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ABSTRACT
Mathematics is a requirement for studying science-based courses in tertiary institutions.
In spite of its importance, the trend of performance in external examinations in the
subject is fluctuating. Efforts directed towards explaining the inconsistent performance
by previous studies had not yielded the desired result. However, the extent of Parent-
Teacher Partnership (PTP) coupled with some parent, teacher and student variables in a
variance-based second order Partial Least Square Structural Equation Modelling (PLS-
SEM) context to predict Mathematics achievement has not been explored. A 14-variable
model consisting of PTP (knowledge, attitude and practice), teacher (qualification and
mastery of Mathematics content), parent (qualification, occupation and family size),
student (interest and academic engagement) and Mathematics achievement was
therefore developed and validated.

Social Cognitive Theory served as the framework and ex-post facto type of non-
experimental design was adopted. Stratified random sampling procedure was used to
select one rural and three urban Local Governments Areas (LGAs) from each senatorial
district in Oyo State. Six schools (four public and two private) were randomly selected
from each LGA. The intact classes of Science, Arts and Commercial were used. Ten
validated instruments, namely Teacher-PTP (Knowledge r= 0.66, Attitude r=0.94 and
Practice r=0.83), Parent-PTP (Knowledge r= 0.78, Attitude r=0.94 and Practice r=0.94);
Student Mathematics Interest r= (0.91), Student Academic Engagement (r=0.80),
Teacher Mastery of Mathematics Content (r= 0.98) scales and Mathematics
Achievement Test (r=0.88) were used. Data were analysed using second order PLS
model and tested for significance at 0.05 level of significance.

Teacher-PTP, parent-PTP, student academic engagement, student mathematics interest
jointly explained 14.0% variance in Mathematics achievement. Teacher qualification
(β= -0.21, t=15.2); teacher mastery of Mathematics content (β= 0.15, t=10.88); parent
qualification (β= 0.08, t=5.6); parent PTP (knowledge β= 0.11, t=8.11; attitude β= 0.04,
t=2.35; practice β= 0.15, t=10.1); teacher PTP practice (β= 0.06, t=3.77); student
Mathematics interest (β= -0.10, t=23.28) and student academic engagement (β= -0.07,
t=4.62) had significant predictive strength on Mathematics achievement. The predictive
relevance of Teacher-PTP (knowledge Q2=0.01, attitude Q2=0.07 and practice
Q2=0.07); parent-PTP (knowledge Q2=0.01, attitude Q2=0.08 and practice Q2=0.08);
student academic engagement (Q2=0.23) and student mathematics interest (Q2=0.02) on
Mathematics achievement were all acceptable. Teacher mastery of Mathematics content
(f2=0.03); teacher qualification (f2=0.05) and parent PTP practice (f2=0.02) had
individualised effects on Mathematics achievement. The fit indices of SRMR=0.01,
NFI=0.99 and RMStheta=0.1, indicative of good fit model, were established. Moreover,
57.0% of the causal effects in the structural model were direct effects, while 43.0%
were indirect effects.

More than the knowledge of parent-teacher partnership, a good attitude and the practise
of it yielded better Mathematics achievement of students in Oyo State. Therefore,
parents should partner with teachers to enhance the Mathematics achievement of their
wards.

Keywords: Parent-Teacher Partnership, Teacher mastery of mathematics content,
Academic engagement in secondary schools

Word count: 441
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CHAPTER ONE
INTRODUCTION

1.1 Background to the Problem
One of the major concerns of the secondary school mathematics curriculum is to

provide mathematical information and skills that will be useful to students now and in
their pursuit of career since mathematical knowledge is applicable to real life activities
within the society. The development of mathematics as a school subject actually started
in response to the needs of the early societies to solve practical problems such as the
number of items needed to feed a group of people, the need to construct structures for
religious purposes and the need to build houses. As development and civilisation
progressed, there was the emergence of trade and exchange of goods that resulted in
counting and calculation. These brought mathematics into limelight.

Mathematics is an enabling discipline for science and technology because it
enhances analytical thinking. Oyinlola (2004) described mathematics as the language of
science and technology which is man’s major cognitive tool to unravel the mysteries of
this world. Mathematics is the language for quantitative description of the world and it is
an essential tool in many fields such as engineering, medicine, science, applied sciences
and social sciences. It provides the background information and skills needed to enable
students compute, understand, appreciate, and construct simple valid arguments and
distinguish between relevant and irrelevant data. It promotes the ability to make
intelligent guesses and estimates, as well as the evaluation and interpretion of results.

Ale and Adetula (2009) noted that a good understanding of mathematics is
required to gather, interpret, and analyse scientific data, to solve the various
developmental problems of man. Mathematics is not only considered important as a field
of study but also essential to almost every field of intellectual endeavour (Yusuf, 2009).
As a school subject, mathematics is compulsory in primary and secondary schools in
Nigeria. It is a prerequisite for students aspiring to study science related courses and
humanities in tertiary institutions in Nigeria. The realisation of the importance of
mathematics to national development, has made the Government and stake holders in
education to come up with many programmes that can help to improve the teaching and
learning of this subject, and ensure that Nigerian students perform well in mathematics.
It appears as if the various interventions are now beginning to yield positive results
because the performance of secondary school students in mathematics is gradually
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improving. This is evident in the results of students in the West African Senior School
Certificate Examinations in recent years as shown in Table 1.1 for the period between
2006 and 2017. However, there is still need for steady improvement to knockout the
dwindling trend in the appearing improved performance.

Table 1.1: Analysis of WASSCE Mathematics Result of May/June 2006 - 2017 in
Nigeria

Year Total No. of
Candidates

Who Sat and %

A1-C6
No and %

D7-E8
No and %

F9
No and %

2006 1149277 (98.18) 472674 (41.12) 357325 (31.09) 286826 (24.95)

2007 1249028 (98.33) 584024 (46.75) 333844 (26.72) 30277 (24.24)

2008 1268213 (98.09) 726398 (57.27) 302266 (23.83) 218618 (17.73)

2009 1348528 (98.22) 634382 (47.04) 344635 (25.56) 315738 (23.41)

2010 1306535 (98.13) 548/65 (41.95) 363920 (27.85) 355382 (27.20)

2011 1508965 (97.98) 608866 (40.35) 474664 (31.46) 474664 (31.46)

2012 1658357 (97.97) 838879 (50.58) 478519 (28.86) 298742 (18.01)

2013 1656527 (98.19) 897655 (54.18) 462176 (27.90) 245263 (14.80)

2014 1632377 (98.59) 1011608 (61.97) 357555 (21.90) 211941 (12.98)

2015 1581420 (98.69) 901845 (57.02) 425628 (26.91) 219759 (13.89)

2016 1469585 (99.02) 1032175 (70.23) 248676 (19.37) 112328 (7.64)

2017 1550348 (99.05) 1276782 (82.25) 160623 (10.36) 44874 (2.89)
Source: West African Examinations Council, Yaba Lagos. (2018)

Table 1.1 reveals that students’ performance was low between 2006 and 2007
(41.12% and 46.75%) but in 2008, it improved to 57.27%. Between 2009 and 2011, it
dropped to 40.35% from 57.27% in 2009 and picked up slightly again in 2012 to
50.58%, after which there was a steady improvement till 2014 with 61.97%. There was a
decline again in 2015 before the improved performance in 2016 and 2017. The improved
performance needs to be sustained for the country to be well positioned for
industrialisation. This study therefore, identifies and addresses the causes of poor
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performance as a step towards developing appropriate strategies to sustain a steady
improvement in the performance of students in mathematics.

The factors that contributed to the low performance are related to parents,
teachers, students, schools and Government (Sa’ad, Adamu and Sadiq, 2014). In their
desperation to ensure that their wards study science or science related courses in tertiary
institutions, it appears parents participated in cheating to ensure a credit pass in
mathematics for their children. It seems some schools assist their students to have top
grades in public examinations, to make the public believe that they have high academic
standards and persuade unsuspecting parents to enrol their wards in such institutions.
Students too engage in various forms of examination malpractices to ensure success
since Government seems to give tacit support to examination malpractice by not
prosecuting offenders to make them feel the full weight of the law. All these factors
contributed to the low performance of students in public mathematics examinations in
recent past.

If schools provide enabling environment that enhance mathematics learning, and
parents, as well as teachers, contribute positively to the education of students, the present
level of performance in Mathematics may be sustained and improved upon. Pandey
(2016) affirmed that ‘’ teachers are the real building blocks of any nation’’. This is
because teachers guide and influence students positively or negatively and indirectly
determine the future of the nation. A highly motivated and well trained teacher can rise
above the constraints of poor material resources to seek solutions to problems facing
them in the classroom, and not wait for government or external aids to implement
changes. A teacher is a person that has undergone training in a course of study or subject
and who is able to provide education to learners in his or her field of study. This shows
that the teacher will always be an important player in the education enterprise
irrespective of technological developments. When teachers are competent to teach
subjects they are trained to teach, they arouse students’ interest, increase engagement and
achievement. If mathematics teachers are qualified and have the knowledge needed to
teach mathematics, they will be able to effectively address learning difficulties that
learners have.

According to the No Child Left Behind Act (2001) “ parent’’ includes a natural
parent, a legal guardian or other persons standing in loco parentis such as grandparent or
stepparent with whom the child lives or a person who is legally responsible for the
child’s welfare. Onabanjo (2004) argued that the positive contributions of parents
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towards a child’s education can encourage the child to learn. Studies on the effects of
home factors on school achievement revealed that the home and the school have been
identified as the two major factors that can influence children’s performance to improve
learning achievement (The World Bank Annual Report, 2001). The attitude and
participation of parents will greatly influence children’s education as the home plays a
significant role in the teaching learning process and development of interest, since every
aspect of socialization starts from the home and continues through the school. Paswan
and Young (2002) revealed that frequent teacher family communication immediately
increased student engagement as measured by home-work completion rate, on-task
behaviour and class participation. Their analysis showed that on the average, teacher
family communication increased the chances that students completed their home-work
by 40%, decreased instances in which teachers had to redirect students’ attention to task
at hand by 25% and increased class participation by 15%. Consequently, positive
interaction between teachers and parents may improve the performance of students in
mathematics.

According to Bassett (2010) “educators who form partnership with parents are
among the most successful in their work with children.’’ When parents and teachers
work together, children receive consistent messages about the value of education. At the
same time, they feel supported and encouraged in their pursuits. This suggests that
parent–teacher partnership (PTP) may be one of the strategies that can be used to ensure
steady and sustained improvement in mathematics. PTP in mathematics is a relationship
between the parent and the teacher that enhances students’ mathematics learning and not
just to make them pass examination. PTP may be established to address specific learning
problems such as, redirecting students’ attention to task at hand, to re-engage students
that are disengaged academically or simply to ensure smooth transition from one level of
education to another.

Loughran (2008) commented that PTP provides the link between classroom and
at-home learning activities. It stresses that PTP is not just a vehicle for status reports
from teachers to parents on children performance or behaviour rather, it is a tool for the
teacher to invite and support the parents’ active participation in the child’s learning since
the child’s academic and engagement achievement can be enhanced by the two-way flow
of information involved in PTP. Wendy in Owen and Taylor (2010) indicated that PTP is
a convergence in which the child, parent and the teacher come together to take decisions
that will promote the academic development of students in mathematics.
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Since parents are the first teachers that a child comes in contact with; they have
information about their children that are needed by teachers in school to aid academic
development; hence the need to build an effective PTP. Within the partnership, the
teacher creates a more family-like school where the individual differences of each
learner is taken into consideration to give each child a sense of belonging. The parents
provide a home environment that facilitates the learning of mathematics, provide support
and encouragement for children’s academic success. Parental involvement includes
activities such as doing homework and reading with children at home, visiting schools to
discuss their wards and to attend school functions, taking their children to school and
collecting them after school, monitoring of school and classroom activities to ensure
acceptable classroom behaviour and after school home activities to see that the child
completes homework.

Other forms of parental involvement are parental aspirations for the child, follow
up on school learning, parent-child communication about the school, academic support,
provision of necessary learning materials such as, textbooks, prompt payment of school
fees and other levies demanded by the school authorities, teacher-parent communication;
parent attending school functions and parents volunteering at school, appointing parents
as members of committees, school boards and parent organizations of the school. PTP is
an in-depth form of parental involvement that involves communication. It can be
described as a triangular relationship because it involves communication between the
teacher and the parents, between the parent and the child and between the child and the
teacher. PTP is therefore about the attitudes of teachers in making parents true partners;
it promotes regular, meaningful and a two way communication between the home and
the teacher which may not exist in involvement. It means therefore that, not all
involvement practices are partnership, because a parent may be involved in his/her
child’s education without any contact with the teacher in any way. However all
partnership practices are involvement but not all involvement practices are partnership
meaning; involvement is wider than partnership. That is PTP is just an aspect of parental
involvement.

Keyes (2000) emphasised that communication plays a crucial role in influencing
how PTP is developed. Communication between parents and teachers on children’s
learning will result in better parenting because parents will become knowledgeable on
how best to support and assist children at home academically. This may arouse interest
and thereby promote engagement and achievement. It may also result in the
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establishment of home learning, to follow up on school work as well as homework
completion. Communication between parents and teachers could help in making
important decisions that will benefit the child academically. It is therefore, the driving
force in building an effective PTP. Effective communication will bring about clear
definition of roles of each party in the PTP and the execution of such roles.

Randolph cited in American Federation of teachers (2015) revealed that parents
need time with the teacher to know how to help their children with the basic homework
that comes each day. The teacher needs to gain insight on how the child behaves at
home, on parent-child relationship, parents’ expectation and concern for the child. This
may help in developing students’ interest that will translate to increase in student
engagement and improved students’ performance in mathematics. Loewen ans Sato
(2017) identified that, knowledge gives the capabilities to achieve. If teachers and
parents are knowledgeable about PTP, they will be able to provide the best advice and
recommendations to increase students’ academic engagement and mathematics
achievement.

It is generally said that ‘’knowledge is power’’. Knowledge is an important part
of life because it prevents us from making mistakes and makes a person a better version
out of oneself (Loewen et al, 2017). The Holy Bible also expresses the importance of
knowledge in Hosea chapter 4 verse 6 ‘’that my people perish for lack of knowledge’’. It
shows that knowledge can make or destroy. Knowledge is information, facts, principles,
skills, and understanding that is acquired through education and experience. It is the
awareness, familiarity and understanding of a circumstance gained through association or
experience. PTP knowledge can therefore be defined as the awareness of the expected
collaboration that should exist between parents and mathematics teachers. It determines
the ability of teachers and parents to provide the needed support for the child.
Knowledge, according to the Advanced Learners Dictionary 9th edition, is defined as
facts, information, and skills acquired through experience, or education. It follows then
that the information that teachers need about PTP will be acquired through their teaching
experience in mathematics and their level of education.

Knowledge is also acquired through personal experience or association with other
people. The value that people attach to a particular object or phenomenon will depend on
the sum total of what is known. This will affect the behaviour of the person to that object
or phenomenon. The knowledge one has of a thing determines one’s attitude to it, and
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attitude determines how it is executed or practised. The knowledge of PTP determine the
attitude of teachers and parents to PTP and give them the skill needed to practise it.

