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Abstract

This study investigated predictive modelling of Teachers’ Workload, Classroom Management
Practices and Students’ Factors on SSS2 Students’ academic performance in Chemistry in
Southwest Nigeria. Since most of the variables in behavioural science are categorical variables,
there is need to use statistical tools that would correctly categorize data into different groups
and predict academic performance from data from which reliable deductions could be drawn.
Also, there is dearth of studies on predictive capabilities of Al algorithms in the pr:
students’ academic performance of students especially in African contexts. Con

study leveraged machine learning algorithms to investigate the features that co ontgibute
mostly to the performance of machine learning models in the prediction acad ormance
of students in Chemistry. Four research questions guided the study, and thr ories, Job
Demand-Control Theory, Behaviourist Theory and Social Learnifig Th provided the
needed insights into the study. The study adopted cross se | "sgsearch design. The
population of the study comprised all the senior secondary sch ents in the Southwest
Nigeria. Multistage clustering sampling technique was use ection of participants.

ates mto three states in the south-
west Nigeria. Each of the clustered states was stratifféd Mto three senatorial districts, and all
the chemistry teachers in the sampled schools wec ed for the study. Four research
instruments were developed for data collect{o include Teacher Workload Rating Scale
(TWRS), Teacher Classroom Management stionnaire (TCMSQ), Students Factors
Questionnaires (SFQ), and Chemistry Ach est (CAT). The reliability coefficients of
the instruments were established by u ronbach Alpha with reliability coefficients in the
range of (0.6-0.75). Data collected %sed by using machine learning algorithms which

include Gradient Boosting Mod ion Matrix and SHAP analysis. Results revealed that
XGBoost achieved the highe efall test accuracy (0.6622) and a cross-validated F1-score
(0.6313+ 0.01422). Howeves, Giadient Bosting exhibited strength in multi-class prediction F1-

icved the highest Test ROC AUC (0.7714) which indicated a high-
n the classification of students on achievement basis. The most
influential featu ntributed to the performance of the model in the prediction of students’
academic p in chemistry was Teacher Non-Academic Workload (0.087354). Also,
the study% hat the model correctly predicted the academic performance of 160 students
a ura%, AP analysis (Shapley Additive exPlanations) revealed that Teacher Non-
A‘c%ﬁl‘ orkload was the most impactful feature in the prediction of student chemistry
performtance. The study concluded that a teacher’s daily workload is a far more powerful driver

of students’ success. The study recommended among others that urgent intervention is needed
to address the issue of teacher’s workload in secondary schools.

The process of data collection involved clustering of s

1
1

Keywords: Academic Performance, Teachers’ Workload, Management Skills, Students’
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Chapter One
Introduction

1.1  Background to the Study

Science education has contributed significantly to the strengthening of the economic indices of
nations. Most of the developed nations rely on the inputs from science ag %

positioning their economies on the paths of growth and development,{thisNas Jyesulted in

y in

upwelling of interests and commitments to STEM education. &is component of

physical science and has been playing a crucial role in the e perity of nations. So,

its study in schools and colleges should be given due
and learning based on its relevance. %

°
Through the study of chemistry, the concepts attéi\in terms of structures and properties are

enhance effective teaching

\ )

better understood. Consequently, ChQ% defined as the study of the composition,
properties, uses and structure of

s the study of composition of matter, its properties

and changes it undergoe$§, I opinion of the researcher, the knowledge of Chemistry is
applied in medicin acy, metallurgy, textiles industry, glass and cement industries,
paints, pet leug, %@ rocessing industry, plastics and agriculture. The application of

chemistry i areas has contributed to the establishment of manufacturing industries and

su@ vibrant economy.

However, a lot of chemical and physical changes that could have been assumed as the wonders
of the world have been explained by the knowledge of Chemistry. For example, it is common
knowledge that corrugated iron sheets could turn brown when exposed to air and water. The

knowledge of Chemistry has helped us to understand the reason for this observation. So, the



need for a sound knowledge of the subject cannot be overemphasized. This was corroborated
with this statement that chemistry education is a necessary ingredient for becoming self-reliant,
earning a living and contributing towards building a sustainable national development®. The
need for a strong science and technology system for the citizenry through emphasis on the pre-
requisites for the knowledge-based economy and innovation was reechoed®*. This oBservation
was also captured in the Policy Brief for Science, Technology and Innovati igcria is
operating in a world that is shaped by scientific discovery and revolutionary tec ies which

are transforming communication, learning and economies °.

It was emphasized that innovations resulting from these rf€s through science and

technology are responsible for the establishment of ies, creation of a wide array of

new jobs that otherwise would not have been possi
°

and their competitiveness”. The reliance of t%

technology was rearticulated in the ec ¢ blueprint for the nation tagged vision 20:2020.

.
Therein, manufacturing industr@

of the objectives of the visign.

e,t mproving the economies of nations

economic development on science and

entified as critical components in the implementation

)

Also, it was ob % objectives of the vision have not been achieved after many years
gw

of conceptio or implementation of the vision®. Consequently, Nigeria was ranked 116
out of 14% s in the global competitiveness index in GDP, markets, money, trade, prices,
busihgss energy’. This position was traced to poor quality Mathematics and Science
Education in senior secondary schools. This does not speak well of a country that prides herself
as the giant of Africa. Since chemistry is a contributor to the prospects of the industrialization
of the country through science and technology, there is need to ensure its quality teaching and

learning in secondary schools, being the first contact where the subject is first introduced to



learners. So, having a model that could predict how students would fare in learning chemistry
will be an intervention that will enhance quality and its sustainability in terms of teaching and
learning chemistry in schools. Consequently, this has brought about the need to investigate
some factors that are perceived to influence the academic performance of students and establish

their predictive capabilities on academic achievement of students in Chemistry.

Though some research had been carried out earlier that was aimed at ensuri

and improvement of the teaching and learning of chemistry in schoolsp For >, in a study

on achieving effectiveness in secondary school classrooms, using trigtivist approaches, it

was stated that factors such as abstract nature of chemistry, [y*of chemistry concepts,

inappropriate and inspiring teaching techniques co e stimulation of learners in the
learning of chemistry!. The abstract nature of the s t may promote rote learning and
.

memorization of concepts, which may impet§ ation of newly acquired skills in a new

environment, as learners could easily &{Z he chemical concepts to pass examination.

LY

Despite the invaluable contri ese studies to the teaching and learning of Chemistry,

it is evident that much work 8till fieeds to be done in a bid to improve the academic achievement

of students. For, ‘s‘ﬁ. comparison of grade Eg, the pass grade with grade B», the grade
%y

that forms the b between distinction and credit, from year 2019 to 2024 in the West

African % ools Certificate Examination shows that majority of the candidates that

pas% istry with qualifiable grade for admission had Cé.



Table 1.0 Comparison of the Percentage Cumulative Frequencies of Candidates that got

E& with Candidates that got B2 in WASSCE School Candidates, 2019 -2024

2019 2020 2021 2022 2023 2024
B266(6.18) B266(24.07) B266(11.04) B265(12.16) B265 (2.63) B268(23.48)
E833(97.35) E833(97.35) E833(96.12) FE832(98.02) E832(91.64) E835(96.27)

Source: WAEC

The trends in the performance of candidates in the years under review could be scgn

In the year 2019, 66 was fixed as the benchmark for grade B2. However, 6 %

total candidates that wrote the paper made B2. Also, grade E8 wa; egg&% and 97.35

percent of the total candidates that sat the paper made that gradg ¢ % 95 candidates that
1

sat for the paper. From this analysis, it could be inferred tha of the candidates fell

within grade E8 region which indicated that 97.35idates that sat the examination

scored E8 and above. The same trend could be observ other years, even when grade B2
°

was reduced by 1 mark from 66 to 65 in t}(‘%w and 2023. However, in the year 2024,

the performance was better when com Nl previous years. The benchmark for grade B2

LY
in 2024 was 68 and 23.48 perc@tal candidates who sat the paper made the grade. The

benchmark of grade E§ was 3 6.27 of the total candidates who sat the paper made the
grade and above. A 62,478 sat the examination. Though improvement in performance
was noticedNin the, year'2024, this does not rule out the fact that the performance of candidates
in chemi t been consistently improved over time.

Co e%upon this development, the researcher is investigating the likely variables that

could be responsible for the poor academic achievement of candidates in chemistry, such as

teachers’ workload, classroom management skills and students’ factors.

Teachers’ workload is the academic and administrative tasks that teachers carry out in schools

to achieve a purpose. Teacher’s workload is the totality of academic work and committee



workload that are assigned to a teacher for the attainment of the overall educational objectives
in a school®. It is seen as the tasks that must be completed within a specified period of time’. It

is observed that high workload is a challenge among secondary school teachers ®.

A direct relationship between academic achievement of students and the amount of the
workload of teachers was reported’. It was equally stated that teachers would no in their
best in an environment where they would shoulder multiple responsibilitie 1d affect

their performance °. Heavy workload on teachers has forced man ienced teachers to

resign from teaching profession making it unattractive to the you

The components of teachers’ workload include planning inglef lesson notes, filling out

diaries, marking of registers, evaluation and reco assignments and examination

outcomes'!. Also, teachers’ workload may b~e 0 ecause of their likely appointments
ments which could be in the form of

as Heads of Department and undertakin e

taking up of ad-hoc responsibilities QX‘[ others!!. In addition to workload, classroom
management was consider aﬁ\%f: actor that could affect the academic achievement of
students as posited in ° e;%u ht’, an e-book. Classroom management is the conscious
manipulation oyment of several strategies, rules and limitations to create an
environmen & ents can learn effectively '2. Classroom management involves setting
clear ex % and consequences, establishment of clear learning goals; provision of flexible
learhing Is; taking a personal interest in students, usage of equitable and positive class
behaviours; utilization of strategies to manage the high needs of students!’. Classroom
management is conceptualized as orderly control of students, the classroom environment and

teaching materials to achieve learning objectives which can enhance the academic achievement

of students'*. It is viewed as a process that involves the organization of certain academic tasks



which are essential for effective teaching and learning in a specific set-up'>. Classroom
management is also conceptualized as the arrangement of teachers and students, seats and
creation of proper walkways in the classroom which involves adequate and proper positioning
of other classroom furniture to facilitate effective teaching and good learning atmosphere. In
addition to this, teachers’ instructional effectiveness was considered as a co nent of

classroom management!®.

The components of classroom management were also stated to includgglearhing gs, routines,

classroom rules and social expectations, correction and discipli ement, praise and

consistency. It was emphasized that encouragement and pr: ould be used to promote
inclusivity which allows every learner to respond pesi %o learning. The introduction of

incentives like treats or short breaks for attentivenes participation were advocated. In

°
addition to this, classroom rules and socia%&\‘qzu s are assumed to significantly reduce
disruptive behaviours during teaching Qﬁ(
ati

.
classroom management practice @1

The importance of classr: gement was explored and includes the establishment of a

g!”. Furthermore, the effective application of

onal to students’ academic achievement'3.

positive learning m& t for learners and productive environment for teachers by allowing
learners to o% the specific routines and procedures'. It was also stated that if
classroo are working well, it would open door for effective teaching and learning
whi h%%measured in the learning outcomes'*:

Reflecting on the opinions of some teachers that effective classroom management makes
teaching easier, because the teacher gets the full attention and concentration of students 2.

Effective classroom management sets the stage for teaching and learning?!. Good classroom



management is aimed at setting a tone in the classroom for capturing students’ attention which
also serves as a necessity for effective teaching and learning'>.

In addition to this variable, students’ factors are also considered as likely factors that could
influence the academic achievement of students. It is seen as constructs that are within or

outside the control of students which could also influence students’ academic achievement. It

is argued that factors from the context of school setting and other factor %a itude
&

towards learning, student self-efficacy and peer relationship could influe academic
achievement of students®?. Attitude is the mindset that stude towards learning. A
positive attitude to learning could improve students’ academ nt in chemistry?2.

These are considered as the chief factors that could affe ingvand learning?. Beyond this

concept, parents’ level of education could affect the 1c achievement of students?*. Time

spent in the library, gender and age could affegt students’ academic achievement. The

popular construct that was held by ma:'%cya he researchers about students’ factors and

academic achievement is family d which is presumed could also affect academic
achievement of studentseas support that is provided by the family could instill

necessary Conﬁdenxe ents?. In line with this opinion, academic achievement of
]
af

students could Q\ ypersonal and family factors which include socioeconomic factors,

class attend%ig school grades, self-efficacy and attitude?®.

The i t e aforementioned factors varies from region to region and differs in cities and
rural a across the country. This difference in observation might be because of diverse data
measurement methods and the quality of the content of each study within and outside the

country?’. Students’ academic achievement was linked to students’ learning skills, parental



background and peer influence?®. It is argued that procrastination and laziness vary in both their
essence and the influence they have on human activity?’.

From this discussion, it can be deduced that there is still room for improvement if appropriate
step is taken and timely intervention is deployed in improving academic achievement of
students. However, it was observed that the previous research had significant litthe impact
because they focused on only a few factors that could influence academi ement of

learners, thereby leaving other factors out.

Also, the statistical methods that were deployed in these studies t limitations which

restricted the earlier research from comprehensively examining ation of variables that

could influence academic achievement of stude istry. Consequent upon this

development, their predictive capabilities were comstr and could not effectively predict
.

students’ academic achievement to a reaso B%r of accuracy. So, there is a need to use
0

a well-developed modern data analysi \ y system that will be able to learn from data

.
and detect patterns to predict %\ academic achievement by making use of data from

different variables. %
e

Consequently, t S gap, this study leveraged on the use of advanced machine learning

algorithms b§ral i odels for prediction of students’ academic achievement from teachers’
0

Workload%

Adva machine learning algorithm is a choice of data analysis because it can handle vast

m Management Skills and Students’ Factors.

amounts of data and effectively process multiple variables at a run. This would be achieved by
employing sophisticated algorithms and feature engineering methods which will allow the study
to build robust predictive models that combine and analyze diverse factors that could influence

the academic achievement of students in chemistry. So, this study focused on teachers’

8



workload, classroom management skills and some students’ factors that could influence
students’ academic achievement. Predictive influence of the variables used in the study was

investigated.

1.2 Statement of the Problem

credit pass in Chemistry in the external examinations such as

Certificate Examination (WASSCE) and The National Examina ouncil (NECO). To meet

at their entry behaviours will help

understanding of the subject at secondary sghxewl S0

them in higher institutions of learning. T % il facilitate the realization of the vision

for the National Policy of Scienge a %&o
D

grasp the various concept x judging from their poor achievement in public

up with these minimum requirements, it is theref@i t for students to have a good

logy. But sadly, students still find it difficult to

providing empig ‘% to the problem. Some of these studies have narrowed the cause
of this prob gb@ stract nature of chemistry. Despite these interventions, the academic

achievem% emistry students still needs improvement, especially in public examinations.

examinations. To addresktfli roblem, a lot of research has been undertaken that was aimed at

T}N s that much work still needs to be done. To address this issue, this study explored
the capabilities of machine learning algorithms in the prediction of students’ academic
achievement in chemistry from teachers’ workload, classroom management practices and
students’ factors in Southwest Nigeria. By identifying these factors, the research seeks to

provide valuable insights that could help educators and stakeholders improve students’



academic achievement in chemistry. To achieve this purpose, algorithms that are used in
machine learning were used in predicting the features of teachers’ workload, classroom
management practices and students’ factors on academic achievement of students in Chemistry.

The choice of these statistical tools is due to their ability to handle a vast amount of data at a

goal and their high level of precision and accuracy when they are well trained. \

1.3  Aim and Objectives of the Study

The aim of this study is to find out the extent to which academic &'&;w@f students in
chemistry would be predicted from teachers’ workload, class %g

students’ factors.

ent practices and

Specifically, the objectives of the study are to:

°
1. ascertain the level of the comparati & ance of machine learning models for

predicting chemistry achieven& eachers’ workload, Classroom Management

°
Practices and Students F determine the machine learning model that best

b

predicts chemistry’stu ademic achievement.

2. determi ‘t\&\es which are most influential in predicting students’ chemistry
t&a

achlﬁem
% how accurately the best-performing model will classify students into different

istry achievement categories (low, moderate, and high).
4. determine the specific contributions of individual features to the predictions of students’

chemistry achievements.

10



1.4

Research Questions

Answers were provided to the following research questions.

1.5

Which machine learning model best predicts secondary school students’

academic achievement in chemistry?

Which features of teachers’ workload, classroom managemgen %& and
students’ factors are most influential in predicting secon students’

academic achievement in chemistry?

How accurately does the best performing mo% students into different
chemistry performance categories (lo e, nd high)?
What are the specific contributions &f eadlifof the features to the predictions of

.
students’ chemistry achie@

Significance of the %

This study will pr@w\w information that will help:

Students chers

e outcomies of the study will help in strengthening the effectiveness of the

% process in terms of how the classroom environment could be better
\%\ naged to enhance productivity, while knowing that the learners are heterogenous
in nature. The research is also expected to make significant scientific contribution

to the field of science education through the provision of empirical information that

will advance the frontiers of knowledge.

11



Counsellors
To counsel students who have poor attitude and low self-efficacy to the learning of
chemistry. Counselling that could help such categories of students could be

administered to them.

Policymakers and school administrators \“
will make use of the study to develop a better educational syste %pr ote
tot

effective teaching and learning. The findings will also contribu ancement

of knowledge through the inclusion of a new &()f predictive based
investigation which could be applied in future @making. Also, it will
expose the strengths and weaknesses of lated factors and learning
conditions which could be useful for effenning and classroom management.
School administrators * \\

will find the study useful in% ihing the number of periods that should be
allocated to teachers 8 % basis to prevent unnecessary workload that could
reduce their p%\:urthermore, the study would serve as a foundational
resourie o% earch endeavors by paving way for continued exploration and
adv@ the field of Chemistry Education.

ment
%get useful information for the development of the national roadmap on science
\ education which summarily could help in putting the country on the path of

development.

12



1.6 Scope of the Study

The study focuses on predictive modelling of teachers’ workload, classroom
management practices and students’ factors on students’ academic achievement in
chemistry in Southwest Nigeria. The region comprises six states, namely Ekiti State,
Lagos State, Ogun State, Oyo State, Osun State and Ondo State. A mi of ten
schools were purposively selected from Oyo State, Lagos State and e because
the population parameters of Oyo are the same with Osun, L&\' h and Ondo

with Ekiti. The population comprises all the senior

students in southwest Nigeria.

1.7 Operational Definitions of Terms %Q

Chemistry: A science subject thatis@ senior secondary schools and which
comprises metals, non-metals, @anic chemistry, analytical chemistry and

physical chemistry as topic%%tudents are expected to have learnt before sitting
WASSCE and NEC

school2 chemistry

Teachers’ series of school activities that teachers are involved in which

L)
cou be%&n eldted or non-academic related and are usually undertaking through
st %elegation and administration. It consists of instructional workload and non-

ional workload. Instructional workload consists of academic activities that

\ﬁ

chers undertake in schools while non-instructional activities are related to all

activities outside teachers’ academic workload.

Classroom Management Practices: The ability of a teacher to take full control of the

classroom climate during teaching and learning activities to facilitate achievement of

13



behavioural objectives. Instructional classroom management skills address the teaching
methods and non-instructional classroom management skills address the imposition of

rules and discipline in the classroom.

Academic Performance: Describes the scores of candidates in a standardized test. It
also describes the measurable performance outcomes or success at the e udents’

academic programme.

Students’ Factors: Students’ attitude towards chemistry, er&@-efﬁcaoy and
students’ peer relationship. Students’ attitude deals wit et'of students towards

learning chemistry. Self-efficacy describes the beligf t ents have in themselves

to succeed. Students’ peer relationships desé ial relationship among students

which could influence their reading 1~1 i

Predictive Model: It is a type %X‘atical or computational model that offers
recommendations or sug@est] uide decision-making and optimize outcomes in a
specific situation bas Q@ uality and sequence of data being analyzed to forecast

or give a predicti%e based'decision.

‘ \\r
1.8 % of the Study

T@of the study is on predictive modelling of teacher’s workload, classroom

\ gement practices and students’ factors on academic achievement of students. The
study adopted cross sectional research design. The sample size was delimited to the six
states of South-West Nigeria due to time and budget constraints which could affect the
data set. Ten schools were purposively sampled from the target population in Oyo State,

Ten schools in Lagos State and Five schools in Ekiti State across all the senatorial
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districts of the states. Purposive sampling method was used to select schools that were
centrally located and have large number of chemistry students. States were purposively
selected based on the cosmopolitan nature of the states. Questionnaires and achievement

test were used for data collection.
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Chapter Two
Literature Review

The review of related literature is discussed under the following sub-headings:

2.1 Conceptual Review

2.1.1 The Concept of Teachers” Workload \
2.1.2 Teachers’ Classroom Management Practices ®
2.1.3 Students Factors and Academic Achievement &J

2.1.4 Concept of Age and Students’ Academic Performance \

2.1.5 Concept of Academic Achievement Q

2.1.6 Chemistry Education in Nigeria %

2.1.7 Q

Machine Learning Algorithm

2.2 Theoretical Review %
2.2.1 Job Demand-Control Theory . \
2.2.2 Behavioural Theory %

2.2.3 Social Learning Theory \

2.3  Review of Empirical Literat
2.3.1 Teachers’ Workloa n% nts’ Academic Performance
2.3.1.1 Determinants of Teache orkload

ic

2.3.1.2 Teachers’ ‘\ﬁ:r load and Students’ Academic Achievement

2.3.1.3 Teache M\ t in Non-Academic Workload and Students’ Academic

Performance r&

232 C Management Skills and Academic Achievement of Students

28.2.1 tructional Classroom Management Skills and Academic Performance of

2.3.2.2 Relationship Between Instructional Classroom Management Skills and Academic
Performance of Students

2.3.3 Students Factors and Academic Performance of Students

2.3.3.1 Students Attitude and Academic Performance of Students

2.3.3.2 Students Self-Efficacy and Academic Performance of Students
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2.3.3.3 Students Peer Relationship and Academic Performance of Students
24 Conceptual Model

2.5  Summary of Reviewed Literature and Gap
2.1 Conceptual Review

2.1.1 Teacher’s Workload

A classroom teacher is a professionally trained person who is involved in cl ractices,
a knower and a primary source of knowledge and learning to themselves a thers!. So,
creation of an environment for learning has been described as t f fole of a teacher?. To
perform this role efficiently, professionalism and developme achers are emphasized as

the basic ingredients in enhancing efficiency and p % However, teacher’s classroom

professionalism may be watered down by a 16t o etting factors such as workload

°
intensification®. In the opinion of the resea \& el of engagement in the academic and

non-academic activities in the school r% engage the minds of teachers and the quality

.
of the teacher’s productivity @neawred in terms of the academic achievement of

students may be reduced.

The general o ox\% teacher’s workload includes teaching subjects, administrative
Z&Q}

duties, supe students and other activities has been well established by different

scholarE] \% given credence to the opinion that the work of a teacher is multitasking and

stre%

procedure and the nature of the curriculum being implemented®. The administrative demands

e teacher’s workload was discussed in the context of the complexity of assessment

in schools could distract teachers from effective teaching’. It was also argued that teaching is a
difficult task because it encapsulates various stages that are aimed at achieving instructional

objectives®. Teaching is a task that is structured into planning stage, implementation stage and
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appraisal stage. The planning of instructional contents before implementation is very crucial

and important for forming the teaching components and development of pedagogy.

Comparatively, two categories of teachers were identified by scholars as part-time teachers and

9

full-time teachers”. The full-time teachers are fully employed and assume the full

responsibilities of a teacher, while part-time teachers have less academic and

and it was affirmed that it comprises the teaching aspect

extracurricular activities '°. This makes the preparation of les ydelivery of lesson plan
and assessment of student’s homework or classwor e key components of teacher’s
workload'!.

°
2.1.1.1. Teacher’s Classroom Activities K@o}%&n\ets of Workload

Teaching is a process that involve %knowledge from the teacher to the student and is

equally viewed as the comb @Vaﬁous elements within the process where an educator

identifies and establishe$§,the ing objectives and develop teaching resources in a bid to

o
implement the @ rning strategy'2. In the opinion of the researcher, before learning
be

objectives c%

that ar t improving the learning process.

ieved, a lot of instructional activities are directly or indirectly deployed

In additi®n to this, the workload of a teacher as an instructor during the learning process reflects
the activities they engage in during teaching and learning. These include advisory, mediation,
demonstration, coordination, modelling, observation, stimulation, planning of the learning

process, time valuer and knowledge of sudents'3. In the opinion of the researcher, the teacher
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can function in these roles because of the clear understanding of planning of the lesson process
which forms the bulk of the mental workload. To buttress this point, it was argued that in
planning any instructional activities, questions such as the level of learners to teach, what to
teach, how to teach, and what activities to be engaged in should be done during teaching and

be meditated upon before teaching and learning begin. From this statement, it coul%ﬂ@d
ea

that a lot of activities at the planning stage of instructions are undertaken Q chier to
ensure effective teaching and learning'. &

In addition to this, classroom activities contribute to the workl essure which could be
caused by high expectations from various stakeholders. Con , it was advocated that
mitigation of the challenges of workload would requi w& ategic measures such as control

of working hours, administration of self-disciplinetan se of pre-existing resources'?.

.
Activities of teachers which form the @ir workload were expanded to include

instructional planning, planningQand si0n of laboratory instructions which were taken as

the major factors that cou@conmbute to teacher’s workload'”.

In the opinion of the résearGhef, implementation of effective classroom activities may be
o

threatened by s@\‘@ such as large teacher-to-pupil ratio and high number of periods
t

ers on daily and weekly basis. It is recommended that the minimum

sis should be fixed at a minimum of 18 periods per week and a maximum of 22

that are tak
standa%f ents to teacher ratio in the classroom and the number of periods on daily and
W%

periods per teacher per week, while teacher to student’s ratio should be pegged at 1:35'°. Any

system that is above the recommended standard would lead to overutilization of teachers.
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2.1.1.2 Non-Academic Workload and Teacher’s Productivity

In the opinion of the researcher, non-academic duties are the administrative tasks and
responsibilities that teachers undertake in schools which are outside the classroom academic

activities. This concept has generated a lot of debates in the school eco system.

The issue of administrative tasks and its attendant effects on the productivity o have
dominated the centre of academic discourse and has been documented as tors that
could affect the productivity of teachers!®. The multi-dimensional ro fco ing classroom
activities with administrative assignment may allow teachers a ual function in the
school system!®. From this statement, the teacher could % be a master of all trades.
%‘ are based on staff strength and

the number of pupils in the school that ar® ay@i to undertake pupils related tasks. It is

However, it is noted that teachers’ tasks vary across

argued that administrative work in scho %\s registration of students for admission and

other duties are the responsibiliti %e imposed on teachers which could affect their

performance on the job%’, ed that because of the commitment to non-academic
duties, academic obh a carried out as emergencies?!. Non-academic engagement in
schools may pr en rS\from having the time to teach the students in the normal academic

programme% orce teachers to organize emergency teaching when examination draws
close of this development, it is advocated that there is need to end the allocation of
non-ai 1’1’11C responsibilities to teachers to enhance their productivity?. In addition to this,
engagement of teachers in non-academic activities could badly affect quality teaching and
learning?®. Administrative workload that could affect teachers’ effectiveness include the

following school activities.
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Keeping schools’ records and documentation of data. Teachers are responsible for keeping and
updating student attendance records, test scores, behavioural reports, and academic
performance reports. These records help school administrators track student progress and
identify areas where intervention is needed. Because of the manual way of keeping and updating

school records, it makes the process tedious and prone to errors and challenges, partigularly in

schools without digital management systems>*. ®

Curriculum Implementation and Evaluation

Teachers ensure that the teaching curriculum is effectively é% is is achieved through
the alignment of lesson plans with the national edu standards, updating teaching
methodologies, and evaluation of students’ cognitive It 1s argued that Chemistry teachers

face challenges due to frequent syllabus mo‘d'\&‘ by education regulatory bodies, which

requires continuous adaptation?®’. \' >
N
eetin mmittees
uti

Participation in Staff M %
One of the administrati t18§ of teachers are attending staff meetings, academic meetings,

A

and school pla ing\& ittees. These meetings could focus on curriculum changes, policy
implementa disciplinary measures, and general school administration. These meetings
copsu %le time that could be spent on planning lessons and student mentoring. In many
NLchools, teachers are also assigned to multiple committees which could increase their

non-instructional workload?®.
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Extracurricular Activities

Teachers are involved in extracurricular activities that include sports, clubs, and student
mentorship programmes. These activities contribute to holistic education and add to teachers'
workload?”. Supervision of Student clubs and other academic related societies have expanded

the work of teachers. Many schools require teachers to serve as patrons for stu chibs such

exhibitions, quiz competitions, and laboratory-based prejects. activities could increase

teachers’ engagement and occupation®’. Teachers ar ed to oversee sports activities, inter-

Wi I > physical education is essential for

house sports competitions, and fitness prograKei
N
student development, it places additional Q% téachers who may already have heavy
N *Q )
%\oﬂ for students through career counselling, personal

development, and Kz% social issues affecting students’ academic performance.
L)
Counselling is ro& tovstudents that are interested in pursuing careers in science,

academic responsibilities?®.

In addition to this, provagio

technology, eering, and mathematics (STEM). This mentorship includes advising on
subjec tions, career paths, and university admission processes?’. Counselling that are
aime anaging family related issues, peer pressure, and mental health concerns are offered

by teachers due to the dearth of counsellors in schools. So, teachers often step in to offer

emotional and psychological support for students. Teachers often organize extramural classes
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after school hours. While these remedial classes help struggling students, they increase teachers'

workload and reduce their personal time for relaxation and recuperation’.

2.1.1.3 Teacher’s Involvement in Extra-Curricular Activities

Extra-curricular activities are non-academic in nature and consist of school clubs, spofgs, teams,

volunteering at local community and student government groups!. Q

The history of extracurricular activities was traced to American College in ineteenth
century when it was first designed and used to complement the ictlym>2. Engagement of
teachers in extracurricular activities was linked to high wor igue®*. In view of this
development, the researcher’s view is that to diffu load due to extra load from
extracurricular activities, teachers may skip some c as a way of relieving burnouts and

°
stress. %
Also, extracurricular activities are planQ&)\a;milar way, instructional activities are planned
.

which may indicate equal weight terms of planning and execution of programme to
achieve what the program%?%gned to achieve®*. In line with this statement, it is revealed
that extracurricular ies are also planned before implementation, and this involves
definition of th(g@l\f the activities, planning and supervision which form the basic stages

that formghe % ess of extracurricular activities®>.

