organism, population, | Engage in a guided
community, ecosystem, | discussion, answering
biome, and biosphere. questions posed by the
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Use visual aids such as slides
or diagrams to illustrate each
level, providing examples and
discussing how they
interrelate.

Emphasize key characteristics
of each level and its role in
the study of ecology.

teacher and contributing to
the conversation based on
their understanding.

Review of Key 15 Summarize the key points | Review thei S{tes and the
Concepts discussed in the lecture, | handout u ing they
reinforcing the importance of | understand the content.
each level of ecological
organization. te any remaining
ons about the
Distribute a handout Nmaterial to discuss in the
summarizing the 1ain) | next class.
concepts for students ep
as a reference.
\ QQ
Homework 30 Assign studen H read a | Complete the assigned
Assignment chapter textbook or | reading at home,
selected% related to | highlighting important
ecologyand its importance. information.
@ct students to prepare a | Write a summary that will
icf written summary of the | be discussed in the next
° ey points and any new | class.
Q\ information they learned from
\\\5 the reading.
N\ Class Period 2

y i

DISCU.S \\
1;\d

ncepts

s
oD
N

Begin the class by discussing
the homework assignment,
inviting students to share their
summaries and insights from
the reading.

Facilitate a discussion to
clarify any misunderstandings
and reinforce key concepts
from the previous class.

Present their summaries to
the class, highlighting
significant points.

Engage in discussions,
asking  questions  and
providing input based on
their readings.

Direct
Instruction on
Ecosystems and

Biodiversity

30

Deliver a lecture focusing on
ecosystems, biodiversity, and
the relationships between
organisms and their

Take notes during the
lecture, focusing on key
concepts and definitions.
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environments.

Use diagrams and examples
of various ecosystems (e.g.,
forest, desert, aquatic) to
illustrate concepts.

Highlight the importance of
biodiversity and the role it
plays in maintaining
ecological balance.

Participate in interactive
questioning to check their
understanding  of  the
material presented.

3\

Class Activity: 15 Administer a short quiz | Comple the quiz
Quiz on Key covering the material | independent]y,

Concepts discussed in both class derxéﬁz‘ra ng their
periods. The quiz should L@S nding  of  the
include multiple-choice an pts covered in the
short-answer  questions _.on [Nessons.
ecology and ecological 1;@

Conclusion and 15 Summarize the mainSpoints | Reflect on what they have

Reflection from both class pepieds¥and | learned about ecology and
reinforce the nce of | its significance.
ecology in rstanding
environme es. Share any thoughts on how

\Re the knowledge gained can
Discugs\ t importance of | be applied to real-world
co@ learning in this | environmental challenges.
ﬁ? nd its relevance to real-
. &r d applications.
Assessment:

° \*V
1. Quiz: EvalanJ?
immedia('f@yk.

ents' understanding of key concepts through a quiz, providing

2. Homework Summary: Assess the quality and depth of the written summaries for

\ujéganding and engagement with the material.

3. Class Participation: Monitor student engagement during discussions and lectures to

gauge their interest and comprehension.
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