Attitude is a predisposition or a tendency to respond positively and negatively
towards certain ideas, objects, persons or situations (Business dictionary.com). Hogg and
Vaughan (2005) define attitude as a relatively enduring organization of belief, feelings
and behaviour tendencies towards socially significant objects, groups, events and
symbols. Formation of attitude develops from the interaction of many variables and
influences. Attitude has three components: affective, behavioural and cognitive.
Affective components deal with a person’s feelings about the attitude objects i.e.
persons, places, thing or events. Behavioural components deal with past behaviour or
experience regarding the attitude object. Cognitive component is the beliefs, thoughts,
and attributes associated with an object. Based on this, PTP attitude can be described as
the degree of openness to collaborative activities between parents and mathematics
teachers.

Attitude is a function of knowledge; hence the PTP knowledge of both parents
and teachers will shape their attitude to it. It is the view of parents and teachers about
PTP, which may be positive or negative. Uka (2014) stated that the attitude of a
mathematics teacher is a critical ingredient in building an environment that promotes
good opportunity to learn. The teacher’s attitude must be such that will make parents true
partners. Parents too must be open, responsive to the teacher’s invitation and comment
on the children. Some of the attitude expected of parents are to monitor children’s
academic progress and also supervise home activities of the child. A mathematics teacher
can advise parents on how the home can complement what has been taught in school by
teaching the child or registering him/her for private/home or after school lessons in
mathematics. Parents and teachers must not see it as a waste of time discussing and
communicating feedback about the child’s academic progress and engagement. The
attitude of discussing concerns about students must be encouraged by both parties.

Attitude is more than skills and realities because having the right attitude can
position an individual to manage negative situations. Attitude may depend on salary or
work status. This suggests that, the qualification of parents and teachers are important
variables to consider in building an effective PTP. Others are parents’ occupation and the
number of children in the family, since it may affect family income/salary and determine
attitude to PTP. Loughran (2008) stated that effective PTP requires trust, respect, time,
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effort and skill, which places a great demand on the professional competence of the
mathematics teacher.

PTP practice is the extent of collaborative activities between parents and
mathematics teachers. It includes: scheduling of meetings, exchange of telephone calls,
regular feedbacks on the child’s academic progress and taking decisions together on
child’s engagements at home and in the school. The various involvement practices of
parents and teachers may be influenced by the teacher qualification and knowledge of the
subject matter as well as the parents’ qualification, occupation and family size because
these variables may help develop the child’s interest in mathematics and thereby promote
engagement.

The National Council for Accreditation of Teachers Education (NCATE) (2006),
pointed out that high quality teacher preparation makes a difference in students’
performance. Students’ performance increase when teachers are well prepared. Teacher
preparation is the heart of the teaching learning process since it determines effective
teaching. It provides teachers with the opportunity to gain the knowledge and skills
needed to teach to bring about improved learning outcomes and arouse students’ interest.
The technical report by the Australian Research Alliance for Children and Youth (2015)
confirms that, ‘’investing in training and professional development of teachers, is a key
strategy for shaping teachers beliefs about the roles of parents in children’s learning.’’
This shows that teacher qualification is an important factor in developing PTP.
Qualification is the quality that makes someone suitable for a job or activity. It is
meeting the officially recognised standard or conditions to work in a particular
profession.

Odinko (2002) is of the view that teacher qualification is an important input in
the teaching – learning situation since quality output demands quality input. Qualified
teachers are teachers that have passed through the hands of teacher trainers that have the
skills to prepare teachers by equipping them with current pedagogical skills. Teacher
qualification gives the teachers the authority to teach and grade learners in schools.
Certification in mathematics may assist the teacher in identifying the individual needs of
each student because when teachers have the suitable qualification to teach mathematics,
it will not be difficult to identify the appropriate method and learning resources to adopt
in teaching particular topics that may produce improved students’ performance and
engagement in mathematics. Maphoso and Mahlo (2015) remarked that a teacher who is
well trained and has command of his or her subject matter will be able to identify the
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weaknesses and strengths of students thereby making learning and teaching simpler.
Ability to identify the weaknesses of students may lead the teacher to initiate PTP which
may produce improved interest and achievement of students in the subject. Ogbonnaya
cited in Maphoso and Mahlo (2015) emphasised that if all mathematics teachers have a
degree, and specialised in mathematics or mathematics education and have more than
five years teaching experience, students’ achievement in mathematics would likely
improve.

Oladokun (2010) found that students taught by teachers with higher qualifications
achieved better than those taught by teachers with lower qualifications. Goldhaber and
Brever (2000) found a positive relationship between the result of students and teachers
with bachelor or master’s degree in mathematics than those from other fields. This
explains the important role that area of specialization plays in achievement in
mathematics. Teachers are expected to understand the subjects they teach as this will
influence ability to teach learners in ways that will help correct their knowledge
misconceptions. Understanding of subject matter content determines, to a great extent,
the level of mastery of the subject matter by the teacher which affects learners
understanding as it helps the teacher to impart knowledge effectively and confidently.
Hill, Rowan and Ball (2005) distinguished between the ways in which academic content
must be known by teachers to teach effectively and the ways ordinary adults know such
content.

Ball, Thames and Phelps (2008), remarked that mathematics teachers need a
special type of knowledge called mathematical knowledge for teaching which they
described as mathematical knowledge that mathematics teachers need to carry out the
teaching of mathematics. Mastery of content of mathematics curriculum empowers
teachers to adequately answer students’ questions and explain to learners the relationship
between the topics taught previously and the new ones and at the same time, enhance the
teachers’ knowledge of how students think in relation to mathematical tasks. If
mathematics teachers are qualified and have a mastery of mathematics content, they will
have high expectation for students’ learning. This will enable teachers to build effective
PTP that will enhance communication with parents and yield positive results on students’
interest to learn and engagement with mathematics, which will lead to superior
achievement.

Some parental factors too may inhibit or enhance communication in PTP. Keyes
(2000) highlighted factors that may affect the degree of openness of parents in PTP.
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These factors are: cultural beliefs and differences which may prevent parents from
expressing their concern about the education of their children, parents’ lack of education,
inability to communicate due to language differences between the teacher and the parents
and parents’ socio economic status which may result in child rearing practices and values
that conflict with those of the teachers. The parents’ factors examined in this study are
parent qualification, family size and parental occupation or job type. Research evidence
revealed that parental education and children education correlate positively.

Parental education is a motivating force for a child as it paves the way for the
child’s future. Khan, Iqbal and Tasneem (2015) found that highly educated parents have
significant influence on their children’s achievement at the secondary level. Educated
parents are likely to be more responsive to their children academic needs since they are
knowledgeable about the possible implications of their actions. According to Jaroslawska
(2014) discovery of a substantial association between parental cognitive ability and
children educational achievement confirmed that parental education may influence
children academic performance.

Ogunshola and Adewale (2012) observed that where parent occupational status is
low, children academic achievement is hindered. This implies that parental occupation
status influences the academic achievement of children. Suleman, Hussain, Khan and
Nisa (2012) argued that good parental occupation has a positive effect on the academic
achievement of students. Rothestein (2004) asserted that parents of different
occupational classes often have different styles of child rearing and child discipline. This
establishes the fact that facilities at home may affect student’s achievement because
parents with high income occupations are able to provide basic needs such as food, better
housing as well as the needed educational materials and services that support children
academic engagement and development. The child’s ability to learn, therefore, depends
on how well they have been brought up in the family. It reveals further that parental
occupation can influence many decisions at home such as the school children attend, the
attention that children receive from parents, number of children in the family and the
practice and attitude of parents to PTP.

Studies have shown that educational level of parents has a positive influence on
family size which in turn influences the support children receive from home. According
to Anna, Marta and Guilherme (2017) children with many siblings receive less support
from parents than those raised in small families. It means that students’ from families
with smaller sizes will have the privilege of proper monitoring and supervision by
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parents and are likely to achieve better than children with large family sizes. Anna,
Marta and Guilherme (2017) stressed that, the larger the family, the greater the dilution
of parental resources and the more limited the educational chances for each child. They
emphasised the fact that parental occupation may determine family size.

Eldridge (2001) revealed that PTP benefits not only the child but also parents and
teachers. Parents benefit by getting to know how to help and support their children at
home. When parents are involved in children education, they become confident to
monitor school and classroom activities to ensure acceptable classroom behaviour and
also see that the child completes his or her home work. Students are motivated to learn,
they develop interest and have a positive attitude about homework. This leads to
improved performance and regular attendance. Teachers also benefit by becoming more
focussed on teaching, they get to know more about the children needs and home
environment. It improves the teachers’ morale as parents who are involved will have
more positive view of teachers thereby resulting in job satisfaction.

PTP in children education can be negative if the involvement does not enhance
the cognitive developments of learners. Parents sometimes employ the class teachers of
their children as lesson teacher either in school or at home. Some of these teachers may
just prepare the children for the school examination to justify their pay but fail to develop
conceptual understanding of various topics taught. This they do by concentrating on
questions that will come out in the examination. Since these students had been taught
how to solve such questions ahead of the examination, they often perform better than
their counterparts who are seeing the questions for the first time in the examination hall.
Some teachers also organise after school lessons which are cleverly made compulsory
because topics taught in the lesson are not taught during the normal classes on the
pretence that the topics in the scheme of work for the term cannot be completed within
the term. Therefore, students in the lesson class perform better than their counterparts
who do not attend the lessons.

Sharp practices by parents to make teachers help their wards during examinations
to ensure that they are promoted is another negative application of PTP. Some parents
purchase live question papers to make children pass public examinations. PTP should not
be built around these negative parent teacher interactions but on positive contributions
from parents, teacher and even students. Such negative practices contributed
significantly to the low level achievement of students in mathematics in recent past. If
these negative roles of parents and teachers are carefully addressed in PTP, it may be a
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good strategy to improve and sustain performance of students in mathematics. The major
role of the teacher is to educate the students and to create an environment that will be
conducive to mathematics learning while the parents’ role is to provide support and a
home environment that will ensure physical and emotional stability of the child both at
home and in school, such that the child succeeds in mathematics specifically and
generally in their education.

Roles are balanced by expectation and responsibilities. Part of the responsibilities
of parents to their children is the provision of basic needs such as food, clothing,
textbooks needed in school while it is the responsibility of teachers to understand
students learning needs and how the needs will be met by applying appropriate
instructional strategies and learning resources. The roles of teachers and parents in PTP
is to provide learning supports that will arouse students’ interest and improve
engagement that will translate into better academic performance. These roles
complement each other for better performance in mathematics. Schools are expected to
conduct open day programmes and organise PTA meetings to encourage communication
between teachers and parents. Parents too should complement the effort of the school by
creating time to attend the PTP programmes of the school. Lekli and Kaloti (2015)
affirmed that PTP is a strategy to support learning since it involves communication about
children home work, their difficulties and their classroom participation. Effective
communication through PTP will bring better understanding of the roles and
responsibilities of all the parties in the partnership. Parents and teachers, through their
PTP knowledge, PTP attitude, and PTP practice may influence students’ interest,
academic engagement and achievement in mathematics.

Singh, Grandville and Dika, (2002) reported that affective variables are salient
factors affecting success, persistence in mathematics and science subjects. With effective
PTP and mathematics teaching, if there are no positive contributions to mathematics
learning by the students, the efforts of teachers, will not translate into better achievement
for students. It follows that, students will not make effort if interest is lacking and with
lack of interest, there will be no academic engagement. Obaitan (2009) commented that,
learners will show interest in school subjects in which they excel and shy away from
subjects in which they are given the impression that they are incompetent. This shows
the importance of learners’ interest in achievement in mathematics.

Interest is a feeling of wanting to know about something or someone. It is a
feeling of wanting to give attention and to discover more about something. Interest could
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be conceived in terms of activities that a person enjoys doing or the subject that one likes
to spend time learning about. Interest could be considered a focussed interaction between
an individual and an object that results in enduring affective disposition towards a school
subject. Interest in school subject can be linked with achievement in the subject.
Academic interest and attitude can be defined as a student’s enduring disposition,
positive affective orientation, and tendency to persevere when working on certain
specific academic contents. Attitude is a component of interest because individual’s
interest can be regarded as positive attitude towards a subject. Olaoye (2005) explained
that the attitude of the learner to a subject will determine the learner’s attractiveness or
repulsion for it. Attitude is a mental state that exerts influence on a person’s response to
people, objects and situations. Students’ attitude to mathematics may determine the
extent to which they are engaged with their mathematics school work.

Academidc engagement could be defined as the interest, determination, and
passion of students towards learning and teaching. It shows the relationship between non
cognitive factors such as attitude, interest, perseverance, and learning outcomes. It is
predicated on the belief that when students are inquisitive, interested, determined, or
motivated, learning improves, and suffers when students are bored, uninterested or
restless. Academic engagement is making every effort to learn what the teacher teaches.
Educators view academic engagement differently. Some define it with reference to
observable behaviours, while others explain it in terms of an internal state. In term of
observable behaviours, academic engagement is the willingness of students to participate
in routine school activities such as attending classes, listening attentively, participating in
classroom discussion and submitting assignments on time. It is the degree of attention,
curiosity, interest, optimism, and passion that students show in learning as well as the
level of motivation with which they learn and make academic progress.

Academic engagement, according to Deneen (2010), manifests when students
take academic challenge and are determined to learn what the teacher is teaching.
Students show signs of being engaged academically by working in pairs or small groups
to discuss school work and by participating in enriching educational programmes that
can complement school learning, such as independent study with the use of electronic
devise to augment learning. Students are also academically engaged when they maintain
a healthy student-teacher relationship that allows them to follow up on what was taught
in the classroom.
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Fredricks, Blumenfeld and Paris (2004) postulated that academic engagement
occurs along a continuum and can be categorized into cognitive, behavioural, and
emotional. Cognitive engagement is the degree to which students are interested in and
curious about what they are learning; behavioural engagement reflects students’
participation and efforts at academic tasks like doing homework, turning in assignments
on time, and paying attention to class work, classroom behaviours, and attendance.
Emotional engagement is the extent to which positive emotions are promoted by students
such that the learning process is enhanced and negative forms of behaviour are
minimized.

Academic disengagement may occur due to lack of interest in a subject, or school
work generally. This may lead to erratic class attendance, inadequate assignment
completion, cheating on tests, damaging of school properties and other negative
behaviour. Disengagement may not be immediate, it may happen over-time in response
to accruing difficulties in school work. Deneen (2010) noted that “the more students
study a subject, the more they know it, the deeper they come to understanding what they
are learning; the more adept they become at managing complexities, tolerating
ambiguities and working with people from different backgrounds or views. Academic
engagement is therefore a prerequisite to learning and learners must be cognitively
engaged for learning to take place. When learners are cognitively engaged, it will
produce improved learning outcomes in mathematics. Building an effective PTP with
positive support from both the parents and teachers may provide school and home
environments that will arouse the child’s interest, promote engagement and achievement
in mathematics irrespective of the learners’ background.