Bas &nis argument, it could be concluded that double efforts are required to plan
instructional activities for the learners and at the same time plan extracurricular activities for
them. In the opinion of the researcher, the combined contributory effects of these activities may

lead to overwork on the part of the teachers. Beyond this, the task of managing learners during
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extracurricular activities so that they are kept within the context of the activity may require the

use of stiff measures on learners to get them controlled?”.

2.1.14 Strategies for Reducing Non-Academic Workload in Schools

raise

In the opinion of the researcher, the bulk of non-academic workload precipitates from
administrative tasks in schools. To this effect, schools’ administrators should a %

schools’ administrative procedure to identify areas that need simplificats % ment of

effective and working strategies could mitigate the effect of noffisaca workload on
teachers. Deployment of robust and user-friendly data manag teths can significantly
reduce the time spent on manual registration of stu , t of students’ academic
performance, and generation of reports®. It is arg mation of attendance register,

grade report sheet, and communication with b rough online platforms can help teachers

in the management of non-academic wo siderably reduce repetitive and time-

consuming tasks. Furthermore‘the téms can provide real-time insights into student

performance, allowing teac r® n targeted interventions rather than data collection®.

Consequently, it is ré&¢ommefded that Centralized Communication and Information
L)
e Bwe\Xe

effective alﬁ s processes of non-academic related documents and assignments®’.
Creati‘%%u ralized communication hubs, such as internet facilities or shared online

platformg could be used to consolidate information to ensure that teachers have easy access to

pon. Effective communication channels should be simplified for

essential resources®’. This approach can also streamline internal communication, fostering a
more collaborative and efficient working environment. In addition, employment of adequate
administrative support staff can alleviate the burden of teaching staff. This includes assigning

staff to handle tasks such as photocopying, management of students’ records, scheduling
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meetings, and coordinating events®®. Delegation of responsibilities would make teachers focus

on lesson planning, student interaction, and professional development.

It is well accepted that technology, when implemented strategically, can be a powerful tool for
reducing non-academic workload. Utilization of online learning platforms like Google
Classroom, Canvas, or Moodle can be used for lesson planning, assessment, a back?®.
Teachers can create and share digital resources, assign and grade online ents, and
provide personalized feedback to students. Furthering on this, buildinga caatral repository

of high-quality digital resources could allow teachers to have d adapt materials,

reducing the time spent on improvisation of resources from s

In another perspective, employment of digital a ols can automate the grading
process, provide immediate feedback to stud~e %J ate data-driven insights into student
learning. Tools like Socrative, Quizizz, l&k rms offer a range of question types,
automated scoring, and data analysis e% hat can help in freeing up teachers' time to focus

on instructional adjustment n® alized support*.

Moreover, Utilization o ommunication tools, such as video conferencing and online
L)

messaging plat%%a ilitate parent-teacher communication and reduce the need for in-
person mee%i.

enab%% s to connect with parents in a convenient and timely manner.

2.1.2 Weacher’s Classroom Management Practices

ese tools allow for flexible scheduling and efficient communication,

The importance of effective classroom management practices cannot be overemphasized. Study
revealed that poor classroom management practices may significantly contribute to poor

academic failure of students in public schools*. Effective classroom management puts the
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teacher in good control of the classroom and equally provides orderliness and safety needed for
instructions and learning®’. It could help learners to learn, eliminate learning barriers, set the
physical, social and emotional learning environment that can support students learning and

guide them based on their individual characteristics and needs**.

Furthermore, the importance of effective classroom management was establish ugh its

link with teaching and learning activities®. It is also advocated that clas§rod hould be

judiciously used to support effective classroom management. Further to thisyopi , classroom
management could be understood through the approach ndpterventionists, the
interventionist and interactionist. In addition, it was reveale rovision of leadership

and management that will provide direction, plapmi rvision, co-operation and co-

ordination of teaching-learning process and provision omfortable sitting arrangements to

°
facilitate learning are key to effective classr x@ ment*.

It 1s remarked that the success 0£ a@nal system depends largely on the effectiveness
of classroom management pra (. The division of classroom management technique into

behavioural classroom agement and instructional classroom management was

documented*s. g %
2.1.2.1 &om Management Practices

C sr@agement styles are the degree of teacher’s relationship with students and the
type of¥Control that is exercised by teachers over their students*’. The role of classroom
management style was examined by different scholars and was affirmed that one of the

fundamental tenets of classroom management is the teacher’s classroom management style
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which can promote positive or negative classroom interactions between the teacher and the

students>’.

It is presumed that the overall aim of any classroom management style is to build a conducive
classroom climate where teaching and learning can be facilitated. Good classroom climate is

strongly associated with classroom environment®!

. This is suggestive that the n of a
conducive classroom climate could aid teaching and learning. In the opinio searcher,
a good classroom climate could be achieved through adoptiongef &ffect classroom
management styles that will help in controlling disruptive beh! s ‘and other associated

vices. Four classroom management styles were identified whi ¢ applied in classroom

management and these include authoritarian, authorigati Qw issive, and indulgent™.

It is believed that Autocratic classroom mgn&ot sty¥le allows the teacher to be the sole
e

authority in the classroom, and it is cha \th y%the creation of rules for learners and

questioning of the rules is not permi%Q) e weakness of this type of management style is

that learners follow rules o \ instructor is watching them and little is learnt about
submission and self-control. S;pe of style is characterized by anger, fear, humiliation and
a desire for reveng & view of the researcher, learning may not fully take place under
this leadership st every student may be afraid of the teacher. Boldness to ask questions

during le y be impossible because of the frosty relationship that is perceived to have

ex%}@een students and their teachers.

Also, authoritative classroom management, on the other hand in the researcher’s opinion, is
coined by word authority. It is the classroom management style that provides the opportunity
for teachers to lead the students towards achieving the social emotional welfare and learning™*.

The essence of authoritative classroom management style is widely investigated by scholars,
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and it was revealed that authoritative classroom management is not meant to control students’

behaviour only, but to influence and direct it in a constructive manner which is characterized

by permutations and combination of the degree of control and level of involvement®>.

In addition to this, the components of democratic management styles are itemized, and it is

noted that joint decisions are taken in this type of style, objectives are set and shated\’. This

\)

type of management style allows members of the class to participate in polid pation and

take decisions on the development that could affect the class. This gmplies that*f€arners and

teachers participate in the administration and management of class

In another perspective, permissive management style gsacha ed by the freedom that

learners must execute what they feel is right and s em. It was further stressed that

views are not imposed on the learners, andyt atur€ learners could perform under this

leadership style. In the view of the resear@ eafning environment is not regulated, this
1

type of management style may 2au@
the collapse of classroom @ cture’s.

2.1.2.2 Psychologica ension of Classroom Management Practices

. \”
arc%\‘e ’

'cts the stage where the behaviours of a student who resettles from an

ss in the classroom and may eventually lead to

In the res sychological dimension to the understanding of classroom

managem

e&% hich is not strictly regulated by certain environmental conditions to an

environient where reconstruction of behaviours are required through various conditioned

environmental stimuli that shape the behaviours of the learner towards positive adaptation.
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Psychological dimension in classroom management was examined, and it was affirmed that
preventive strategies rather than punishment should be used to reconstruct learner’s behaviour

to enhance the quality of learning and minimize problem behaviour®’.

For smooth learning activities, it is important for teachers to factor-in pupils’ home conditions
in school to take a proactive approach when applying different skills to manage sroom.
Through this, the social and communication level of learners are better d before

socializing them to the learning environment for behavioural control preper s8€1alization”’.

2.1.2.3 Behavioural Classroom Management Practi Q

Behavioral classroom management practices are relat%m s measures that are put in

place by the teacher to regulate, manage and control t urs of students to achieve stated

behavioural objectives. It is the term that Q'n@omplex interplay of interactions and
activities within a learning environment, '\y within the confines of the classroom which
includes the emotional state of stu %Jde towards learning, interpersonal skills, cultural
norms and behavioral tgn % nderstanding classroom behaviours is important in

creating an effective leafgin ironment. Behaviours exert a considerable influence on the
o

learning enviro meﬁ& sitive behaviors are regarded as characters which can enhance
ion

effective ins ich include active class participation, direct engagement with classroom
activit@ssion of tasks, and respect for others which involves display of courteous and

consl e behaviour towards educators and fellow students and demonstration of

accountability in academic commitments>’.

It is also conceptualized as the practices that involve setting clear expectations, setting

consistent rules, modelling appropriate behaviour, implementation of preventive measures to
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preclude disruptive behaviour and employment of intervention strategies when issues arise®
Disruptive classroom behaviours are classified as behavioural disorders, and if not well
managed, could cause significant impairments in academic, social and occupational
functioning®'. The characteristics of behavioural disorder among students at secondary schools
involve exhibition of aggressive behaviour towards others, bullying, threatening or i idating
behaviours, physical abuse, deliberate destruction of other’s belonging rop

showing little empathy and concern for the feelings, wishes and well m&lassmates,
showing callous behaviour towards others and lack of feelings of gmilt Oxremorse and blaming
others for their misdeeds. From the aforementioned item ural problems in the

classroom, in the opinion of the researcher, an efficie ob t behavioural management

structure is needed for effective management of beha | disorders in the classroom.
In addition to this, behaviours of students h() cant impact on classroom environment
which often causes distraction to learm ment, teaching environment and could cripple

the social, educational and hol h of the students. In view of this development, it was

suggested that students % motivated with proper discipline and establishment of

strategies to 1rnpr(w ts” behaviour®”. However, inability to create boundaries for students

can aggravate %&ural 1ssues in the classroom which can impact on the academic

performa% dents negatively. Consequently, it was recommended that the concept of

bew@

The conceptual view that the management of classroom misbehaviour can be approached

1d be well understood so that right behaviours can be defined for the students®

through behaviour modification method which involves direct instruction, reinforcement

techniques, social praise, material reinforcers and tokens. It can also be approached through
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direct instruction or punishment-oriented technique which include verbal reprimand, response

cost and time-out®*.

2.1.24 Instructional Classroom Management Practices

The concept of instructional classroom management practices can be explained from the theory
ative

of behavourism. Through this theory, students can respond appropriately to pOSiQ“

stimulus. In this context, the stimulus that elicits responses is embeddedsi %‘
st

e interested in

ctional

methods which can be used to maintain discipline in the class to ke

N
,and the way classroom is

such that the method of instruction, how students ar es
managed will affect one another® It is opinionat Qhoice of pedagogy can either

promote or hinder effective classroom manag in su€h a way that if the pedagogy fails to

the learning environment. Classroom management and instrueti inferently interrelated

meet the students’ basic needs, it cou{x management problems®®. Consequently,

engagement, satisfaction, well-girec nth meaningful instructional activities can control

unruly behaviours in the cl sr%\\ inter-relationship between instruction, management

and assessment are well jlluStratéd in the following diagram.
)
\ Management

SN

\% Instruction <—

It can be seen in the diagram that classroom management leads to a two-way drive, instruction

Assessment

and assessment. This means that good classroom management will lead to quality assessment

and instruction.
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In the opinion of the researcher, one of the main objectives in the use of instruction in the
management of classroom activities is to facilitate the creation of a conducive classroom

environment to enhance quality teaching and learning.

In a related perspective, effective classroom management is facilitated by active and successful
engagement in instructional activities. Based on this argument, it was suggeste a well-
planned interaction with appropriate pacing, guided practice, attention to i students,

effective and immediate feedback can help teachers to manage the clagsrodm eff&etively®’.

In the view of the researcher, active engagement of student Wﬂ ctional activities can
prevent noisemaking in the classroom and other behavi && that can affect effective

instructional activities. When students are given cl

cademic tasks, their cognitive

focused and controlled attitudes with the

(Y
aim of helping teachers in effective mana @g\)& la8sroom situation®®,

2.1.2.5 Factors that Inﬂ\le@room Management Practices

Management practices in“the %m may be formed by the organization of the classroom

senses are well engaged which can bring abo

and teaching materi ective implementation of lesson plans and time management®.

Lesson pla h% cummented as a vital compass that directs learning activities. So far,
its effecti mentation allows teachers to ask questions based on previous knowledge
bx cbmencement of learning activities so that they could be taken through the depths

of learrlifig which starts with simple recall”.

In the opinion of the researcher, effective classroom management is directly linked to the
quality of education. Personality traits of teachers, professional and organizational factors and

emotional traits of teachers are related factors that could influence classroom management
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practices’!. Students’ personal needs, code of conduct, and teacher-student relationship are

basic factors that are embedded in the concise definition of classroom management’!

. Teacher’s
competency, home environment, socioeconomic status or motivation are listed as factors that

should be considered when discussing classroom management practices of teachers’?.

Effectiveness of teaching-learning approaches that are used by teachers durin ssroom
teaching and learning is a factor that could influence classroom management} 1 climate
is identified as a factor that could influence classroom management skills.\t is ented that

a school that has a good climate would produce teachers that e high levels of morale,

efficacy and satisfaction, and lower levels of burnout, turno teeism’?.

2.1.2.6 Effective Classroom Management nflict Resolution Practices

The most important classroom challenges are @mdents’ disruptive behaviours and
classroom management. It is posited that @s‘[ ents’ classroom disruptive behaviours
requires a specialized skill”. lior hdelivery of learning, conflict resolution in the
classroom could be achiev ® operative and problem-solving strategies, avoidance
strategies and punishme %e . In keeping disruptive behaviour at bay in the classroom,
it is suggested @[ strategies should be used. Familiarization with appropriate

S

disciplinary e ould enhance effective discipline’®.

In the %of the researcher, poor conflict resolution in the classroom can make the
class climate to be in disarray and could affect students’ learning, and if not well managed,
could degenerate into violence. It is documented that teachers’ emotional intelligence in the

management of conflict in the classroom is important’®

. Emotional intelligence is defined as
the ability to perceive, interpret, demonstrate, control, evaluate and use emotions to

communicate and relate with others effectively and constructively’®. Teachers who have good
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emotional intelligence can use conflict management strategies to enhance teaching and learning

processes’’.
2.1.3 Students Factors and Academic Performance

A lot of factors that could influence students’ academic performance are documented in

literature. Academic achievement of learners plays an important role in the produ€ioniQf best
quality graduates who will become great leaders and manpower for the ddition
to this, self-concept is a construct that can also play a signifi roléNindthe academic
performance of learners and is a sine qua non for academic ce™. Students’ factors

were considered as internal factors which include Ith,\intébligence, talent, interest,

motivation and student learning methods>®. Fact tude, self-efficacy and social

interaction of students are classified as R ciaMTfactors, it is stated that negative

psychosocial factors can slow down learniig whil&ositive psychosocial factors can facilitate

academic achievement of studen{séo. Q)

Some scholars gave creden ®act that psychosocial factors play a great role in the

student’s academic achidyem nd are essential for the delivery of a high-quality teaching
°

and learning ptﬂeig i e viewed as psychosocial factors. These are considered as the

chief determiftants OF student academic achievement®!. It is observed that human behaviours

are int@y attitudes which define the level of their involvement in a task or assignment®?,

Fl%f()re, peer relationships have been argued at different academic fora as a catalyst that
can enhance or inhibit academic performance among secondary school students. Peer
relationship is defined as the social interactions and connections that individuals can establish

with their peers which include interpersonal relationships, social emotion, and communication

37



interaction. It is seen as an influential factor in adolescents’ academic achievement. Positive
peer relationships have been associated with high level of academic achievement, while

negative peer relationships can hinder students’ academic progress>*.

Students’ personal factors in the context of learning are considered as factors that are within the

students’ characteristics which can be psychological, cognitive and behavioural ydtiables>*. It

was revealed that students’ factors capture the students’ engagement Variable;% ide within
elat

a student’s mind®!. Based on this position, the students’ variablespare o the way

students’ minds are reconstructed towards the eagerness to 1% herwise. Students’
a

personal factors can influence their academic achievement a change the dynamics

in the socio-contextual factors®?. Students’ perso are divided into behavioural
strategies, note-taking skills & test-taking strategies .

¢ \&
Behavioural learning strategies were denc&zjs\Q ruets that could be measured by the extent
to which learners are able to rraan@ wn action, motivation, effect and environment

which include the people i rrounding”’. Behavioural learning strategies were

suggested to include tim agement, test-taking strategies, help-seeking, homework

management av@ skills”.
gi

Test taking re phased into test-preparation strategies, test-preparation awareness and
actual %g strategies and was revealed that test preparation strategies include the control
of on®&sgcognitive functioning, management of work environment and regulation of one’s

motivation and effort levels®.

Learners can suffer from various psychological problems that may severely disrupt their daily

functioning in various occasions, and which can be caused by stress, anxiety, depression, lack
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of motivation, loneliness and phobia®!. These constructs have been linked to academic
performance. According to psychologists, learning is effective if learners can answer the three
fundamental questions which are “can I do this activity”? “Do I want to do this activity and

why”? And “what do I need to do to succeed”?”!* In addition to this, clarification was made on

the constructs that are used with the questions, and it is argued that the question, do this
activity? It is a question that is related to self-efficacy which describes people? emant of
their capabilities to organize and execute courses of action required to exedute a nated type

of performance®!. Consequently, self-efficacy is a psychological fagtorthat can determine the

choice of learner’s activity, their effort and their presence in

Cognitive ability as a strong student factor can learning. It is defined as the

capability of the human brain’s ability to store inform: , process and extract information,
°

memory and logical reasoning and thinlt-?as ation®'. Cognitive factors such as
i

comprehension, absorption and creati tion are aspects of cognitive factors that can

)

influence learning and academ@nance&. For this study, attitude of students, school

social interaction of studeritg andself-efficacy of students are the students’ factors that are being

investigated in thig

2.1.3.1 E S&@\sAttitude and Academic Performance

Attituc@.context of learning is the responsiveness and willingness of a student to learn
new ¢ pts, skills and activities in the classroom®®. Attitude towards learning is a determinant
factor for goal setting, problem solving abilities, students’ beliefs towards learning, their
internal and external motivation in the process of learning and all the academic performance

they perform®,
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It comprises individualistic, an abstract entity and a kind of intervening variables to explain
regularities in behavioural responses. However, in dissecting its components, it was revealed
that cognitive, affective or emotion and behavioural make up the bulk of attitudinal exhibitions

by students in schools®.

Students’ attitude plays a vital role in the academic achievement of students™~However,

emphasis was placed on the need for appraisal of students’ attitude as it pr ormation

to students, teachers and curriculum developers to improve quality (@ :
Y

It is also conceptualized that attitude has a great impact on stu ic performance®’.
Many students have poor grades and low academic a
attention or interest towards their studies through
participation in classroom activities®®. It can a ry aspect of a person’s life including their
education, as it determines their interest, 1N iltingness to learn®. Negative attitude of

students needs to be investigated~ to ek ¢ %he academic achievement of students® 707! 72,

2.1.3.2 Factors that @Students’ Attitude Towards Learning

Student's attitudet arning is influenced by various constructs which are defined by
students’ chara ri%& cial, and contextual factors. Attitude can be positive or negative. A
positive afti could lead to increased engagement, motivation, and ultimately, better

ac&% mes”’. On the other hand, a negative attitude can retard learning and contribute

to poor'@Cademic performance.

Moreover, provision of support and encouragement for students can significantly impact on
student’s attitude®'. Provision of enabling and inclusive classroom environment where students

feel safe, respected, and valued is important for fostering a positive attitude toward learning.
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This includes promotion of collaborative and group-based learning among students,
management of competition among students, and addressing issues of bullying and

discrimination among them’'.

Students are more likely to have a positive attitude towards learning if they see that the

instructional contents are relevant to their lives and future goals. Also, engagi thentic

tasks and projects that allow students to apply their knowledge and skills infmeantagful ways

can enhance their motivation and attitude. Allowing students to have gome\degre€®f choice in

what and how they learn can increase their sense of ownership ivation which could

result in more positive attitude®?.

A student's belief in their ability to succeed in a pa ct or task is a strong predictor

of their attitude. Encouraging a growth minK help students overcome challenges and

°
maintain a positive attitude when facing a&@e})&g allenges®’.
2.1.3.3 Students’ Self-Eff%

Self-efficacy was coined by a %logis‘[, Albert Bandura. The components of self-efficacy
are put as encourg of learners, fostering of growth mindset, provision of meaningful

learning exgeri% rovision of support to help students to develop skills and strategies

that are n to navigate academic personal challenges®*.

e

It 13\cep that students that have high self-efficacy will feel confident about their learning
abilities, be interested in taking part in classroom activities, use information efficiently for their
academic career, be motivated to apply and adapt to new lessons, show strong intrinsic
motivation to learn from mistakes and overcome hurdles and inspire others with their way of

life and achievement®>.
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Self-efficacy is one of the major factors that are believed to considerably influence academic
performance of learners in secondary schools, and it is argued that it accounts for a wide
variation between high achieving students and low achieving students’. For clearer
understanding of the concept of the construct, characteristics of high self-efficacy as highlighted
are strong sense of self confidence, self- evaluation and self- awareness, willingneSs to take
risks or step outside the comfort zone, ability to solve tough problems or co allehging
tasks, high motivation to reach specific goals, resilient, that is, ability to régove setbacks,

a deep sense of passion and good state of mental health®’.

In the opinion of the researcher, it is a construct that is non- i 1n nature but provides

good information on the worth of individuals in thes o take up challenges and face

difficult cognitive tasks during teaching and lea

L)

construct that has its scope transcending cogc-%g but a function of students’ beliefs. The
tea”t

researcher posited that three issues a

.
anxiety and students’ interest’’. \*
2.1.34 Student’s P %onship

ities. It is also conceptualized as a

o self-efficacy, they are confident to write,

N
Peer relationships &@n as the social interaction and connection that individuals can
establi igh\thei™peers, which include interpersonal relationships, social emotion and

sh w
comm@\ interaction®®. It could be seen to have a profound impact on students’ academic
outcomagesy as peers can serve as a source of both positive and negative influence. It is remarked
that positive peer relationships can lead to higher levels of academic achievement, while

negative peer relationships can hinder students’ academic progress”.
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Students can interact with one another to discuss difficult topics, difficult subjects, concepts
and strategies for high academic achievement. Similarly, the onerous nature of learning has
made peer relationships become one of the most important relationships among high school
students'®. Number of friends, the academic performance of friends and high quality of
friendship are identified as key indicators of peer relationship. In addition t is, peer

relationship improves the physical and mental fitness of students'. Q

It is remarked that beside students’ families, school is an important migro system, tHat can shape

t98

children’s cognitive and socioemotional development™. On a ¢ w, it was remarked

that peer experiences are important parts of the school% r children and early
adolescents, which can significantly contribute to ' liking, academic achievement

and wellness”’.

owledged that when children reach

.
However, from the perspective of psych@ﬁ a

adolescent age, they prefer to spe‘nd with their peers and less time with their families.

Based on this perspective, i \u@ that adolescents within a peer group tend to be like
tt e

one another in behaviour an which explain the reason for homophily adolescents that

by

is adolescents ﬁ ne another spend time together. Furthermore, it was posited that
0

adolescents time together can shape each other’s behaviors and attitude!%.

The r %VIGWS this concept in terms of homogeneity of academic ability of students,

whic s explanation to why students with equal academic ability relate with one another

which can bring about peer relationship.
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2.1.4 Concept of Age and Students’ Academic Performance

In the opinion of the researcher, it is generally believed that older students are more matured
and so could perform better academically. Older students perform better than other students

because of their cognitive development and emotional maturity. Older students possess better

attention spans, problem-solving skills, and self-regulation abilities, all of which itively
impact academic success'’!. Q
Students who are older than other students could put on behaviou at ¢ lead to social

isolation, feelings of being out of place, or even behavioral iss

% ich can negatively

affect academic engagement and performance !, In additi
to having repeated a class may face academic ant

negatively affect self-esteem and motivation whighgouldomplicate academic challenges'®.

°
Students whose date of birth is close to t® date for school entry may be younger than

their peers. While some studies Sugge hese students may be disadvantaged because they

may face some academic %@%@ the beginning of their academic journey, particularly in
fo

subjects that require stro tional skills'*,

L)
1. % t of Academic Performance
n the opiﬂ@e researcher, academic performance is the quantitative description of human

be 1&&& a period of instructional activities. The quality of skills a learner has acquired

2.1.5
I

in a formal setting which can be measured quantitatively to know whether learning has taken
place or not. This position is consistent with the opinions of some scholars about academic
achievement. It is considered as the scores of students in any educational programmes, which

is influenced by cognitive and non-cognitive attributes'®>.
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Students’ academic performance could be assessed using teacher ratings, tests and
examinations. It is seen as the standard against which student, school, curriculum and teacher’s
ability and the mastery of the subject matter are measured. The importance of academic
performance in educational settings has been emphasized by different scholars. For instance, it
provides a measure of students understanding and mastery of subjects which give botRystudents
and educators a clear sense of progress and areas that need improvement. In % to this, it

could serve as a gateway to higher education opportunities, scholarships mpetitive

programmes. Academic achievement may also help to find in boosti dent’s confidence!?®.

Conversely, in research, there have been misconceptions ademic performance,

% he three concepts to be used

interchangeably. In clarifying these concepts, aca performance is defined as the

academic achievement and learning outcomes whi

.
observable or measurable behaviour of a p %‘a articular situation. It is documented in
eDm

literature that academic performance ¢ ined by conducting performance tests on the

learners. However, in the conte ¥ arch, it is regarded as the observable and measurable
behaviour of a student in“a, _partidular situation'®’. From this concept, it can be inferred that
academic perforrmr\ student is usually presented as scores at any time which could be
obtained fr z%made test. In contrast, a concise definition of academic performance
was give & performance outcomes that indicate the extent to which a person has

ac@ specific goals which form the focus of activities in instructional environment,
which incl

ude school, college and university system'%%.

Learning outcome is defined as the statement of the knowledge, skills and abilities that an
individual student should possess and can demonstrate upon completion of a learning

experience or sequence of a learning experiences®’. It comprises certain features that define it,
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such being realistic, reliance on active verbs in the future tense, being well framed in terms of
the programmes instead of specific classes that the programme offers, sufficiency in learning
outcomes, alignment with the programme curriculum, should be simple and not compound. It
should focus on learning products and not the learning process. In addition to this, it is stated

that educational objectives should be consulted as useful guides for deyeloping a
comprehensive list of students outcomes'"’. @
2.1.6 Chemistry Education in Nigeria &J

or Gareers in medicine,

es students with essential

knowledge about chemical reactions, the compos tances, and various industrial

applications'®. Despite its significance, Stl‘ldx Nigeria and other developing countries
often struggle with chemistry, resulting in,l N mie performance in national and regional
examinations. The West African \ations Council (WAEC) and the National
Examinations Council (N \VGI’ the last decade consistently indicate that many
students perform poorly in ¢hemistty due to factors such as inadequate instructional methods,
poor laboratory ‘i@smdents’ lack of motivation'!?. The persistent underperformance
in chemist c&@ an in-depth investigation into its underlying causes and potential
solutions% ining the interplay between teachers’ workload, classroom management
skN student factors, this study seeks to provide a holistic understanding of the

determinants of chemistry achievement in secondary schools in Southwest Nigeria.
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2.1.7 Chemistry Education and its Challenges in Nigeria and Issues Affecting It
2.1.71 Misconceptions of Difficult Concepts

One of the major challenges in chemistry education has been identified as students'
misconceptions of difficult topics which could affect learning. Some topics in chemistry are
abstract which makes their learning to be challenging. Some of these topics ted to

%, which

rely on rote

students often find difficult to visualize and understand''!. M&‘
memorization rather than conceptual understanding, leading o‘si and difficulty in

applying knowledge to problem-solving situations'!?. Q
S

include atomic structure, chemical bonding, reaction mechanisms, and th%

Research has shown that common misconcept sist even after instruction. It is
.. . .

documented that students often struggle W@tlculaw nature of matter, mistakenly

believing that atoms and molecules be@ acroscopic objects!!®. In addition, chemical

de e . °
equilibrium is often misundersto

and reverse reactions occtri % same rate!'*. These misconceptions make it challenging
for educators to ensv@nin | learning and conceptual clarity.

ic state rather than a dynamic process of forward

L)

2.1.7.2 El&boratory Facilities and Practical Training
P@ies are key important parts of chemistry, as they provide a long-lasting learning

experién€e for the learning of theoretical concepts''®>. However, it is documented that the bane
of many schools that offer chemistry especially in developing countries is lack of well-equipped
laboratories, chemicals, and safety equipment, thereby limiting students’ opportunities to get

involved in practical activities''.
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Also, the absence of practical experiences can make chemistry education look abstract and
difficult to relate to real-world applications. It was established in a study that students in schools
with well-equipped laboratories performed significantly better in chemistry assessments than
those with limited or no access to laboratory facilities!!”. Students miss out on developing

essential scientific skills such as observation, data analysis, and critical thinking whef they are

not well exposed to practical part of chemistry'!”. @

2.1.7.3 Instructional Strategies and Teaching Methods

The traditional teaching method remains pronounced in m classrooms, despite

evidence that it is less effective when compared with eac ing methods''®. Traditional

w ts 1n critical thinking and problem-

solving, leading to low retention rates and po« ithidg to the subject. Research established that

teaching methods do not allow for the engagement o

students learn better when instruction cs@r tes inquiry-based learning, problem-based

learning, and cooperative learnin ies'!”.

In addition to this, teachers{ pedagogical content knowledge plays a significant role in how

chemistry is ta % rnt in schools. Many teachers are faced with the challenge of
C

explaining diffic istry topics to students which could affect their understanding'?°. In a
study, it % uded that professional development programmes that focus on innovative

te% tegies are often limited, which further exacerbates the issue!%’.
2.1.7.4 Limitations of the Curriculum and Overloaded Contents

A curriculum contains the learning activities that learners are expected to learn over a period.