Squire cited in West (2012) claimed that students’ achievement should no longer
depend on factors like socio economic status and gender but on the teacher being able to
design an instructional system where all learners will learn in spite of their backgrounds.
Squire found that students’ who received feedback during instruction did well on tests
that aligned with the instruction whether in a mastery learning model or another
instructional situation. The implication is that, communication between parents, teachers
and students through PTP may be a strategy to improve learning outcomes in
mathematics and sustain the present level of performance of learners in mathematics. It
is against this background, that this study investigated the extent to which PTP (PTP
knowledge, PTP attitude and PTP practice), student’s interest, and academic engagement
can determine achievement of students in senior secondary school mathematics.
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1.2 Statement of the Problem
The government of Nigeria and all stakeholders in education are preoccupied

with finding ways to improve achievement in mathematics because of its importance to
our daily life and national development. This is demonstrated in the number of contact
hours per week on the timetables of primary and secondary schools in Nigeria and the
fact that it is one of the compulsory subjects at these levels of education. The
establishment of the mathematical centre in Abuja, where capacity building workshops
are organised from time to time for mathematics teachers is one of the efforts made by
Government to improve the teaching of the subject.

In spite of the various efforts made at different levels to enhance students’
achievement in mathematics at all levels of education, students’ performance in the
subject is still fluctuating. Many studies aimed at improving the teaching of mathematics
are yet to give the desired results of steady improvement in performance. Most of these
previous studies concentrated efforts on teacher, parent, or school variables or at most a
combination of two or three of these variables to predict achievement in mathematics.
There seems to be no study that looked into the three dimensions of PTP (knowledge,
attitude and practice) combined with student’s academic interest and academic
engagement in mathematics in a second order variance-based structural equation
modelling context, alongside other teacher and parent variables to explain students’
achievement in mathematics. Such empirical documentation is needed.

If school factors are strong in providing an enabling environment to learning and
no participation is received from the home, achievement will be minimal. Even if there
is a good synergy between the parents and the mathematics teacher on the child’s
mathematics learning and there is no contribution from the learner, the maximum benefit
of the PTP cannot be realised. This study, therefore, investigated the causal effect of PTP
(PTP knowledge, PTP attitude and PTP practice), students’ mathematics interest and
students’ academic engagement on achievement in mathematics in senior secondary
school mathematics.
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1.3 Research Questions
The following questions were particularly addressed in the study.

1. (i) How knowledgeable are the parents and mathematics teachers about PTP?
(ii) What is the attitude of parents and mathematics teachers to PTP?
(iii) How involved are parents and mathematics teachers in the practice of

PTP?
2 To what extent are parents involved in the PTP programmes in terms of:

Parent Teacher Association Meeting attendance and Open Day attendance
3 What is the capability of the measurement model in estimating the latent scores

for the latent constructs in the structural model?
4. Is the hypothesised model consisting of the exogenous variables (teacher

qualification, teacher mastery of mathematics content, parent qualification, parent
occupation and family size); the endogenous variables (teacher PTP knowledge,
parent PTP knowledge, teacher PTP attitude, parent PTP attitude, teacher PTP
practice, parent PTP practice, mathematics interest and academic engagement)
and the criterion variable (mathematics achievement) consistent with the variance
of the empirical data?

5. What is the most meaningful causal model involving the fourteen variables,
which can be used to predict mathematics achievement?

6. What are the direct effects of the exogenous variables on the criterion variable?
7. What are the indirect effects of the exogenous variables through which the

endogenous variables exert effects on the criterion variable?
8. What are the estimated combined effects (total effects) of the exogenous and the

endogenous variables on the criterion variable?

1.4 Scope of the Study
This study investigated how PTP student mathematics interest and academic

engagement can determine achievement of senior secondary school class three students
(SS3) in mathematics in Oyo State. The study involved 72 selected secondary schools
[48 public schools (36 urban, 12 rural); 24 private schools (18 urban, 6 rural) from 12
local government areas in Oyo State. The SS3 students in these schools, their parents and
their mathematics teachers constituted the sample for this study. The ratio of 3:1 is so for
(public: private and urban to rural) schools because there are more (10:1) public
secondary schools than private schools as well as urban secondary than rural secondary
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schools in Oyo State. Urban and rural schools were used to ensure that the sample is
heterogeneous. The sample comprised of science, arts and commercial students in the
selected schools. Schools in communities that have basic amenities such as electricity,
pipe borne water, hospitals, banks with Automated Teller Machines (ATM),
headquarters of government ministries, local government headquarters and shopping
malls were regarded as urban schools. Schools in areas with banks without ATM, health
centres, and basic amenities (i.e. electricity and pipe born water) were considered rural.

1.5 Significance of the Study
This study provides empirical evidence on the link between PTP students’

mathematics interest and academic engagement on learning outcomes in senior
secondary school mathematics. Clarity of the empirical evidence of these variables on
learning outcomes would provide information for current educational practices for
secondary schools as well as provide direction for future educational policy. It is also a
good addition to existing literature on the effect of PTP, students’ mathematics interest
and academic engagement on achievement in mathematics. It is significant to teachers
and students as it may improve the teaching-learning process and help students develop
positive interest for mathematics.

1.6 Operational Definition of Terms
Mathematics Achievement is the score of students in the mathematics achievement test.
It represents learning outcomes over a period of time. This was measured with the
Mathematics Achievement Test (MAT). Appendix I(a)
Student Academic Engagement is effort made by students to learn mathematics. It is
the involvement of a student in academic challenge, active, collaborative learning and
supportive learning outside of mathematics classroom. This was measured with the
Students’ Academic Engagement Scale (SAES). Appendix I(b)

Student Interest in Mathematics is student’s enduring disposition, perseverance and
enjoyment of studying mathematics. This was measured with the Student Mathematics
Interest Scale (SMIS). Appendix I(c).

Parent–Teacher Partnership (PTP) in Mathematics are efforts of parents and
mathematics teachers to enhance a child’s mathematics learning. This was measured
with the following indices of PTP:
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a) Parent–Teacher Partnership (PTP) Knowledge is the awareness of the
expected collaboration that should exist between parents and mathematics
teachers. This was measured with the Parent-Teacher Partnership Knowledge
Questionnaire for Parents (PTPKQP) and Parent-Teacher Partnership Knowledge
Questionnaire for Mathematics Teachers (PTPKQMT). Appendices 1(d) and 1(e)

b) Parent–Teacher Partnership (PTP) Attitude is the degree of openness to
collaborative activities between parents and the mathematics teacher. This was
measured with the Parent-Teacher Partnership Attitude Questionnaire for Parents
(PTPAQP) and Parent-Teacher Partnership Attitude Questionnaire for
Mathematics Teachers (PTPAQMT). Appendices 1(f) and 1(g).

c) Parent–Teacher Partnership (PTP) Practice are the activities of parents and
mathematics teachers in the operation of PTP. This was measured with the
Parent-Teacher Partnership Practice Questionnaire for Parents (PTPPQP) and
Parent-Teacher Partnership Practice Questionnaire for Mathematics Teachers
(PTPPQMT). Appendices 1(i) and1(j)

d) Teacher Mastery of Mathematics Content: is the score of the mathematics
teacher in providing solutions to questions from two selected topics from the
SSCE syllabus. This was measured with the Observational Schedule for
Mathematics Teachers’ Mastery of Mathematics Content (OSMT). Appendix
1(k).

e) Parental Involvement is the extent of parent attendance at PTA meetings and
Open Day. This was measured with the School Record Checklist for Attendance
of PTA meeting and Open Day by Parents (SRCAP). Appendix 1(l)

f) Open Day is a day set aside by the school, mostly once in a term, on which
parents and guardians are invited by the school authority to discuss with the
teacher on children academic progress reflected in classroom attendance,
participation, performance and general behaviour.
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CHAPTER TWO
LITERATURE REVIEW

This chapter deals with the review of related literature to the study.

2.1 Theoretical Background
The study is based on social cognitive theory (SCT) and social constructivism theory

of learning. Since the context in which learning takes place is multidimensional
incorporating a combination of learning theories in the learning process will optimise
learning.

2.1.1 Proponents of SCT believe that mental processes are influenced by both intrinsic
i.e. students’ interest and extrinsic factors i.e. parent and teacher efforts in helping the
child develop interest to promote engagement; which brings about learning in an
individual. The SCT considers three variables: behavioural, personal and environmental
factors which interact with one another to bring about learning in an individual. The
diagram below (Fig. 2.1) illustrates SCT.

Fig.2.1: Source: Sincero (2008); Cognitive Learning Theory

Personal-environment interaction occurs between human beliefs, interests, ideas and
cognitive competences are modified by external factors such as parental support, and
stressful environment. Personal-behaviour interaction happens when the cognitive
processes of a person affects behaviour, i.e. interest promoting engagement. The
performance of such an individual may modify his thinking. Environment-behaviour
interaction occurs when external factors alters the way individuals behave. Behaviour

Behavioural Factors

Environmental Factors
(Extrinsic)

Personal Factors
(Intrinsic)
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can also modify our environment. This theory is relevant to this study because,
proponents of SCT belief that learning is attained through interaction between extrinsic,
that is interaction between the parent and the teacher, as well as the intrinsic, which is the
child’s mathematics interest and academic engagement.

The Basic Concepts of SCT
These basic concepts can manifest in infants, children, adolescents and adults.
Observational learning, reproduction, self-efficacy, emotional coping and self-rgulatory
capability (Social Cognitive Theory-wikipedia).

 Observational learning: Human beings learn by observing others.
 Reproduction: putting an individual in a comfortable environment with access to

materials to motivate him to learn, enables the person to retain the new
knowledge, learnt behaviour and also practise them.

 Self- efficacy: learners improve on their new knowledge or behaviour by putting
it into practice.

 Emotional coping involves being able to cope with stressful environment and
negative characteristics can lead to effective learning particularly in adults.

 Self-regulatory capability ability to control behaviour in an unfavourable
environment.

2.1.2. The social constructivism (SC) theory of learning, states that knowledge is
constructed through interaction with others; individual learning takes place through
interaction with other people within a group. In other words, cognitive development is
influenced by a person’s environment. The theory extends constructivism by
incorporating the role of other actors and culture in development. SC acknowledges the
uniqueness and complexity of learners. It emphasises the nature of the learner’s social
interaction with knowledgeable members of the society by stressing the fact that learning
is optimised when learners are actively involved in the learning process. This is different
from theories that put the responsibility for imparting learning soley on teachers.

Social constructivism as a learning theory has implications for teaching and
learning. It stresses interaction over observation. This gives prominence to student’s
classroom discussion. Studies have shown that classroom discussion among students
promotes knowledge and gives students the confidence to communicate their ideas
orally. Students’ classroom discussion, also plays vital roles in increasing student ability
to test and synthesise their ideas and build deeper understanding of what they are
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learning. Students’ classroom discussion in large and small groups affords students the
opportunities to exercise self-regulation, self-determination and a desire to persevere on
tasks. It increases motivation, collaborative skills and ability to solve problem.
According to the proponents of SC, motivation to learn can only be sustained when
learners are confident of their potential for learning. Jean Piaget, the founder of
constructivism, focussed on the fact that human beings make meaning out of learning in
relation to their experiences and ideas.

The role of the teacher in SC approach is to provide support to learners, provide
guidelines and create the environment for learning to take place. SC argue that ‘’learning
by doing’’ enhances learning. Critics of this theory argue that little empirical evidence
exists to support the claim. They stress that learners do not have the ‘’schemas’’
necessary for learning by doing. Another criticism about the theory is that many
educators misapply constructivism by adopting teaching methods that make students
behaviourally active rather than being cognitively active (Mayer in Wikipedia, 2017).

2.2 Conceptual Review and Conceptual Framework
2.2.1. Conceptual Review
2.2.1.1 Roles of Parents and Teachers

Role is responsibility, duty, task, function or contribution made by a person or a
group of individuals in a particular situation. Role is a socially expected behaviour
pattern usually determined by an individual’s status in a particular society. It is the part
that someone or something has in a particular activity or situation. (Merriam-Webster,
2013); that is the set of socially recognised patterned behaviour which helps a person to
cope with recurrent situations and also enhance the ability of the individual in dealing
with roles of others. These explains the fact that there are role expectations and when the
expected roles of an individual in a particular situation are clearly defined, it helps the
parties involved to function as expected. This is important because roles can be assigned
or required and clear defintions of expectations in the required task will be of
tremendious help to relate with people connected with the situation.

Role expectations are actions and qualities required of an individual in a
particular situation and since different roles entail differnet obligations, actions, and
duties, then there must be clear definition of roles. It is the appropriate and permitted
forms of behaviour and actions that are guided by social norms which determine
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expectation for the roles. Teachers play vital roles and assume many roles in the life of
the students within and outside the classroom (The ministry of education, Guyana, 2015).
The major role of a teacher in the classroom is to nurture and help students learn in the
school. Cox (2016) ascertained that the teachers’ role is to help students apply concepts.
Beyond just executing lesson plans, the teacher plays the role of a surrogate parent, class
disciplinarian, mentor, counsellor, bookkeeper, role model, planner and many more.
Stressing the same point, the Guyana ministry of education (2016) classified teachers’
roles into those within the classroom and outside the classroom. A teacher in the
classroom is an instructor, critic, disciplinarian, motivator, role model and adviser;
outside the classroom teachers may take on roles as mentor, coach, counsellor, club
sponsor and tutor.

Teachers take on some or all these roles in PTP. It follows then that a teacher’s
role is quite multifaceted. However George Lucas Educational foundation in Cox (2016)
argue that “unlike in the past when teachers were told what to do and how to teach it
using the same method for all the students, teachers today are to counsel and guide
students on how to use their knowledge to become valuable members of the society.
They are expected to know how each student learn and inspire them to learn’’. Basset
(2010) found that teacher who work with parents are the most successful. This means
that teachers could inspire their students to learn by getting their parents involved, in
other words by helping parents in role development in PTP.

Parents have important roles to play in their children education because they are
their first teachers. Part of the required roles of parents are to provide the physical and
the needed encouragement that students need for academic success. Education systems
and solutions (edsys) defined the roles expected of parent in PTP. Some of these are:
parents are expected to be role models to their children, read together with their children,
oversee home and school activities, provide a conduicieve atmosphere for learning to
take place, help with homwwork and maintain good relationship with the school among
others. It is very clear that the roles of teachers complement those of parents in PTP and
if well harnessed, it will promote student engagement and achievement in mathematics
because according to Bright Horizon (2016), parents are supposed to encourage lifelong
curiosity and promote a desire to learn in their children.

2.2.1.2 Parental Involvement
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The home and the school are the two primary environments where children grow
and develop physically, mentally, socially emotionally and academically. As a result,
parents and teachers have major influence in building a child’s confidence and
motivation to learn. Joint efforts involving both homes and schools where
responsibilities are shared by parents and teachers to create a working relationship that
will improve learning outcomes is one of the ways of fostering child learning. Henderson
and Mapp (2002) stated that there is a positive relationship between family involvement
and student achievement. The more intensely parents are involved, the more beneficial
the academic achievement. The study reported that family participation is as twice as
predictive of student academic success as family socio economic status.

Hyman in United Nations Children’s Fund (UNICEF) (2012) argued that parents’
commitment to education is considered to be crucial to school success. Ogden in Owen
and Taylor (2010) also affirm that most students that grow up in interesting and
stimulating environments that are educationally conscious always display superior
academic achievement. These literature confirm that when parents and teachers come
together to help a child academically there is a high possibility that the child will succeed
educationally. The result of a meta-analysis conducted by Jeynes 2007 attests to the fact
that parental involvement is associated with higher student achievement outcomes.
Therefore, if mathematics teachers could provide the needed support to promote parents’
active participation in their children mathematics learning at home, the problem of low
achievement of students in mathematics may be a thing of the past.

Parental involvement has been described differently in existing literature as
parental involvement (Jeynes, 2007 and Meador, 2013); parental engagements (Ferlazzo,
2009, Desforges and Abouchaar, 2003); parent-teacher partnership (Loughran, 2008);
and parent school partnership (American Federation of Teachers, 2015). It has also been
defined in research as: parents’ reported participation at least once during the school year
in attending a scheduled meeting with their child’s teachers, attending a school event or
volunteering in the school or serving on a special committee (Child Trends Data Bank,
2013). Desforges and Abouchaur (2003) view it as deliberate acts of engagements by
parents in children’s education. Jeynes (2007) described it as parental participation in the
educational processes and experiences of their children.

According to the NCLB act (2001), it is the participation of parents in regular,
two way and meaningful communication involving students’ academic learning and
other school activities. From these definitions, it can be deduced that the
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conceptualization of parents involvement vary from person to person depending on the
focus. Some of the definitions focused on specific involvements (i.e. Child’s Trend Data
Bank (2013) & Desforges et al (2003)) of parents in children education while Jeynes
2007 and NCLB Act, 2001) cover both specific and general involvement of parents.

Based on the definitions of Jeynes (2007) and NCLB Act (2001) parental
involvement can be categorized into general parental involvement and specific parental
involvement. General involvement has to do with what every parent is supposed to do,
such as provision of good food, clothing, adequate care and shelter. These starts from
birth and ensure normal growth and development of the child. Desforges et al (2003)
established that parental involvement from early age has been found to equate with better
educational outcomes. Specific parental involvement deals with efforts made by parents
to enhance academic development of their children. It includes parents’ communication
with the child and teacher to follow up on school work, visiting the school, home
assistance on home work and provision of necessary materials.

Shute, Hansen and Underwood cited in Daniel and Daniela (2013) subdivided
specific parental involvement into home activities, and school activities. Home activities
include parent-child discussion about school, parental aspirations and expectations,
parenting style, reading at home, parents’ checking children’s homework, home rules
and supervision. School activities refers to parent-teacher communication, parents
attending school functions and parents volunteering at school. Epstein cited in Desforges
et al (2013) highlighted six parental involvement variables: parenting, communication,
volunteering, learning at home decision making and collaborating with the community,
while Jeynes (2007) identified seven: general parental involvement, specific parental
involvement, parental expectations, attendance and participation in school functions,
communication, homework and parental style. These classifications have been used and
can still be used to measure parental involvement in education. These parental
involvement variables can be grouped under four headings:

Parental aspiration for children education has been described by Daniela et al
(2013) as the hopes and expectations of parents for children’s education. It is the extent
to which parents believe that a child will perform well in school and the ability to
maintain this belief. Parental aspiration and attitude predict children educational
achievement since having higher parental education is significantly related to having
higher expectations (Department for Children, Schools and Families, 2008). Orozco,
Pimentel and Martins (2009) pointed out that family expectation clearly affect the
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academic attitudes and aspirations of students. Parental aspiration may change as
children grow older because of economic constraints, children’s ability and available
opportunities.

According to Shute et al cited in Daniela and Daniela (2013) parental style is a
complex set of behaviour and attitude through which parents communicate the values,
behaviour and standards that children are expected to adopt. It covers the attitude of the
parents to education and school. It includes parent-teacher and parent-child
communication, assistance for home work, academic support and prompt payment of
school fees.

Home Structure Activities: This is the degree of discipline exerted by parents at
home and the activities of the child after school. It covers parent’s educational
achievement, the type of work, family size and monitoring of children after school
activities. Spera (2005) commented that monitoring of children activities after school is
related to students’ achievement.

Parental involvement in school functions and activities covers parents attending
school functions, parents volunteering at school, school appointing parents as members
of committee, school boards and parent organizations. Spera (2005) asserted that parental
involvement and monitoring in education are robust predictors of adolescents’
achievement. Also, the Michigan department of education (2001) revealed that the more
intensely parents are involved, ‘the more beneficial the achievement effects’. It was
further stated that, family participation is twice as predictive of students’ academic
success as family socio economic status.

Affirming the positive contribution of parental involvement to educational
outcomes, Henderson and Mapp (2002) remarked that ‘regardless of family income, and
background, students with involved parents are more likely to: (i) earn higher grades in
test and examinations, (ii) be promoted (iii) attend school regularly (iv) have better social
skills, (v) have improved behaviour and (vi) adapt well to school’. Robert (2015) also
emphasized that parental involvement leads to enhanced intrinsic motivation, reduction
in school dropouts, increased academic engagement, less anxiety about school, increased
self-concept, and self-efficacy. It is very clear that parental involvement will not only
benefit the learner and the family but also the school and the society.

Jeynes (2005) affirmed that parental involvement that requires a large investment
of time, such as reading and communicating with one’s child, and the more subtle
aspects like parental style and expectations have greater impact on students’ educational
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outcomes than some of the more demonstrative aspects of parental involvement such as
parental attendance and participation at school functions. The implication of this is that
there are some involvements that do not require a large investment of time and that not
all involvements require communication or contact with the teacher.

2.2.2 Conceptual Framework
Mathematics is considered to be an important foundation of scientific and

technological knowledge necessary for the socio- economic development of a nation. It
is a basic requirement for any science and social science based course in tertiary
institutions. Many students find mathematics instruction difficult; as result, educators
and stakeholders in education are faced with the problem of how to improve the teaching
and learning of mathematics. The conceptual framework for this study (fig 2.2),
highlights mathematics teaching and learning as interplay of many factors, such as the
teacher, student and parental factors.
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Fig. 2.2: Conceptual framework developed by the researcher on how PTP (PTP
Knowledge, PTP Attitude, PTP Practice) and student’s mathematics
interest and academic engagement can determine achievement in
mathematics.

The framework (Fig. 2.2) shows that, if there is a synergy between parents and
mathematics teachers, this may motivate the child to develop interest aided by regular
and meaningful PTP communication. The extent of communication between the teacher
and the parent about the child’s mathematics learning will be determined by the
knowledge of the teacher and the parent about PTP. The knowledge of PTP by the
teacher and the parent will shape the attitude of both teachers and parents to PTP while
the attitude of parents and teachers to PTP will suggest how PTP is practised. It is with
these three PTP variables, knowledge, attitude and practice, that parents and mathematics
teachers support the child’s mathematics learning with the aim of arousing the child’s
interest in mathematics. If the child’s interest is aroused, the child may become more
engaged with mathematics learning and may thereby help to sustain the improved
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performance experienced in mathematics in the last few years in Nigerian secondary
schools.

The conceptual frame work for this study is related to SCT because, PTP is an
interaction of the teacher and parent as the external factor while the student provides the
internal factor inform of interest and the behaviour inform of engagement. Parents and
teachers provide support through PTP. So also, it is also related to SC because in PTP,
the student is not supposed to be a passive observer but an active participant in the
learning process.

2.3 Parent-Teacher partnership and Students’ Achievement in Mathematics
When schools communicate regularly with parents about their children’s learning

and provide opportunities for parents to discuss with the teacher and other school
personnel about their wards, a relationship called Parent-Teacher Partnership (PTP) will
be developed between the teacher and the parent. This proves that PTP is one of the
many forms of parental involvements of parents that calls for regular communication
between the teacher and the parents to enhance learning. The American Federation of
Teachers (2015) lend credence to this by stating that, effective two-way communication
between the home and the school is necessary for students’ success. Sahgun (2017) also
indicated that a good working relationship between the teacher and parent is a vital
aspect of a student’s academic success.

PTP is a relationship between parents and teachers for children learning; it is a
relationship that ensures that a child is receiving the quality instruction he or she
deserves in school. It is a means of supporting children as they go through the
educational system. Scan (2010) described parents in PTP as natural advocates for their
children. This is true because parents are the first teachers hence they are knowledgeable
about the strength, weaknesses and experiences of their children, and as a result, they can
speak for them.

Wendy in Owen and Taylor 2010 explained that PTP is a convergence of the
child, parent and teacher. Substantiating this, Loughran (2008), stated that, parent/teacher
relationships are about the child, not about the needs of adults. Teachers must arrange
ways that parents can feel free to contact them without disrupting classroom routines.
Hence, PTP can be described as a triangular relationship since it requires a two way flow
of information between the child and the parent, the parent and the teacher as well as, the
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teacher and the child for the partnership to be effective. The diagram below illustrates the
two way flow of information in the partnership.

Fig 2.3: Communication as a two way flow of information in partnership

Loughran (2008) wraps it up that, PTP is a mechanism for the teachers to invite
and support parents’ active participation in their children education in the home
environment. Christenson and Sheridan (2001) pointed out that the goal of family
involvement with education is not merely to get families involved, but to connect
important contexts for strengthening children’s learning and development. Christenson
(2003) believes that the goals of PTP are to create and maintain positive relationship
with parents, enhance the degree to which the home environment is literacy rich and to
increase children out-of-school reading time. These literature reveal that through PTP,
parents and mathematics teachers can support learning to arouse interest of the child and
as a result increase academic engagement and improve achievement. Christenson (2003)
described PTP as a protective factor, and a home-school strategy to enhance school
success.

PTP helps to redefine the child’s individual learning plans, makes clear and
specifies the roles of parents and teachers with the aim of bringing out the best in the
child. Christenson and Sheridan (2001) established that, thinking of parents and teachers
as partners refers to a mutual effort towards a shared goal. It is a shared responsibility to
support students as learners. As a result, both teachers and parents should approach the
relationship with respect for an effective PTP.

2.3.1 PTP Knowledge and Students’ Achievement in mathematics
Knowledge is information, facts, principles, skills and understanding acquired

through education and experience. Loewen et al (2017) ascertained that, knowledge
helps a person to be the best at what one does and the accumulation of knowledge on a
particular thing helps one to be the best version of oneself. The author expressed further
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that being knowledgeable is highly important because one will be able to give the best
advice and recommendation. If teachers are knowledgeable about PTP, they will be able
to provide the best advice and recommendations to parents. Parents too, will be able to
do the same for their wards. No wonder, the general saying that ‘’knowledge is power’’.
If knowledge is power, it implies that, lack of knowledge can lead to destruction and the
acquisition of it can be of great advantage to individuals. Knowledge gives the
capabilities to achieve as it helps in adapting to new situations. The implication therefore
is that, the more knowledge teachers and parents have about PTP, the easier their
operation in the partnership. Buttressing this view, Willingham (2017) stated that, the
richer the knowledge base, the easier the operation; the more knowledgeable a person is,
the smarter one becomes. It could be deduced then that when teachers and parents are
knowledgeable about PTP, it will affect their roles and responsibilities in the partnership
positively and this may in turn arouse students’ interest as well as promote students’
engagement in mathematics.

Communication, which is one of the major responsibilities of parties in PTP, will
be strengthened when teachers and parents have good knowledge of PTP. With this,
interests will be positively affected as it will translate to improved performance. Little,
Geo and Bell (2009), emphasised that, frequent teacher family communication
immediately increased student engagement as measured by home-work completion rates,
on task behaviour and classroom participation. They analysed their finding thus: teacher
family communication increased the rate at which students completed their home work
by 40%, decreased instances in which teachers had to redirect students’ attention to the
task at hand by 25% and increased class participation by 15%.

Increased student engagement is an indication of interest since, according to
Obaitan (2009), learners are more interested in school subjects where they excel. These
views (Willingham, 2017; Little et al., 2009 & Obaitan, 2009), establish that, PTP
knowledge will aid communication that will promote students’ interest in mathematics.
Willingham (2017), also reveals that being knowledgeable about something determines
the individuals’ attitude to it. Hence the PTP knowledge of teachers and parents will
determine their PTP attitude to arouse students’ interest.
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2.3.2 PTP Attitude and Students’ Achievement in Mathematics
Attitude is a predisposition to respond positively or negatively towards a certain

idea, object, person, or situation. It is determined by psychological factors like ideas,
beliefs, perception etc (Wikipedia). It is a settled way or feeling about something. Glover
(2012) defines it as learned behaviour, habits, perceptions and judgment. Hence,
teachers’ attitude to PTP, may be predicated by their qualification and knowledge of the
subject matter. Attitude can be defined in terms of affective, behavioural and cognitive
components. The affective component deals with a person’s feeling or emotion about the
attitude object. The behavioural component has to do with the way our attitude influence
how we behave or act while the cognitive aspect involves a person’s belief, knowledge
about the attitude object. There is a link between attitude and behaviour. The attitude of
parents and teachers in PTP will reflect in their behaviour.

Paswan and Young (2002) remarked that, when students know that teachers are
investing in giving attention to them, they react positively and become interested. The
attitude of parents and teachers in PTP may motivate students to learn mathematics, as it
can boost their interest and indirectly promote positive learning outcomes. In addition,
the submission of Paswan et al. (2002) is an indication that positive attitude will enhance
good practice. Affirming this fact, Mcleod (2014) reflected that attitude helps to predict
what is likely to happen and so gives a sense of control. It can also help to organize and
structure our experience. This explains the fact that the attitude of parents and teachers
will determine how PTP is practised.

2.3.3 PTP Practice and Students’ Achievement in Mathematics
Practice, as it is generally said makes perfect is a true saying because with

continuous practice on a particular task, all the required elements or qualities for easy
operation of the task are acquired. As a result, communication which is germane to PTP,
will strengthen its practice. Joel in Owen and Taylor (2010), affirmed that, the
foundation for good practice of PTP is for the teachers and parents to create a
relationship with frequent two-way communication that is ruled by mutual respect and a
very clear understanding of what is best for each child. Literature has revealed that,
frequent teacher family communication increased student engagement, (Little et al,
2009). This means that good practice of PTP, can influence students’ interest in
mathematics
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Corroborating this view, Robert (2015) stated that parental involvement can lead
to intrinsic motivation, reduction in dropouts, increased academic engagement, less
anxiety about school, increased self-concept, and self-efficacy. This is a confirmation of
the fact that, good practice of PTP will engender interest and impact positively on school
outcomes.

The parent too can initiate the relationship by calling the teacher to discuss
student’s difficulty with homework and ask how the child could be helped. Teacher
shares what the student has been doing in class that shows that, the child is struggling
with mathematics. At this point, the teacher, together with the parent, discusses a way to
support students’ learning. Loughran (2008) revealed that PTP provides a two way
information flow from the teacher to the parents about the child’s classroom activities
and achievement, and from the parents to the teacher about the complementary elements
in the home environment. The American Federation of Teacher (2015) recommends
that, teachers should initiate contact with parents immediately they know the children
allocated to their classroom. The contact can be through a phone call or an introductory
letter. Parent too, can initiate PTP, if they discover that the child is not performing well
judging from the scores of the child in mathematics classwork and tests.