It is observed that chemistry curriculum in many educational systems is often overloaded with
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different learning contents compared to the allocated time on the timetable to effectively teach
and learn the contents. This makes students memorize a large amount of information within a
short period'?!. Also, the emphasis on content coverage rather than its understanding could lead
to poor learning. This makes students focus on passing examinations rather than developing a
long-term scientific literacy'?!. It is noted that chemistry curriculum does not capm&vorld
situations, making the subject seem detached from everyday life!??. Student Qrug le to
see the relevance of chemistry beyond the classroom which could reducg the ivation to

engage with the subject!'?.

2.1.7.5. Negative Attitudes Toward Chemistry §

It was reported that many students have a negative at o chemistry which could be caused

by various factors leading to low motivatQX\S‘Ngementl% Negative attitudes toward
e

chemistry often stem from early lear% riences, where students find the subject

challenging due to its abstract mathematical requirements. A study found that

students who struggled with % tics were more likely to develop a fear of chemistry,
leading to poor aca‘ ic AchieV€mt'>°. In addition to this, teachers play a crucial role in shaping
students' perce io&h istry. When educators fail to make the subject engaging or
relevant, stu may develop anxiety and a lack of confidence in their ability to succeed in

2.1.8 Machine Learning Algorithms

Learning is a process that involves acquisition of new knowledge, modification of the existing

behaviours. The concept of leaning is not restricted only to students and classroom learning
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process and teachers'?’. In the opinion of the researcher, machines are also programmed to learn
by using data for computational activities. It is a tool of artificial intelligence that enables
computers to learn from datasets. It allows computers to modify their actions to be more
accurate and precise. In machine learning, accuracy is an evaluation metric that measures the

overall correctness of a model’s prediction'?8.

In another perspective, it represents the ratio of correctly predicted instances % | number
of instances in the dataset!?®. Literature revealed that the concept of the hukgan ous system

was used in the creation of a group that built a machine for cognition of letters of

alphabets'?’. Machine learning was called the perception by i or"and used both analogue

and discrete signals which include a threshold elemepi erts analogue signals to discrete

one!%.

.
Also, it involves a process which allows & Qo% programme to learn from a dataset with
ARE

respect to some tasks and some Rerf . It is documented that it encapsulates a multi-

disciplinary field that has a wi \Q research domains that reinforces its existence'*’. It is
ve purposes

. It is also co-related with mathematical optimization

designed to allow for predi
which relates e %ions and frameworks to the field of statistics. Complex problems
duati

in the field o could be analyzed using machine learning.

Theu ne learning in processing large databases is called data mining. In data mining,
a larg&yelume of disorganized data is processed to construct a simple model with valuable use
which has high predictive accuracy. The process of data mining is systematic, and it involves

selection of data, processing of data to eliminate differences and inconsistencies between

data'®!. The applications of machine learning are well documented.
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This involves its use in retail business, finance, and manufacturing. Mahine learning models
are used for optimization, control, and troubleshooting. In medicine, learning programmes are
used in medical diagnosis. In telecommunications, call patterns are analyzed for network
optimization and maximization of quality of service. In science, large amounts of data in
physics, astronomy, and biology can only be analyzed fast enough by computers. [t % used to

teach a system to learn and adapt to changes so that the system designer does o fovesee
to

and provide solutions for all possible situations. It is used to find solutio problems

in vision, speech recognition, and robotics. It is also applied gmyth&design of computer-

controlled vehicles to steer correctly when driving on a vari . It is concerned with

the use of the right features to build the right models tha

There are several types of machine learning, and each em has special characteristics and
°

applications. Types of machine learning(%@ are Supervised Machine Learning,
mforc

Unsupervised Machine Learning and
°

involves training a model usin@ ata, where each input comes with a corresponding

correct output'>?. It is a type,o

ent Learning'®*. Supervised machine learning

ne learning where a model is trained on labelled data, this

means that each ired with the correct output. The model learns by comparing its

predictions it@ual answers provided in the training of data and improvement of

accuracy.'b
The ogﬂsupervised learning is to make accurate predictions when given a new and unseen

data'®3. Supervised learning can be applied in various forms, including supervised learning
classification and supervised learning regression, making it a crucial technique in the field of
artificial intelligence and supervised data mining. A fundamental concept in supervised

machine learning is learning a class from examples. This involves building a model with where
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the correct label is known, such as learning to classify diagrams. The model then learns the
distinguishing features of each class and applies this knowledge to classify new images.
Where supervised learning algorithm consists of input features and corresponding output
labels. The process is through data training. In this case, the model is provided with a training
dataset that includes input data (features) and corresponding output data (labWrget

variables)'3?.

The algorithm processes the training data, learning the relationships betwe %ut features

and the output labels. This is achieved by adjusting the model’ rs to minimize the

difference between its predictions and the actual labels'?’. %

Concisely, unsupervised learning is defined as a @chine learning that deals with
ed

unlabelled data. Unlike supervised learning‘ is labelled with a specific category
or outcome, unsupervised learning algorit aretasked with finding patterns and relationships

within the data without any prierkk"v of the data’s identity. Unsupervised machine

learning algorithms find hi eg& ithout any human intervention.
ly 1

The training model has parameter values and discovers the groups or patterns on its
o
own'?%, Reinfo% ing is a machine learning technique that trains software to make
decisions toge ¢ most optimal results. It mimics the trial-and-error learning process that
humar%%c ieve their goals. Software actions that work towards your goal are reinforced,
ans that detract from the goal are ignored '8, Reinforcement learning algorithms use
a reward and punishment paradigm in processing data. They learn from the feedback of each
action and self-discover the best processing paths to achieve final outcomes. The algorithms

are also capable of delayed gratification'?®. The best overall strategy may require short-term

sacrifices, so the best approach they discover may include some punishments or backtracking
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along the way. Reinforcement learning is a powerful method to help artificial intelligence

systems achieve optimal outcomes in unseen environments.

2.1.8.1 The Concept of Predictive Modelling

Predictive modelling refers to the use of machine learning techniques to forecast future

outcomes based on historical and real-time data. In education, predictive mod ed to
analyze patterns in student performance, identify at-risk students, and sug ions that
can enhance learning outcomes'**. These models utilize data fro ultt ources which

include student demographics, teacher-related factors, cla %eh viours, and prior

academic records to make predictions about students’ fu ca achievements. Predictive
modelling has become increasingly relevant in edu arch due to the rise of big data
analytics and artificial intelligence. Insti‘au i0 orldwide are leveraging on predictive

analytics to improve decision-making in K@)\ s eurriculum planning, student retention,

and academic performance fore(@sti

2.1.8.2 Types of Pre &)dels in Educational Assessment
In educational ‘@ious computational techniques are used to analyze data and make
ZSQ

informed fo ut students’ outcomes, teaching effectiveness, and overall academic
performafic se models vary in complexity and applicability, ranging from traditional
stat '&thods to advanced machine learning algorithms. The choice of predictive model
depends on the type of data that is available, the relationships among variables, and the specific
educational problems being addressed. The major predictive models used in educational

research include regression analysis, decision trees, neural networks, support vector machines,
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and Bayesian networks. Each of these techniques has distinct advantages and limitations in

predicting students’ academic achievement in chemistry and other subjects.
Regression Model

In the opinion of the researcher, one of the mostly used predictive modelling analytics in
education is regression models. It examines the relationships betwee dent® and
independent variables to determine how different factors contribute to academ comes. In
the context of chemistry education, regression analysis can asses extent to which teachers'
workload, classroom management skills, and student-related nce chemistry scores.
For instance, a multiple regression model might anal impact of teacher-student ratios,

laboratory resources, and teaching experience on stu xamination performance.

)

Regression models also allow for the @n f the strength of these relationships,

helping educators and policymakers i ey drivers of student success. Linear regression

is commonly applied whe re@ between variables are assumed to be proportional,

whereas logistic regressionNgs ofteh used when the outcome variable is categorical, such as

whether a stude@faﬂ a chemistry exam'?°.
Decision T%de s

CM\@W1 of data into smaller subsets based on certain conditions or decision rules is

achieved through the deployment of this model. This approach is particularly useful for
predicting student success or failure by analyzing multiple factors such as attendance,
participation, and prior grades'®’. Decision trees operate by splitting the dataset into branches

until a decision outcome is reached. For example, a decision tree may classify students into
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three categories they are high-performing, average, and at-risk, which is dependent on their
engagement levels and study habits. It is argued that an advantage of decision trees is their
interpretability, which educators can easily understand the decision rules that classify students
into different performance levels. It can sometimes lead to overfitting, meaning they perform

well on training data but fail to generalize effectively to new student datasets'?’.

Artificial Neural Networks @L

A more advanced technique employed in educational data miningpi Nal neural networks.
These models simulate human cognitive processes by using% ted layers of artificial
neurons to analyze complex patterns in student perfo daea 1°%. Neural networks are
effective in handling large datasets with nonlinear r%nps. In chemistry education, neural
networks can predict student achievement B ing multiple input variables, including
prior grades, teacher workload, classro >re\rces, and socioeconomic factors'*®. These

models excel in capturing subtl

through traditional statistigal %

computational pow&\ rge'@mounts of labelled data for training. Their complexity can also
S
u\

e'\%glns between variables that might not be evident

t is documented that neural networks require substantial

make them difficu dueators to interpret compared to more transparent models like

decision tre egression !,

SlNor%tor Machines

Another predictive modelling technique commonly used in education is support vector
machines. They are classification models that analyze student data and categorize learners into

different groups, such as high achievers, moderate performers, and students with learning

55



challenges'®. It is reported that it works by constructing an optimal decision boundary or
hyperplane. It is documented that it can be used in the classification of students based on their
historical academic records, attendance, and engagement levels'*. Its ability to handle high-
dimensional data makes them suitable for educational research, where multiple student-related

factors could influence academic achievement. In chemistry education, it can help p%hich
students are likely to struggle with laboratory-based assessments versus t %co tent.
These predictions allow educators to tailor interventions for specific student s. Despite

their accuracy, they require careful tuning of hyperparameters be computationally

intensive for large-scale educational datasets'*. %

Bayesian Networks

It represents a probabilistic modelling apﬁr% t accounts for uncertainties in student
1C

performance. Unlike deterministic model& ssume fixed relationships between input and

output variables, Bayesian net Q&rporate probabilities to model how different

educational factors influence Q@ utcomes'*!.

This approach jg" en data contains missing values or when relationships among
Ig@. F

variables ar or instance, a Bayesian network can estimate the probability of a
student % emistry based on prior grades, attendance, and teacher effectiveness, even
wheén so fthese data points are missing. Bayesian networks also help identify key predictors
of academic success by calculating conditional probabilities for different student
characteristics. It was reported that the chief challenge with Bayesian networks is the

complexity involved in defining the dependency structures between variables, which requires

expert domain knowledge!*2.
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Studies have demonstrated the effectiveness of these predictive modeling techniques in
improving educational outcomes. Predictive model is used to identify students at risk of failing
chemistry and recommended targeted interventions'*. Their study showed that decision trees
and neural networks provided the highest accuracy in predicting student success, while
regression analysis offered the most interpretable results for educational pqlidymakers.

Similarly, it was found that Bayesian networks were highly effective i '%in key
ea

determinants of academic performance in science subjects, by allowing for tervention

strategies!*’.

2.1.8.3 Sources of Data for Predictive Modelli '&ion

Predictive modelling in education is only as effective ata it relies on'**. The availability,

accuracy, and comprehensiveness of data plﬁ)@emal role in determining the reliability

of predictions regarding student perforrrﬁ%', y cher effectiveness, and overall educational

outcomes'*. Data sources in edicai from multiple dimensions, ranging from student
academic records to teac %& factors, classroom environments, socioeconomic
conditions, and ps‘y ogical B€haviours. By integrating these diverse data sources, predictive
models can off@dg s into learning trends by allowing for data-driven interventions

that enhanc%mlc achievement, particularly in subjects like chemistry!*,

ON&IOS'[ crucial sources of data for predictive modelling is student academic records.

These records provide a historical perspective on student performance and serve as a foundation
for forecasting future achievement. Examination scores, test results, and coursework grades are
used to analyze performance trends that help to identify students who may need additional

support. Consistent low scores in science related subjects may indicate difficulty in grasping
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fundamental concepts, necessitating targeted remedial programs'#°. Beyond numerical grades,
academic records also include attendance data, which has been widely recognized as a strong
predictor of student success. Frequent absenteeism is often linked to poor performance, and

predictive models can flag students with irregular attendance patterns for early intervention'®.

Additionally, participation in class activities and laboratory experiments pr: %able

insight into student engagement levels. Chemistry, being a practical-orie \w requires
to

active participation, and students who actively engage in laboratory wlrk te erform better

end personalized

than others'¥’. Predictive models analyze engagement patte %
instructional strategies that cater for different learning n@

Another critical dimension of data sources is teacher- information. The effectiveness of
teaching significantly influences student perf neey making teacher-specific data integral to
predictive analytics in education. Teach& fications, years of experience, and subject
specialization contribute to instrﬁ&ity, with research indicating that experienced and
well-trained teachers posi%% tudents’ learning'*®. Predictive models utilize this data

correlates with student outcomes in chemistry. Workload

to assess how teac@
L)
distribution is % ortthat affects teaching effectiveness. Overburdened teachers may

struggle t e personalized attention to students, leading to gaps in learning. By analyzing
h

op
teac e@ad data, schools can ensure balanced subject allocations and manageable class
si#ekﬂmizing the overall learning experience!®. Teacher effectiveness is also measured
through student feedback, classroom observations, and grading patterns. Consistent grading
patterns reflect fairness and accuracy, while inconsistencies may indicate areas where additional

training is required'*’.
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Additionally, data on teacher-student interactions, including mentorship and academic
counselling sessions, provide insights into how personalized support influences student
success'*!. The classroom environment and school resources are also essential data sources that
could shape educational outcomes. Classroom dynamics, such as student-teacher ratios could
influence the level of attention students receive. Overcrowded classrooms can lead %&sed
engagement, while smaller class sizes often yield better academic perform %e tive
models analyze class size data to determine optimal learning conditionsy Th lability of
laboratory equipment and learning materials is particularly im nf\in science education.
Schools with well-equipped chemistry laboratories tend t udents with stronger
practical skills. Predictive modelling can be used to ass laboratory accessibility affects
chemistry learning and whether resource availability ates with performance in practical
assessments'>. Additionally, the integrati® Wl learning tools, such as e-learning
platforms and simulations, is becomin in;r\lngly relevant. Data from online learning

systems provide valuable insigfit Q ent study habits, content preferences, and areas

where additional supportena d. Predictive analytics can leverage this information to
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tailor digital learninK 1enCes to individual student needs
o

Socioeconorhjc afid dentographic factors form another category of data that plays a vital role in
student 4achi nt. Parental education level has been shown to influence student
per %, as children from highly educated families often receive additional academic
support at home!®. Predictive models could incorporate this data to understand how home
environments contribute to learning outcomes. Similarly, family income and financial stability
impact access to educational resources such as textbooks, private tutoring, and internet

connectivity for online learning. Financially disadvantaged students may face difficulties
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keeping up with academic requirements, and predictive models can identify such students for

scholarship or intervention programmes'>®.

The home learning environment is another
significant factor; students with dedicated study spaces and access to educational materials

perform better academically. Schools can use predictive analytics to design programmes that

support students from less conducive home learning environments, ensuring that,al\students

have equal opportunities to succeed'®’. @

Beyond academic and socioeconomic factors, psychological and #chavieyral) data provide
deeper insights into student learning patterns. Motivation lev t specific subjects,
and learning styles all contribute to academic achievement. udents excel with visual

learning aids, while others perform better throug riments or group discussions.

Predictive models assess these learning pre&s and”recommend personalized teaching
N
A\ ills\are also strong indicators of academic

strategies'>®. Study habits and time mana&

success. Students who maintain st
[

revisions tend to perform be \ hose with poor time management'>’. Additionally,
behavioural patterns such as, class®participation, extracurricular involvement, and emotional

well-being coul

tudy routines and allocate sufficient time for

t ent performance. Stress and anxiety can negatively affect learning,
and predictivg a can help schools identify students who may require counseling or

psychologi ort!®0,

In@ of diverse data sources enables predictive modelling to offer a holistic view of
student performance. However, despite its potential, data collection in education presents
several challenges. Data quality and availability remain major concerns, as many educational

institutions lack comprehensive student information management systems'¢!. Incomplete or
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inconsistent data can compromise the accuracy of predictive models. Ethical and privacy
concerns also arise, as handling sensitive student data requires strict security measures to
prevent unauthorized access or misuse!®?. Additionally, resistance to technology adoption
among educators and administrators may hinder the effective implementation of predictive
analytics in schools!®. Addressing these challenges requires investment in sgclired data
management systems, teacher training on data driven decisions, and the establi of cthical

guidelines for data usage in education!'®*.

Sources of data for predictive modelling in education are w ok a combination of

academic, teacher-related, classroom, socioeconomic, a sy ical data sources. Each of

these elements contributes to a deeper understan ent learning dynamics, which

allows for empirical based interventions that enh acdd€mic achievement. While challenges
Y

such as data quality, privacy concerns, a \ nce to technology exist, the benefits of

predictive analytics in education fa&&h the limitations. With continuous advancements
Y

in data science and aﬂiﬁ%%@ , predictive modelling has the capability to improve

education, offer personali afning experiences, improving teacher effectiveness, and

optimization of S% nagement strategies'%*. Schools that effectively harness predictive
€ pett

analytics wil\b quipped to support students, enhance learning outcomes, and ensure

that everyl's is carried along in the process of learning.

Z.Neoretical Review

2.2.1 Job Demand-Control Theory

The proponent of this theory was Robert Karasek in 1979. The theory outlines the impact of

work characteristics on stress, health and occupational wellbeing. The theory postulates that
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work-related stress can result from the interaction between several psychological job demands
that relate to workload, which can be cognitive and emotional demands, interpersonal conflict
and job control relating to decision authority. The theory focuses on psychological workload
and the nature of work demand on work related psychological distress and stress. From this
conception, it can be inferred that the theory shows that high work demand can%result in
psychological distress and physical fatigue. The theory has laid a backgroun restmed

relationship that exists between teacher’s workload and students’ academig ac ent.

2.2.2 Behaviourist Theory Q

This theory is an aspect of psychology that focuse ho ple learn through their

interaction with the environment. The theory be aﬁ. onal through the idea that all

behaviours are acquired through conditionir&g&&d s the principle of reinforcement and
punishment. According to this theory, lea \ iéwad as a change in observable behaviour
ilosophy, behaviourists such as John B. Watson

that results from experience. In li~ne %
and B.F. Skinner argued that @y should be a science of observable and measurable
a t

events and behaviours,

inaccessible. T ‘% heory, it was proposed that environmental stimuli can shape
th

behaviour, a ing occurs through a process of operant conditioning which involves

t "'mental state and cognitive processes are irrelevant or

reinforci ishing based on their outcomes.

FNC, a learner that is praised for answering a question correctly is more likely to repeat
that behaviour in the future. On the other hand, if a student is punished for wrongdoing, they
are less likely to repeat their behaviour in the future. According to this theory, classroom
management could be effective if the behaviours that promote calmness and better classroom

coordination are promoted through praise, reward and good classroom organization while the
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behaviours that negatively affect learning such as noise making and truancy are discouraged
using negative reward. Based on this theory, it is argued that the use of positive reinforcement
encourages desirable behaviours and fosters a positive learning environment. In addition to this,
behaviourist strategies include positive reinforcement and negative reinforcement. Positive

reinforcement entails offering rewards or incentives to strengthen desired behaviou&nples
ar

of this type of reinforcement include verbal praise, stickers, tokens and tangs . On
the other hand, negative reinforcement is expressed in the form of remova npleasant
stimulus to facilitate occurrence of pleasant behaviours. For exa a reduction of the amount

of homework for a student who performs well in a test.

2.2.3 Social Learning Theory
The proponent of social learning theorx i %‘i andura. The theory emphasized
observational learning and the influenc N processes on behaviours. Social learning

e of Co
theory argues that an individual ‘carﬁe bserving others and imitate their actions. It also

considers the role of intern sses in learning.

In addition to this, the tlgo vides clear understanding on how people are motivated and
°

can motivate ot@ perform and how they learn new skills. The theory also explains
how personﬁ change due to influence from others. For example, the attitude of a
studen 'tbse of the library can be positively influenced by observing other students who
make of library facilities to get themselves prepared for examination. This attitude can be

emulated by other students to reinforce their learning. The model of the theory comprises the

following components:
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Cognitive factors — Knowledge, expectations and attitudes

Environmental factors- Social norms, access in community, influence on others
Behavioural factors — skills, practice and self-efficacy

23 Review of Empirical Studies

2.3.1 Teacher’s Workload and Student’s Academic Performance Q

ar&'@)u lic schools,
was explored. A qualitative case study approach was used, a§ % ofR30 semi-structured

The impact of workload on teachers’ efficiency and academic perft

interviews were conducted with 15 teachers and 15 studeats u 1tative content analysis.

% t impact on student academic

8 . her’s workloads in relation to their

achievement, teacher’s efficiency and effectiven% \
.
job performance with a particular focus oriic-)}s ools in Nigeria. Strategies for effective

management of teacher’s workloa rrogated. The study revealed that teachers often

The findings revealed that teacher workload had

.
get stressed up and experien \ t due to heavy workload. Consequently, it was
recommended that work@eminars should be organized to train teachers in time
management. It % commended that ICT facilities should be used to complement
Qg\ivitiesl“.

teaching anN( ea
InvestigafioffNnto teacher’s workload and its efficacy in primary schools was conducted. The

ditional work areas that put burden on primary school teachers were also
investigated. The study employed mixed method design. Survey questionnaires and interviews
were used to collect data; 79 participants were randomly selected for the study. The findings
revealed that teachers’ high workload has a negative impact on classroom teaching and learning

due to limited time for planning lesson and tasks assessment!°.
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From the relationship between workload and teachers’ effectiveness in secondary school in
Uganda using a descriptive survey design. Questionnaire and interview were used for data
collection. Pearson correlation was used for data analysis to determine the level of statistical

relationship between workload and teacher’s effectiveness. Findings revealed that there is a

weak significant correlation between teachers’ workload and their effectiveness in Secondary
schools!®’. It was observed that teachers in Tharaka Nithi Country, Keny cedWith
numerous stressors that led to burnout which could limit their abilities to meet h teaching
obligations.

Consequently, a study was conducted to examine the infl orkload on teachers’

burnout in Tharaka. Descriptive survey design wa. 78 teachers and 31 principals

o
from 31 schools participated in the study. Questignna and interviews were used for data

.
collection. Frequencies, percentages, mean % ard deviation and Pearson correlation were
t

used for data analysis. Findings reveal

[N
teachers’ burnout and workloa, \%s concluded that workload contributed to teachers’

burnout!®. %

Pupil-teacher r io %r that could contribute to teacher’s workload and its impact on

e is a positive significant correlation between

academic penfo in public primary schools in central division of Machakos County,
Kenya w% . The study targeted 78 primary schools. However, 24 schools were sampled
for\% . The study adopted descriptive survey design. Simple regression was used to
determine the correlation between pupil-teacher ratio and pupil’s academic performance. The
findings of the study revealed that pupil-teacher ratio significantly influenced the performance

of pupils in national examination'®,
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Teachers’ workload and its implications on students’ academic performance in secondary
schools in Akoko Northeast Local Government Area of Ondo State was investigated. The study
adopted descriptive design of the survey type and stratified random sampling technique was

used to select 12 schools. 6 public and 6 private schools. The participants included 120 teachers

and 12 principals. A self-constructed questionnaire was used for data collectign,\and five
hypotheses guided the study. Pearson’s product moment correlation and T-te .05Nevel
of significance were used for data analysis. The results showed that there negative

correlation between teachers’ workload and students’ academigmper ance. The findings
indicated that the teachers’ workload was high in teaching aéti

The effect of teachers’ workload on students’ acaden

mance in community secondary

schools was investigated, four research objectives, gutded the study, and descriptive survey

.
design, a mixed method approach. qualitzt\j)& ntitative approaches were used in the

study. The survey and interview were a collection. Random and purposive sampling

N\
techniques were used for seI%b&Participants. The study revealed that the teacher’s

workload was heavy ar%
community seconda@m_
2.3.1.1 Dete@ Teachers’ Workload

Some %ave been carried out to determine the depth of the contributions of the perceived

negative effect on students’ academic performance in

deterthinants of teachers’ workload. To this end, it was argued that class size and timetable
loads could influence teacher’s job performance, descriptive survey design was adopted for the
study. Administrative workload questionnaire and teachers’ job performance questionnaire

were used for data collection. Descriptive statistics, path analysis, ANOVA and multiple
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regression were used for data analysis. It was reported that class size and timetable loads had

significant positive contributions to teachers’ job performance'’%.

A study on workload, stress and resilience of primary school teachers with a focus on teachers
perceived changes in workload and stress levels as well as other factors that may have made
teaching challenging over the years were surveyed. It was reported in the study t iculum
changes, administrative demands and employment related changes like job m ntributed
to teachers’ workload. In addition to these factors, it was revealed that@vererowdé@ curriculum
is one of the significant contributors to the increased st v8ls among teachers.

Consequently, the study concluded that teachers with 16- f teaching experience

173

reported a high workload compared with teachers wig cars of experience’ '”.

Also, investigation into the causes and effe~c t shortage in Nigerian schools was

carried out. Descriptive survey design Wai M hestudy. The sample size consisted of 25

administrators and 250 teachers‘ sel 25 public secondary schools in Osun State.
Proportional stratified sam iv\% 1que was used to select the sample schools. The study
revealed that teachers were“avemworked with assignments due to shortage of teachers. Large

class size was also linked with shortage of teachers!”*.

In a study, t at1 ip between teachers’ factors vis-a-vis teachers’ qualifications, teachers’

workl ing methodology and students’ academic performance was established.
Descriptie survey research design was adopted, and 30 teachers were sampled for the study.
Ten schools were sampled out of the twenty-four secondary schools in Ibadan Southwest Local

Government Area. The findings of the study showed that there was no relationship between

teachers’ workload and students’ academic performance in Economics!”.
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A study focused on the comparison of teachers’ workload in public secondary schools with
their counterparts in private secondary schools was carried out. A sample of 100 teachers from
both government and private secondary schools were used for the study. The research adopted

a descriptive survey design. Data was collected by administering questionnaires to the

respondents. Data was analyzed by using frequency, t-test and ANOVA. Findings led that
m

teachers in public schools are more flexible and satisfied with their workin®)

with their counterparts in private schools'’. &J
2.3.1.2 Teachers’ Academic Workload and Students’ Acaden@nance

Teachers’ academic workload involves the developmen las assignments for learners,

ared

evaluation of students’ continuous assessment (CA of individualized attention to
weak students and the coverage of the t~e g\ sylldbus. In a study that involved the
investigation of teachers’ factors and th: '@1\)& e ®n students’ academic performance in
secondary schools in Nyandarua~, C Xnya, one hundred and fifty-three teachers were
randomly selected from ei \ Is in three districts. Data was collected using a
questionnaire that was develape researchers. Linear regression and one-way ANOV A were

students’ cla

used to test thegsel ship, between teachers’ weekly teaching workload, administration of
&gnmem, evaluation of students’ continuous assessment which defined

the teach% mic workload and students’ academic performance!”’.

TW of academic workload on academic productivity in Nigeria was examined, the data
for this study were collected through a questionnaire that was developed for this purpose and
was administered to 257 academics in faculty of education. Academic workload was measured

by academics’ services, either professional or non-professional in the last three years. The study
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adopted both descriptive and logistics regression for data analysis. The findings showed that

academic workload significantly affected academic productivity!’s.

A study revealed that excessive workload negatively impacts teachers' job satisfaction, leading
to burnout and reduced effectiveness in delivering instruction. The study was conducted among

secondary school teachers in Norway, revealed that workload-related stressors s large

class sizes, administrative duties, and excessive assessments hindered teacher% to engage

with students effectively!”. &J

1 workload on student

Similarly, a study on cross-national study examining the effegts '

achievement across multiple countries. The study thag countries where teachers

experienced a more manageable workload dem gher student performance on
standardized tests. This suggests that reducin ive teaching responsibilities can create a
more supportive learning environment c qsto student success'®’. Analysis was carried
out on how workload influence istty teachers' instructional quality and student
performance. Findings reve @Kcessive lesson planning, marking of assignments, and
administrative tasks ne &ffected chemistry teachers' ability to deliver engaging and
hands-on scien ‘l% a result, students in classes where teachers experienced high

workloads oorly in chemistry compared to those taught by teachers with more

balanc@u es!8l

2.3.1.3 Teachers’ Non-Academic Workload and Students’ Academic Performance

The conflict of teachers’ academic workload with non-academic workload was investigated by
different scholars. In the researcher’s opinion, there seems to be strong debate as to whether
non-academic activities would influence academic performance of students or not. In view of
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this development, investigation on the effects of teachers’ administrative workload on their
ability to undertake class instruction, note preparation and feedback on students’ homework
was done. Using a variable instrumental method, it was revealed that teachers with greater
administrative workloads are less likely to spend time on instructional preparation. According

to the study, this finding was significant for public schools'®?.

Teachers’ non-academic responsibilities and quality of teaching were exami argument

was because if the quality of teaching is poor, students would oot “grasp of the

knowledge contents which could have a negative effect on their aadémic'gerformance. To this

end, the impact of non-academic responsibilities of teacher ¢"quality of teaching was

183

y of teaching in schools *°.

examined, descriptive research design was adoptedsi dy. It was revealed that non-
academic responsibilities significantly influenced the q

)

There is an insight into the extent to Wh@i lar activities can add to the academic
e

.
teachers in relations to the A%\ ctions were examined. Descriptive research design
was deployed in the stu %t dy found that extracurricular activities contributed to the

workload of te ‘%‘ a considerable negative impact on teaching standards. The study

workload of teachers. In view 0@ lopment, the non-academic responsibilities of
in

concluded t sive administrative obligations could cause anxiety, depression,

overburd% of interest in teaching, cancelling of lectures, poor time management,

o@d lack of time for self-improvement!®,

The surge in non-academic workload has significant implications for teacher wellbeing and
effectiveness. Overwhelming administrative demands contribute to increased stress, burnout,

and decreased job satisfaction'®’.
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A study established a direct relationship between high workload and teacher efficacy. It was
reported that teachers who experience high levels of stress due to excessive workloads reported
lower levels of self-efficacy in their ability to teach effectively'®®. This reduced self-efficacy
could result in decreased enthusiasm, less innovative teaching practices, and ultimately, a
decline in the quality of instruction. Further, excessive workload can lead to teachgrs\working

longer hours, impinging on their personal time and potentially impactin ealth and

wellbeing!®’. &J

The reduction in teacher effectiveness caused by excessive non-acad@mic\workload inevitably

impacts student academic achievement. When teachers are | d and less engaged in

their teaching, students suffer the consequences. %
inis

found a negative correlation

between the amount of time teachers spend on ad
.

standardized tests'®®. This indicates that % achers' time and energy away from
u

instruction directly hinders student leayf
. %
-®

e tasks and student performance on

mes.