Parents and teachers should not wait until there a problem before initiating
contact. Teachers should also note that it is not only problems about the child that should
be discussed; parents should be contacted for successes the child has made to encourage
them. Good knowledge, attitude and the practice of PTP by teachers and parents will
help in building an effective PTP that raises achievement. The support of the learner is
also needed in realising the maximum benefits of PTP.

2.3.4 Building an Effective Parent–Teacher Partnership
Parents and teachers have complementary roles and different expectations in

making PTP effective through which learners’ recieve the same message about learning
(Christenson and Sheridan 2001). Teachers expect parents to support school instructions
and learning at home. They also expect their students to do well academically, attend
classes regularly, participate during lesson and demonstrate good behaviour within and
outside the classroom. Parents, on the other hand expect teachers to instruct and guide
school instruction for academic success. Both teachers and parents have expectations on
the discharge of their roles. This is an indication that a healthy relationship between
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mathematics teachers and parents may help to enhance the academic development of
learners.

Scan (2018) affirmed that an effective PTP is a significant way to improve
children academic performance since children are receiving consistent messages about
education from home and school. Sahgun (2015), pointed out that expectation,
communication and realization make PTP effective. All parties in PTP must set their
expectations and communicate them to each other respectfully. O’Brien (2005) disclosed
that an effective PTP can make a significant difference in a child’s education and
suggested that the start of a new term or semester will be an ideal time to refocus the
PTP for optimum performance. However, it can start at any time, if there is an urgent
need to redirect or get the child focussed academically to sustain interests and promote
engagement.

There are divergent views on how to initiate PTP. The American Federation of
Teachers (2015) believes that, teachers should initiate contact with parents while Sahgun
(2015) argued that either the parent or the teacher could initiate the contact, since they
are both trying to achieve the same objective. There may be many advantages in favour
of the child if teachers initiate such a relationship because an effective teacher would
have identified students that are struggling and the kind of assistance needed to make
such students cope well during mathematics classes.

Parents that have little or no time for their children may realise late that a child is
having problems with mathematics. It may be when the child is on the verge of
withdrawing or failing the subject that the parents will know. By that time, the problem
may have been compounded. It may be because most parents realise late that their wards
are having problems with mathematics that the performance of students in the subject
was persistently low for many years in Nigeria. Contact initiated by the parents after the
parents must have noted that the child is not doing well in mathematics may produce
better results than the one initiated by the teachers, as the parents must have realised that
the teacher can be trusted to help the child overcome the problem. Such parents will do
everything to cooperate with the teacher.

Joel in Owen and Taylor (2010) suggested that an effective PTP is one in which
each trust the motive of the other, where the teacher exhibits care for the child and the
parent shows support for the teacher, and both sides work hard to maintain a positive and
open flow of communication. This implies that trust is fundamental in making any
partnership work, and underscores the importance of communication in PTP.
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2.3.5 Communication in Parent–Teacher Partnership
Frequent and two way communication that is ruled by mutual respect and a clear

understanding of what is best for the parties is germane to the foundation for good
practice of PTP. Corroborating the effect of communication, Sahgun (2017) advocated
that PTP works better when the expectations of each party in the partnership are clearly
communicated and when each party seeks to understand one another.

However in communicating expectations, parents and teachers are to keep their
assumptions out of the relationship. This is important because, the experience parents
had in school may affect the parents’ attitude to teachers. Parents should meet the teacher
to brainstorm on how to help the child and not to attack or criticise the teacher. Research
confirms that the more parents and teachers share relevant information with each other
about a student, the better equipped both will be to help the student achieve
academically. Owen and Taylor (2010); Loughram (2008), stressed that communication
is key in PTP. Emphasising the importance of communication in PTP, Keyes (2000),
developed the following theoretical frame work (Fig 2.4).

Fig 2.4 Source: Keyes (2000); Theoretical Framework on the Importance of
Communication in PTP

Communication between parents and teachers is therefore necessary for children
academic development. The American Federation of Teachers (2015) suggested that
communication between parents and teachers should centre on classroom learning
activities, the child’s accomplishment and how parents can help children at home.
Communication modes are through telephone conversation, text message, email, social
media, open day programme, parent-teacher association meetings and any other school
events. Communication strategies that could be adopted are home visits, phone calls, text
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message, PTA spokeperson, school website, notices and hand outs in public places such
as churches, mosques, banks, hospitals. An effective communication strategy must be
timely, consistent and regular. Commitment of both parties and information from the two
must be clear and useful. Communication in PTP should be about children’s home work,
their difficulties and classroom participation.

2.4 Teacher Qualification and Students’ Achievement in Mathematics
Teacher preparation is the heart of the teaching-learning process since it is an

avenue that determines effective teaching. It provides “would be teachers” the
opportunity to gain the knowledge and skills needed to teach. It involves the teacher, the
learner, the content, the strategies and the context for instruction. High quality teacher
preparation makes a difference in students’ achievement because students’ performance
increase when teachers are well prepared, (NCATE, 2006). This shows that well
prepared teachers outperform those who are not prepared.

According to Little, Geo and Bell (2009) highly qualified and effective teachers
are needed to raise students’ interest and performance. Hanushek, Kain. O Brien and
Rivkin (2006) suggested that assigning great teachers five years in a row to a class of
disadvantaged children could close the gap in achievement between such students and
their privileged peers. It was also reported in NCATE (2006) that some policy makers
believe that teachers with no preparation in pedagogy can be classified as qualified
teachers if they are able to pass a test of subject matter knowledge. However, Goldhaber
(2006) refuted the claim by pointing out that knowledge of subject matter (CK) and
knowledge of how to teach the content (PCK) are both important as content knowledge
alone is not enough for effectiveness, a teacher must know how to teach the content.

Ingersol (2003) revealed that teacher who completed students training, acquired
certificates and participated in inductions are more likely to stay in teaching than those
who had no training. Boe, Shin and Cook (2007) also found that teachers with full
certification, including content and pedagogy, were less likely to leave than those who
were only partially certified. NCATE report (2006) affirmed that well prepared teachers
are likely to remain in teaching and contribute to the development of a strong
professional learning community in the schools they serve. Okeke (2009) pointed out
that for successful implementation of up to date reformed mathematics curriculum, there
is an urgent need for qualified mathematics teachers with good teaching methods and
ability to use appropriate instructional materials, to teach every mathematics topic.
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Okafor (2009) stressed that a thoroughly prepared mathematics teacher will undoubtedly
improve mathematics teaching.

Goldhaber and Brever (2000) found a positive relationship between the result of
students and teachers with bachelor or master’s degree in mathematics than those from
other fields. Darling-Hammond, Berry and Thoreson (2001) investigated teacher
preparedness and effectiveness on students’ achievement. His result revealed that
teachers who are fully certified and fully prepared through teacher training education
were more effective in their field than those who did not have professional education.
Rice (2003) in a similar study found that students taught by certified mathematics
teachers scored higher than those with uncertified mathematics instructors. The summary
is that teacher qualification will translate into improved outcomes in students’
performance.

2.5 Teacher’s Knowledge of Subject Matter and Students’ Achievement in
Mathematics
Teacher knowledge of subject matter is the ability of the teacher to understand

and use the content knowledge of subject matter to carry out the tasks of teaching. It is
an important component of classroom instruction because it shows the level of mastery
of the content by the teacher. Mathematics teachers with mastery of mathematics
contents are able to clarify students’ misconceptions and provide other information as
well as skills that can enhance students’ learning of mathematics. Jadama (2014)
affirmed that knowing ones subject matter helps the teacher to adequately impart
knowledge to students.

Kamamia, Ngigu and Thinguri (2014) also submitted that, ‘’teachers must know
what they teach’’. These views suggest that, mathematics teachers must understand
mathematical topics, to be able to teach students effectively. However, understanding or
knowing something is not the same as being able to teach it effectively. An effective
teacher is one who has a deep understanding of the contents of the curriculum and is able
to teach it to promote learning (Ko, Sammons and Bakkom, 2013). Teaching
effectiveness in mathematics requires, the content knowledge and how to teach the
contents. This is termed pedagogical knowledge which is the ability to apply the content
knowledge in bringing about the desired behavioural change in learning. This determines
a teacher’s mastery of mathematics content. This type of knowledge has been identified
in literature as pedagogical content knowledge.
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Goldhaber (2006) elaborated that, knowledge of the subject to be taught and how
to teach it are important. A mathematics teacher needs content knowledge, pedagogical
knowledge or skills and pedagogical content knowledge. Okafor (2009) asserted that the
key to distinguish the knowledge base of the teacher lies in the intersection of content
and pedagogy. This is the teacher’s ability to transform written knowledge into forms
that are pedagogically powerful and yet adaptive to the students’ abilities and
background.

Knowledge of subject matter is the teachers’ understanding of the content and the
ability to use subject-matter knowledge to impact learning. However, knowledge of the
content is not enough; the teacher must be able to present the content to students in ways
that make students understand. The Venn diagram below (Fig.2.6) illustrates the three
types of knowledge needed by teachers.

Fig 2.5: Illustration of the three types of knowledge needed by teachers

Ball and Bass (2005) pointed out that the notion of pedagogical content
knowledge has gained wide acceptance because it links content knowledge with the
practice of teaching. Also Ball et al. (2008), categorised the knowledge base of a
mathematics teacher into content knowledge and pedagogical content knowledge. These
is sub-divided each into three as shown in Fig 2.7.
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Fig. 2.6: Domains of mathematical knowledge for teaching proposed by
Ball, Thames and Phelps (2008).

Common Content Knowledge (CCK) is the mathematical knowledge and skills
needed in carrying out specific mathematical procedures or tasks other than teaching. It
is a mathematical knowledge that is not limited to teaching. It is common because other
people that are not teachers of mathematics have it. A mathematics teacher with content
knowledge should be able to help learners develop the understanding of basic
mathematics concepts. Shellard and Moyer (2002) identified three critical components
for effective mathematics instruction as stated below:

 teaching for conceptual understanding,
 development of procedural literacy
 promoting strategic competence through meaningful problem solving

investigation
The implication is that every mathematics teacher is expected to have this basic

knowledge to be effective. They should be able to use terms and notations correctly,
recognise when students or textbooks give wrong answers, and when the textbooks give
inaccurate definitions and instruction on tasks that they assign to students.

Specialised Content Knowledge (SCK) is the mathematics knowledge and skills
that is specially needed for teaching. According to the IRIS Centre (2016), two major
objectives of high quality mathematics instruction are to move away from primarily
teaching computational procedures and move towards helping students achieve a deeper
understanding of mathematical concepts. SCK enables mathematics teachers in helping
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students develop conceptual understanding of mathematical concepts. Obaitan (2009)
referred to this stage of mathematics learning as developmental teaching during which
the teacher develops the understanding of a new topic/concept and adopts strategies that
will help student overcome the difficulties they have with comprehension of
mathematical concepts. When teachers display mathematical knowledge that non-
mathematics teachers do not have, such a teacher is said to possess SCK. It is the ability
of the teacher to make visible all the features of a topic and at the same time make them
learnable to students. It is being able to respond to students ‘why’ questions through a
pre-planned systematic approach to classroom instruction. Corroborating this view,
Sadler, Sonnert and Coyle (2013) stated that, teachers with good knowledge of subject
matter are able to plan and teach the lesson by highlighting the main points of the lesson
and clarifying knowledge misconceptions.

Since secondary school students cannot immediately and adequately assimilate,
lengthy, one-sided discussion of unfamiliar topic, lecture method of teaching is not
suitable at this level for effective teaching. The IRIS Centre (2016), identified some
classroom practices that mathematics teachers can implement independently or in
combination to increase the mathematical understanding of students. These include:
encouraging student discussion, presenting and comparing multiple solutions, selecting
appropriate instructional tasks and assessing students understanding. When introducing a
new topic, the teacher should intersperse his teaching with frequent questions directed at
the students to make sure they participate actively in the teaching. The questions are to
check on understanding and elicit questions or contributions from students.

Developmental teaching broadens learners’ background of mathematical
understanding and fosters continued interest in the subject to make students appreciate
the nature and usefulness of mathematics. It also enables them do independent thinking
on the new topic as a sign of being academically engaged in the subject. To develop
understanding of mathematical concepts, students must fully assimilate the concepts
taught.

To assimilate is to fully understand an idea or some information so that one is
able to use the information. This shows that assimilation stage is where the learner can
work independently with little or no assistance from the teacher. Assimilation stage is a
work period for students learning mathematics; it is a time to do independent thinking
and study so that new ideas become less new and the unfamiliar becomes familiar. Paris
(2014) confirmed that not being actively engaged in a discussion of certain materials can
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make the material itself seem worthless to a student. Sadler et al. (2013) pointed out that
effective teachers of mathematics create purposeful learning experience through solving
problems in relevant and meaningful contexts. The authors stressed that, learning is
enhanced in a mathematics classroom where students are required to evaluate their own
learning and those of others.

Assimilation work should commence just after the developmental work on a
particular topic while the new idea is still fresh and the difficulty with structure that is
inherent in problem solving would have been taken care of. The teacher should not rush
to assist students as soon as they ask for assistance but should guide them to discover the
skill required through questioning. This implies that the teacher should understand the
students’ attitude and ability. This stage leads to consolidation stage which the researcher
calls transfer stage.

Horizon Content Knowledge (HCK) is the knowledge of the relationship between
the topics in the curriculum. Teachers must know how topics taught in a previous year
are related to the new ones to be able to lay a solid foundation for topics that would be
taught later. A mathematics teacher who has this type of knowledge will be able to teach
by relating a particular topic to a previous one that had been taught thereby making it
easy for students to transfer knowledge. Adams (2014) explained that although there are
many factors that can affect how students transfer knowledge, researchers have focussed
mostly on cognitive factors in spite of the fact that affective factors might also be a
strong influence on transfer of knowledge. Eynde, Corte and Verschaffel (2003) revealed
that a student’s belief about mathematics can affect the way the students approache
mathematical problems includes the transfer process that occurs during problem solving.
To facilitate transfer in learning the teacher needs to think of how best to arrange the
learning activities to enable students to recognise similar patterns in new situations and
to develop the habit of consciously seeking out such similarities.

Knowledge transfer seeks to organise, create, capture, and distribute knowledge
to ensure its availability to future users. It is the use of what has been learnt previously in
a new learning situation.This shows that human conduct, learning, or performance
depend on prior experience. It is the capacity to apply acquired knowledge and skills to a
new situation. Transfer could be from prior knowledge to learning, from learning to new
learning and from learning to application. It means that for transfer to take place, there
should be association, identification and interpretation between prior knowledge and new
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learning. Transfer of knowledge comes about with brilliant students or high achievers as
soon as they gain the initial understanding of a concept.

Knowledge of Content and Student (KCS): This is being familiar with what students
do and how they think. It is knowledge that combines knowing about students and
knowing about mathematics. It means the mathematics teacher must be effective in
mathematics instruction. Anthony and Walshaw (2009) also highlighted some of the
general principles for effective teaching of mathematics:

 Teachers must care for the development of students mathematical proficiencies
 Teachers must arrange for learning by ensuring

 independent thinking time
 whole class discussion
 partners and small group discussions

 Teachers should promote classroom environment where students are allowed to
think for themselves, ask questions and take intellectual risks.