2.3.1.4 Comparison of N 'Workload Across Different School Settings

s W

Investigation into teacHers ructional workload management and students’ academic

o
performance in rivﬁ& blic secondary schools was conducted. Descriptive statistics of
survey type e ad®pted, stratified random sampling technique was used in the selection of

sc@ study. Six public and six private schools were sampled. A questionnaire was

used ata collection. Pearson’s product moment correlation and T-test at p<0.05 level of
significance was employed for data analysis. Results revealed a significant difference in
teachers” workload between public and private secondary schools (t-cal =2.346). It was also
revealed that the workload is high in teaching activities'®. A qualitative analysis of non-

teaching workload by fourty rural teachers in China was conducted. The study revealed that the
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impact of management and control logics employed in the schools led to increased work burden
on rural teachers. Excessive concentration of administrative power, insufficient proactive
measures taken by schools were identified as some of the factors that contributed to high

workload in the school'®.

in public primary schools. The sample size consisted of 140

participants revealed that 80 teachers (40 rural teachers and cachers); 40 pupils (20

gement committee in primary

schools (10 rural participants and 10 urban participants)®

.
primary schools (5 rural schools and 5 urbt) olshout of a total of 42 primary schools in
d

Ijebu Ode LGA. Three instruments w%
°

was used to statistically test the &%re of the dependent variables for the two independent

groups. The findings of @Veeﬂed that teachers in urban public schools performed

better than teachessK al public schools on three indicators which were quality teaching,

rural pupils and 20 urban pupils); and 20 school-

sample was drawn from 10 public

r data collection from the participants. T-test

coverage ofithe Syllabys,and instructional design, while teachers from rural schools performed

better th s in urban school on two indicators which include teachers’ workload and

e\&% upils’ assignments'®!.

2.3.2 Classroom Management Skills and Academic Performance of Students

The influence of classroom management skills on academic achievement of students has been
widely reported in literature. For instance, a study was carried out on effective classroom

management and students’ academic performance in secondary schools in Uyo Local
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Government Area. Four research questions and four null hypotheses were formulated to guide
the study. Survey design was adopted for the study. The target population for the study
comprised SS 1 students in the selected Local Government Area. A questionnaire was
developed for data collection. Chi-square was used for data analysis. There was a significant
difference in the academic performance of the students based on verbal instructign\corporal

punishment, instructional supervision and delegation of authorities to learnergheZ

Influence of classroom management skills was investigated using lickseco schools.
Descriptive research design was adopted for the study. Stratified ing,technique was used
to select one hundred and fifty teachers for the study. Me ndard deviation were
employed for data analysis. Findings revealed a signi lationship between classroom

discipline and academic performance of students'®

°
Furthermore, the impact of classroom 21\8%& students’ academic achievement at
secondary school level was explore pulation of the study comprised 240 secondary
school teachers which were n®e cted. The data was analyzed using Pearson coefficient

correlation. Regression anal¥gis Was used to test the hypothesis. The study revealed a positive

relationship betix}% m management and students’ achievement'®?.
Classroom gertfent is a complex concept that has a crucial effect on the learning process

of eve %t. Driven by this conviction, the effect of classroom management on learners’
achie nt was investigated. The researcher classified the determinants of classroom
management into classroom environment, teacher training and seminar exposure, behaviour
and discipline, leadership and styles. The study concluded that for learners’ academic

achievement to be good, classroom management must be well applied. It was recommended
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that teachers should be aware that having good information about their students is very

important in effective teaching and learning'®>.

Furthermore, the influence of teacher classroom management skills on academic performance
of pupils in public and private primary schools in Ibadan North Local Government Area of Oyo
State was assessed. Descriptive survey research design was adopted for the stud ti-stage
sampling technique was adopted for the selection of samples for the stu 1 of 200
respondents were purposively selected from both public and prigate prim chools. A
questionnaire was used for data collection, and six research questi d

hypotheses guided

the study. The data collected were analyzed using frequency entages and Pearson’s

product moment correlation coefficient. The findings dy revealed a positive but low

196

relationship between teacher classroom management sk l l’ and academic performance'”°.

. \
Empirical research has also highlighted tl\@h@ classroom management skills on students’
as

academic performance. In a staud Q)

classroom management stra’ s,\h as setting clear expectations, maintaining discipline,

und that teachers who implemented proactive

and using positive reinforcehagt, had students with higher academic achievement'®?. The
research, which@SOO middle and high school classrooms, showed that classrooms
with well-st re@eManagement practices reported fewer behavioral disruptions and higher
studen ent levels. Further research was explored, and the link between classroom
mana t and student motivation was investigated. The study used high school science
students as a population. Study revealed that effective classroom management fosters a positive
learning climate, leading to increased student interest and improved academic outcomes.
Chemistry students were taught by teachers who employed interactive and structured classroom
strategies showed better performance on laboratory tasks and conceptual understanding'®>.
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A study examined classroom management strategies in secondary schools and their impact on
chemistry students’ learning outcomes. The study found that classrooms with structured
management practices, such as routine class schedules, well-defined behavioral expectations,
and active student participation resulted in higher student achievement. The research
recommended that teacher training programmes should emphasize classroom mahagement

skills to enhance instructional effectiveness. Student-related factors, such as % n, Secio-

economic background, and prior knowledge, significantly influenced aca(% vement in
chemistry!'*,
2.3.2.1 Non-instructional Classroom Management Practi ademic Performance

of Students @

It was argued that many disciplinary incide‘n % in the classroom originate from the

insufficiency of teachers’ classroom &rj t Spractices to manage learners with

behavioural challenges. In View~0f @ pment, a study was conducted on 450 teachers.
t.

he study revealed a significant relationship between

Data was analyzed by emp |§\
the dimensions regarding classrogni management skills of teachers and disciplinary behaviours

of students'®. ®
ﬁ classroom behaviours for improved academic achievement was also

The manag

advan@erlﬁcation of the management of classroom behaviours for improved academic
achie nt was advanced through a study that was conducted on the social behavioural and
academic outcomes of a large diverse samples of middle school students within an urban

context. The samples included 102 teachers and 1,450 students in sixth to eight grades. The

study adopted a two-level hierarchical linear model to examine the overall treatment effects on

75



student behaviour and academic outcomes. Also, mediation analysis was used to examine a

hypothesized putative mechanism for observing academic outcomes.

However, null effects were observed for students prosocial and disruptive behaviours and self-

regulation skills as well as reading comprehension and broad math performance. It was revealed

that behavioural control increased students’ concentration in the classroom'®®.

Furthermore, verbal instruction, instructional supervision and delegation ofsa learners
in the management of students’ classroom behaviours were deployéd, in a on effective
classroom management and students’ academic performance. adlopted a one-group
pre-test, post-test quasi experimental design and survey gugstio s to elicit responses from

32 respondents. Three research questions and thre ypotheses were formulated to

guide the study. Descriptive statistics and K i e used for data analysis. Findings

revealed that the mean performance of stv&&)

2.3.2.2 Relationship Betweer® %nal Classroom Management Practices and

o0ldgy increased significantly!'®’.

Academic Perf udents

The relationship instructional classroom management practices and academic

performanc o% as been reported in different studies. For instance, research on the

relationshj en the quality of teaching and classroom management was undertaken. The

x ored instructional inputs in shaping classroom management. Findings revealed
that so

of the participants focused on the classroom management approach by leveraging on

instructional inputs to help in the management of classroom learning environment!®®,

In a paper on effective teaching and classroom management as a tool for quality education,

emphasis was placed on pupil centered instructional approach for effective engagement of
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learners during teaching and learning. Provision of guidance to learners, motivation and
provision of enabling classroom environment were mentioned as components of learners
centered teaching. The paper concluded that effective preparation of lesson plans, lesson
presentation and classroom organization could help in achieving the instructional objectives of

teaching and learning activities which are measured through academic per ance of

e%) classroom

indices of classroom

students'®’.

A study was carried out on the relationship between teachers’ imp

management practices and students’ behaviour in elementary sch@

management practices were active instruction and supervisi fdents, opportunities for

students in their response and feedback. Latent class s used in the study. Four groups
of teachers from 1,242 teacher-student days in 65 elem schools with a group of teachers
demonstrating a very low rate of classr0~ ment practices were statistically less
engaged which affected their academi ce!?.

.
The extent to which teacher %131 management strategies, classroom management

effectiveness and learners’ ¢ achievement in English Language in Nigeria influenced
students’ academic ormlance was investigated. It was revealed that there exists a positive
significant a&y between teacher instructional management strategies, classroom

managerr% tiveness and students’ academic performance in public secondary schools.
Z.Nldents Factors and Academic Achievement of Students
2.3.3.1 Students Attitude and Academic Performance

The relationship between students’ attitude and academic performance in statistics was

explored. Correlational research design was adopted in this study. Sample size comprised 560
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students that were enrolled in a business statistics course. The components of attitude that were
investigated comprised affective, cognitive competence, value, interest, difficulty and effort.
Pearson’s correlation was used to test the significant relationship between the attitude
components and the academic performance of students in the course. Findings revealed that
effective, cognitive competence, value, interest and effort have a signific ositive

relationship on academic performance of students®®.

The impact of learning attitude on students’ academic performance ippLitSgatu )— -English in

secondary schools, Lagos State was investigated, descriptive surv afgh was adopted. Two
hundred and fourty teachers and students were randomly om senior secondary

schools from Badagry Local Government Area of L % A structured questionnaire with

a 4-point Likert rating scale was developed to eligit ation from the respondents. The
°

study revealed a significant relationship be@e« ing attitude and academic performance

in Literature-in- English among secon hool students?!.

.
Attitude as a predictor of a de@vemem in GSE 112 (Library Studies) among students
in Federal Colleges of atign 'in southern Nigeria was examined. Purposive sampling
technique was ‘p& e sampling of five conventional colleges of education in Southern
Nigeria. Simple r: sampling techniques were adopted in administering questionnaires to
1,340 in % e five colleges. Two research instruments which comprised questionnaire
arhh% ent test were used. Two research questions and two hypotheses guided the study.
It was revealed that students’ attitude towards GSE 112 was positive while their academic
achievement on the course was on average. Also, it was revealed that there was no significant

relationship between students’ attitude and academic achievement in GSE 1122%,
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Confirming the influence of attitude on the academic performance of students, a survey of
influence of attitude on academic achievement of Physics students in Nigeria was carried out.
Ex-post facto and correlational research designs were adopted for the study. The population of
the study comprised all senior secondary school three students that took Physics in 2012/2013
academic session. Physics Attitude Questionnaire (PAQ) and Physics Attitude %ince
Test (PAPT) were administered on the selected students. Frequencies and %ges ere
used to determine students’ attitude and the level of academic performange be male and

female students. Pearson product moment correlation coefficient as\used to determine the
relationship between attitude and academic performance. F i% led that there was no
relationship between attitude and academic performanc 5168203,

e

2.3.3.2 Students Self-Efficacy and Academic Perfor
L)

Correlation between self-efficacy, maste Q%\ete, icarious experience, social persuasion,
emotional arousal with acaden%ic lX@ce was studied. A 40-item survey measuring
sources of mathematics selfsef] % administered to 178 third-year engineering students.
Academic performance 1% sed mathematics grade point average (GPA) scores were
collated. Findings' al@d\that sources of self-efficacy were correlated with mathematics
S

achievemen ell as cumulative GPA of electronics-related engineering diplomas®®,

The re %} etween academic self-efficacy and academic performance among university
unde uate students was analyzed using samples that were drawn from public and private
universities by using a stratified sampling technique. A questionnaire on self-efficacy was used
for the collection of data from participants drawn from faculties of education, humanities and
science. Descriptive and inferential statistics were used to analyze the differences and

relationship between academic self-efficacy and academic performance among university
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undergraduate students. The results revealed that there is a statistically significant relationship
between academic self-efficacy and academic performance among university undergraduate

students®®.

A study was conducted on the relationship between motivation and self-efficacy on learners’

academic performance in Physics. Learner’s Theory of Operant Conditioning dura’s
Social Cognitive Theory were used in the study. A correlational survey res % sign was
adopted for the research. The number of participants was 375 senio ec% ee physics

learners. Learner’s psychosocial factors scales were used for d 1 tion. Simple linear

regression was used for data analysis. The results showed thitgelf*fficacy had significant

positive relationships with learners’ performance in

2.3.3.3 Students Peer Relationship and Ag i6\Performance

The influence of peer group on adoles@ents’ academic performance in secondary
lof1

schools in Tanzania was investi@ated. 44 participants made up of 120 students and
24 teachers participated in th Y%\i were purposively selected from two secondary schools

which comprised goverfimentsand private schools. The instruments used for data collection

o
were interview ec& uestionnaires. Both qualitative and quantitative approaches were
adopted in tud¥*Findings revealed that peer group relationships had both positive and

negati@uce on adolescent students’ academic performance at the selected schools with
gove t schools more influenced than private schools. It was concluded that peer’s
relationship, socialization and environment had a great influence in determining students’

academic performance?’’.

80



Peer group and parental support were correlated with academic performance of senior
secondary students in Southwest Nigeria. The study adopted ex-post facto design and
descriptive research design of survey type. The population comprised all senior secondary
school students in South-West Nigeria. The sample of the study consisted of one thousand, one
hundred and fifty senior secondary school students; three states of the six states in t uthwest
were covered in the study. Questionnaire and inventory were used for elicitingg tionrom
the respondents. Two null hypotheses were formulated to guide the stu .&s revealed
that there was a positive significant relationship between p T and the academic

performance of students®%.

The effect of peer-to-peer relationship on social lj ademic performance of English

Language students was investigated. Pre-test, p@st
°

design with 2x2x2 factorial matrix was adot) ts were randomly assigned to treatment
d

ontrol group, quasi-experimental

group, purposive sampling technique the selection of sample for the study and four

)

instruments were used for data @, and they were English Language Achievement Test

(ELAT), Peer-to-Peer Gulide , Social Life Inventory (SLI) and direct observation.

Findings revealedst was a significant difference in the post and social life between
students t \%posed to peer-to-peer strategy and those exposed to conventional
strategyzo9

A%ﬂdy was conducted on the influence of peer group on the academic performance of

undergraduate students in selected departments in Babcock university, Ogun State. Descriptive
and ex-post facto designs were adopted in the study. A questionnaire was used for data
collection; one hundred and sixteen students were sampled from five departments in the school

of education and humanities using stratified random sampling methods. Data was analyzed

81



using Pearson product moment correlation coefficient and linear regression analysis. The result
of the study revealed that peer group has significant influence on academic performance of

undergraduate students?'.

2334 Capabilities of Predictive Models in Predicting Academic Performance of

Students

Predictive modelling has become an essential tool for analyzing and orc% Students’

academic performance based on multiple factors. Recent studi€s

ave onstrated its
effectiveness in identifying academically challenging students, ‘an proving educational
outcomes. A predictive model was developed using %ng techniques to analyze
chemistry students' academic performance. The %

attendance, homework completion, and &W‘r‘cicipation to predict students’ final
grades. The study found that predictive %@ was highly accurate in identifying students

corporated variables such as

who needed additional supportsallo cators to intervene early?!!. Similarly, a study

explored the use of data-dr tive models in secondary school chemistry education.

Decision tree and neural aet odels were applied to evaluate student performance patterns.
L)

The study con dx edictive analytics could help teachers allocate resources more

effectively destan’ personalized learning interventions for struggling students®'?. A study

was c@ the application of artificial intelligence, Al in predicting chemistry student

01%

were able to accurately forecast student performance based on variables such as class

he study found that Al-based predictive models, trained with historical student data,

participation, previous test scores, and study habits. These findings suggest that integrating Al
into the educational system could enhance students’ support strategies and overall academic
activities.
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2.4 Conceptual Model

The conceptual model of this study shows the diagrammatic representation of the key concepts
which involves the variables of the study, independent variables. The independent variables are

Teacher’s workload (Academic workload and Non-academic workload); Classroom

management skills (Instructional classroom management skills and non-instructio ssroom

management skills) and Students factors (Attitude, Self-efficacy and Peer ip). The
e

dependent variable is SS 2 students’ academic achievement in Chem@ dcl was used

to guide research questions based on the existing theories. It 0 used to establish the
relationships that exist between independent variables and de iables which provided

the framework for the investigation of the research
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Independent Variables

(Teachers” Workload)
Instructional Workload

(Teaching periods,
laboratory activities,
additional subject, make
up classes)

Non-Academic Workload
(Administrative duties,
extra-curricular activities,
counselling services

Dependent

R

d

(Classroom Management
Practices)

Instructional Classroom
Management Practices

(Teaching skills, questioning &
answer, classroom interaction

Non-Instructional Classroom
Management Practices

(Discipline, rules, classroom
organization, instructions)

Chemistry Students’
Academic Achievement

Scores of students in
Chemistry Achievement
Test (CAT) that comprises
questions from organic
chemistry, physical
chemistry, stoichiometry,
inorganic chemistry,
periodic chemistry &
practical questions

AN

(Students’ Factors)
Attitude Towards Chemistry
Student Self-Efficacy

Student Peer Relationship

Fig 2.1 Conceptual framework of the study

Source: Researcher, 2025
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Dependent and Independent Variables

The basis for this study is to develop an empirical based model from the research variables that
could significantly influence the academic achievement of Chemistry students. In this study,
the predictor variables are classroom management skills with two levels, teacher’s workload
with two levels and students’ factors with three levels. The dependent variable 1 ademic

achievement of SS 2 students in Chemistry. The moderating variable is the tyfe ol which

is assumed could affect the causal relationship between the indeperndent Variables and

dependent variables. The foundation of the study was laid on the etieal framework which

provided a useful blueprint for the formulation of the researc

is anchored. In the study, the type of school is take%%tomous variable which will be

in two levels, public school and private school. Inl'& his blueprint, the conceptual model

°
is designed to provide a graphic illustration@

the relationships between the indep
°

understood through the pictori@taﬁon of the conceptual model. On the other hand,

the dependent variable is the q

upon which the study

for the study. This means that briefly,

riables and dependent variables are better

itative description of the students’ academic achievement in

chemistry which @K uantitatively the students’ responses in the chemistry achievement

=0

2.5 of Reviewed Literature and Gap

RWd findings of the variables of study are documented in literature with varying

statistical methods of analysis (ANOVA, ANCOVA, Regression) and designs (Experimental,
mixed methods, survey). It was documented that teachers’ workload influences academic
achievement of students using ex-post facto research design. Information abounds in literature

on how the productivity of teachers could be affected due to overloaded tasks which make them
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give less of their best. Correlation between administrative duties of teachers and students’
academic achievement were reported in literature. Different methods of analysis such as

frequency counts, inferential and descriptive statistics were used for data analysis.

Reports on classroom management on academic achievement of students are captured in the

literature. Literature revealed that most of the studies on classroom management d their

R

significantly influenced the academic achievement of students. On students\factor$; few reports

data collected by using questionnaires. Literature revealed that instructional

were documented in the literature on students’ peer relationsh ture established a

significant relationship between attitude and students’ acade ement. In addition to

this, literature reported that students’ self-efficacy signi % influenced students’ academic

achievement. However, there were no sufficient re ic literature that revealed the impact

.
of the teachers’ workload, classroom mane\?&qt‘ ills and students’ factors on academic
t

achievement of students. achieveme
°
investigated the comparative% e of multiple variables on students’ academic

ents. There were no sufficient studies that

achievement. There is de ies on the comparative analysis of Al algorithms for the

prediction of studm\ mic achievement. This brings a better insight into their capabilities

i tj(%gts achievement test based on the available dataset. Despite these

insights, ge % esearch gaps remain. First, most studies on predictive modelling were

co u%
N\'s

igeria.” Second, while predictive modelling has shown a promising capability in improving

in the pred:

on-African environment, that is the dataset lacked African contents, particularly,

academic outcomes, its implementation in Nigerian secondary schools remains underexplored.
Addressing these gaps in this study would provide a more comprehensive understanding of the

models that could best predict chemistry achievement in secondary schools by focusing on the
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features that could enhance the models’ performance in the prediction of students’ academic
achievement. The usage of Al algorithms in this study brings an advantage of evaluating
different predictive features of the study and their attendant impacts on academic achievement

of students with the hope of assessing the implications of the findings on teaching and learning

chemistry. \
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Chapter Three
Methodology

The study focused on predictive modelling of teachers’ workload, classroom management

practices and students’ factors on academic achievement of students in chemistry. This chapter

deals with research design, population of the study, sample and sampliq iques,

description of the research instruments, validation of research instrume

research instruments, method of data collection and data analysis. &

3.1 Research Design %Q
This study adopted cross sectional research design. %eve aged on models that linked

a combination of features of the study among a sample rticipants. This design allowed data

y of the

°
to be collected at a single point in time, and V\% nipulation of the features of study.

3.2 Population of the Study Q&
.
The population of the stud @

the Southwest, Nigeria.
L)
33 Sampleqnd\ ling Techniques
The stud multi-stage clustering sampling techniques in the selection of participants.

T@ tates in Southwest Nigeria. They are Lagos State, Ogun State, Oyo State, Osun
tate,

S

all the senior secondary school 2 chemistry students in

do State and Ekiti State. The researcher clustered the six states into three states that
include Lagos State, Oyo State and Ekiti State. The states were clustered because of the
similarity in their population parameters. Both private and public schools were purposively

selected from each of the states to give room for more chemistry students and teachers to
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participate in the study, and to ensure that participants were sampled from urban and rural

settlements.

The population was stratified into three senatorial districts. All the chemistry teachers in the

sampled schools were purposively selected for the study. The schools were selected based on

and to have unrestricted access to the respondents. Five resea ants were recruited and
trained by the researcher, using a training manua % designed for the training. The
training manual contained a step-by-step proceduréon to get the instruments administered

°
to the students and teachers. This was done k%%e se of administration of the instruments
&Q

and collection of data. Each of the st ratified into three senatorial districts: Lagos
State was stratified into Lagos ‘e agos West and Lagos East; Oyo State was stratified
into Oyo North, Oyo Centtal a 0 South; Ekiti State was stratified into Ekiti Central, Ekiti
North and Ekiti Scu\ ols were purposively selected from all the senatorial districts in the

states to ensurethat parameters of the target population were reflected in the sample

statistics % e quality datasets. This was achieved by using intact class.

\¥
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Table 3.2

Sample of the Study

S/N | Name of School Type of | LGA Location No of | No of
School students Teachers
1. Federal Govt Coll, [janikin, | Public Ojo LGA Urban 70 1
Lagos
2. Homat College Tkd Private Ikorodu LGA | Urban 32 1
3. Maryland Comp Ikj Public Ikeja LGA Urban 18 1
4. Baptist Snr High Schl, Public Somolu LGA | Urban 38 1
Somolu
5. Ajayi Crowther Mem Snr Public Bariga LGA Urban 24
High Schl, Bariga
6. Balad Comprehensive Private Ikorodu LGA | Urban 1
College, Tkorodu (
7. Christy Caleb Schools, Private Oshodi-Isolo | Urban w 1
Ejigbo LCDA
8. Rake Comprehensive Private Oshodi-Isolo Urban \1 1 1
College, Ejigbo LCDA
9. Kenral College, Ojo Private Ojo LGA Url 25 1
10. | The African Church Grm Private Ifako-Ijaye rba 75 1
Schl, Ifako-Ijaye
11 Ogbomoso High School Public Ogbomos rba! 42 1
South
12 Embeth Model Group of Private Ido LG rban 32 1
Schools, Apata, Ibadan N i\
13. OBMS, Total Garden, Ib Private Urban 64 1
14. | Police Sec Sch, Igbo-Ora Public Urban 46 1
15. | Igbo-Elerin Gram Sch, Public Rural 50 1
Ibadan, Oyo State
16. Sunshine Group of Sch, «Priva Urban 25 1
Okebola, Ibadan
17. | City Model School, Aja % Oluyole LGA | Urban 46 1
Village
18. | Adeniran Mem Gram S ublic Ogbomoso Urban 19 1
Ogbomoso LGA North
19. | Command Sec Public Akinyele LGA | Urban 42 1
Odogbo
20. | Anw Public Iseyin LGA Urban 30 1
1, Iseyin
21. | Olaol Public Ado-Ekiti Urban 22 1
Sch
22. mprehensive High | Public Jjero-Local Urban 34 1
ogl, Tloro Government
23. N, Ifak8 Grammar School, Public Ikole Local Rural 62 1
ko Government
24. | Ekiti State Government Public Ikere Local Urban 128 1
College, Ikere Ekiti Government
25. | Awo Community Comp Public Irepodun/Ifelo | Rural 32 1
High Schl dun LGA
Total 1,006 25

108




3.4

Description of the Research Instruments

Four instruments were used in the study:

1.

4.

\QJ ry Performance Test (CPT)

Teaghers Workload Rating Scale (TWRS), Teacher Classroom Management Practices

Teachers Workload Rating Scale (TWRS) for chemistry teachers.

The instrument measured:
(a) Teacher’s Academic Workload

(b) Teacher’s non-Academic Workload

Teachers Classroom Management Practices Questi
teachers. Q
The instrument measured: %

(a) Instructional Classroom Managem tices

(b) Non-Instructional Classroom @em Practices

Students Factors Questi(mn% ) for Chemistry Students.

The instrument m@
(a) Attitude S istry

A
n

Toward
(b) Stu@cy

r Relationship
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MPQ) for chemistry

Questionnaire (TCMPQ) and Students Factors Questionnaire (SFQ) were used for data
collection. Teachers Workload Rating Scale (TWRS) has two sub-levels: Teacher

Academic Workload and Teacher Non-Academic Workload. The academic workload is a



four-point Likert Rating Scale with eight items that were developed for the purpose of
collecting information that is relevant to the variables being investigated. In addition to this,

non-academic workload has ten items with a five-point Likert scale.

Teacher Classroom Management Practices Questionnaire (TCMSQ) was developed by the

researcher and has two levels, they are: Instructional Classroom Mana Skills

Questionnaire and Non-Instructional Classroom Management Skills Questighnaire. The

Instructional Classroom Management Questionnaire and the Nongins i Classroom
Management Questionnaire have ten items each which the s résponded to.
Students Factors Questionnaire was developed by escarcher to elicit information on

factors that could influence academic achievefg dents such as attitude towards

chemistry, students’ self-efficacy and sty er rélationship. The instrument consisted

of twenty-eight items. Attitude towa has ten items, student’s self-efficacy

consists of ten items and stude t 1onsh1p has eight items.

Chemistry Performange @) comprised standardized items that were adopted from
past questions of the West can Senior School Certificate Examinations (WASSCE). The
instrument ns enty multiple choice items that were drawn from all the topics of
the Wes i enior School Certificate Examinations chemistry syllabus including
mponent of the syllabus. A table of specification was developed by the
xgcfer and was used to compile the questions so that the items would not be skewed to
a particular content domain. The teaching curriculum was used to guide the researcher so
that topics that have not been covered in schools were not included in the questions. The
time required for the completion of the test is 30 minutes, which was determined by simple
proportion.
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3.5 Validity of Research Instruments

The instruments were validated by establishing the reliability and validity of the instruments
to ensure that they measured the constructs they purport to measure. The instruments were
first given to a sample of teachers and students, and their responses helped in restructuring
some of the items in the instruments. The instruments were also given erts in
educational evaluation department to establish their face and content va @‘ mples of
the instruments were also given to some chemistry teachers in sc 0 not listed

in the research. Q
3.6 Reliability of the Research Instrumen %

Because of the Likert nature of the items, the in coftsistency of the instruments was
established by using Cronbach’s alpha%o& ¢ the unidimensionality of the items to

determine the reliability coefficients @es.
.
3.6.1 Reliability of Tea&kload Rating Scale (TWRS)

The instrument comprised i on teachers’ academic and non-academic workload. It was

administere K of respondents that were not members of the population but have
N

similar featu e target population. So, the instrument was subjected to a reliability
analy Cronbach’s alpha to determine the internal consistency of the items. A

l%r coefficient of 0.62 indicates that the instrument was reliable.
3.6.2 Reliability of Teachers’ Classroom Management Practices (TCMP)

The instrument had two parts. This includes teachers’ instructional and non-instructional

classroom management practices. The instrument was administered to a sample of
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respondents that were not members of the population but have similar features to the target
population. Thereafter, the instrument was subjected to a reliability analysis using

Cronbach’s alpha. A reliability coefficient of 0.71 indicates that the instrument was reliable.

3.6.3 Students Factors Questionnaire (SFQ)

The instrument consisted of items that measured students’ psychological ant%tors.
%\ cial factors

Psychological factors include students’ attitude to chemistry, self-efficae

the target population. The instrument was subj

Cronbach’s alpha. A reliability coefficient of 0. i hat the instrument was reliable.

3.6.4 Chemistry Performance T@tﬁ‘

The instrument consisted of twen%&s at measured different cognitive domains of

°
chemistry. The reliability of th\%

which indicated the rdtio 0fithe tfue score to the observed score. The p values of the items

s determined by using Classical Test Theory (CTT)

were determine ding the proportion of the respondents that got a particular item

correctl to% mber of respondents. This made the researcher have statistics of the
ls of the items. Items of difficulty levels within the range of 0.6 — 0.7 were

o the study out of a pool of items. The discrimination indices were also considered

\el; |
in th€ selection of the items.

3.7 Administration of Research Instruments and Method of Data Collection

Collection of data was done in phases. The first phase involved collection of letters of

introduction from the department to the target schools to ease administration of the
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instruments and collection of data. Because of the geographical spread of the target schools,
more resources were deployed to fast track the process of data collection. This was achieved

by the recruitment of five research assistants for the three states.