 Teacher should adopt positive attitude that can raise that comfort levels and give
students greater confidence in their capacity to learn and make sense of
mathematics.
In order to develop understanding of new concepts properly, the teacher can

adopt any of the instructional strategies identified by the Education Alliance (2009) that
are considered to be some of the best practices for mathematics education:

 Focus lessons on specific concepts/skills
 Differentiate instruction through flexible grouping and individualised

instruction.
 Ensure that instructional activities are learner centred and emphasise

problem solving.
 Use cooperative learning strategies and make real life connections.
 Use scaffolding to make connections to concepts, procedure and

understanding.
 Ask probing questions which requires students to justify their responses.
 Emphasise the development of basic computation.

Teachers should be able to identify topics in the curriculum that students will find
difficult and those they will find interesting. Teachers should also be able to anticipate
aspects of particular topics that students may find difficult. That is how students will
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approach solving particular problems. This knowledge helps teachers to pick distractors
for multiple choice items.

Knowledge of Content and Teaching (KCT) is knowledge that combines
knowing about teaching and knowing about mathematics. This statement means that
teachers must understand the nature of mathematics as this will give the ability to
sequence mathematical tasks appropriately for instruction. Ziegler and Loos (2014)
emphasised the fact that mathematics is a subject that presents challenges not only to
students but also to teachers. As a result, having this knowledge of content and teaching
(KCT) will equip mathematics teachers to teach the subject. The authors explained
further that the features below will help teachers and students to understand the nature of
mathematics:

 Mathematics is a science of space, numbers, magnitude, measurement.
 Mathematics has its own language which consists of mathematical terms,

mathematical concepts, formulae, theories, principles, and signs.
 Mathematics gives accurate and reliable knowledge
 Mathematics is exact, systematic, logical, and clear. Once it is understood it

cannot be forgotten.
 The rules, laws, and formulae of mathematics are universal and can be verified at

any time.
 Mathematics develops the ability of induction, deduction, and generalisation
 Mathematics helps in developing scientific attitude among children
 The study of mathematics gives training in scientific method to the children.
 Mathematics knowledge is based on the sense organs.
 Mathematics is organised, and it is a branch of science.
 Mathematics involves conversion of abstract concepts into concrete forms.
 Mathematics is the science of logical reasoning.
 Mathematics does not leave any doubt in the mind of learner about theories,

principles and concepts.
 Mathematics helps in the development of a sense of appreciation.
 Mathematical language is well defined, useful, and clear.
 Mathematics draws numerical inferences on the basis of the given information

and data.
 Mathematical knowledge is applied in the study of science and in its different

branches; for example physics, chemistry and biology.
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The literature above indicates that mathematics is an abstract subject. Ozokeraha
(2009) lamented that many teachers and students find mathematics abstract and therefore
do not only conclude that it is difficult they also avoid it. This is why mathematics
teaching is not a simple task because the mathematics teacher is faced with the dual
responsibility of teaching and, at the same time, sustaining the interest of the learners in
the classroom.

Ozokeraha (2009) remarked that the abstract nature of mathematics and the
difficulty ascribed to it are problems militating against satisfactory achievement and
advancement in mathematics education. Anthony and Walshaw (2009) confirmed that
many students, struggle with mathematics and become disaffected as they continue to
encounter difficulties understanding it. This may be due to the fact that every learning
task in mathematics builds on one or more prerequisite knowledge, skill and ability. If
difficulties on topics taught at a lower level are not resolved they will prevent the
understanding of new topics since the teaching and learning of mathematics is
cumulative logical, and sequential.

KCT will help a teacher to know the examples to choose to develop the
understanding, and those to select to bring about assimilation and transfer of
mathematical knowledge. Apart from this, KCT will assist the teacher in adopting the
most appropriate teaching strategy for a particular concept from direct instruction, peer
tutoring, and cooperative learning. Explicit or direct instruction adopts clear,
unambiguous and direct language in teaching a concept. In peer tutoring, two students
are made to work on instructional activities over a period of time interchanging roles as
tutor and learner. In cooperative learning, students of different abilities are put together
to form small groups, such that those with low abilities are influenced positively by
students with high abilities. Having these knowledge may help to develop students’
interest and thereby promote students’ academic engagement and achievement in
mathematics.

Kolawole and Popoola (2009) are of the view that for effective teaching of
mathematics, the first requirement is adequate knowledge and background in the
mathematics content. This implies that for a mathematics teacher to be effective, he must
be well equipped with the content knowledge of mathematical concepts and how to teach
them. It is then that it can be said that the teacher has the mastery of mathematics
content. The level of mastery of mathematics by teachers has been identified by Ball et al
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(2008) and Rice (2003) as the mathematical knowledge for teaching, and defined as the
knowledge used to carry out the work of teaching mathematics.

Shepherd (2013), reported teacher experience and education have been found to
be less important for achievement than teachers’ knowledge and recency in education.
(Wayne and Youngs, 2003; Hanushek Kain, O’brien and Rivkin 2005). Very few studies
have assessed teacher’s mathematical knowledge directly and used it to predict students'
achievement (Hill, Rowan and Ball, 2005). Teacher’s knowledge of mathematics is
pivotal to their capacity to provide effective mathematics instruction and their ability to
assess students’ learning. Hill et al (2005) conducted a study on the effects of teacher’s
knowledge of mathematics on students' achievement and revealed that teachers who
scored higher in mathematics knowledge test produced better gains on students'
achievement. Their students achieved better grades than their counterparts who scored
low on the test.

Ball, Lubienski, and Mewddorn (2001) argued that mathematics instruction is
effective through the use of reform ideas using strategies, and that all depend on
teachers’ knowledge of mathematics. This implies that if mathematics knowledge is
lacking, mathematics teaching cannot be effective however good the teaching strategies
are.

2.6 Parent Qualification and Student Achievement in Mathematics
Qualification is the major factor that makes a person suitable for a job or vocation

as it meets the basic requirements to work in a particular profession and provides the
individual with the expertise needed to function efficiently in a career or vocation.
Research evidences (Khan, Igbal and Taseem (2015); Akinsanya, Ajayi, and Salomi
(2011)) reveal that parental education and children education correlate positively. It
means parental education can predict to a great extent the performance of children in
school. Children from educated parents outperform their counterparts from homes with
uneducated parents. This may be attributed to the fact that educated parents provide the
learning support that children need at home to complement school learning. Khan, Igbal
and Taseem (2015) affirmed that parental education is a motivating force for children
learning. Akinsanya, Ajayi, and Salomi (2011) also concluded that parental level of
education is the most important factor affecting students’ academic achievement.

Ampofo and Osei-Owusu (2015) compared the effect of father and mother on
children’s education and found that, mother’s education affect the academic achievement
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of children morethan father’s education. The findings of the author revealed that children
of highly educated mothers obtained higher scores. Suleman, Hussain, Khan and Nisa
(2012) found that mothers’ educational level had a 20% higher effect than the fathers’
educational level on the academic achievement of adolescents. This result affirmed the
general saying that ’’when you educate a woman you educate the society’’. The result
findings may be due to the fact that mothers spend more time at home with children than
fathers. In addition, mother are always available at home to monitor their children’s
activities since Africans believe that the bad child belongs to the mother. This propel
mothers to make every effort to ensure that the children succeed academically.

Keyes (2000) identified some factors that can influence interaction between
parents and teachers about the child. The author found that cultural beliefs and lack of
education can inhibit parent-teacher interaction. Invariably the education of the child is
affected adversely because of lack of parent-teacher interaction. Topor, Keane, Shelton
and Calkins (2010) asserted that parental level of education determines income and
occupation and these, in turn dictated the status of an individual in relation to others. It
determines the level of importance that is given to the person within the society.

2.7 Parent Occupation and Student Achievement in Mathematics
Occupation, otherwise referred to as vocation or career, is a means of earning a

living. Generally, people are into various vocations or career. Literature reveals that
parents’ occupation significantly influence students’ achievement. Usain and Abubakar
(2015) ascertain that when parents have a better financially robust occupation, they make
adequate provision for their children education. They provide whatever is needed to
support and encourage their children morally, intellectually, spiritually and
psychologically. Part of the support that good occupation provides is good nutrition that
ensures emotional and psychological development to position the child for academic
success.

Baliyan (2015) observed a positive relationship between the level of parental
occupation and high school marks. The result of this study shows a statistically
significant difference in the mean achievement scores of the students belonging to
different occupation groups. Rothestein (2004) asserted that parents of different
occupation classes often have different styles of child rearing, different ways of
disciplining their children and different ways of reacting to their children’s needs. Some
of these rearing practices may include daily activities in the home after school, the extent
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of involvement of parents in the routine activities of the child in the school, promptness
in provision of materials needed in the school and school fees payment.

Parental occupation may also determine the provision of home facilities that can
promote interest and engagement of students in mathematics, and enhance achievement.
As a result children from homes where personnel and facilities that can aid mathematics
learning are available are like to develop interest and have better achievement in
mathematics.

2.8 Family Size and Student Achievement in Mathematics
The link between family size and children academic achievement has been

established in literature. The linkage in family size and academic achievement is that
students’ from families with smaller sizes will have the privilege of proper monitoring
and supervision by parents in form of time investment, which is essential for PTP. Anna,
Marta and Guilherme (2017) ascertained that children with many siblings receive less
support from parents than children raised in small families. This is because, parents with
small family sizes will be able give their children the desired best education since they
can afford to send them to schools where this can be achieved. At the same time these
children are adequately supported at home for optimal achievement in the school.

Authur (2006), also investigated the relationship between parental level of
education and level of education of children in families with large family size. The result
revealed that parents with tertiary education were seen to represent those with smaller
family size and that the level of education of siblings is influenced by the number of
children in the family. However, findings on the effect of family size on students’
academic achievement have not been consistent, (Lee, 2008; Booth and Kee, 2009)
reported a negative correlation, Conley and Glauber (2006) did not reveal any authentic
finding while Black, Devereux and Salvanes (2005) said family size does not affect
children’s educational outcomes. Variation in culture may account for these results.

2.9 Student Academic Interest and Academic Achievement in Mathematics
Academic achievement is scoring high or having high grades in school or

external examinations. It could mean a strong performance in a given academic pursuit
or meeting short or long term goals in education. Academic achievement is the
performance outcomes that indicates the extent to which a person has accomplished
specific goals that were the focus of activities in an instructional environment
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specifically in school, college and university (Oxford Bibliographies, 2015). From these
definitions, academic achievement can be defined as the ability of a learner at any level
of education to attain success in an academic programme. It may be short term, e.g. end
of term examination, or long term, such as end of an academic programme leading to the
award of certificates. Abrantes, Seabra and Lages (2006) submitted that students’ interest
is the primary influence on learning and according to Fisher, Dobbs–Oates, Doctoroff
and Arnold (2012), students who are interested in their learning activities are likely to
report high competence belief, high achievement and choose high scores. In other words,
interest determines achievement.

In a study conducted by Koller and Baumert (2001) to investigate the relationship
between academic interest and academic achievement in mathematics, it was revealed
that boys show more interest in mathematics than girls and that high achievers in
mathematics express more interest than low achievers. They concluded that interest is an
important determinant of academic achievement. Corroborating this finding, Heinze,
Reiss and Augsbury (2005) found a low correlation (i.e. r= 0.33) between students with
low and high interest in mathematics and therefore affirmed that mathematics interest
predict achievement in mathematics. Subject specific interest is an important determinant
for successful learning and advanced achievement (Fisher, Dobbs–Oates, Doctoroff and
Arnold (2012). Tella (2007) identified the volume of work completed, students task
orientation, skill acquisition, students personality and self- concept, feeling of
inadequacy, motivation, self- confidence, anxiety, shortage of qualified mathematics
staff , poor facilities and equipment, lack of instructional materials as some of the factors
that are related to students’ interest. Abrantes, Seabra and Lages (2007) highlighted some
of the indicators of academic interest. They are the input of the student in the course or
subject such as attention in classroom, interest in learning the material, perception of the
student about the course or subject, intellectual challenge, acquired competence in the
field. It can be implied that academic engagement can predict academic interest.

2.10 Students’ Academic Engagement and Students’Achievement in mathematics
Oxford Advanced Learners’ Dictionary 9th edition, defines engagement as a state

of being involved or committed to something. It could also mean to participate actively
in something. These definitions show that engagement can be described with reference to
behaviour and emotion. When engagement is described as involvement, connection or
attachment, it is based on emotion. On the other hand, if it is defined as participation, it is
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based on behaviour. Fredricks et al (2004) reflected that if youths are to benefit from
what schools have to offer and acquire the capabilities they need to succeed in the
current market place, students need to establish a commitment to education in addition to
school attendance. Students need to be academically engaged, which is a strategic
process for learning in the classroom (Deneen, 2010), Parsons and Taylor (2011)
asserted that, there is a growing interest for academic engagement because of the new
global and fast changing economy which requires knowledgeable workers who can
synthesis and evaluate new information critically and solve problems.

Students’ academic engagement can be defined as the daily commitment to
school work in a way that will lead to improved academic achievement for students. It
occurs when learners make psychological investments in learning and try very hard to
learn what the school offers. Academic engagement happens when students take pride in
not simply earning top grades but also in understanding the concepts learnt and
incorporating them into their lives. Alrashidi, Ngu and Phan (2016) define academic
engagement is an indicator of combined academic identification (which refers to getting
along with teachers, having an interest in the subject matter, and related behaviour and
attitude); and academic participation (which captures the student’s work efforts both
inside and outside the school, including time spent on homework, meeting deadlines for
assignments, not skipping classes and so on). Academic engagement is the personal
effort of the learner to acquire additional knowledge.

Deneen (2010) view academic engagement as the degree of attention, curiosity,
interest optimism and passion that students show when they are learning or being taught.
This extends to the level of motivation they have to learn and progress in their education.
Academic engagement establishes a relationship between non cognitive factors such as
motivation, interest, curiosity, responsibility, determination, perseverance, attitude, and
cognitive learning outcomes such as improved academic performance, information recall
and skill acquisition. According to Willms (2003), it is the extent to which students
identify with and value schooling outcomes and participation in academic and non-
academic school activities. Christenson, Reschly, Appelton, Berman-Young, Spangers
and Vamo (2008) described it as students’ willingness to participate in routine school
activities such as attending classes, submitting required work and following teachers’
direction in the classroom.

Fredricks et al (2004) pointed out that academic engagement is a
multidimensional construct that can be categorized as behaviour engagement, cognitive
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engagement and emotional engagement. Parsons et al (2011) stated that behavioural
engagement is the participation in academic, social and extracurricular activities. Deneen
(2010) described it as participation in roles that may foster behaviour that are more
conducitive to learning. He explained that teachers may use gestures that help students to
refocus on a lesson if they get distracted. Fredricks et al (2004) concluded that “the
participation in academic and non -academic activities of the school are considered
crucial for achieving positive outcomes and prevents dropping out.