The second phase was the training of research assistants to familiarize them with the tasks
to be carried out and the skills that are required in the administration of the 1 ents. A
pilot test was conducted for them to ensure that they have fully grasped tl% al aspect

of the assignment.

The third phase was the collection of data. The instruments %b ed serially, and the

numbers were used as respondents’ numbers to en the of the instruments after

data collection. The examination numbers were ieving all the instruments from

the respondents. The responses of the stu e ere €orresponded with their achievement
scores using the school codes and the %} mbers that were given to them.

3.8 Method of Data Ar@)

Machine Learning Algori re used for data analysis because it facilitates learning
from data witho it programming, and it is also used to trace a large dataset to identify
pattern ano%x ictions. The following machine learning algorithms were used for
analy %

rch questions 1: Ten machine learning algorithms were evaluated. They are
logistics regression, decision trees, random forest, balanced random forest, gradient
boosting, XGBoost, support vector machine (SVM), K-Nearest Neighbors (K-NN),

AdaBoost, and Naive Bayes.

2. Research question 2: Gradient boosting Model
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3. Research question 3: Confusion matrix

4. Research question 4: SHAP (Shapley Addictive Explanations)
3.9 Ethical Approval

A letter of approval was collected from the department and dispatched to the target schools

two weeks before visiting the schools. Necessary approvals were obtained fr% hools
need to

before visitation. Respondents were brief on the importance of the ex

respond to all the questions on the instruments.

Security of the data was ensured by disallowing respon: riting their names on
the instruments to ensure safety of their responses. artigipants were not exposed to
any form of risks, but by participating in the % s€they were able to assess their

cognitive abilities in chemistry. Adequate ents were provided for respondents with

visual and hearing disabilities that fac@wir accommodation during the exercise.
. *Q )
C N
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Chapter Four
Results and Discussion of Findings

4.1 Participants Characteristics and Descriptive Statistics
This section outlines the demographic and descriptive characteristics of the student participants

and the teacher-related variables that were used in the study.

4.1.1 Students Characteristics @
The analysis included data from approximately 1000 student parthe ollowing tables

and descriptions showed the details of the distribution Student sample across key

demographic, attitudinal, and psychological variables. Q

Table 4.1

Distribution of Students by School Type %

O\
S
School Type | Frequency (N %ent (%)
AN
Public 554 Q 55.4
—
Private Q 41.9

portion (N =419, 41.9%) attended private schools. This relatively balanced split is the strength

of the study, as it allows for meaningful comparisons between the two distinct learning

environments. The implication is that school type, often represent different levels of resources
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and educational approaches in Nigeria, could emerge as a significant predictive factor for
chemistry performance.

Table 4.2

Distribution of Students by Gender

Gender | Frequency (N) | Percent (%)

Male 511 51.1 ®
Female 474 47.4 @

Source: Fieldwork, 2025

The gender distribution of the student participants 1$yprese in Table 4.2. The sample was

relatively balanced, consisting of 511 male st 1.1%) and 474 female students (47.4%).

This near-equal representation is crucial @es that any findings that are related to gender

are not due to a skewed samples allo % a fair investigation into potential gender-based

differences in chemistry per \

Table 4.3 g§

Distribution y Age Bracket

%% in years | Frequency (N) | Percent (%)
Brach (14 - 16) 856 85.6
Bracket 2 (17 - 19) 114 11.4

Bracket 3 (20 - 22) 28 2.8

Source: Fieldwork, 2025
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As detailed in Table 4.3, the age distribution of the sample was heavily concentrated in the
youngest age category, with majority of the students (N = 856, 85.6%) falling into age bracket
1. This homogeneity in age suggests that age is unlikely to be a major source of variation in
chemistry performance within this sample. The implication is that the findings will be most

applicable to the specific and typical secondary school age group.

Table 4.4 Q'\
Distribution of Students' Attitude Towards Chemistry (ATC) x&

Attitude Level | Frequency (N) | Percent (%) %
Negative 56 5.6 %Q

Moderate 749 74.9%

Positive 195 &

Source: Fieldwork, 2025 ®

Table 4.4 outlines the stiden %eponed attitude towards chemistry. A large majority of

students (N = 749‘ 4.9

mean that most gud
"a%n

°nd1cated having a moderate' attitude. This finding is interpreted to
> ndither highly enthusiastic nor entirely disengaged from the subject.
The impli or the study is that there may be significant potential for improvement in
petfo implementing strategies that could boost student interest. In view of this, the
p;:k model will be crucial in determining if this moderate attitude is a barrier to high

performance.
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Table 4.5

Distribution of Students' Self-Efficacy (SSE)

Efficacy Level | Frequency (N) | Percent (%)
Low 41 4.1

Moderate 471 47.1

High 484 48.4

Source: Fieldwork, 2025

The distribution of students’ Self-Efficacy, presented in Tab

D
S

s that students' belief

'High' (N = 484, 48.4%) and

in their own capabilities was split almost evenl
hag students generally believe they can

'Moderate' (N = 471, 47.1%) levels. This suggests t
°
achieve in chemistry. A key implication fg\&;& is the need to investigate a potential

efficacy-achievement paradox. If stud

LY
other systemic or instructional f;

Table 4.6

N\

Relationships (SPR)

%}e s high but performance is not, it suggests that
y

e overriding this positive psychological attribute.

Distribution of ‘d%f\
. Q\ l".\

Frequency (N) | Percent (%)
Low 98 9.8
Modetéate 617 61.7
High 278 27.8

Source: Fieldwork, 2025
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Table 4.6 shows that most students (N = 617, 61.7%) reported moderate quality peer
relationships. This prevalence of generally stable but not exceptionally strong social support
systems provides a baseline context. The implication for the study is to determine how much

this social factor contributes to academic performance in chemistry.

4.1.2 Teacher Characteristics %&

The following descriptive statistics of the 22 teachers who participat dy. The

frequencies for the following tables were derived by applying the prefiortio tribution that

were observed in the larger student-level dataset to the specifi %sa ple size of N =22.
in

Frequency was rounded to the nearest whole number, wi tments to ensure that the

total is summed to 22. %

Table 4.7 . ©
Descriptive Statistics for Teacher Gen: QG)der)
.
L N

Category Frequenck &ent (%)

Male 19 86.4
L)
Female 3 13.6
Source: @k, 2025
TableNd. 2 llustrates that the teacher sample was predominantly male (N = 19, 86.4%). This

strong skew reflects a common pattern in STEM teaching within the region. A key implication
is that the study's findings regarding teacher effects are primarily based on the characteristics
and practices of male teachers, and their generalizability to teaching populations with a different
gender balance should be considered with caution.
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Table 4.8

Descriptive Statistics for Teacher Highest Qualification (THQ)

Category Frequency (N) | Percent (%)

B.Sc/HND | 21 95.5 \
M.Sc/MLEd | 1 45 QQ
Source: Fieldwork, 2025 &

Table 4.8 shows that many teachers (N =21, 95.5%) held a B.Sc. . ®his lack of variation

in teacher qualifications is critical context for the study. It at THQ is unlikely to

emerge as a significant predictor in the model, n

general, but because there is insufficient variance\wit his specific sample to measure its

because it is unimportant in

Table 4.9

.
effect. %
N \\:‘
Descriptive Statistics for T h@s f Teaching Experience (TYTE)

Category | Frg (N) | Percent (%)
\)

Low 8 36.4

Mod 50.0

Hig 3 13.6

Source: Fieldwork, 2025
As shown in Table 4.9, the teacher sample was primarily composed of individuals with low to
moderate levels of professional experience. The majority (N = 11, 50.0%) had 'Moderate’'

experience. This has significant implications, as the study's findings will mainly reflect the
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challenges and strengths of this early-to-mid-career demographic rather than those of highly
veteran teachers, making the results particularly relevant for teacher training and support
policies.

Table 4.10

Descriptive Statistics for Teacher Grade Level (TGradelevel) Q\
Category Frequency (N) | Percent (%) ®

Grade Level 8 9 40.9 ®

Grade Level 10 5 22.7

Grade Level 12 1 4.5 %Q

Grade Level 13 4

QGrade Level 14

Grade Level 15

Source: Fieldwork, 2025
The distribution of t rade levels are shown in Table 4.10. The concentration of teachers
at lower grade Iéwels, particularly Grade Level 8 (N =9, 40.9%), indicates that the sample is

not comp nior staff. This implies that the study's conclusions on teacher effectiveness

ar@ e context of less senior educators.
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Table 4.11

Descriptive Statistics for Teacher Number of Chemistry Students (TNoCS)

Category Frequency (N) | Percent (%)

Classsizel (<30) 2 9.1 \
Classsize2 (30-39) 10 455 @Q

Classsize3 (40-49) 8 36.4 4\
Classsize4 (50+) 2 9.1 Q
Source: Fieldwork, 2025 g

in the range of 30-39 students

As shown in Table 4.11, the most common class s
(Classsize2) and 40-49 students (Classsize3y. $hi valence of larger class sizes is a crucial
piece of context, as teaching strategies &3 ing behaviours that are effective in small

classes may differ from those regu s€ more common, larger settings.

Table 4.12 ®
. 1%&hers Classroom Assessment Techniques (CAT)

equency (N) | Percent (%)

L‘\, 6 27.3

Moderate 14 63.6

Descriptive Sta

High 2 9.1

Source: Fieldwork, 2025
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Table 4.12 shows that a majority of teachers (N = 14, 63.6%) were rated as having moderate,
not high skills in classroom assessment. This suggests a potential area for professional
development across the teaching sample. This implies that subtle variations in assessment
techniques could be an important predictor of student outcomes.

Table 4.13

Descriptive Statistics for Teachers' Instructional Classroom Management Sk S)

Category | Frequency (N) | Percent (%)

Low 5 22.7 %Q
Moderate 9 40.9 %Q

High 8 364, Q\
Source: Fieldwork, 2025 < 3\

As shown in Table 4.13, the wige @ of Instructional Classroom Management Skills

(ICMS) suggests that this is.a \

implies that I[CMS could be &highly significant feature in the predictive model, as it represents

a clear area of di e@y-to-day teaching practice.

&>

entiating factor among the teachers. This variability
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Table 4.14

Descriptive Statistics for Teachers' Non-Instructional Classroom Management Practices

(NICMP)

Category | Frequency (N) | Percent (%) \
Low 1 4.5 @
Moderate 10 45.5 &
High 11 50.0 ®

Source: Fieldwork, 2025

Table 4.14 shows that most teachers were rated n-instructional practices. This

could imply that teachers in this context arg maflaging administrative or disciplinary

tasks. The implication for the study is to @ potentially complex relationship between

these practices and student acadgmi

a response to a demandin@ ment.

Table 4.15
N

Descriptiv a@ Teacher Academic Workload (TAW)

requency (N) | Percent (%)

nce, as high non-instructional practices may be

Low 7 31.8
Moderate 10 45.5
High 5 22.7

Source: Fieldwork, 2025
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As shown in Table 4.15, teachers were spread across low, moderate, and high academic
workload. This variation implies that TAW is a suitable variable of investigation as a predictor,
allowing the study to effectively test how different levels of academic duties impact teachers’

performance and consequently, students’ academic performance.

Table 4.16 Q\
Descriptive Statistics for Teacher Non-Academic Workload (TNAW) ®

Category | Frequency (N) | Percent (%) @

Low 5 22.7

Moderate 13 59.1 %Q
g
High 4 182 ® \
N

Source: Fieldwork, 2025 v

Table 4.16 shows that many tead 3, 59.1%) experienced a moderate non-academic

workload. This suggests %\ wvel of non-instructional duties is standard for teachers in
tign fo

this context. The impli e model is that it can effectively test the impact of deviations

)
from this norm Q\}} and 'High' categories) on student performance.
Pre

4.2 n of Data

4.@arch Questions

Research Question 1: Which machine learning model best predicts secondary school students’
performance in chemistry based on features such as school type, student gender, age, attitude
towards chemistry (ATC), self-efficacy (SSE), peer relationships (SPR), chemistry

achievement test scores (CAT), teacher gender, teacher’s highest qualification (THQ), number
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of chemistry students in class (TNoCS), years of teaching experience (TYTE), instructional and
non-instructional classroom management practices (ICMP and NICMP), as well as teachers'

academic and non-academic workload (TAW and TNAW)?

To identify the best machine learning model for the prediction of students’ chemistry

and testing, and the performance metrics of the models were compared. The

were Logistic Regression, Decision Tree, Random Forest, Balanced n&Fj
0

Boosting, XGBoost, Support Vector Machine (SVM), k-Nearest % (k-NN), AdaBoost,

and Naive Bayes. Model performance was assessed using cro

test accuracy, test F1-score (weighted), and test RO
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Table 4.17

Comparative Performance of Machine Learning Models for Predicting Chemistry

Achievement

CV F1 Test TestF1 TestROC
Model

(Weighted) Accuracy (Weighted) A
Logistic Regression ~ 0.4528 = 0.0352 0.4615 0.4566
Decision Tree 0.5983 +£0.0229 0.6154 0.616 &J 566
Random Forest 0.6368 = 0.0166 0.6288 % 0.7224
BalancedRandom

0.6262 +£0.0128 0.652 0.7258
Forest
Gradient Boosting 0.6176 +£0.0347 . 0.6524 0.7714
XGBoost 0.6313 + 0.0142@6 0.6510 0.7405
SVM 0.5235 % 0-%?) 0.4950 0.5024 0.7509
k-NN O%%? 0.5518 0.5618 0.6975
AdaBoost NO +0.0626 0.4247 0.4094 0.6862
Naive Bay &\O 3089 +0.0451 0.3110 0.2715 0.6577

Source: Fieldwork, 2025

Nm F1 (Weighted) represents the cross-validated weighted FI-score with standard
deviation. Test Accuracy, Test F1 (Weighted), and Test ROC AUC represent the performance

on the unseen test set. Higher values indicate better performance.
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Table 4.17 shows the comparative analysis of the ten machine learning models built to classify
secondary school students' performance in Chemistry by showing variations in their abilities to
predict student outcomes. The table shows that Gradient Boosting emerged as the most suitable
model for the prediction of chemistry performance among secondary school students,
demonstrating a superior balance of performance metrics. While XGBoost achieved the highest
overall test accuracy (0.6622) and a strong cross-validated F1-score (0.6313 £ 0.0442) with
good consistency, Gradient Boosting exhibited strengths that are particularly or this
multi-class prediction problem. Gradient Boosting achieved the highest wei %score on

the test set (0.6524), marginally outperforming XGBoost (0.6510). This indica t Gradient

Boosting provides a better balance between precision and recall acr 11 st performance

ru e identification of
students in different groups, especially if there's any class im .
Furthermore, Gradient Boosting achieved the high@C AUC (0.7714), significantly

surpassing XGBoost (0.7405). This superior RO lue highlights Gradient Boosting's
exceptional ability to distinguish between th® % erformance classes. It suggests that the
1

t true performance levels, providing a more

categories (Low, Moderate, and High), which is vital for en

model is highly effective at ranking stude

reliable measure of its discriminati . This characteristic is particularly valuable in
.

educational settings where the &kih¢y to accurately differentiate among various student

achievement levels is paramo ortatgeted interventions and resource allocation.

Other ensemble uﬁélso showed promising results. Balanced Random Forest
demonstrated s% nce with a test accuracy of 0.6522 and a weighted F1-score of
g

0.6411, indigdti

ffectiveness, especially considering its design for class imbalance. The
standard Ra orest also performed well, albeit slightly below the top two contenders, with
a test raty of 0.6288. The consistent and high performance of these tree-based ensemble
m%Gradient Boosting, XGBoost, Random Forest, Balanced Random Forest) suggests
that the underlying relationships between the features and chemistry performance are complex
and likely non-linear, which these models are well-equipped to capture. Conversely, models
like Naive Bayes and AdaBoost demonstrated significantly lower performance across all

metrics (e.g., Naive Bayes Test Accuracy = 0.3110, AdaBoost Test Accuracy = 0.4247),

indicating their lesser suitability for this prediction problem. Logistic Regression (Test
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Accuracy =0.4615) and Support Vector Machine (SVM) (Test Accuracy = 0.4950) also showed
comparatively weaker performance than the ensemble methods, suggesting they could not

effectively model the intricacies of the data.

The results revealed that while XGBoost displayed strong overall accuracy, Gradient Boosting

appears to be the most suitable model for predicting the chemistry achievement of secondary
school students, due to its superior weighted Fl-score and, most notabl ﬁﬁihest
e ‘performance

discriminative power, as indicated by the Test ROC AUC. This comprehensi
across key metrics makes Gradient Boosting a robust choice for providing p nations

and accurate predictions of student chemistry achievement. x
'ing (ML) model for

g a multidimensional set

The present study sought to identify the most effective

predicting secondary school students' performance in chemist

of predictors, including student demographics, psy ariables, and teacher/classroom

characteristics. The evaluation of ten classification al
offered the most robust predictive performang %@ by the highest test F1-score (0.6524)
and the highest test ROC AUC (0.7714). Thi§fi is

the strength of ensemble methods, partj QD

s revealed that Gradient Boosting

nsistent with prior research indicating
osting algorithms, in capturing complex, non-
linear interactions among predictarsy ational datasets'. The findings of this study align
with and, in some cases, uanced perspective on existing literature concerning
machine learning in educatidpal gonitexts. The consistent outperformance of ensemble learning
methods in this stud¥g ngly supported by a growing body of research. Explicitly highlight
the advantages & ens l¢arning, particularly stacking models, in achieving higher accuracy
and genera%{ pared to individual machine learning models for student achievement
predictio ifically, the strong performance of Gradient Boosting and XGBoost is
corobogdted By multiple sources. Gradient Boosting and XGBoost, respectively, demonstrate
superidgccuracy and efficiency in student grade prediction® °. Similarly, the effectiveness of
Random Forest, another prominent ensemble method, is supported by works of a researcher
who found Random Forest to be the best model among several evaluated algorithms for
predicting student academic performance®. The present study found that tree-based ensemble

methods are well-suited for capturing complex, non-linear relationships is also consistent with
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the multifaceted nature of educational data, where outcomes are rarely influenced by simple

linear associations.

While the overall trend points towards ensemble methods, some studies present seemingly
contradictory results, which can be understood by considering differences in dataset context,
model variations, and problem scope. For example, in this study, Logistic Regression performed

poorly. A logistic regression model with Taylor expansion that outperforme arative

models in predicting student performance in online learning was proposed’.
the effectiveness of a model can be highly dependent on the specific dataseSc: istics (e.g.,

online vs. traditional secondary school environment) and the enlf@ncenients)or variations
applied to the model. Similarly, Naive Bayes and SVM showed w

—
=3
=
=
=3

ance in the current
study. However, it was reported that Naive Bayes achieve accuracy of 98.86%
when compared to Evolving Cascade Neural Net (E for student education
performance prediction’. Also, found SVM achi racy of 95.48% in predicting
medical student performance!®. These stark differences est that simple implementations of
these algorithms may not be robust for all%&‘ | prediction tasks, but when applied to

specific datasets or problems (e.g., medi t performance, different data distributions),

or in certain optimized configuration % rformance can be substantially higher. The high
N

accuracy values reported in thes &\&10 ory studies also suggest that the complexity of the

classification task or the natu %‘ ata might differ significantly from the present study.

Furthermore, whi&wBoost performed poorly here, an optimized AdaBoost variant
(MDBO-BP-A&boN s developed that demonstrated superior performance (R2 values of

0.930 and 0.

iddle school student performance prediction!!. This suggests that while
a standar st might not be sufficient, hybridized or advanced versions can be highly

ding a nuanced perspective on its capabilities.

Finally, while this study identified Gradient Boosting as the best model, other research
sometimes points to different top performers. For instance, as previously mentioned, it was
found that Random Forest performed best!'?. These variations underscore that the "best" model
is often context-dependent, influenced by factors such as dataset size, specific feature

engineering, class balance, and the performance metrics prioritized. The importance of handling
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imbalanced data, in the context of Random Forest and Logistic Regression, also suggests that
the initial performance of models in the present study could be influenced by such data

characteristics if not explicitly addressed.

In conclusion, this research reinforces the significant potential of sophisticated machine

learning models, particularly ensemble methods like Gradient Boosting, in

educators seeking to implement data-driven interventions. While broadly%‘

growing consensus on the effectiveness of ensemble learning, the stud§ a
importance of context-specific model selection and the potential f%’ edjor hybridized
e

versions of seemingly underperforming algorithms to achieve ro%

N

tive capabilities.
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Table 4.17

Comparative Performance of Machine Learning Models for Predicting Chemistry
Achievement

Model CvV . F1 Test FlT@st TestROC
(Weighted) Accuracy (Weighted) AUC \

Logistic Regression 0.4528 £0.0352 0.4615 0.4566

Decision Tree 0.5983 £0.0229 0.6154 0.6165

Random Forest 0.6368 £0.0166 0.6288 0.6232

palanced - Random g 662 +.0.0128 06522 0. 1§\

Gradient Boosting 0.6176 £ 0.0347 0.6522 .6 0.7714

XGBoost 0.6313£0.0142 0.662 10 0.7405

SVM 0.5235+£0.0363 0.495 0.5024 0.7509

k-NN 0.5751 £0.0225 py ; \ 0.5618 0.6975

AdaBoost 0.3950 £ 0.0 0.4247 0.4094 0.6862

Naive Bayes 0.3089‘\ 0.3110 0.2715 0.6577

Source: Fieldwork, 202 Q\\

Note. CV F1 (Jei %r@sents the cross-validated weighted F1-score with standard
racy,

deviation. A Test F1 (Weighted), and Test ROC AUC represent the performance

on the un% et. Higher values indicate better performance.

TmN presents the comparative analysis of the ten machine learning models built to

classify secondary school students' performance in Chemistry, showing variations in their
ability to predict students’ performance. The table shows that Gradient Boosting emerged as

the most suitable model for the prediction of chemistry achievement among secondary school
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students, demonstrating a superior balance of performance metrics. While XGBoost achieved
the highest overall test accuracy (0.6622) and a strong cross-validated Fl-score (0.6313 =+
0.0142) with good consistency, Gradient Boosting exhibited strengths that are particularly
crucial for this multi-class prediction problem. Gradient Boosting achieved the highest

weighted F1-score on the test set (0.6524), marginally outperforming XGBoost (O%This
all

indicates that Gradient Boosting provides a better balance between precisio ross

all student performance categories (Low, Moderate, and High), which §s v1 ensuring

accurate identification of students in different groups, especially @y class imbalance.

Furthermore, and critically, Gradient Boosting achieved%hé‘\ est ROC AUC (0.7714),

significantly surpassing XGBoost (0.7405). This su UC value highlights Gradient

Boosting's exceptional ability to distinguii b%‘ different performance classes. It

suggests that the model is highly effective ]& students by their true performance level,

providing a more reliable measur~e of’i xnnative power. This characteristic is particularly

valuable in educational set 'n@e ability to accurately differentiate between various

student achievement leve% ount for targeted interventions and resource allocation.
™D\

Other ensemb%q Iso showed promising results. Balanced Random Forest

demonstrate ng performance with a test accuracy of 0.6522 and a weighted F1-score of
0.641 l%fbihg its effectiveness, especially considering its design for class imbalance. The
stein&(andom Forest also performed well, albeit slightly below the top two contenders, with
a test accuracy of 0.6288. The consistent and high performance of these three-based ensemble
methods (Gradient Boosting, XGBoost, Random Forest, Balanced Random Forest) suggests

that the underlying relationships between the features and chemistry performance are complex

133



and likely non-linear, which these models are well-equipped to capture. Conversely, models

like Naive Bayes and AdaBoost demonstrated significantly lower performance across all

metrics (e.g., Naive Bayes Test Accuracy = 0.3110, AdaBoost Test Accuracy = 0.4247),

indicating their lesser suitability for this prediction problem. Logistic Regression (Test

Accuracy =0.4615) and Support Vector Machine (SVM) (Test Accuracy = 0.4950) wwed
ou

not

comparatively weaker performance than the ensemble methods, suggesti %

effectively model the intricacies of the data. &J

The results revealed that while XGBoost displayed strong overal cyy Gradient Boosting
appears to be the most suitable model for predicting thegeghem hievement of secondary
school students, due to its superior weighted d, most notably, its highest

discriminative power, as indicated by the Te&& . This comprehensive performance
N

across key metrics makes Gradient Boostin %\ haice for providing nuanced explanations

and accurate predictions of student @ achievement.

)

The present study sought, to™ \
predicting second';l sqlésl stiidents' performance in chemistry using a multidimensional set
of predictors, 1 lu&:d t demographics, psychosocial variables, and teacher/classroom
characteristi e evaluation of ten classification algorithms revealed that Gradient Boosting

0@ robust predictive performance, evidenced by the highest test F1-score (0.6524)

and th hest test ROC AUC (0.7714). This finding is consistent with prior research indicating

the most effective machine learning (ML) model for

the strength of ensemble methods, particularly boosting algorithms, in capturing complex, non-
linear interactions among predictors in educational datasets'. The findings of this study align

with and, in some cases, provide a nuanced perspective on existing literature concerning
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machine learning in educational contexts. The consistent outperformance of ensemble learning
methods in this study is strongly supported by a growing body of research. Explicitly highlight
the advantages of ensemble learning, particularly stacking models, in achieving higher accuracy
and generalization compared to individual machine learning models for student achievement
prediction? 3. Specifically, the strong performance of Gradient Boosting and oost is

i %on rate

superior accuracy and efficiency in student grade prediction® °. Similarlyy th iveness of

corroborated by multiple sources. Gradient Boosting and XGBoost, respect

Random Forest, another prominent ensemble method, is suppo orks of a researcher
who found Random Forest to be the best model among uated algorithms for
predicting student academic performance®. The present ound that three-based ensemble

methods are well-suited for capturing complex, none ationships is also consistent with

the multifaceted nature of educational data,‘@:omes are rarely influenced by simple
linear associations. \ >

°
While the overall trend poi t\& ensemble methods, some studies present seemingly
contradictory results, whic%l understood by considering differences in dataset context,
model variation, % scope. For example, in this study, Logistic Regression performed
poorly. A isi@ S

models 1 g student performance in online learning was proposed’. This highlights that

sion model with Taylor expansion that outperformed comparative

th% ess of amodel can be highly dependent on the specific dataset characteristics (e.g.,
online vs. traditional secondary school environment) and the enhancements or variations
applied to the model. Similarly, Naive Bayes and SVM showed weak performance in the current
study. However, it was reported that Naive Bayes achieved a very high accuracy of 98.86%

when compared to Evolving Cascade Neural Network (ECNN) for student education
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performance prediction’. Also, found SVM achieved an accuracy of 95.48% in predicting
medical student performance!®. These stark differences suggest that simple implementations of
these algorithms may not be robust for all educational prediction tasks, but when applied to
specific datasets or problems (e.g., medical student performance, different data distributions),

or in certain optimized configurations, their performance can be substantially higl\g&hiiﬂgh

accuracy values reported in these contradictory studies also suggest that the ity of the

classification task or the nature of the data might differ significantly fron% t study.

Furthermore, while basic AdaBoost performed poorly here, zeth AdaBoost variant
(MDBO-BP-Adaboost) was developed that demonstratedasupchi rformance (R2 values of

‘ﬁ

izeddor advanced versions can be highly

0.930 and 0.903) for middle school student perfo tion'!. This suggests that while

a standard AdaBoost might not be sufficient, h
N

effective, providing a nuanced perspectiv® bilities.

Finally, while this study idenﬁf&nt Boosting as the best model, other research
ormers. For instance, as previously mentioned, it was

sometimes points to diff@
found that Random Fo er ed best!?. These variations underscore that the "best" model

A

is often conte%&k\t, influenced by factors such as dataset size, specific feature
engineerin%%:ba ance, and the performance metrics prioritized. The importance of handling

imbal , in the context of Random Forest and Logistic Regression, also suggests that
t}m performance of models in the present study could be influenced by such data

characteristics if not explicitly addressed!?.

In conclusion, this research reinforces the significant potential of sophisticated machine

learning models, particularly ensemble methods like Gradient Boosting, in predicting
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secondary school chemistry achievement. The findings provide actionable insights for
educators seeking to implement data-driven interventions. While broadly aligned with the
growing consensus on the effectiveness of ensemble learning, the study also highlights the
importance of context-specific model selection and the potential for optimized or hybridized

versions of seemingly underperforming algorithms to achieve robust predictive ca%s

Research Question 2: Which features are most influential in predictl@v school

students' chemistry achievement?

To identify the most influential features in predicting sec tudents' chemistry
performance, feature importance scores were extrac %bes‘[ performing model,
Gradient. Feature importance indicates the relative % of each feature to the model's

predictive power, with higher values signify' ate fluence. The result is presented in

Table 4.18 @
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Table 4.18:

Feature Importance Scores from the XGBoost Model

Feature Importance Feature Importance
TNAW_High 0.087354 ICMS Moderate  0.020913
TYTE High 0.081695 ATC High 0.020778
School Type Private 0.077169 SPR_Low 0.020318
TYTE Low 0.048768 TGender Female 0.020284
TYTE Moderate 0.045814 ICMS Low 0.020142

TNoCS Classsize2 0.044751

TAW_ Low 0.040459
TGradelevel 0.036841
Age Bracketl 0.034483

ICMS_High 0.033525
ATC_Moderate 0.033123
TAW_Moderate 0.0311 84‘

NICMS_High

TAW_High
SPR_Moderate

' N \
TNoCS Classsi?. 1 5
: W)

TNAW Low \@12355
_ AN

o SN\
NIC Wate

Mlasss1ze4 0.007808

0.012097

0.009919

0. 0{\&’@ Bracket2 0

TNoCS_Classsize3 0. WM School Type Public 0

Q\lb

SSE Low ( \‘o\“&n@

ATC_LOWR\I).026787
SSE Hidh ZN®  0.025077
SWate 0.02483
SPR_High 0.02285
Gender Female 0.022293

Gender Male 0

THQ M.S¢/M.Ed 0

THQ B.Sc/HND 0

TGender Male 0

NICMS Low 0

§

0.0187<K
0.01 ‘

S

Source: Fieldwork, 2025

138


http://thq_m.sc/M.Ed
http://thq_b.sc/HND

Note. Feature importance scores were derived from the trained Gradient Boosting model.

Higher values indicate a greater influence on the model's predictions.

Table 4.18 presents the feature importance analysis, derived from the Gradient Boosting model,
which reveals the relative influence of various factors on the chemistry performance of

secondary school students. The top three most important features collectively t for a

significant portion of the model's predictive power, highlighting their strong%

The most influential feature was TNAW High (Teacher Non-Acadenfic Wo : High), with

w workload for teachers

h hers are burdened with

an important score of 0.087354. This indicates that a high non-

is the strongest predictor in the model, suggesting th

extensive non-instructional duties, student chemistr§,p & ce is noticeably affected.

Closely following was TYTE High (Years 6f %Experlence High), with an importance

of 0.081695. This emphasizes that teac more extensive teaching experience play a

crucial role in predicting studenm\u@‘kely due to their developed pedagogical skills and

classroom mastery. The thir

tgportant feature was School Type Private, with a score of

ding a private school has a substantial influence on chemistry

0.077169. This suggests at
performance, d% significantly from public schools.

Beyond t ding features, other categories of Teacher Years of Teaching Experience
'lx 048768, TYTE Moderate: 0.045814) collectively reinforce the critical role of
teacher¥experience at all levels. Similarly, Teacher Academic Workload (TAW_Low:

0.040459, TAW _ Moderate: 0.031184) and Teacher Non-Academic Workload
(TNAW_Moderate: 0.012097, TNAW_Low: 0.012355) indicate that various levels of teacher

workload significantly contribute to prediction. Other notable features that demonstrate
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moderate influence include specific Class Sizes (TNoCS Classsize2: 0.044751,

TNoCS Classsize3: 0.030061), Teacher Grade Level (TGradelevel: 0.036841), Age Bracketl

(0.034483), and Instructional Classroom Management Skills (ICMS High: 0.033525). These

features contribute meaningfully to the model's ability to predict performance. Student-related

factors like Attitude Towards Chemistry (ATC Moderate: 0.033123, ATCLow&ZW,
0

ATC High: 0.020778), Student Self-Efficiency (SSE_Low: 0.026953, SS 77,

SSE Moderate: 0.024830), and Student Peer Relationship (SPR_High: 0,022

0.020318, SPR Moderate: 0.018666), though having lower gndividual category scores,

collectively indicate the importance of these broader studen

Furthermore, the table shows that some of the fea?ero importance. These include
a

Age Bracket2, School Type Public, Gende Teacher Highest Qualification
(THQ_M.Sc/M.Ed, THQ B.Sc/HND), TG ¥ X and NICMS Low. A zero-importance
score suggests that, within this speciﬁél-)d dataset, these categories or features did not
contribute to the prediction. Thi QCB\“-p y a lack of variability in the data for these features,
redundancy with other mote,in %l features, or simply that their direct impact on chemistry
performance was 80 d by the model. For instance, School Type Public might have zero
importancespecause School Type Private captured all the predictive power related to school

type, act% contrasting category. Similarly, Gender Male might be redundant given

G@ ¢'s importance.

The result revealed that the most critical factors influencing student chemistry performance in
this model are teacher workload (non-academic and academic), teachers’ years of experience,

and school type. While student-centric factors like age, attitude, self-efficacy, and peer
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relationships also play a role, their contributions are generally less pronounced than the top

teacher and school-level attributes.
In-Depth Scholarly Discussion of Findings with Contemporary Literature

The findings from the Gradient Boosting model present a sophisticated and compelling

narrative about the factors that determine success in secondary school chemistr}% alysis

moves beyond a surface-level interpretation to situate the results withi %
&

volving

body of contemporary educational research. By doing so, it beco t the model's

conclusions strongly affirm major currents in the literature fectiveness, while

simultaneously offering a nuanced challenge to cgntain eld assumptions about
educational inputs, particularly within the speci of the Nigerian educational
landscape.

. \
Findings in Strong Agreement with Co@y Research. The model's emphasis on the
primacy of teacher-centric ande s@p

extensive scholarly work. T @1‘[5 are increasingly understood not as isolated variables,

factors finds robust validation in recent and

but as the foundational pillar e entire learning ecosystem.
L)

The identi cath% 1 eacher Non-Academic Workload (TNAW_High) as the most
influentia or offers powerful empirical support for the growing literature on teacher

l-bé cognitive load. Beyond simply causing burnout, as detailed in meta-analyses'?,
:;ceXHOWinstructional duties impose a significant cognitive burden on teachers. According
to cognitive load theory, humans have a limited working memory capacity. When this capacity

is consumed by administrative tasks, report-writing, and extensive counselling duties, it leaves

fewer cognitive resources available for the complex work of high-quality teaching, such as
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designing inquiry-based lessons or providing differentiated feedback'>. Recent research in
similar contexts highlights how this administrative burden in under-resourced systems forces
teachers into a "pedagogy of survival," where they resort to less effective, rote teaching methods
because they lack the time and mental energy for more sophisticated approaches'®. This study’s
finding is therefore a stark indicator that the system's administrative demands arg, directly

undermining classroom instruction.

Furthermore, the profound importance of High Teacher Years of Teaghing\Exp ce (TYTE
High) aligns perfectly with contemporary understandings of prof: I'&xpertise. Experience

is valuable because it is the primary mechanism through ers develop deep and

usable Pedagogical Content Knowledge (PCK). far beyond simply knowing

chemistry; it is the specialized knowledge of h ake chemistry comprehensible to
°

learners. This includes, for instance, posse %e rtoire of analogies to explain abstract

concepts like electronegativity, anticip

.
have with stoichiometry, and desi boratory activities that effectively challenge common

ecific mathematical difficulties students will

misconceptions about chemjca ilibrium!’. A longitudinal study by'8, while slightly older,
provides a clear m ow this knowledge develops and deepens over years of practice.

More rece % reinforces that this deep-seated, practice-based knowledge is what

separates om novice teachers and is a far better predictor of effectiveness than paper

cr&@ el

The significance of School Type, Private as a predictor is also consistent with current research,
though this literature urges a highly nuanced interpretation. Recent studies in Nigeria continue
to identify an achievement gap between public and private institutions?®. However,

contemporary scholarships increasingly deconstruct the private school advantage, attributing it
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to a cluster of interconnected factors rather than ownership status alone. These include higher
levels of teacher accountability and monitoring?!, greater parental involvement and pressure for
results which creates a high-stakes academic environment®?, and, most critically, the mediating
effect of student socioeconomic status (SES), as families who can afford private fees often

provide more educational support at home?*. This study’s finding powerfully suggests that the

model is detecting the potent, combined effect of this entire cluster of enviro %d cial
advantages. ®

The results also provide a critical, data-driven challenge to sd ntional wisdom in
educational policy, forcing a re-evaluation of where resourc 5Cus should be directed.

The most striking divergence is the zero predictivTeacher Highest Qualification

(THQ). This directly challenges the policy logic any educational systems, which
°
incentivize and reward master's degrees on @n ion that they create better teachers. The

finding lends strong support to a critic &() ork, championed by economists like**, which
.

argues that easily observable @ are poor proxies for true teacher quality. A recent

review of studies in develdpin ntries found that the impact of teachers having a master’s

degree on studenta) was frequently statistically insignificant®®. This study’s result may

indicate th thc%e skills developed through practice (captured by TYTE High) and the

cognitive preserved by a manageable workload (captured by TNAW_High) are far
m@% | on student outcomes than the additional theoretical knowledge from an
advance

degree, which may not always translate into more effective secondary school
pedagogy.

Finally, the model’s ranking of variables presents a sophisticated hierarchy of influence. It does

not disprove the importance of student-level factors like attitude; indeed, the link between a
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positive attitude and science achievement is well-established and continuously reaffirmed?.
However, the model positions these factors as secondary to the foundational conditions set by
the teacher and the school. This finding can be powerfully explained through the lens of

Bronfenbrenner's ecological systems theory, which posits that a child's development occurs

27

within nested environmental systems~’. The teacher-student relationship exist§ in the

microsystem, but this is embedded within the mesosystem of the scho is Mtself
influenced by broader societal factors. This study's hierarchy suggests thatia he functional

microsystem (where a student can develop a positive attitude) igmegntiggent on a supportive

mesosystem (a well-run school with effective, unburdene he model, therefore,

challenges student-centric improvement strategies, suggesti g at interventions aimed at

fostering better attitudes may fail unless the underly S emic conditions that shape those

attitudes are addressed first.

This research provides a rich, data dv@c}lbutlon to our understanding of educational

effectiveness. It strongly allgns most current literature that champions teacher well-
being, experience, and support hool environments as the bedrock of student achievement.
Simultaneously, it a crucial, evidence-based caution against policies that overvalue
simple credgnti ing decision-makers to focus on the more complex, dynamic, and

impactfu of teachers' daily professional lives.

Res lgﬂuestlon 3: How accurately does the best-performing model classify students into

different chemistry achievement categories (Low, Moderate, and High)?

To assess the classification accuracy of the Gradient Boosting model, a confusion matrix and a
classification report were generated from its predictions on the unseen test dataset. A confusion

matrix shows the actual performance categories on the rows and the model's predicted
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performance categories on the columns. It reveals the instances where the model makes true
positive predictions (when it correctly assigns a student to their actual performance level) on
the diagonal. Conversely, the off-diagonal cells show the misclassifications made by the model,
which comprise instances of false positives, where the model incorrectly predicts a student
belongs to a certain class, and false negatives, where the model fails to predict a studefit's actual
performance. The analysis provides insights into the model's performance specific

% presented

outcome category: Low, Moderate, and High chemistry performance. The%

as follows.

Table 4.19: %Q

Confusion Matrix for Gradient Boosting Model P
-\

Confusion Matrix
160

140
21

High
I
w
[=]

120

100

&
S

Actual
Low

- 40

s
[1+]
\ D - 1 26
=
E 20
1 | -0
High Low Moderate
Predicted

Source: Fieldwork, 2025
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Figure 4.19 shows the confusion matrix of the classification of students’ performance in

chemistry. The figure shows that the model demonstrates a strong capability in correctly

classifying students who are in the moderate performance category, with 160 students

accurately identified within this group. This large number of correct predictions for the

moderate class suggests it is the most prevalent performance level in the dataset, a%odel
c

is particularly effective at recognizing these students. However, the model Qlas ified

some moderate students, predicting 26 of them as low and 1 as high. Th& det the actual
predictions and the misclassifications are presented in Table 4.19 ufthermore, the accuracy
with which each of the performance levels of the students w is presented in Table

4.19(b). Q
Table 4.20 %

.
Numerical Confusion Matrix for Gradie on%@ odel Predictions

Predicted Predicted Total
o
Low \ crate High Actual
\ A J
Actual Low 49 Q 9 0 88
Actual Moderate ‘zx\& 160 1 187
Actual High (o\ 21 3 24
220 4 299

4.20. The Gradient Boosting model's classification performance on the test dataset provides a
detailed breakdown of how students' actual chemistry performance aligns with the model's
predictions. The table shows that the total test dataset comprised 299 students. The table
demonstrates a robust capability in correctly identifying students who are in the moderate
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performance category. Specifically, 160 out of 187 actual moderate students (approximately
85.6%) were accurately classified as moderate. This strong performance within this significant
category represents a key strength of the model, showcasing its effectiveness in recognizing the
most frequently occurring performance level. The remaining moderate students were also

assigned to other relevant categories, with 26 (about 13.9%) predicted as Low %bout

0.5%) as High. Q

The figure further shows that the model successfully identified ousg, of actual low

model's capacity to
e range. Additionally,

yrming students were wrongly

H., )

predicted as moderate, indicating a discernible patt heé model's classification. For the high
°

performance category, the model accurate %& 3 out of 24 actual high performers

(approximately 12.5%). This highligh % I's ability to correctly classify some students

.
at the upper end of the perfo X%pectmm. A notable proportion of high performing
@

students, precisely 21 in about 87.5%), were predicted as moderate, indicating a

consistent assignme@within the model's predictions.

The results réyea model's strong capacity to correctly classify a substantial majority of
students rly within the moderate performance group. This central accuracy is a key
assk@' model's predictive power. The model also successfully identifies a significant
portion of low performers and some high performers, contributing to its overall predictive

utility.

The implications of these findings for predicting student chemistry performance in Nigeria are

promising. The model's proficiency in accurately identifying moderate performing students is
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highly valuable for understanding the general academic standing of the student population and
for developing broadly applicable educational strategies. Furthermore, the model's ability to
correctly identify a notable proportion of low performers can be leveraged for proactive general
support initiatives, while its capacity to recognize some high performers allows for the

identification of a segment of gifted students who could benefit from targeted%ment

programmes. This predictive system offers a solid foundation for data-dr@ht into

student performance, enabling educators and policymakers to make morg in decisions

to support students' academic journeys in chemistry.

The findings from the Gradient Boosting model offer a nuan: werful insight into the
key determinants of secondary school students' ¢ %rformance. In response to the

research question of how accurately the model classifie dents, the analysis of the confusion
%racterized by a strong ability to identify

.
matrix reveals a model with varied perfoma&?{‘

the majority class but significant wea % assifying the minority classes. This discussion

°
will dissect the model's perfom@ach category, and by explicitly comparing the results

to existing literature, it Will Cwi y evaluate the practical implications for the Nigerian
educational context.\\
The model's rf%ke is a classic example of the challenges posed by imbalanced datasets.
The mod strates its greatest strength in classifying moderate performing students by
CN ntifying 160 out of 187 individuals. The findings of the current study agree with
the work which documented that standard machine learning algorithms are inherently biased
towards the most prevalent class in imbalanced datasets*®. From a practical standpoint, this
makes the model valuable for understanding the academic standing of the general student

population and for developing broad, system-wide educational strategies.
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However, this strength is contrasted by a more problematic performance for the low
performance category, where the model correctly identified only 49 of the 88 struggling
students. This high rate of error for at-risk students is particularly concerning when viewed
through the lens of existing research. For example, the work of* supports the argument that the

failure to identify a struggling student (a false negative) carries a far greater practi ost than

other errors, as it denies them timely intervention. Thus, while the current WS Some
utility, its significant error rate for this critical group represents a major lfnita r reliable,
targeted support, a conclusion that is strongly reinforced by thewliterature on the costs of
misclassification.

The model's most critical failure, however, lies i

i y to identify high performing

students, correctly classifying only 3 out of 24 indivi

°
educational goals highlighted by a stud \Ng
importance of identifying and nuﬂuri%(tgb

This result directly challenges the

ian students emphasized the critical
students to develop future leaders in STEM
ne out of ten high-achieving students is not a reliable

.
fields. A tool that fails to identif
instrument for this purposéan %bad to a profound risk of talent loss®!.

This observed pattern suggests the model has learned a simple, but flawed,

decision rul oubt, predicted moderate. To overcome these limitations, this study's
findings po wards the need for solutions proposed in seminal machine learning research.
Formstahee, the high error rates for minority classes suggest that future work should implement
data-level approaches, a strategy that its effectiveness was demonstrated by>? and reviewed
more recently by*. Their work on the Synthetic Minority Over-sampling Technique (SMOTE)

shows how creating new, synthetic examples of the minority classes can provide a model with

a richer set of examples to learn from. Furthermore, the findings suggest a need for algorithm-
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level approaches, a strategy supported by the research of** and later reviewed by>>.
Implementing cost-sensitive learning, which assigns a higher penalty for misclassifying
minority class students, would directly address the practical and ethical shortcomings identified

in the current model's performance.

In conclusion, the Gradient Boosting model classified students with highly vari

=

principles. Its poor performance with minority classes presents a significanf\practi€al challenge.

While its proficiency in the majority class agrees with the established

learning

This disagrees with the fundamental need in education to suppo entg at the extremes of

performance. The findings of this study, therefore, lead to the n that while the model

S c% -making in its current form. It

must be refined using techniques well-establish erature, such as SMOTE or cost-

is a promising baseline, it is unsuitable for high-stal

i
°
sensitive learning, to ensure that no student E oked.

Research Question 4: What are t %' ic contributions of individual features to the

predictions of students’ che i@emem?

To understand the Gradi&nt ing model's decision-making process at a granular level and
o

identify the spe‘lflc\X\@) ions of individual features to its predictions for student chemistry
performancﬁ

quanti pact of each feature on the model's output, enabling the interpretation of how

(Shapley Additive Explanations) analysis was conducted. SHAP values

eature values influence the prediction for each class. Figure 4.4 visually represents
the mean absolute SHAP value for each feature, broken down by the class it primarily predicted.
The figure shows the SHAP Feature Importance plot, which provides a comprehensive
explanation of how individual features specifically contribute to the Gradient Boosting model's

predictions for student chemistry performance. The length of each bar indicates the overall
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average magnitude of impact a feature has on the model's output, while the coloured segments
within each bar detail which performance classes (moderate, low, high) are most influenced by
that feature's contribution. The x-axis is labelled ((SHAP mean value| average impact on model
output magnitude). The legend indicates moderate chemistry performance, blue indicates

moderate chemistry performance, magenta indicates low chemistry performance:%reen

indicates high chemistry performance. @
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Figure 4.4:

SHAP Feature Importance (Mean Absolute Impact) of Gradient Boosting Model

TNAW_High
NICMS_High

NICMS Moderate
School Type_Public
TGradelevel
TYTE_Moderate
TNoCS_Classsizel
SSE_High
TAW_Moderate
Gender_Male
TYTE_Low
ATC_Moderate

Age Bracket2
TNoCS_Classsize2
School Type Private
SPR_Moderate
Gender Female
ICMS_Moderate
SPR_High

TNAW_ Moderate

0.00
mean(|SHAP value|) (average impact on model output magnitude)

Source: Fieldwork, 2025

SHAP Feature Importance (Mean Absolute Impact)

B Moderate
s Low
B High

0.02 0.04 0.06 0.08 0.10
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This plot shows the average magnitude of impact each feature has on the Gradient Boosting
model's output. The coloured segments within each bar indicate the proportion of that impact
that is attributed to predicting the 'Moderate' (blue), 'Low' (magenta), or 'High' (olive green)

chemistry achievement classes.

Figure 4.4 shows the SHAP Feature display, which is a horizontal bar chart w,
represents a feature. The length of the bar indicates the mean absolute SH (average
impact on model output magnitude). Each bar is segmented by coleur: 'Moderate'

2

chemistry performance. The features are ranked from most impacH

Academic Workload: High), NICMS High (Non-I al Classroom Management Skills:

°
High), NICMS Moderate (NonInstructiotia\&&om Management Skills: Moderate),
School Type Public (School typ ic),

°
TYTE_ Moderate (Years of Te% erience: Moderate), TNoCS_Classsizel (Number of

chemistry performance, magenta for 'Low' chemistry performan ive green for 'High'

top) to least impactful

(bottom) based on their total bar length. The top ¢ TNAW High (Teacher Non-

TGradelevel (Teacher grade level),
chemistry students in class: than 20), SSE High (Student Self-Efficacy: High),

TAW_Moderate Q‘K' Academic Workload: Moderate), and Gender Male (gender of

student: Ma&&\
L

The resu% d that high Teacher Non-Academic Workload is the single most impactful
fea e%e prediction of students’ chemistry achievement. Its substantial mean absolute
SHAP value significantly contributes to the model's prediction of Moderate and Low student
performance, with a notable portion of its influence directed towards the '"Moderate' class. This
demonstrates how a high non-academic workload for teachers distinctly predisposes students

to perform poorly in chemistry.
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Furthermore, the result showed that high Non-Instructional Classroom Management Skills and
moderate Non-Instructional Classroom Management Skills are highly influential. Both feature
categories show a strong contribution to the prediction of Moderate and Low student
performance, indicating how varying levels of non-instructional classroom management skills
play a crucial role in shaping these outcomes. The finding implies that, as the non-instructional

classroom management skill of teachers gets higher, the performance of their, beCemes

poorer. &J

The result also revealed that public school attendance stands oul s1 ificant contributor,

with its impact predominantly observed in the prediction of and Low performance in

chemistry. This highlights the model's ability to lev environment characteristics in

its predictions. The result showed that the chemi rmance gets poorer if they attend
°

public school. Similarly, Teacher Grade l(p oderate Years of Teaching Experience
t

exert notable influence, primarily imp
.

prediction of moderate and ow performance,

ience and position. This implies that the lower the

showcasing the value of teach
position and experience of'a te %he poorer the performance of their students in chemistry.
r

Further down t ‘a@ esult indicated that having fewer than 20 Students in a chemistry
sl

class is a consistent Jcontributor to the predictions of chemistry performance among the
secondary s tudents. Its impact is predominantly observed in the prediction of moderate
a% ormance in chemistry, implying that students in classes of this specific size are
more predisposed to achieving moderate or low chemistry performance. Similarly, high Student
Self-Efficacy was influential in predicting low to moderate chemistry performance. This

suggests that even with high self-efficacy, students are more likely to achieve moderate or low
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chemistry performance, indicating that other factors might be more dominant in determining

higher outcomes.

Moderate Teacher Academic Workload was also impactful in predicting moderate and Low
performance. This implies that with a moderately high academic workload, students are more
predisposed to achieving moderate or low chemistry performance, suggesting t oderate
workload might not be sufficient to drive higher outcomes, indicating t academic

workload might be just what is needed to make students perform 0&13 chemistry.

Furthermore, being a male significantly predisposes a student tm%w poorly or fairly in

chemistry. This implies that male students are more predisp&

chemistry performance. Across almost all features, stantial portion of their impact

eving moderate or low

)

followed by a discernible impact on Lowe

(represented by the blue segment) is on the predict f moderate student performance,
afige (magenta segment). This consistent

pattern reveals the model's robust

.
performance levels, indicating t f\% el's primary explanatory power lies in differentiating
S.

between moderate and lo%
The results sho, ‘dx\w&%l a student is taught by a chemistry teacher that has high non-
S&J

discern and predict these two significant

academic w o simultaneously demonstrates high or moderate non-instructional
classroor% ment skills, and teaching in a public school setting especially where the
inM 1ds a lower grade level or moderate years of teaching experience, and the class size
is fewer than 20 students, such a student, even when possessing a strong sense of self-efficacy,
is consistently predisposed to perform within the low to fair range in chemistry. This implies
that for a student to perform higher in chemistry, strategic adjustments to these influential

elements are imperative. This involves a concerted effort to alleviate high teacher non-academic

155



workloads, refine non-instructional classroom management skills towards optimal
effectiveness, and implement targeted enhancements within public school environments. Such
deliberate and well-calibrated strategic adjustments possess the potential to significantly elevate

student performance, moving them beyond the foundational low to moderate levels and

empowering them to aspire towards and achieve higher academic success. \
4.2.2 Discussion of Findings Q}
ems&dz

Research Question 4 seeks to dissect the Gradient Boosting model' isi0n-ndaking process

e ictions. The SHAP

tédp granular view that goes

by examining the specific contributions of individual feature

(Shapley Additive Explanations) analysis provides a ist1
beyond simple feature importance, revealing how t extent each feature pushes a
prediction towards a specific class (low, mo Jor high). The results powerfully illustrate

that the model's explanatory power is ovc® ly toncentrated on identifying the drivers

of low and moderate chemistty p afgce. Furthermore, the analysis revealed several

counterintuitive relationshi \ nd a critical, theory-guided interpretation, moving
%t ¢

beyond simplistic cause-an onclusions.
L)
Confirmation o% 1 and Teacher-Related Barriers
The SHAP a is provides strong, specific evidence for how systemic factors create barriers

toshig i8wement. The finding that high Teacher Non-Academic Workload (TNAW_High)
is the sifigle most impactful feature, primarily driving predictions towards low and moderate
outcomes, provides compelling support for the conclusions of*° on teacher burnout. The SHAP
plot visualizes precisely how this single factor acts as a strong negative force on student

outcomes. Similarly, the impact of School Type Public in pushing predictions towards Low and
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Moderate performance agrees with the research by*’ in the Nigerian context. The SHAP values
quantify the public-school disadvantage that was identified in earlier stages of this research,
showing it to be a key element in the model’s predictive logic. The influence of TGradelevel
and moderate Teacher Years of Teaching Experience (TYTE Moderate) further reinforces this
narrative, aligning with the work of>® by demonstrating that characteristics associaw less

experienced or junior teachers are strong predictors of non-optimal student p,

ce.
While some findings confirm existing literature, several key featﬁ& esent*paradoxical

relationships that challenge conventional wisdom and require d chielarly analysis. First,

the finding that high Non-Instructional Classroom Manageme NICMS_High) strongly

predicts Low and Moderate performance is profound tuitive. A literal interpretation,

as suggested in the text provided, would mean that better management skills lead to worse

°
outcomes. This would directly disagree W%&t dy of educational research that links
d

effective classroom management to i dent achievement. A more plausible, critical

R\
interpretation is that NICMS I@[ a causal factor but rather a proxy for a challenging

school environment. This“ate tion finds support in the work of*’, who studied teacher

practices in undergr(\ systems. It is likely that teachers working in difficult schools with
&s an

more disciplinary i d lower-performing students are forced to develop exceptionally

high nong

N%o ot cause poor performance; instead, the challenging environment likely causes

both the'low student performance and the development of these specific teacher skills.

onal coping and management skills out of necessity. Therefore, the high

Second, the small class with less than 20 students (TNoCS_Classsizel) predicted Low and
Moderate performance, presents another paradox. This finding appears to contradict the

conclusions of the extensive literature on the benefits of smaller class sizes for student
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achievement. A probable explanation in the Nigerian context is student sorting. It is highly
likely that these very small classes are not standard but are remedial classes created specifically
for students who are already struggling academically. In this case, the small class size is an
effect or an administrative response to low performance, not a cause of it. The SHAP analysis
has correctly learned this association but interpreting it causally would be a serious, efgor.

contributes to predicting low and moderate academic performanc irect @nd startling

Third, perhaps most significantly, the finding that high Student Self-Ef

paradox. This presents a significant challenge to the conventional tanding of self-efficacy

as a driver of success, as proposed by*’. Two scholarly interp plained this. The first

may find agreement with research on the Dunni effect’!, which suggests that

individuals with lower competence in a domain o estimate their ability. The students

°

may report high self-efficacy precisely becae}&a unaware of their own knowledge gaps.
ti

An alternative and equally powerful
LY

consistent with the theories enbrenner and*?. This revealed that the negative

environmental factors identifie he model (high teacher workload, challenging school type,

etc.) are so pow hey effectively suppress and override the potential benefits of a

supports an ecological systems perspective,

student's indjvidual psyehological strengths like self-efficacy. The SHAP values compellingly

showed t yhen a student possesses high self-efficacy, the weight of these other negative

fe&%o e enough to push the prediction down to a moderate or low outcome.

The most striking insight from the SHAP plot is the near-total absence of olive-green bars,
representing contributions to high academic performance predictions. This revealed that the
model has learned a great deal about the factors that could lead to failure or mediocrity but has

learned almost nothing about the pathways to excellence. The dataset and the features within it
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are predominantly characterized by risk factors and barriers. The final summary in the provided
text correctly synthesizes this. For instance, a student is predisposed to low-to-fair performance
when a confluence of negative factors is present. The implication is that achieving high

performance requires the removal of these negatives. This deficit-model perspective, while

valuable, highlights a gap in the data's ability to explain what positively drives%onal

academic performance. @
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Chapter Five
Conclusion

This final chapter brings together the different threads of the research project. After the detailed
dive into the data and models in chapter four, the goal here is to step back and look at the bigger

picture with the aim of summarizing the key results, writing the main 00%1 , and

discussing the implications of this work. This chapter answers so what

ing the

study's findings within the wider conversation in education and techgblogy. tudy focused

re of what drives

grades to include their attitudes, teachers' wor ! and¥€xperience. The hope was not only to

build a model that could predict student Q& but also to use it to understand which of

these many factors truly matteg the . ®he result of the analysis in Chapter Four was

significant, and at times sugpri \1 hts. It became clear that a group of models called
ensemble methods specifica adient Boosting did the best job. But more importantly, study
revealed that th ‘% lly predicted students’ performance was not necessarily student-

focused at al\Th est factors were the teachers' working conditions. At the same time, the

analysis % at the model, for all its power, had a blind spot when it came to identifying

théqdw%at the very top and those in the struggling category.
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5.1 Summary of Findings

When all the data was analyzed, a clear picture began to emerge. The Best Tool for the Job: Of
the ten different machine learning models tested, Gradient Boosting was the clear winner. It

wasn't just about having the highest overall accuracys; its real strength was in its ability to tell

related to the school environment and the teacher's professional li

predictors were high teacher non-academic workload, ex acher experience, and

whether the student attended a private school.

In what might be a surprise to many, a teachgr’ Qx ree (whether a B.Sc, M.Sc, etc.) had
zero predictive importance in the model. I \Kvs t a factor in predicting student success
in this context. An Uneven Pic~ture Qc;ﬁy: The model was very good at identifying
students in the Moderate pegfo category, getting it right about 85.6% of the time. But it
struggled with the students da the €dges. It correctly identified only about half (55.7%) of the
low performin ‘u& was almost completely blind to the high performers, identifying
only 12.5% &f th rrectly. A Model Focused on Risk, Not Success: When a tool called
SHAP w% explain the model's decisions, we learned a lot about what puts students at
riskm r moderate performance. Things like heavy teacher workload or attending a public
school were strong signals for these outcomes. However, the model learned almost nothing

about what it takes to achieve excellence; it couldn't identify a clear pathway to high academic

achievement.

165



5.2 Conclusion

The study leads to a few critical conclusions. First, while these sophisticated machine learning
models are powerful tools, they are not a magic bullet for education. The Gradient Boosting
model can give us a good sense of the average student's trajectory, but its unreliability in
spotting the students who need the most help or the most enrichment makes it a ool for
making important decisions about individual students. In its current form, ready for
high-stakes deployment. Second, the research has equally revealed that what dri earning in
schools is beyond teachers’ qualifications and students’ factors. toty told by the data is
that the conditions of the school environment are paramount. ’s daily workload and

years of hands-on experience were far more powerfu 'tudent success than the degrees

hanging on their wall. Finally, the findings suggest tha udent's individual mindset may be
°

positive but could be overwhelmed by a net%‘r‘ upportive environment. Even students
a

with high self-efficacy were predict moderate or low performance when other

.
negative factors were present. I@t at a student cannot thrive, no matter how motivated

they are, if they are learning in

5.3 Recomi@
ta.

The most ur s to address teacher’s workload in senior secondary schools. Reducing
the bu on-academic duties on teachers should be a top priority, as it was the major
facto ecting students’ academic performance in chemistry. Hiring and professional

development should focus more on practical experience and demonstrated skill rather than just

tem that does not support learning.

on credentials. The data suggests that years in the classroom are a much better indicator of

effectiveness than advanced degrees.