Orozco et al (2009) remarked that behavioural engagement was found to be a
robust predictor of academic performance. The more the students are engaged in the
behaviour necessary to do well in school, the more likely they will achieve highly in
school. Such behaviour include attending classes, completing and doing home workas at
when due. Emotional engagement exists when students have positive attitudes and
reactions towards the school, teacher, learning and peers (Parsons et al, 2011). When
students are emotionally engaged it will create ties to the institution and influence
willingness to do school work. Deneen (2010) suggested that teachers can help students
to be emotionally engaged with a variety of strategies that can promote emotions that
will facilitate learning, minimize negative behaviour or keep students from dropping out.

Cognitive engagement, also called academic engagement, exists when students
make personal investment into learning in a focused, strategic and self- regulating way
(Parsons et al, 2011). It triggers students curiously, willingness to learn and attracts more
time for learning activities. It is opposed to general behavioural engagement which
students may participate in non-academic activities (Fredricks et al 2004). It is making
content more accessible and understandable to students struggling with traditional text-
and-talk pedagogues. The categories of engagement complement each other. Orozco et al
(2009) remarked that cognitive and behavioural engagement are likely to yield important
academic payoff. They said further that cognitive engagement, self-efficacy and school
base supporting relationship all play crucial roles in augmenting behavioural
engagement.

Deneen (2010) highlighted observable school behaviour, such as attending
classes, listening attentively, participating in classroom discussions, turning in of
assignments and homework on time as indicators of academic engagement. Student’s
academic engagement has been found to correlate positively with achievement and
negatively with the likelihood of dropping out of school (Fredricks et al, 2004). It was
also revealed that engaged students earn better grades and perform well on standardized
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test. Parsons et al (2011) identified the following as some of the factors that can enhance
students’ academic engagement:

(i) Interaction: Students want their teachers to know them. They want their
teachers to establish learning environments that will promote learning.

(ii) Exploration: Students want to find answers/solutions to their problems by
themselves.

(iii) Relevance: Todays learners want what they are learning to be relevant and
applicable to real life situations as opposed to being theoretical and text
based.

(iv) Multimedia and technology: This helps to build relationship among learners
and experts within and outside the classroom.

(v) Engaging and challenging instruction: Teachers need to change how they
teach as well as what they teach if learners are to be engaged.

(vi) Authentic assessment for learning: Assessment for learning means learning
for further development. Learning should be according to the needs and
ability of students.

Fredricks et al (2004) revealed that academic engagement was developed to
check low level of academic achievement, high level of student boredom and
disaffection, and high dropout rate in schools. Deneen (2010) observed that the focus of
academic engagement has shifted from using academic engagement to improve
attendance, achievement and classroom behaviour to being a means of improving
learners’ ability to learn and a proactive strategy to enhance classroom learning. Parsons
et al (2011) also reported that articles on students’ engagement and learning from 2004
were more process driven and learning focused than previous studies which were geared
towards finding ways to make students interested in prescribed contents. It shows that
academic engagement is a dynamic construct and as such more studies are needed to be
able to define it explicitly in educational research to avoid misunderstanding and
misconception.

Little et al (2009) remarked that frequent teacher family communication
immediately increased student engagement as measured by home-work completion rates,
on task behaviour and classroom participation. They analysed their findings thus: teacher
family communication increased the rate at which students completed their home work
by 40%, decreased instances in which teachers had to redirect students’ attention to the
task at hand by 25% and increased class participation by 15%.
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2.11 Appraisal of Literature Review and Gap in Literature Review
Many studies have been carried out on the factors that can predict secondary

school students achievement in mathematics but the desired result is yet to be got. For
the important role of mathematics to be felt in national growth, the teaching and learning
of mathematics in Nigeria must match technological development world over. This
shows that all stakeholders in education must rise up to the challenge of identifying
factors that can contribute to improved performance of learners in Nigeria.

The reviewed literature revealed that regular, effective and meaningful
communication between teachers and parents are factors that can raise academic
achievement of students because parental involvement in children education produces
enhanced intrinsic motivation, reduction in school dropout, increased academic
engagement, less anxiety about school, increased self-concept and self-efficacy. Studies
on family involvement in children’s education confirm that PTP provides the link
between classroom learning activities and at-home learning activities, which is more than
just a vehicle for status reports from teacher to parents on a child’s performance or
behaviour. Even though, PTP is a strategy to support children learning, the active
participation of the learners is crucial to maximally raise learners’ achievement.
Therefore, student’s mathematics interest is an important variable that may bolster
academic engagement and then translate to improved achievement. A perusal of
literature also shows that PTP can be successful irrespective of socio economic status,
ethnic or racial background and parental level of education.

Many of the previous studies on parental involvement in children education
focused on the involvement of parents generally in children’s education but this study
focussed on PTP as a special type of parental involvement where children’s mathematics
is supported by parents and teachers. The present study attempted to identify factors that
can be combined to raise students’ interest and academic engagement such that
mathematics achievement of students in secondary school mathematics could be
enhanced. In other words, PTP in mathematics could be used to sustain the trend of
improved achievement of students in senior secondary school mathematics.



52

CHAPTER THREE
METHODOLOGY

This chapter presents the methodology adopted for the study. It covers the
research design, sampling techniques and sample, instrumentation, procedure for data
collection and data analyses.

3.1 The Research Design
This study is a descriptive research of survey. It is a type of non-experimental

design, as no effort was made to manipulate any variable of interest.

3.2 Variables of the Study
A. Exogenous variables are:

X1 =Teacher qualification
X2= Teacher mastery of mathematics content
X3=Parent qualification
X4=Parent occupation
X5= Family size

The variables listed above are exogenous because there are no variables under this study
that will influence them. There occurrence cannot be explained in the study
B. Endogenous variables

X6= Teacher PTP knowledge
X7=Parent PTP knowledge
X8= Teacher PTP attitude
X9=Parent PTP attitude
X10= Teacher PTP practice
X11=Parent PTP practice
X12=student’s mathematics interest
X13=student academic engagement

Variables B are endogenous because, there are variables in the study that are assumed to
have direct or indirect influence on them.
C. Criterion variable
This is the name for dependent variables in statistical modelling.

X14=achievement in mathematics
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3.3 Target Population
The target population for this study comprised of all the Senior Secondary School

year three students (SSS3) in private, and public schools in Oyo State as well as their
mathematics teachers.

3.4 Sampling Technique and Sample

3.4.1. Sampling Technique
This study adopted multistage sampling. The different stages of sampling were at

the senatorial district, Local Government Areas (LGAs), school and classroom levels.
There are three senatorial districts in Oyo State. Purposive sampling procedure was used
to select LGAs without basic amenities like electricity and Banks with ATM as rural
LGA from each senatorial district and random sampling procedure was adopted to select
three urban LGAs (LGAs with electricity and Banks with ATM machines) making a total
of four LGAs from each and a total of twelve LGAs from the three senatorial districts.
Rural and urban schools were used to have heterogeneous groups for the sample.
Furthermore, four public and two private schools were randomly selected from each of
the selected LGAs. One arm of senior secondary school three (SS3) students of science,
arts and commercial classes were sampled and intact classes were used. The mathematics
teachers teaching those classes were included in the sample for this study. Table 3.1
shows the number of public and private secondary schools sampled from LGAs selected
from each senatorial district in Oyo state.
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Table 3.1: Number of Public and Private Secondary Schools Sampled.

Key: U = urban R = rural sch. = school, LG = local government

3.4.2. Sample
Sample for the study consisted of 4146 SS3 students (2103 females and 2043

males with ages between 11 and 23years), their parents and 74 mathematics teachers (59
male and 15 female with ages between 19 and 53years), SS3 mathematics teachers,
drawn from 73 senior secondary schools [56 urban (38 public and 18 private), 18 rural
schools (12 public and 6 private)] from 12 LGAs in Oyo State. Figure 3.1 to Figure 3.5
present the profile of mathematics teachers and parents sampled.

Senatorial
District

Name of LG
sampled

No of
schools
sampled
from each
LG

No of Public
School
Sampled from
each LG

No of
Private
School
from each
LG

No of
students
sampled

No of
teachers
sampled

OYO
CENTRAL
11 LG

Lagelu (U) 6 4 2 462 6
Oyo East (U) 6 4 2 456 7
Akinyele (R) 6 4 2 172 6
Afijio (U) 6 4 2 414 6

OYO
NORTH
13 LG

Ogbomoso North U 6 4 2 261 6
Saki West (U) 6 4 2 573 6
Iseyin (U) 6 4 2 419 6
Oriire (R) 6 4 2 202 6

OYO
SOUTH
09 LG

Ibadan North (U) 6 4 2 315 6
Ibadan S/W 6 4 2 379 7
Iddo (R) 6 4 2 283 6
Ibarapa Central (U) 6 4 2 310 6

Sub Total 12 LG 72 48 24 4146 74
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Figure 3.1: Bar Chart Showing the Qualification of Mathematics Teachers Sampled

The chart shows that out of the 74 mathematics teachers sampled, two are PhD
holders, six have Master’s degree, 58 have first degree, seven are HND holders and one
has ACE certificate.
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Figure 3.2: Bar Chart Showing Area of Specialisation of Mathematics Teachers
Sampled

Fifty one (51) of the mathematics teachers sampled have mathematics as area of
specialisation, nine read statistics, two and one are graduates of physics, and chemistry
respectively, eight are engineers and three teachers are specialists in economics.
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Figure 3.3: Bar Chart Showing Parents’ Qualification

264 of the parents have no formal education, 620 are holders of primary six
leaving certificate, and 842 are school certificate holders while 338 have either National
Diploma Certificate or NCE. In addition, 129 have ACE certificate or Grade II
Certificate, 226 are HND certificate holders, 262 are first degree holders, 254 have
master’s degree and 152 have Ph.D.
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Figure 3.4: Bar Chart Showing Parent’ Occupation
2000 of the parents are self-employed, 781 are civil/public servants, 332 are

privately employed and 183 are unemployed.
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Figure 3.5: Bar Charts Showing Parents’ Number of Children
464 of the parents have at most two children, 2177 have between two and five

children while 1505 have more than five children.

3.5 Instruments
Ten instruments were used to collect data for this study. They are:

(i) Mathematics Achievement Test for Students (MATS)
(ii) Students’ Academic Engagement Scale (SAES)
(iii) Students’ Mathematics Interest Scale (SMIS)
(iv) Parent-Teacher Partnership Knowledge Questionnaire for Parents (PTPKQ)
(v) Parent-Teacher Partnership Knowledge Questionnaire for Mathematics

Teachers (PTPKQMT)
(vi) Parent-Teacher Partnership Attitude Questionnaire for Parents and

Mathematics Teachers (PTPAQPMT)
(vii) Parent-Teacher Partnership Practice Questionnaire for Parents (PTPPQP)
(viii) Parent-Teacher Partnership Practice Questionnaire for Mathematics Teachers

(PTPPQMT)
(ix) Observational Schedule for Mathematics Teacher Mastery of Mathematics

Content (OSMT)
(x) School Records Checklist for Attendance of PTA Meetings and Open Days

by Parents (SRCAP)

At most two Between three and five More than three
0

500
1000
1500
2000
2500

frequency



58

i) The Mathematics Achievement Test (MAT)
The Mathematics Achievement Test (MAT) was adapted from the West African

Examination Council mathematics questions for 2009, 2010 and 2011. It has two
sections (i.e A and B). Section A provided demographic information of the respondents
while Section B, had 40 multiple choice mathematics questions (appendix 1(a)) selected
from the initial 104 items used for validation. MAT has four categories namely: number
and numeration, algebraic processes, geometry and mensuration and statistics and
probability. The selected items covered the four categories of the senior secondary
school mathematics curriculum. Table 3.2 shows the test blue print for the 40 items
mathematics achievement test (MAT).

Table 3.2: Test blueprint for the Achievement Test

Topics
/Objective

Knowledge
32.5%

Comprehension
40.0%

Application
27.5%

No of
questions

Number and
numeration

04 (10%)
(1,3,4,29)

(1,3,4,29)

05 (12.5%)
(9,13,14,26,40)

03 (7.5%)
(5,28,33)

12 (30%)

Algebraic
processes

03 (7.5%)
(2,20,21)

06 (15%)
(6,10,12,16,17,25)

02 (5%)
(7,31)

11 (27.5%)

Geometry and
mensuration

05 (12.5%)
(23,27,36,39,41)

03 (7.5%)
(11,15,19)

05 (12.5%)
(22,24,30,32,35)

13 (32.5%)

Statistics and
probability

01 (2.5%)
(8)

02 (5%)
(34,37)

01 (2.5%)
(38)

04 (10%)

Total no of
questions for
each objective

13 (32.5%) 16 (40%) 11 (27.5%) 40 (100%)

ii) Students’ Academic Engagement Scale (SAES)
Student Academic Engagement Scale (SAES) (appendix 1b) is a three point

Likert format scale constructed by the researcher. A point of three indicates the
maximum possible positive score for an item, while a score of one is the least possible
negative response. The scale has two sections. Section A provided demographic
information about the respondents. Section B, with 13 items, was used to gather
information on the academic engagements of the respondents within and outside the
classroom. The 13 items clustered on three factors referred to as determination (r = 0.81),
active learning (r = 0.78) and academic challenge (r = 0.79).
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iii) Students Mathematics Interest Scale (SMIS)
SMIS (appendix 1c) is a three point scale with two sections developed by the

researcher. Section A provided general information about the respondents. Section B has
16 items. SMIS was administered to the students sampled to elicit information on their
interest in mathematics. All the 16 items loaded on four factors called: Passion (r = 0.84),
career aspiration (r = 0.82), interaction (r = 0.87) and disposition (r = 0.79).
iv) Parent-Teacher Partnership Knowledge Questionnaire for Parents and

Mathematics Teachers (PTPKQP) and (PTPKQMT)
PTPKQP (see appendix 1d) and PTPKQMT (appendix 1e) are three point Likert

scale developed by the researcher. Section A elicited information on the demographic
data of the respondents. It also provided information on the qualification, occupation and
family size of the respondents, while Section B, with eight items, provided information
on the knowledge of parents and mathematics about PTP. The eight items clustered
around two factors: role definition (r = 0.77) and role execution (r = 0.75).
v) Parent-Teacher Partnership Attitude Questionnaire for Parents (PTPAQP)

and Mathematics Teachers (PTPAQMT)
PTPAQP (appendix 1f) and PTPAQMT (appendix 1g) are three point Likert

scales developed by the researcher. Section A, elicited information on the demographic
data of the respondents. It also gave information on the qualification, occupation and
family size of the respondents. Section B with 12 items, loaded on two factors
(communication attitude r = 0.93 and monitoring attitude r = 0.85) provided information
on the attitude of parents and mathematics to PTP
vi) Parent-Teacher Partnership Practice Questionnaire for Parents (PTPPQP)

and Mathematics Teachers (PTPPQMT)
PTPPQP (appendix 1i) and PTPPQMT (appendix 1j) are three point Likert scale
developed by the researcher. Each instrument has two sections. Section A was used to
elicit information on the demographic data, qualification, occupation and family size of
the respondents. Section B with 16 items which clustered on two factors (collaboration r
= 0.89 and monitoring r = 0.85) provided data on the practice of PTP by the respondents,
(parents and mathematics teachers).
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vii) Observational Schedule for Mathematics Teacher Mastery of Mathematics
Content (OSMT)
OSMT (appendix 1k) is an observational schedule developed by the researcher to

measure the mathematics teacher mastery of mathematics contents. It is a mathematical
instrument with two sections. Section A elicited information on the demographic data of
the respondents. Section B contained mathematical tasks that the mathematics teachers
sampled are expected to carry out while teaching the two selected topics to students. The
two topics, logarithms and longitude and latitudes were randomly chosen from the SSS
mathematics curriculum. Logarithms is at the beginning of SSS mathematics curriculum
while longitude and latitude is at the end of the curriculum. The inter-rater reliability was
established to find the level of agreement between the two raters using Pearson
correlation; it was found to be 0.99.
viii) School Records Checklist for Attendance of PTA Meetings and Open Days by

Parents (SRCAP)
SRCAP (appendix 1l) is a checklist used by the researcher assistants to extract

information from school records on attendance of parents at PTA meetings and Open
Days. It was also used to collect information on the PTA meetings and open days
attendance of parents of 10 students that were purposively selected from every class
sampled.