166



In building these models, the issue of class imbalance must be addressed. Techniques like
SMOTE or cost-sensitive learning are essential to make the models better at seeing the students
in the minority, the high and low performers. We need to be critical when interpreting these

models. When a model says small class size or high management skill predicts poor outcomes,

we need to dig deeper and ask if it's really measuring what we think it is, or if it ha%med
a proxy for a remedial class or a difficult environment ®
School administrators should work out a blueprint for even distribut'q%‘% demic and

non-academic responsibilities to teachers. This would help in mitig negative influence

of teachers’ workload on effective teaching and learning. Thi
academic staff involved in non-academic activities. %
5.4 Contribution to Knowledge .

This research pushes the conversation fo %\\education in a few important ways. A better

ieved by getting non-

Methodological Toolkit: Insteadvofy icking one algorithm, this study tested a whole suite

of them, showing that the be ?@ not always the one with the highest accuracy. It makes

N
the classification o

technique cﬁs to open the black box of the model to see how it was making its

decisi@a

Challentging Old Theories: The results have something important to say about long-held

a strong case for using metricdike the F1-score and ROC AUC to find models that are good in
t

ased on performance. But it didn't stop there. By using a new

ing its bias toward predicting moderate and low outcomes.

educational theories. The idea that a more qualified teacher is always a better one was directly
challenged by the data, which showed that formal degrees had zero impact on predictions. The

study also gave a real-world example of Bronfenbrenner's ecological systems theory. The
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surprising finding that high student self-efficacy could lead to a prediction of lower
performance provides a powerful illustration of how a negative school environment can

effectively cancel out a student's positive mindset.

A Story Specific to Its Context: This work shows why context is important. Findings that seem

bizarre on the surface make sense in the understanding of the local reality of the NigCrig

N

system. The seemingly negative effects of high classroom management pract
sizes are likely not what they appear; instead, they are probably signg of tgach
difficult environments or students being placed in remedial grou isNg a crucial reminder

that we cannot just parachute these models into different Ea& rld and expect them to

work the same way.

Clear Guidance for Policy: The study offegs&& ce-based advice. The message for
policymakers is to stop focusing so mucl\?b& ctedentials and start focusing on teacher
conditions. The data provides a ~str0 ument for reducing workloads and investing in the

public school system. It al s® warning about the responsible use of Al in schools.

Simply deploying this modeNo thake decisions about students would be a mistake, as its biases

could end up h\Q% students who need the most support.
5.5 Sug%il

e géneta ility of the study could be improved by expanding the scope of future study to

Further Studies

other gd®political zones of the country for more robust data. Other teacher-related and student-
related features should be used in future study to determine the performance metrics of the
machine learning algorithms. Furthermore, study on other machine learning algorithms should

be considered in the future for the determination of the predictive capabilities of students’
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academic performance in other subjects. A longitudinal study may be explored for studies on
observation of the population to establish the sequence of events that drive learning in
secondary schools. In addition to this, techniques like SMOTE or cost sensitive learning could

be adopted in further studies to make the model better by identifying the students in the minority

group. Q\
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Appendix
Questionnaire
Lead City University Ibadan
Faculty of Education and Social Science
Department of Arts & Social Science Education (Measurement & Evaluation Unit)
Teachers Workload Rating Scale (TWRS)

Dear sir/ma, %\
The researcher is a student at Lead City University, Ibadan, and is caryg % eSearch on

some factors that could influence the academic achievement of stu

respond to all the questions in this instrument.

This instrument is constructed to elicit information on Teach ¢ Workload and Non-
Academic Workload in secondary schools. The information be treated with utmost
confidentiality and should be used solely for researc

Please respond to the questions by ticking {*-'J) the box rite your responses where required

and rate the items in the table based on the de ccurrence.

Thank you. \<\
SECTION A: DEMOGRAPH
School Type: Public :% rivate

Gender: Mal

Grade Level: . ‘ S U T
Education istr&*\ ......................
Highest Qu Sc./HNOL_] M.Se/sMH_] PhD[__]

Number istry Students ina claf™ | 1 | | [ |
less than20  20-30 31-40 41 and above

N@hemish‘y Teachers in the school:
ears

Y eaching Experience: [ | [ ] ]
Less than 10 11-20 21 and above

Are you a part time or permanent teacher? ..................c..oell.

Female
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SECTION B: Teachers’ Academic Workload

S/N Item Strongly | Disagree | Somewhat Somewhat | Agree Strongly
Disagree Disagree Agree Agree
1. Too many teaching
periods
2. Covering for absent
colleagues \\
3. Organization of make- N
up classes for students N
4. Students’ assignments ﬁ
are brought home for \)
marking because they
are many \
5. Assist students with §
their classwork m N
6. Teaching of  other \)
science subjects
7. Covering of more than '
30 teaching periods a \
week
8. Involved in setting-up

the laboratory  for

3

N

s

practical activities \“

SECTION C: Teacher Non-Academic Workload

| | N T
S/N | ITEM _°® \\ Never | Rarely | Sometimes | Often Very | Always
R ( \ often
1. Updating “ef Jstudents’
at records
2. e administrative
\ tigs are assigned to
Nage by the principal
3. Organization of extra-
curricular activities for
students
4. I am involved in newly

admitted students’

orientation programme
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5. I attend the meeting of
the timetable committee

6. I supervise the conduct
morning assembly

7. I counsel students when
the need arises

8. I supervision external
examinations such as
WASSCE and NECO

9. I attend to parents
complaints about their
children

10. | I prepare students for

inter-house sports
competitions
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Lead City University Ibadan
Faculty of Education and Social Science

Department of Arts & Social Science Education (Measurement & Evaluation Unit)

Teachers’ Classroom Management Practices Questionnaire
(TCMPQ)
Dear sir/ma,

Research is being conducted on some factors that could influence the academic achievement of

from teachers on classroom management skills. Please be assured that th

students in chemistry. To achieve this purpose, this instrument is designed to eli%

ation

ation that

would be elicited is solely for research.
Please respond to the questions by ticking {"-'J) the boxes. Write you spontsgs where required

and rate the items in the table based on the degree of occurrence

Thank you.
SECTION A: DEMOGRAPHIC DATA Q
School Type: Public [ ] Private

Gender: Male [ ] Female
Grade Level: ..o, \
Education District: .....oovvveeeeinnean.n. &cp

Highest Qualification: B.Sc /HN .
Number of Chemistry Students i n [ | | ] |

\e sthan20  21-30 31-40  Above 40
Years of Teaching Experidgce: [ ] [ ]

ss than 10 10-20 21 and above
Are you a part tinfe %em teacher? ...

SECTION B; B

FORMATION

‘Never Rarely | Sometimes | Often

Always

strtctional Classroom Management Practices

1. ‘VSC pictures and diagrams
to teach

2. I reward students for correct
answer during lesson

3. I encourage students to ask
questions during teaching
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4. I distribute tasks to students
during teaching
5. I point at students to answer
questions
6. I instruct students to read
from the chalkboard
7. I move round the class while
students write
8. I discourage chorus answers
9. I inspect students’ notebooks
while writing
10. | I review what students have
learnt for learning
deficiencies & N
Non-Instructional Classroom Management Practices
Item Never Mmetlmes Often | Always
1. I set rules that guide V
classroom activities N
2. I punish students for %V
disobeying classroom rules % b
3. I discipline dlsruptlve Q)\
behavior in the classroorﬁ \
4, Students” miscondu C@\
teaching are overle&
5. I leave students t fo

@orgamzatlon

9. I encourage students to take
permission before leaving
the classroom

10. | I emphasize the need to pay

attention during classroom

activities
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Lead City University Ibadan
Faculty of Education and Social Science
Department of Arts & Social Science Education (Measurement & Evaluation Unit)

Students Factors Questionnaire

(SFQ)
Dear Student,
Research is being conducted on some factors that could influence academic achigvement of
students in chemistry. To achieve this purpose, this instrument is designed to neegssary

information from you. Please respond to every item in the instrument by tick ach item
based on the degree of occurrence of the attribute you are rating. Pleasg be ‘agsufed that the
information that would be elicited from you will be solely used for \@

Thank you for your cooperation. Q
SECTION A: DEMOGRAPHIC DATA

School Type: Public [ ] Private :%

Gender: Male ] Female

)
Age: [ .
14-16 17- 19

20- 2
SECTION B: Attitude Towards @

[ N
S/N | Item \ (\ trongly | Disagree | Somewhat | Somewhat | Agree | Strongly

Disagree Disagree Agree Agree

l. Some chemistry\top re
difficult

2 Enjoy practical
class \
3. A ppy when writing

y assignment

edge of chemistry
Naelps me to understand other
subjects

5. Only super brilliant students
can understand chemistry
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6. There 1is preference for
chemistry practical when
compared to essay
7. Reading chemistry
textbooks is interesting
8. Calculation aspect of
chemistry makes me to lose
interest in the subject
9. Chemical equations in §
chemistry are difficult to
understand r Q N
10. | Chemistry is the most
difficult science subject &w

SECTION B: Student Self-Efficacy

Q)\

S/N | Item Strongly | Disa; omeWwhat | Somewhat | Agree | Strongly
Disagree b e Agree Agree
1. Chemistry questions can be \0
solved by trying and retrying R4
2. Chemistry examination can be \
passed %
3. Difficult chemistry questi‘onSq
are easily abandoned \§
4. Good grades can be n@\
in Chemistry \
5. Solving of chemi
questions qugh
deterrginaér‘l\
6. | Practichl activities are carried

out with my basic
\

Regular attendance in

\b’nistry class has helped my

understanding

8. Hard work pays off

0. Any questions in chemistry
can be answered correctly

10. | Unexpected event can

effectively be dealt with
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SECTION C: Student Peer Relationship

S/N | Item Never | Rarely | Sometimes | Often | Very | Always
Often
1. I share academic challenges with my
friends
2. I follow my classmates to the school
library
3. I discuss with my friends about many i
academic topics
4. My friend’s poor attitude to reading
discourages me from reading
5. The brilliance of my friends inspires &
me to work harder . \
6. My friends discourage me from
doing my classwork
7. My friends inspire me when they N
answer questions in the classroom (\
8. I enjoy talking to my friend instead of

doing my chemistry assignment &

W\ V
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CHEMISTRY EXAMINATION SYLLABUS

SECTION A

CONTENT

NOTES

1.0 INTRODUCTION TO CHEMISTRY
(a) (1) Measurement of physical
quantities.

(1) Scientific measurements and their
importance in chemistry.

(b) Scientific Methods

2.0 STRUCTURE OF THE ATOM
(a) Gross features of the atom.

S

mber/proton number,
f neutrons, isotopes,

\% ic mass, mass number.

(b) ()
t

(1) Measurement of mass, lengt
temperature and volume.
(2) Appropriate SI units an 1

figures.

(3) Precision and ac@

(1) Short account of Dalton’s atomic
theory and limitations, J.J.
Thompson’s experiment and Bohr’s
model of the atom.

(2) Outline description of the
Rutherford’s alpha scattering
experiment to establish the structure
of the atom.

Meaning and representation in symbols
of atoms and sub-atomic particles.
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CONTENT

NOTES

(i1) Relative atomic mass (Ar) and
relative molecular mass (Mr)
based on Carbon-12 scale.

(ii1) Characteristics and
nature of matter.

(c) Particulate nature of mater: physical
and chemical changes.

)

(d) (i) Electron Conﬁgurati%
(ii) Orbital \%
) x
(iii) &Jprinciples
% ling in electrons.

&

(1) Atomic mass as the weighted
average mass of isotopes.
Calculation of relative mass of
chlorine should be used as an
example.

(2) Carbon-12 scale as au

measurement.
Definition of atomic it.

Chemical change- burning of wood,
rusting of iron, decay of leaves etc.

Detailed electron configurations (s,p,d)
for atoms of the first thirty elements.

Origin of s,p and d orbitals as sub-
energy levels; shapes of s and p orbitals
only.

(1) Aufbau Principle, Hund’s Rule of
Maximum Multiplicity and Pauli
Exclusion Principle.

(2) Abbreviated and detailed electron
configuration in terms of s, p, and d.
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CONTENT

NOTES

3.0 STANDARD SEPARATION
TECHNIQUES
FOR MIXTURES
(a) Classification of mixtures.

(b) Separation techniques
(c) Criteria for purity.

4.0 PERIODIC CHEMISTRY
(a) Periodicity of the elements.

)

(b) Different categories of elements

the periodic table.
N *Q )

(c) Periodic law: ®
(1) Tr@ic table;
(i1) Periodic gradation of the

elements in the third period (Na
- Ar).

Solid-solid, solid-liquid, liquid-liquid,
gas-gas with examples.

Crystallization, distillation,
precipitation, magnetizafiot
chromatography, su m c.

Boiling poin 1

point fors%

nd |

ids and melting

nfigurations leading to group
iodic classifications.

K
als, semi-metals, non-metals in the

periodic table and halogens. Alkali
metals, alkaline earth metals and
transition metals as metals.

Explanation of the periodic law.

Periodic properties; atomic size, ionic
size, ionization energy, electron affinity
and electronegativity.

Simple discrepancies should be
accounted for in respect to beryllium,
boron, oxygen and nitrogen.

(1) Progression from:
(1) metallic to non-metallic
character of element;
(i1) ionic to covalent bonding in
compounds.
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CONTENTS

NOTES

(d) Reactions between acids and
metals, their oxides and
trioxocarbonates (IV).

(e) Periodic gradation of elements in
group seven, the halogens: F, CI, Br
and L.

)
H E megs (%rs ransition
o

(2) Differences and similarities in the
properties between the second and
the third period elements should be
stated.

(1) Period three metals (Na,
(2) Period four metals (K,
(3) Chemical equations.
(4) pH of solutions

oxides and &abo cS.
Recogniti p riations noting

any anoffiali
Treatfgnt include the following:

al states, melting and boiling

redox properties of the elements;
isplacement reaction of one
halogen by another;

d

(e) reaction of the elements with water
and alkali (balanced equations
required).

(1) Their electron configurations,
physical properties and chemical
reactivity of the elements and their
compounds.

(2) Physical properties should include:
physical states, metallic properties
and magnetic properties.

(3) Reactivity of the metals with air,
water, acids and comparison with s-
block elements (L1, Na, Be, Mg).
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CONTENT

NOTES

5.0 CHEMICAL BONDS
(a) Interatomic bonding

(i) Formation of ionic bonds®
and compounds.

(b)

.
(i1) Properties of %@nds.
(c) N. mi% orhpounds.

@a 10on of covalent bonds and

pounds.

(e) (1) Properties of covalent
compounds.

R

(4) Other properties of transition metals
should include:
(a) variable oxidation states;
(b) formation of coloured
compounds;
complex formation;
catalytic abilities;

paramagnetism Q
hardness. &J

Meanin Ql bonding.

Le

‘%mpounds.
%ion of stable compounds from

(©
(d)
(e)
®

ot S re for simple ionic and

F
\s. Factors influencing formation:
iorization energy; electron affinity and

electronegativity difference.

Solubility in polar and non-polar
solvents, electrical conductivity,
hardness and melting point.

IUPAC system for simple ionic
compounds.

Factors influencing covalent bond
formation. Electron affinity, ionization
energy, atomic size and
electronegativity.

Solubility in polar and non-polar
solvents, melting point, boiling point
and electrical conductivity.
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(i1) Coordinate (dative) covalent
bonding.

Formation and difference between pure
covalent and coordinate (dative)
covalent bonds.

CONTENT

NOTES

(f) Shapes of molecular compounds.

(g) (i) Metallic Bonding

(i1) Factors influencing its formation.

(ii1) Properties of metals.

(h) (i) Inter molecular bonding

(i1) Intermolecular forceg i@

compounds. %\
(iii)%&onding
\) van der Waals forces

(iv) Comparison of all bond types.

)

Linear, planar, tetrahedral and shapes for
some compounds e.g. BeCl,, BF3, CHa,

NH;, CO». @\

Factors should inéludesatomic radius,
ionization engng number of valence
electrons. specific packing not

required:

perties including heat and
ical€onductivity, malleability,

uctility, sonority and hardness.

elative physical properties of polar and
non-polar compounds.
Description of formation and nature
should be treated.
Dipole-dipole, induced dipole-dipole,
induced dipole-induced dipole forces
should be treated under van der Waal’s
forces.

Variation of the melting points and
boiling points of noble gases, halogens
and alkanes in the homologous series
explained in terms of van der Waal’s
forces; and variation in the boiling
points of H20, and HzS explained using
Hydrogen bonding.
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CONTENT

NOTES

6.0 STOICHIOMETRY AND
CHEMICAL REACTIONS

(a) (i) Symbols, formulae and equations.

(i1) chemical symbols

(ii1) Empirical and molecular
formulae.

(iv) Chemical equations and [IUPAC
names of chemical compounds®

RO
(v) Laws of chemi c§§
D

xmoun‘[ of substance.

Symbols of the first thirty elements and
other common elements that are not
among the first thirty elements.

reactio

equations will b@required.Mass and

volume relati@nships in chemical

reactions % otehiometry of such
0

pe ag osition of element.
ustion reactions (including
bustion of simple

hydrocarbons)

(2) Synthesis

(3) Displacement or replacement

(4) Decomposition

(5) Ionic reactions

(1) Laws of conservation of mass.

(2) Law of constant composition.

(3) Law of multiple proportions.
Explanation of the laws to balance
given equations.

(4) Experimental illustration of the
law of conservation of mass.

(1) Mass and volume measurements.

(2) The mole as a unit of measurement;
Avogadro’s constant, L= 6.02 x 10%
entities mol™.

(3) Molar quantities and their uses.

(4) Moles of electrons, atoms,
molecules, formula units etc.
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CONTENT NOTES

(c) Mole ratios Use of mole ratios in determining
stoichiometry of chemical reactions.
Simple calculations to determine the

number of entities, amount of substance,

mass, concentration, volume and

percentage yield of pro&

(d) (1) Solutions (1) Concept of a soluti de up of
solvent @nd

(2) Distinguighing%getwech dilute
solutiongand centrated solution.
(3) Basi ‘ eutral solutions.

a
oles (mol) per unit

(i1) Concentration terms

] mphasis on current [UPAC
Q" gal terminology, symbols and
gonventions. Concentration be
¢ %ressed as mass concentration, g dm™,
molar concentration, mol dm™.

(111) Standard SOLutio& \ (1) Preparation of some primary

\ standards e.g anhydrous Na,COs,
Q (COOH),, 2H,0/H,C204.2H,0.
% (2) Mean ing of the terms primary
standard, secondary standard and
N % standard solution.

(e) Preparat f solutions from liquid Dilution factor
by the method of dilution.
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CONTENT

NOTES

7.0 STATES OF MATTER
(a) (i) Kinetic theory of matter.

(i1) Changes of state of matter.

(1) Postulates of the kinetic theory of
matter.
(2) Use of the kinetic theory to explain
the following processes: melting of

ate of matter should be
of movement of

strations of changes of state using the
different forms of water, iodine,
sulphur, naphthalene etc.
(3)Brownian motion to be illustrated using
any of the following experiments:
(a) pollen grains/powdered sulphur in
water (viewed under a microscope);
(b) smoke in a glass container
illuminated by a strong light from
the side;
(c) a dusty room being swept and
viewed from outside under sunlight.

(1) Experimental demonstration of
diffusion of two gases.
(2) Relationship between speed at
which different gas particles move
and the masses of particles.

(3) Experimental demonstration of

diffusion of solute particles in
liquids.
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CONTENT

NOTES

(b) Gases:
(1) Characteristics and nature of gases;

(i1) The gas laws;

(111) Laboratory preparation and

properties of some gasgs. @

NN
(c) ( Li%}\‘\

Nii) Vapour and gases.

Arrangement of particles, density,
shape and compressibility.

The Gas laws: Charles’; Boyle’s;
Dalton’s law of partial pressuge;

gas laws using tife kineti .
The use of Kanetidymolecular theory to
i % gas volumes,

Fagters responsible for the deviation of
al gases from ideal situation.
(1) Preparation of the following gases:
H», NH3 and COs,. Principles of
purification and collection of gases.

(2) Physical and chemical properties of
the gases.

Characteristics and nature of liquids
based on the arrangement of particles,
shape, volume, compressibility, density
and viscosity.

(1) Concept of vapour, vapour
pressure, saturated vapour pressure,
boiling and evaporation.

(2) Distinction between vapour and
gas.

(3) Eftect of vapour pressure on
boiling points of liquids.

(4) Boiling at reduced pressure.
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CONTENT

NOTES

(d) Solids:
(1) Characteristics and nature;

(i1) Types and structures;

(ii1) Properties of solids.

(e) Structures, properties and uses of
diamond and graphite. *

covalent solids.

(f) Determination of melﬁn@

(a) E alpy

$9

) DEscription, definition and
illustrations of energy changes and
their effects.

8.0 ENERGY RGY
CHANG \h
y and

(1) Tonic, metallic, covalent network and
molecular solids. Examples in each
case.

(2) Arrangements of particles ions,
molecules and atoms in th id
state.

type of interatomdc andintermolecular
bonding in thessolids. Identification of
the types af dl al'bonds in graphite

and dif
properties.

\3 uses of diamond and graphite
elated to the structure.

The use of iodine in everyday life.

agdhe physical

Melting points as indicator of purity of
solids e.g. Phenyl methanedioic acid
(benzoic acid), ethanedioic acid (oxalic)
and ethanamide.

Explanation of the terms energy and
enthalpy. Energy changes associated
with chemical processes.

(1) Exothermic and endothermic
processes.

(2) Total energy of a system as the sum
of various forms of energy e.g.
kinetic, potential, electrical, heat,
sound etc.
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CONTENT

(3) Enthalpy changes involved in the
following processes: combustion,
dissolution and neutralization.

NOTES

9.0 ACIDS, BASES AND SALTS
(a) Definitions of acids and bases.

(b) Physical and chemical properties of
acids and bases.

(1) Arrhenius concepts o

bases in terms of H OH"
ions in water.

(2) Effects of b on
indicatogs Zn, Fe and
trioxo ) salts and

ocarbonate (IV)

stic properties of acids and

g$'1n aqueous solution to include:

bas
g % conductivities, taste,
litmus/indicators, feel etc.;
\ (b) balanced chemical equations of all

(c) Acids, bases and salts @

electrolytes.
(d) Classificatent of acids and bases.

(e) Concept of pH

reactions.

Electrolytes and non-electrolytes;
strong and weak electrolytes. Evidence
from conductivity and enthalpy of
neutralization.

(1) Strength of acids and bases.

(2) Classify acids and bases into strong
and weak.

(3) Extent of dissociation reaction with
water and conductivity.

(4) Behaviour of weak acids and weak
bases in water as example of
equilibrium systems.

(1) Definition of pH and knowledge of
pH scale.
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(2) Measurement of pH of solutions
using pH meter, calometric methods
or universal indicator.

(3) Significance of pH values in
everyday life e.g. acid rain, pH of
soil, blood, urine.

CONTENT

(f) Salts:

(1) Laboratory and industrial
preparation of salts;
(i1) Uses;

(iii)  Hydrolysis of salt.

(

NS

(h) Acid-Base indicators

escent, efflorescent and
roscopic compound.

R

NOTES '
Meaning of salts.
Types of salts: normal, icybasic,
double and comple;%
(1) Descrip 'ra ory and

n of salts.
re sodium chloride

and co on into granulated salt.
%‘ ration of NaOH, Cl, and Hs.

planation of how salts forms

(1
\ acidic, alkaline and neutral aqueous
solutions.

(2) Behaviour of some salts (e.g
NH4Cl, AICl3, Na;COs,
CH3COONa) in water as examples
of equilibrium systems.

(3) Eftects of charge density of some
cations and anions on the hydrolysis
of their aqueous solution. Examples
to be taken from group 1, group 2,
group 3 and the d-block element.

Use of hygroscopic compounds as
drying agent should be emphasized.

(1) Qualitative description of how
acid-base indicator works.

(2) Indicators as weak organic acids or
bases (organic dyes).
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(i) Acid-Base titration

CONTENT

(3) Colour of indicator at any pH
dependent on relative amounts of
acid and forms.

(4) Working pH ranges of methyl
orange and phenolphthalein.

(1) Knowledge and correct use of
relevant apparatus.

(2) Knowledge of how aci S
indicators work in ONE.
NOTES

10.0 SOLUBILITY. S ANCES
(a) Genera ‘i\le

N

itrfation experiments
03, H»SO4 and
a(OH),, COs%,

O3
% ion involving weak acids
iS strong bases, strong acids

sus weak bases and strong acids

(3) Acid-b
involwin

\ versus strong bases using the
appropriate indicators and their

applications in quantitative
determination; e.g. concentrations,
mole ratio, purity, water of
crystallization and composition.

(1) Meaning of Solubility.

(2)  Saturated and unsaturated

solutions.

(3) Saturated solution as an
equilibrium system.

(4) Solubility expressed in terms of:
mol dm™ and g dm™ of
solution/solvent.

(5) Solubility curves and their uses.

(6) Effect of temperature on solubility
of a substance.

(7) Relationship between solubility
and crystallization.

(8) Crystallization/recrystallization as
a method of purification.
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(b) Practical application of solubility.

(9) Knowledge of soluble and
insoluble salts of stated cations and
anions.

(10) Calculations on solubility.

Generalization about solubility of salts
and their applications to qualitative
analysis. e.g. Pb*", Ca?*, AI*", Cv*",

Fe*, Fe’*, CI,, Br, I', SO44& $%,
COs%, Zn*", NH*, so
t

Explanation of solulgili

CONTENT

11.0 CHEMICAL KINETICS AND
EQUILIBRIUM SYSTEM
(a) Rate of reactions:

N\
(11) %1’& reaction rates;

&P

TE
Q)

pition of reaction rate.

able physical and changes:
olour, mass, temperature, pH,
formation of precipitate etc.

(1) Physical states, concentration/
pressure of reactants, temperature,
catalysts, light, particle size and
nature of reactants.

(2) Appropriate experimental
demonstration for each factor is
required.

(1) Collision and transition state
theories to be treated qualitatively
only.

(2) Factors influencing collisions:
temperature and concentration.

(3) Effective collision.

(4) Activation energy.

(5) Energy profile showing activation
energy and enthalpy change.

Drawing of graphs and charts.
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(ii1) Analysis and interpretation of
graphs.

(b) Equilibrium:
(1) General Principle;

CONTENT

Explanation of reversible and irreversible
reactions. Reversible reaction i.e. dynamic
equilibrium. Equilibrium constant K must
be treated qualitatively. It must be stressed
that K for a system is constant at constant
temperature.

Simple experiment to demongttate
reversible reactions. Q

NOTE

(i1) Le Chatelier’s principle.

12.0 REDOX REACTIONS
(a) Oxidation and reduction process.

°
(b) Oxidizing and reducin
°

(i1) Drawing of cell diagram and
writing cell notation.

Predic fects of external

inflence centration,

& %v re, pressure and volume
% es’on equilibrium systems.
\) Oxidation and reduction in terms

of:
(a) addition and removal of oxygen
and hydrogen;
(b) loss and gain of electrons;
(c) change in oxidation
numbers/states.
(2) Determination of oxidation

numbers/states.

(1) Description of oxidizing and
reducing agents in terms of:
(a) addition and removal of oxygen
and hydrogen;
(b) loss and gain of electrons;
(c) change in oxidation
numbers/state.

Balancing redox equations by:
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(a) 1on, electron or change in oxidation
number/states;
(b) half reactions and overall reaction.

Definition/Explanation

(1) Standard hydrogen electrode:
meaning of standard electrode

potential (E®) and its mea ent.
(2) Only metal/metal ion s s Should

be used. Q

CONTENT ORES
N
(ii1) e.m.f of cells; (1) Elec cellsas a

(iv) Application of Electrochemical
cells.

.
(e) Electrolysis:

&
(i) Electrolytic cells; \*

(i1) Principles of el@%l
(111) Fact Si N discharge of
ec:s;

@~ day’s laws;

(v) Practical application;

f two half-cells.

sombinatio
amng of magnitude and sign
thefc.m.{.
\Distinction between primary and
secondary cells

(2) Daniell cell, lead acid battery cell,
dry cells, fuel cells and their use as
generators of electrical energy from
chemical reactions.

Definition.

Comparison of electrolytic and
electrochemical cells; weak and strong
electrolyte.

Mechanism of electrolysis.

Limit electrolytes to molten PbBr>

and NaCl, dilute NaCl solution,
concentrated NaCl solution, CuSOu(ag),
dilute H2SO4, NaOH(aq) and CaClaag)
(using platinum or graphite and copper
electrodes).
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CONTENT

Simple calculations based on the
relation 1F= 96,500 C and mole ratios
to determine mass, volume of gases,
number of entities, charges etc. using
half and overall reactions.

Electroplating, extraction and
purification of metals. Q
[“ : E&

(vi) Corrosion of metals.

)
13.0 CHEMISTRY OF CARBON

COMPOUNDS \
(a) Classification . @
(b) Functional group%\

tio purification of

mpounds.

@0 eum/crude oil

p)

N
¢ reated as a redox
Q 3S.

psting of iron and its economic

% Prevention based on relative
magnitude of electrode potentials
and preventive methods like
galvanizing, sacrificial/cathodic
protection and non-redox methods
(painting, greasing/oiling etc.).
Broad classification into straight chain,
branched chain, aromatic and alicyclic
compounds.

Systematic nomenclature of compounds
with the following functional groups:
alkanes, alkenes, alkynes, hydroxyl
compounds (aliphatic and aromatic),
alkanoic acids, alkyl alkanoates (esters
and salts) and amines.

Methods to be discussed should
include: distillation; crystallization;
drying and chromatography.
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CONTENT

(1) Composition and classification.

(2) Fractional distillation and major
products.

(3) Cracking and reforming.

(4) Petro-chemicals: sources; uses e.g.
as starting materials of organic
synthesis.

(5) Quality of petrol, meant
octane number and @ ce

to the petroleum in

(d) Determination of empirical and
molecular formulae and molecular
structures of organic compounds.

(e) General properties of organic
compounds:

(i) Homologous series;

)

&
D
? ”@W ;
»

NS

(i1) Uses.

(i1) Isomerism.

(g) Alkenes:
(1) Sources and properties;

\
\

(1) Gradation in physical properties.

(2) Eftects on the physical properties
by introduction of active groups
into the inert alkane.

(1) Examples should be limited to
compounds having maximum of
five carbon atoms.

(2) Differences between structural and
geometric/stereo isomerism.

(1) Laboratory and industrial

preparations and other sources.
(2) Nomenclature and structure.
(3) Reactivity:

(a) combustion;

(b) substitution reactions;
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CONTENT

(c) cracking of large alkane
molecules.

As fuels, as starting materials for
synthesis. Uses of haloakanes and
pollution effects.

(1) Laboratory preparation.

(2) Nomenclature and structur

(i1) Uses;
(ii1) Laboratory detection.

(h) Alkynes:

) *Q )
(i1) Chemical rea@
(i) Benzene:

(1) 2 Xe\. physical

mical properties.

e of reaction with Bra/water,

(i) Sources, characteristic propertie$ %
and uses;
\ Br2/CCls and KMnOsaq) as means of

characterizing alkenes.

(1) Nomenclature and structure.
(2) Industrial production of ethyne.
(3) Uses of ethyne.
(4) Distinguishing test between
terminal and non-terminal alkynes.
(5) Test to distinguish between alkane,
alkene and alkyne.

Chemical reactions: halogenation,
combustion, hydration and
hydrogenation.

Resonance in benzene. Stability
leading to substitution reactions.
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(1) Addition reactions: hydrogenation
and halogenation (mechanism not

required).
(2) Compare reactions with those of
alkenes.
CONTENT NOTES
(J) Alkanols:
(1) Sources, nomenclature and
structure;

(i1) Classification;
(ii1) Physical properties;

(iv) Chemical properties; \
N *Q )

(v) Laborat tt;%
(vi) Usege
(k) Al an%
@ %&, nomenclature and
\Q’hysical properties;

(1) Laboratozy ncluding
hydrati en S.

(2) Industsi ddocal production of

ing alcoholic

ianol Snc
% oes,
1 impurities and methods of

ification should be mentioned.

NRecognition of the structure of
mono-, di- and triols.

Primary, secondary and tertiary
alkanols.

Boiling point, solubility in water.
Including hydrogen bonding effect.

(1) Reaction with:
(a) Na;
(b) alkanoic acids (esterification);
(¢) conc. H2SOa.
(2) Ogxidation by:
(a) KMnO4(ag);
(b) KoCr207¢ag);
(¢) L in NaOHag).

Laboratory test for ethanol.
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CONTENT

Methanoic acid —insect bite.
Ethanoic acid — vinegar.

Recognition of mono and dioic acid.
Boiling point, solubility in water.

Including hydrogen bonding effect.

NOTES

(ii1) Chemical properties;

(iv) Laboratory test;
(iv) Uses.

(I) Alkanoates as drivatives of alkanoic
acids:
(i) Sources, nomenclature,
preparation and structure;

)

(i1) Physical properties; o
(iii) Chemical propeﬂin&
(iv) Uses. %
°
14.0 CH MISTR TRY AND

>

Acid propertj &m%i reactions with
H>0, Na ,%!a CO3, Zn and
Mg.

ith

Us ethanoic and phenyl methanoic
enzoic) acids as examples of aliphatic

nd aromatic acids respectively.

aHCO3, NaCO:s.

Preparation of alkyl alkanoates (esters)
from alkanoic acids.

Solubility, boiling and melting point.

Hydrolysis of alkyl alkanoates
(mechanism not required).

Uses of alkanoates to include
production of soap, flavouring agent,
plasticizers, as solvents and in
perfumes.
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CONTENT

(1) Natural resources in candidate’s won
country.

(2) Chemical industries in candidates
own country and their corresponding
raw materials.

(3) Distinction between fine and heavy
chemicals.

(b) Pollution: air, water and soil
pollution;

(c) Biotechnology.

15.0 BASIC BIOCHEMISTRY AND
SYNTHETIC POLYMERS
(a) Proteins: .

(1) Sources and pn%&
(ii &Qotein.
(b) m ids

3

)

com

s, effects and control.
(2) enhouse effect and depletion of
the ozone layer.
3MBiodegradable and non-
biodegradable pollutants.

Food processing, fermentation including
production of gari, bread and alcoholic
beverages e.g. Local gin.

Proteins as polymers of amino acids
molecules linked by peptide or amide
linkage.

Physical properties e.g. solubility

Chemical properties to include:

(a) hydrolysis of proteins;

(b) laboratory test using
Ninhydrin/Biuret reagent/Millons
reagent.
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CONTENT

(1) Nomenclature and general structure
of amino acids.
(2) Difunctional nature of amino acids.

NOTES

(c) Fats/oils:
(1) Sources and properties;

(i1) General structure of fats/oils;

(1i1) Preparation of soap;

(iv) Uses of fats/oils.

(d) Carbohydrates: . EQ&

(1) Sources and nomen‘%

&

)

i fats and oil.

S

As alkyl alkanoates (ﬁ)
From animal .
Physical u as solubility.

aline hydrolysis;
ogenation;

mono-, di-, and tri- esters of propane-
,23-triol (glycerol).

(1) Preparation of soap (saponification)
from fats and oils.

(2) Comparison of soap less detergents
and their action on soft and hard
water.

(1) Classes of carbohydrates as:
(a) monosaccharides;
(b) disaccharides;
(c) polysaccharides.
(2) Name and components of various
classes of carbohydrates.
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CONTENT

(1) Physical properties such as solubility
of sugars.

(2) Chemical properties- Hydrolysis of
disaccharides into monosaccharides.

(3) Test for reducing sugars using sugar
strips, Fehling’s or Benedicts
solution or Tollen’s reagent.

NOTES

(ii1) Carbohydrate as examples of
polymer;

(iv) Uses.

(e) Synthetic polymers:

(1) Properties;

glucose
(2) Con
form

(1) Starch as a &&Je up of

monosaccharides to
arides and

cc rides.
S
N\

(1) Definition of terms: monomers,
polymers and polymerization.

(2) Addition and condensation
polymerization.

(3) Classification and preparation based
on the monomers and comonomers.

(1) Thermoplastics and thermosets.
(2) Modification of properties of
polymers.
(3) Plastics and resins.
(4) Chemical test on plastics using:
(a) heat;
(b) acids;
(c) alkalis.
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SECTION B
(For candidates in Ghana only)

CONTENTS

NOTES

1.0 STRUCTURE OF THE ATOM
(a) Elementary treatment of mass
spectrometer.

(b) (1) Nuclear chemistry

(i) Types and nature of radiations:
alpha, beta particles and gamma
radiation.

(111) Radioactivity:
induced/stimulated,

(iv) Nuclear reacti and

fusion in nucl re?%ls.
N
v) &.&1

application of

ctivity

R

(1) Qualitative knowledge of the mass
spectrometer: principles and ations of the

tect

mass spectrometer; and it t
isotopes, determination% tive atomic and

molecular masses
(2) Wave nature o
(3) Quantum n

lectrens.

erand their importance.

Meaning of
0 e mass and penetrating power of
aning of radioactivity. Difference
betweemgpontaneous nuclear reactions
radactivity) and induced nuclear reactions.

atural and artificial radioactivity.

ons, nuclide.

Detection of radiation by Geiger-Muller counter.

Distinction between ordinary chemical reactions
and nuclear reactions. Generations of electricity;
atomic bombs. Balanced equations of nuclear
reactions

(1) Carbon dating (qualitative treatment only).

(2) Use of radioactivity in agriculture, medicine
and industries.

(3) Hazards associated with nuclear radiations.

Factors affecting stability of nuclides:
Binding energy, neutron-proton ratio, and half life.
Calculations involving half-life
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2.0 PERIODIC CHEMISTRY
(a) Reactions between acids
and metals their oxides and
trioxocarbonates (IV).

(1) Period three metals (Na, Mg, Al)

(2) Period four metals (K, Ca)

(3) Chemical equations

(4) pH of solutions of the metallic oxides and

trioxocarbonates.
CONTENTS NOTES
(b) Acidic properties of oxides of non- (1) Oxides of carbon, nitroge hur,
metals. phosphorus and chlorin
(2) pH of aqueous soluti e oxides

(c) Physical and chemical properties of
period 3 elements and their
compounds.

(d) Silicon

(e) Periodi
ven 13

f elements in
logens.

(@g in complex compounds.

(g) Shapes of complex compounds.

(3) Chemical equati

(1) Comparl @cal and chemical
0 three elements.

he physical and chemical

K, Mg and Ca.
\]ixperiment to compare thermal stability of
a2C0O3/LiCO3/CuSOs.

(1) Structures for SiO; and CO; account for the
differences between physical and chemical
properties of the two oxides.

(2) Uses of silicon and its compounds e.g.
ceramics, glass, silica gel and microchips.

(1) Inter- atomic bond energies.

(2) Hydrides and their acid strength comparison
of the Ka values of the hydrogen halides.

(3) Variable oxidation states of the halogens.

Definition of ligands and central ions
Examples of ligands
(1) Formation of coordination compounds.
(2) Nomenclature of complex ions and
compounds (CI, F-, I', NO3", NH3, H2O,
SO4%).
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(h) Elements of the first transition
series.

3.0. CHEMICAL BONDS
(a) Formation of Ionic bonds:
(1) Factors that influence ionic bond
formation;

Tetrahedral, square planar, octahedral e.g.
(Fe(CN)]™, [Cu(NH3)4]*", [Ag)NH3)2]" [Cu)CN)4]?

Reactivity of the metals with air, water, acids and
comparison with s-block elements (Li, Na, Be,
Mg).

Factors should include lattice e%\

CONTENTS

T

(i1) Covalent character in ionic bond;
(ii1) Polar covalent bonds.

(b)(1) Hybridization of atomic orbita

(ii) Formation of hybridprl@)
L)
(ii1) Fo iXQ a (0) and pi ()
)
S

(% ation of solutions from liquid
\ lutes by the method of dilution.

N A
o rity) in covalent bonds
dteenegativity difference

ecies involved.

(8 of covalent and ionic character in
and covalent bonds on the solubility,

wermal stability and boiling points of ionic
and covalent compounds.

efinition of Hybridization.

(1) Description of sp, sp?, sp> hybrid orbitals.

(2) Shapes of sp, sp?, sp® and sp>d? hybrid
orbitals. Treatment should be limited to the
following molecules only. CHa4, H O, NH3,
BC13, Csz, BeClz, C2Hs and SFe.

Description of sigma and pi bonds. Using C>H> and
CesHe.

(1) Outline of steps involved in the preparation
of solutions from liquid solutes.

(2) Determination of concentration of liquid
solutes (stock solution) given the density,
w/v, w/w), specific gravity, relative
molecular mass, molar mass, and % purity.
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5.0 ENERGY AND ENERGY CHANGES
(a) Energy changes in physical and
isolated systems.

(b) Hess’s Law of heat summation and
Born-Haber cycle.

(3) Primary standard, secondary standard and
standardized solution.

(1) Definition and understanding of the
meaning of the energy terms: systems,
surroundings, open and closed.

(2) Enthalpy change involved 4

processes: combustion, n,
sublimation, hydrati ion and

e following

dissolution.

Explanation
the develo
(1) Use

s law and its application in
th&Born-Haber cycle.
ycles to illustrate Hess’s

CONTENTS

S
D

6.0 DS, BASES AND SALTS
(a) Definitions of acids and bases.

(b) pH, pOH and pKy

A J

NOTES

2) ple calculations using chemical
equations, energy cycles or diagrams with
iven energy changes.

Explanation of bond energy and bond

dissociation energy.

(1) Bond energy as an average value.
Differences in bond energy and bond
dissociation energy.

(2) Bond energy in molecules and its use in
assessment of bond strength, energy content
and enthalpy of reaction.

(3) Calculations using summation of bond
energies in reactants and products as a
measure of enthalpy of reaction.

(1) Bronsted — Lowry and Lewis concept of
acids and bases.

(2) Conjugate acid-base pair concept in terms
of equilibrium.
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(c) Partial ionization of weak acids and
weak bases.

(d) Buffer Solutions

(1) Ionic product constant of water Ky, =
[H+@q][OH(g] = 1.0 x 107 mol’dm™.

(2) pH and pOH as a measure of acidity and
alkalinity respectively pH = -log[H30"].

(3) Knowledge of pH scale.

(4) Calculation of [H'], [OH] and the
corresponding pH and pOH of given

solutions. \
Explanation of pKa and pK@aa s and
i id

bases.
d weak bases in

(1) Behaviour o
water as of equilibrium systems.
(2) Calcul i@o ing Ka, pKa and Kb,

(3) KanpK b, pKb as measurements of
% d basic strengths respectively.
%litative definition of buffers.

%‘];Zxamples of buffers from the laboratory.
3)WPreparation of buffer solutions.

CONTENTS

N NOTES

NN
(e) Acid base titrations \* Double indicator titrations (continuous and

g\@

\, BILITY OF SUBSTANCES

(a) Solubility and solubility product.

(c) Crystallization and recrystallization.

Discontinuous) and back titration.

Calculations involving concentration, composition
and % purity.

Graphs for acid-based titrations. Nature of graphs
of strong acid and strong base, strong acid and
weak base and strong base and weak acid.

(1) Explanation of solubility products (Ksp) of
sparingly soluble ionic compounds.

(2) Calculations involving solubility and
solubility products.

(3) Factors affecting solubility.
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8.0 CHEMICAL KINETICS AND
EQUILIBRIUM SYSTEMS
(a) Rate law and Order of reaction

(b) Rate determining step of a multi-step
reaction.

(c) Equilibrium

)

AN

)

&

Explanation of the effect of lattice energy and
hydration energy on crystallization and
recrystallization.

(1) Deduction of order and rate law from
experimental data.
(2) Simple relationship be % T and
d second order

concentration of zerc % ]
sore

reactions. GraphiCa pntation of zero,
first and sec order r ons.
r8t order reactions and its

mentally determined rate data:
AT* [B]Y where k = rate constant.

CONTENTS \ N\

NOTES

N
\¥

(1) Mathematical expression for the
determination of equilibrium constant K
(2) K is constant for a system at constant
temperature.
(3) Relationship between K, and K.
(4) Calculation of K, and K from given set
of data.
(5) Difference between homogeneous and
heterogeneous equilibrium systems.
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9.0 CHEMISTRY OF CARBON
COMPOUNDS
(a) Separation and Purification.

(b) Determination of empirical and
molecular formulae.

(c) Reactivity of Organic Compounds.

(d) Alkanes

(e) () Reactions of benzene.
.

(i) Comparison or regctio Q&
benzene and z@

Other methods should include solvent extraction
and melting point determinations.

Outline of steps in:

(a) Detection of N, S and the halogens.
(b) Estimation of C, H and O.

(1) Inductive effect and Megomeric effect.
(2) Resonance illustrat ith\genzene

nucleophiles glec free radicals and
ions. ho fission, heterolytic fission.
Halo e radical mechanism.

uted reactions of benzene: toluene,

ne, benzoic acid and nitrobenzene.
(IUPAC and trivial names)

\vnces between the reactivity of benzene and

alkenes towards certain reagents.
Uses of hexachlorocyclobezane and benzene
hexachloride (BHC).

NOTES

A
10.0 CH MI%\S‘RY AND

ENVIRO NT

ces of raw materials

o g O
\ ming of mineral as ore.

(ii1) Extraction of metals Mineral
deposits in Ghana.

Location of mineral deposits and their nature.

(1) Metals — gold, bauxite, manganese and iron.

(2) Precious stone — diamond.

(3) Industrial mining of limestone CaCO3, clay
Kaolin, solar salt

(4) Processing of Au, Al, Fe as main products

(5) Uses of the metals
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(b) Cement and its uses

(1) Sources of raw materials for cement
production.

(2) Processes involved in the production of
cement.

(3) Uses of cement.

(4) Environmental impact.

SECTION C

CONTENT

(For candidates in Nigeria, Sierra-Leone, Liberia and The C&J
E\

S

1.0 NON METALS AND THEIR
COMPOUNDS

(a) Carbon:
(i) Allotropes of carbon;

(i1) C‘OJ:\.
I1. Destructive distillation
of coal and uses of the
%'6 products.
\ (iii) Coke:
L

Classification and uses;
1L Manufacture of
synthetic gas and uses.

(iv) Oxides of carbon
L Carbon (IV) oxides;

%aphite, diamond and amorphous
°
Structures, properties and uses.

Q)\

arbon;

(3) The uses of the allotropes should be
correlated with their properties and
structures.

(4) Combustion of allotropes.

Different types should include
anthracite, peat and lignite.

Water gas and producer gas.

(1) Laboratory preparation.
(2) Properties and uses.
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II. Carbon (II) oxides;

II.  Trioxocarbonate (IV)

(3) Test for carbon (IV) oxides.

Properties and uses only.

(1) Properties: solubility, action of

salt. heat, reaction with dilute acid.
(2) Uses.
\
CONTENT NOTES
(b) Oxygen: Q
(1) Laboratory and industrial
preparation; \
(i) Properties and uses; Test for 03 ll required.

(iii) Binary compounds of oxygen:

acidic, basic, amphoteric and
neutral oxides.

(c) Hydrogen: g
(1) Laboratory preparations;

(i) Properties and uses.

(d) Water and solution:

(1) Compos%\;;

(i1) & olvent;

(iii e;rXQ ofWater, causes
a

ethods of removing it;

\Q‘ SIV) Treatment of water for town

supply.

(e) Halogens:

(1) Chlorine:

&

S
N

Test for hydrogen will be required.

Test for water will be required.
Reference should be made to the
electrolysis of acidified water.

(1) Advantages and disadvantages of
hard water and soft water.

(2) Experiments to compare the
degrees of hardness in different
samples of water.

Redox properties of the elements;
displacement reaction of one halogen
by another.
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L. Laboratory
preparation;

II. Properties and
reactions.

(f) Hydrogen chloride gas:
(1) Laboratory preparation;
(i1) Properties and uses;

CONTENT

Properties should include:

(a) variable oxidation states;

(b) reaction with water and alkali
(balanced equation required).

(1) Test for HCI gas.

(2) Fountain experiment. Q\

(iii) Uses of halogen compounds.

(2) Nitrogen:
(1) Preparation and properties;

(ii) Uses of nitrogen; N
(iii) Compounds of nitrogen:

s
O
()& rate
@“ D9
&

(h) Sulphur:
6)) Allotropes and uses;
(i1) Compound of sulphur;
(ii1))  Trioxosulphate (IV) acids and
its salts;

L Ammonia;

quired.

% ilver halide in
dium oxochlorate

agent.

(D il bl
Both\Jabératory and industrial
ations from liquefied air are

(1) Laboratory and industrial
preparations.

(2) Properties and uses.

(3) Test for ammonia.

(4) Fountain experiment.

(1) Laboratory preparation.
(2) Properties and uses.

(1) Action of heat will be required.
(2) Test for trioxonitrate (V) ions.
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Tetraoxosulphate (VI) acid:
industrial preparation,
reactions and uses.

(iv)

(1) The noble gases: properties and uses.

2.0 METALS AND THEIR
COMPOUNDS
(a) Extraction of metals:

(1)  Aluminium;
(i)  Iron;
(i) Tin.
(b) Alloys.
CONTENT

Contact process should be
discussed.

(1) Raw materials, processing, main
products and by-produc

(2) Uses of metals. Q\
0 &E’Al, Pb, Fe,

Commo
Sn and t es.
%Q NOTES

NaCl, NaOH, Na,CO3, NaNOs,

\
.
(c) Properties and uses of sodium and j Compounds must be limited to

compounds.

(d) Properties and uses,of &%ﬂd its
compounds. %
nd aluminium
x ids.

and uses of copper and its
ds.

(e) Reactivity
with ai, w

(f) Properti
co

%

NazS0O4 and NaClO.

The compounds must be limited to
CaCO:3, CaO, CaSOyg, CaCl,, and
Ca(OH)»

The compounds must be limited to
CuSO04, CuO and CuCl,.

PRACTICALS

(a) GENERAL SKILLS AND PRINCIPLES
Candidates will be expected to be familiar with the following skills and principles:

(1) Measurement of mass and volume;
(i1) Preparation and dilution of standard solutions;
(1i1) Filtration, recrystallisation and melting point determination;
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(iv) Measurement of heats of neutralization and solutions;

(v) Determination of pH value of various solutions by colorimetry;
(vi) Determination of rates of reaction from concentration versus time curves;
(vii) Determination of equilibrium constants for simple system.

(b) QUANTITATIVE ANALYSIS
Acid-base titrations

The use of standard solutions of acids and alkalis and the indicators; m ange,
methyl red and phenolphthalein to determine the following:
(1) The concentrations of acid and alkaline solutions; Q

(i)  The molar masses of acids and bases and water of ¢ ta%.
(iii)  The solubility of acids and bases; &
(iv)  The percentage purity of acids and bases; Q
(v) Analysis of NaxCO3/NaHCO3 mixture by d
indicator methods (Ghanaians only).

(vi)  Stoichiometry of reactions. Q
Redox titrations %

Titrations of the following systems*. Nﬂytical problems:

(i) Acidic MnOy4 with Fe*;

(i)  Acidic MnOy with Cs \c')

(iii) L in KI versus &20&1
(d) QUALITATIV @ms

No formal sc% alysis is required.

(1) C@ ests of the following cations with dilute NaOH(aq) and NH3(aq);
& : Pb%": Cu?'; Fe*'; Fe*'; AI’'; and Zn*".

i) Ronfirmatory tests for the above cations.

xiii) Characteristic reaction of dilute HCI on solids or aqueous solutions and conc.
H>SO4 on solid samples of the following:
Cl'; SO3* ; COs* ; NOs™ and SO4*.

(iv)  Confirmatory tests for the above anions

(v) Comparative study of the halogens; displacement reactions.
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(vi)  Characteristic tests for the following gases: Hz; NH3; CO2; HCI and SOs.

(vil) Characteristic test tube reactions of the functional groups in the following
simple organic compounds: Alkenes; alkanols; alkanoic acids, sugars (using
Fehling’s and Benedict’s solutions only); starch (iodine test only) and proteins
(using the Ninhydrin test, Xanthoproteic test, Biuret test and Millon’s test
only).
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Chemistry Performance Test (CPT)
Table of Specification

Topic

Recall

Understand

Application

Analysis

Introduction to Chemistry

No 8

Structure of the Atom

No 1

No 9

Standard
Techniques

Separation

No 12

\

Periodic Chemistry

No 13, 14

Chemical Bonds

No 6, 15

Stoichiometry and Chemical
Reaction

States of Matter

Energy and Energy changes

Acids, Bases & Salts

Solubility of Substances

No 18, 20

Chemical Kinetics and

Equilibrium Systems

Redox Reactions

Chemistry of Carbon

Compounds

Chemical Industry and the
Environment

Qualitative and Quantitative
Analysis o \

Total

N\

Total (%)

20%

20%

15%

S
&
N
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Chemistry Performance Test (CPT)

Please read the following instructions before responding to the questions.

Read the questions before ticking the ( \"r} correct answers.

You will be given a number, write your number on the top of this question paper.
Answer ALL questions.

Do not start until you are told to do so.

All questions carry equal marks. \
Tick ( ‘\[} the box if you are male ] or female ] Q
Duration: 30 mins. Q
1. The electron configuration 1S?2S*2Px? contravenes the

A. Pauli’s exclusion principle.

B. Aufbau’s principle.

C. Octet rule.

D. Hund’s rule. Q
2. The oxidation number of chromium in Na; %

A. +2. .

B. +6. \
C. +7. \Q)

A

D. +12.

carbon electrodes
A. chloride wat

3. The product fom@tra‘wd sodium chloride solution is electrolyzed using

B. hydroeh

C. sodiim i
D. i% lorate (I).
4. A alt has
% le anions in its aqueous solution.
& single cation in its aqueous solution.
. hydrogen ions in its aqueous solution.
D. hydrogen atoms in its aqueous solution.
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5. When substance X was added to a solution of bromine water, the solution became
colourless. X is likely to be
A. propane.
B. propanoic acid.
C. propyne.
D. propanol.

6. When s and p block elements react, the bond formed is
. electrovalent.

covalent. Q

metallic. Q
dative-covalent. KJ
7. The volume of 22 of COx() at stp is equivalent to ®

[C=12.0, 0O=16.0, Molar volume at stp = 22.4 dm?]

A. 22.0 dm’.

B. 22.4 dm’.

C. 11.2 dm’. %Q

D. 5.6 dm*
O
8. The branch of science that deals wi N r® and properties of substances and how
one substance can be converted@c 1s known as

~EoN- I

Biology.

. *

Chemistry.
Geography. %\
Physics. %
9. The atori & f an isotope of hydrogen is equal to its mass number because it

A. has KOth\ edWalence shell.

B. hgsah arge to mass ratio.

C t contain neutrons.

® its isotopy.

Nhich of the following solutions contains the least amount in moles of HCI?
250 cm? of 4.0 mol dm
125 cm? of 6.0 mol dm

750 cm® of 1.5 mol dm™
500 cm® of 2.0 mol dm™

Cow»

oCow»
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1.

12.
13.

14.

15.

Q)n ropy.
exothermic.

Factors that could affect the speed of chemical reactions do not include

A. pressure.

B. temperature.

C. volume of gas.

D. change in mass.

Which of the following methods can be used to separate blood cells from plasma?
Centrifugation

Filtration
Chromatography
Distillation Q

Group VII elements in their combined states are called
. cations.

anions.
halogens.
halides.

oSow»

o0

Arrange the following halogens in order of 1
bromine, iodine, chlorine

bromine, chlorine, iodine \\
iodine. Bromine, chlorine \
chlorine, bromine, iodine

iodine. Chlorine, bromir@
Which of the follow @e 1s that of a molecular solid?
A. Cu(s)

B. KF(
c NaC ‘

O6x

oCcowy»

D. endothermic.

227



17. What is the solubility of a salt if 0.4 g of it is obtained on evaporating 200 cm’® of its
saturated solution to dryness?
A. 0.08 gdm?
B. 2.00 gdm?
C. 8.00 gdm™.
D. 80.00 gdm™.

18. A white precipitate was formed when BaClzq) was added to an aqueous sglttion of a
salt X. The precipitate dissolved in dilute HCI with rapid effervescence. likely

to contain

A. SO4* ions. Q

B. SO ions.

C. NOs ions. x

D. COs* ions. Q

19. Analysis of hydrocarbon shows that it contai %carhon per gram of the

93
compound. The mole ratio of carbon to hydr %compound is
[H=1.0, C=12.0]

A. 1:1.

B. 1:2. ¢ \&

C. 2:1. \

D. 2:3. \

20. Which of the following aci\%t ations is phenolphthalein not suitable to determine

end-point?
A. HCI against Na

B. H2SO4 againshKO
C. CH3 against NH3(aq)
D . H3 OO i n NaOH(aq)
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STEPS IN THE ADMINISTRATION OF RESEARCH QUESTIONNAIRES TO SS2
CHEMISTRY STUENTS AND TEACHERS IN BOTH PUBLIC AND PRIVATE
SCHOOLS

Dear colleagues, please these guidelines will facilitate the process of administration of the
questionnaires to both SS 2 chemistry students and their teachers.

Step 1: The school to be visited were informed ahead of time as the practice for trial test so
they can get their SS 2 students prepared for the exercise. \

Step 2: On arrival at the school, a senior teacher was assigned to coordinate nistration
and collection of the questionnaires. The exact number of teachers and stu ed as the
basis for allocation of the questionnaires.
n t

Step 3: Students were mandated to write their examination nugaber
which were generated for them. i.e. 001, 002, 003, --------

questionnaires

Step 4: A unique code was generated for each school. For 1 ity College Academy,

Abeokuta took a code of CCAA. All the SS 2 Chemist
wrote the unique code for the school after generati® code and was written on all the
questionnaires with their examination numbers. This allowed the researcher to attach the
students’ responses to the responses of theirt

fos a particular school were tied together

Step S: Students’ responses and teachers’ %

using a rubber band or rope. This enha % ing of data after collection on a school basis.
Step 6: The name of the school,% rQﬂovemment Area where the school is located, with
the number of students and tea articipated in the exercise were written on a sheet of
paper and tied with the 8gllested, qhestionnaires. Please note that all the information in the
questionnaires is important, macluding an achievement test which is attached with the students’
questionnaires. ¢ x&

Step 7: Formo inN on please call the researcher.

Thank %y

our assistance.
I wishall'sf us journey mercies.

Thank you.
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————

Lead City Unn ersity (LCU)

Admimivrran vy H-.-n-i-d.mg_

; .
(e Stare, Nigersa ',';',‘: _;:}'f-:‘*‘;w- . ;::-.‘H::-_u:-rzu Ihadam,
— . . i -
Dr. Oluy omi Susan Pitan Department of Arts & Social £
Bt Pao b WP, Pall Fhacas a
Mewd. Pieparmuen: f trm & Sovead Sommcr Foloratms Science Education

117 jampary J02%

Dear Sarfhia

LETTER OF INTRODUCTION FOR FIELD WORK

The Bearer of this letter, ADETORD OLUYEMI ARIADE 15 a Postgraduate student (PHOY of Bl ssursmes .l
and Evaluaton i the Department of Arts and Socual soence Educateon, Lead Oty Unversity. ibadan He
& currenthy carmying out a research on “Predctive Modelling of Teachers Workload, Classroom
Management Skills and Students Factors on Academse Achievement of Chemstoy Students ™ To achieve

this, he needs 1o admmster Questsonnare 1o Semor Secondacy Two (552 ) Chemistry Stodents amd
Teachers

i, therefore write on his behall that you Sindly accord him all the Aecessary support that he needs o the
collection of data for his research

We promase Lhat all information given will be used solely for research purpose
Thank yoi

vouwrs Fadthiully,

>SN

Or Cluyomi Susan Pidan
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