3.6 Validation of Instruments
The first drafts of the instruments used to collect data for this study were given to

practising mathematics teachers and higher degree students as well as lecturers of the
International Centre for Educational Evaluation (ICEE), University of Ibadan in order to
establish the face and content validities of the instruments. The sample used for the
validation of the instruments for this study was equivalent to the sample for this study
but they were all not included in the sample for the study.

Faulty items were dropped out of the initial draft of 110 items on the achievement
test. The second draft of the test with 104 items was divided into two tests before
administration to prevent respondents’ fatigue. The two tests were counter- balanced to
guard against item order effects. Table 3.4 shows the format for the administration of the
counter balanced tests to the sample used for validation.
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Table 3.3: Counter Balanced Test Administration Format

The two tests were administered at different times to the same sample of 141 SS3
students that were not included in the sample for the study and their scores were
subjected to item analysis. 40 items that discriminate well and with moderate difficulty
indices between 0.45 and 0.70 were selected. The final version of the MATS with 40
items, used to collect data for this study was administered to a small sample of 55 that
were also not included in the sample for this study to establish its reliability. Using
Kuder-Richardson formula 20 (KR-20), the reliability index was found to be 0.89.
KR-20 was used because the items on the test have varying difficulty and there is only
one correct answer in all the items on the MATS.

The second drafts of the SMIS, SAES with 34 and 33 items respectively, were
administered to 285 respondents that were not included in the sample for the study. The
PTPKQP and PTPKQMT (20 items), PTPAQP and PTPAQMT (24 items) and PTPPQP
and PTPPQMT (20 items) were administered to 248 respondents not included in the
sample for the study after dropping the defective items from the instruments. The
reliabilities of the sets of questionnaire were computed using Cronbach Alpha. All the
instruments except the OSMT and the SRCAP were later subjected to dimensionality test
using exploratory factor analysis to establish the construct validity of each instrument.
Factors with less than three items and items that loaded below 0.30 were expunged to
reduce the number of items on the instruments. The final version of (i) SAES has 13
items (ii) SMIS has 16 items, PTPKQP and PTPKQMT has 8 items, PTPAQP and
PTPAQMT has 12 items and PTPPQP and PTPPQMT has 16 items.

3.7 Procedure for Data Collection
The nine instruments were used to collect data for this study. MATS, SMIS and

SAES were administered to students while the PTPKQP, PTPAQP and PTPPQP were
administered to the parents through the students sampled. Information gathered using
MATS, SMIS and SAES provided data for students’ achievement in mathematics,
students’ interest in mathematics and student academic engagement in mathematics
respectively. Data gathered with PTPKQP, PTPAQP and PTPPQP represented data for

TEST A TestA1TestA2 TestA2 TestA1
TEST B TestB1TestB2 TestB2 TestB1
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parent knowledge, attitude and practice of PTP respectively, while the mathematics
teachers of the students sampled provided data for PTPKQMT, PTPAQMT and
PTPPQMT.

OSMT was used by the researcher and a research assistant who is a WASSCE
team leader to observe and score the mathematics teachers sampled in all the schools on
the display of tasks expected of the mathematics teachers. The teacher were observed as
they solved the two questions on the selected two topics from the SSS mathematics
curriculum to the sample for the study. The selected two topics are logarithms and
latitude and longitude. Logarithm was picked because it is one of the basic knowledge
needed by students for good performance in mathematics and one of the easiest to teach.
On the other hand, latitude and longitude is adjudged to be one of the difficult concepts
in mathematics. This was established by the researcher through opinion poll of
mathematics teachers during a STAN workshop in Ogbomoso. The score of each
mathematics teacher on OSMT represented the data for ‘’teacher mastery of
mathematics.

SRCAP was used to extract information on PTA meeting and open day
attendance of parents of ten students that were randomly selected from every class
sampled in each school. Information gathered represented the extent of parental
involvement in PTP programmes (open day and PTA Meeting). Data collection lasted six
weeks and a research assistant was trained on how to use the OSMT and SRCAP. The
mathematics teachers sampled were used as research assistants and trained on how to
administer the questionnaires.

3.8 Method of Data Analysis
The data for this study were analysed using descriptive statistics such as

(percentages (%) and bar chart) in SPSS. Exploratory factor analysis in R software was
used to establish the dimensions of each instrument. Inferential statistics involving factor
analysis and Partial Least Squares Structural Equation Modelling (PLS-SEM). PLS-SEM
is a statistical technique that combines aspects of factor analysis with regression. It avails
the researcher the opportunity to study simultaneously the relationships between
observed and latent variables. Latent variables are variables that cannot be measured
directly but are measured through observed variables. Observed variables are variables
that can be measured directly.
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A PLS path model can be first, second or higher order depending on the
complexity of the variables and the research. A first order model has a single layer of
constructs while a second order involves two layers of constructs. The one adopted for
the present study is a second order PLS model. This is because all the latent constructs in
the study are multidimensional with the assumption that, using the various dimensions of
these constructs may produce measures that are more accurate.

A PLS path model has two parts as illustrated in Figure 3.6 the outer or the
measurement model and the inner, or the structural modelling. The outer or measurement
model shows relationships between a construct and its indicators (for first order PLS
model) or between factors or subscales of constructs and their indicators (for second
order PLS model). The structural or inner model describes relationships among the latent
constructs in the model. Latent construct are represented with circles or ovals while the
observed variables are represented with rectangles. Relationships in PLS-SEM are
represented with single headed arrows.

The outer/measurement model in PLS-SEM are of two types and the direction of
the arrow head determines the type of measurement model. If the direction of the arrow
is from the construct to the indicators or from the subscales of a construct to the
indicators then, it is a reflective measurement model, but if the direction of the arrow is
from the indicator to the construct or factor, it is a formative measurement model.
Indicators are called items or manifest variables and they are measured directly from the
raw data; they are observed variables.

The measurement model can be modelled reflectively or formatively or by a
combination of reflective and formative, since constructs are not inherently formative or
reflective. Adopting a measurement model as being formative or reflective depends on
how the construct is conceptualised by the researcher and the objective of the study.
Hair et al (2017) remarked that the decision as to which measurement model is
appropriate has been a subject for debate in many disciplines and it is yet to be resolved.

In the formative model, indicators are assumed to be causal indicators. That is
indicators form the construct and it is for this reason that the formative model is referred
to as formative index in research. (Hair et al, 2017). Formative indicators are not
interchangeable, because they represent a specific aspect of a construct. Items determine
the meaning of a construct and omitting an item may distort the meaning of the
construct. In creating formative constructs, content validity issues are handled with table
of specification which clearly specifies the domain of the content (i.e the curriculum or
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syllabus) which the indicators are intended to measure. (Hair et al, 2017). Mathematics
achievement, which is one of the latent constructs in this study, was constructed based on
the SSS curriculum and a table of specification (table 3.2). It was for this reason that the
outer model of this latent construct (mathematics achievement) was modelled
formatively so as to accommodate as many items as possible to ensure the content
validity of the construct with particular reference to the SSS curriculum.

Reflective indicators are regarded as representative sample of all the possible
items available with a construct domain. As a result, items can be removed or
interchanged (unlike the formative model) without changing the meaning of the construct
as long as the construct is reliable. And this is why a set of reflective indicators is called
a scale. Based on this fact, all the latent constructs in the model for this study except the
mathematics achievement were modelled reflectively because there were no specific
tables of specification or curriculum for the conceptualization of the constructs. The
researcher was able to remove items or indicators that did not have strong relationships
with their constructs in the subscales of all the students, parents and mathematics
teachers’ questionnaires. It was therefore possible to retain items that truly reflect each
construct.

The present study therefore adopted a combination of reflective and formative
measurement model which is an important characteristic of PLS-SEM because it
incorporates the technique of measuring both formative and reflective models together as
well as when constructs have single or many items. (Hair et al, 2017). PLS-SEM is
considered appropriate for this study because the objective of the study is to make
prediction with the exogenous and endogenous variables in the study on mathematics.
Hair et al (2017) remarked that, PLS-SEM is a preferred method when a research
objective is theory development and explanation of variance, unlike the covariance based
SEM (path analysis), which is used for confirmation or rejection of existing theories.

Covariance based SEM uses a composite score to represent all aspects of a
construct but variance based SEM adopts the use of several individual variables to
measure an abstract construct since using several items to measure a concept is likely to
represent all aspects of the concept as it is done in CB SEM. The objective behind the
many item variables is to reduce measurement errors which arise from different sources.
The summary of data analysis of this study with PLS-SEM is illustrated in Figure 3.6.
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Figure 3.6: Summary of Data Analysis with PLS-SEM developed by the researcher
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3.9 Model Specification
The model adopted for this study is a second order PLS model (Fig 3.7) with two

layers. The first layer contains the subscales (ovals or circles with arrows from sub-
construct to indicator and from indicator to sub-construct) or factors of the latent
constructs with their indicators otherwise referred to as the measurement or the outer
model. The second layer (ovals or circles connected to subscales), called the structural or
the inner model contains the latent constructs in the model. arrows from subscales to
construct form the second layers.
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Figure 3.7: Outer/ Measurement Model and the Structural /Inner Model
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3.9.1 Outer Model Specification
The outer model for this study has two parts: reflective and formative models.

The reflective model is made up oval or circles with arrows from the subscales to the
indicators. The reason for modelling the subscales of these latent constructs (teacher PTP
knowledge, parent PTP knowledge, teacher PTP attitude, parent PTP attitude, teacher
PTP practice, parent PTP practice, student Mathematics interest and student academic
engagement) was because the indicators of each subscale reflect the construct and as a
result, they represent just a sample of all the possible items in the domain of each latent
construct. The indicators of each subscale are the indices that can be observed to measure
the subscale. Figure 3.8 presents the reflective outer/measurement model for this study.
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Figure 3.8: The Reflective Outer/Measurement Model
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The mathematics achievement test was modelled formatively; hence arrows are from the
indicators to the four categories of mathematics. It was modelled this way because, SSS
mathematics has an established curriculum which any mathematics test/ examination
administered to learners after the completion of the syllabus or at the end of a
programme is supposed to cover, to ensure content validity of such assessment
instrument. In order to accommodate as many items as possible out of the forty items
selected with the table of specification, the achievement test for this study was modelled
formatively. Figure 3.9 presents the formative outer/measurement model for the study.
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Figure 3.9: The Formative Model
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3.9.2 Inner/Structural Model Specification
Sequencing of constructs in PLS-SEM is based on theory, logic and literature.

The exogenous variables are teacher (teacher qualification X1, teacher mastery of
mathematics X2) and parent (parent qualification X3, parent occupation X4 and family
size X5). The arrangements of the variables in Fig 3.10 (teacher variable and parent
variables) are based on literature and temporal order because, when a variable precedes
another with which it is assumed or known to be causally related, it is certain that the
latter variable is being influenced by the former and not vice versa. For example teacher
qualification (X1) will exert influence on teacher mastery of mathematics (X2), parent
qualification (X3) will influence parent occupation (X4) and parent occupation (X4) may
influence family size (X5) and not vice-versa.

Figure 3.10: Hypothetical Model for Exogenous Variables

Specifying the model for this study that was based on theoretical assumptions
that teacher qualification (X1), teacher mastery of mathematics (X2), parent qualification
(X3), parent occupation (X4) and family size (X5) may exert influence on teacher PTP
knowledge (X6), parent PTP knowledge (X7), teacher PTP attitude (X8), parent PTP
attitude (X9), teacher PTP practice (X10) and parent PTP practice (X11). Sound reasoning
suggests that, teacher PTP knowledge (X6), will influence parent PTP knowledge (X7),
teacher PTP attitude(X8) will influence parent PTP attitude (X9) and teacher PTP practice
(X10) will affect parent PTP practice(X11) since school academic reports may inform the
activities of parents on a child’s learning. At the same time, theoretical knowledge
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suggests that, knowledge has effect on attitude and attitude has affect practice. Hence the
specification in Fig 3.11

Figure 3.11: Hypothetical Model for Exogenous Variables and PTP Variables

Sound reasoning suggests that, teacher qualification (X1), teacher mastery of
mathematics (X2), parent qualification (X3), parent occupation (X4) and family size (X5)
may exert influence on student’s interest in mathematics (X12) and student academic
engagement (X13). Literature reveals that, interest exerts influence on engagement.
Sound reasoning reveals that X6, X7, X8, X9, X10 and X11 may have influence on interest
and engagement See fig 3.12.
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Figure 3.12: Hypothetical Model for Exogenous Variables and Endogenous
Variables

Based on logic, all the endogenous variables will exert influence on the criterion
variable. (Figure 3.13). Based on the hypothetical models for the exogenous and
endogenous variables, the hypothesised recursive model involving fourteen variables
was developed as shown in Figures 3.13 and used to analyse data for this study.
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Figure 3.13: Hypothetical Model for all the Variables in the Model

3.10 Model Estimation
1) The estimation of the measurement model was done by assessing the qualities of the

reflective measurement model and the formative measurement model. The
assessment of the reflective model was based on:

 The reliability of the indicators (factor outer loading ≥ 0.7even though lower
values of 0.5 are acceptable).

 Reliability of sub scales (rel index must be ≥ 0.7).
 Average Variance Extracted (AVE) which is a measure of convergent validity.

(AVE value ≥ 0.5).
 Discriminant Validity measured with the new Heterotrait- Monotrait ratio

(HTMT) for all combinations of constructs in the reflective outer model must be
less than 0.9 and no the confidence intervals must include 1, otherwise
discriminant validity is not established.

The assessment of the formative model was based on:
 Content validity of the four categories of the mathematics achievement test.
 Variance Inflation Factor VIF (to assess the level of collinearity, VIF < 5).
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 Examine the relative importance (outer weight) and the absolute importance
(outer loading) of each formative indicator and assess their significance.

 If an indicator’s outer weight is not significant but the corresponding outer
loading of the indicator is ≥ 0.50 or statistically significant, the item/indicator
should be retained. The indicators should be removed if otherwise.

2. The estimation of the structural model was based on:
 Estimation of the VIF for each set of predictor variables in the structural

model(VIF value < 5)
 Test of the path coefficients for significance
 R2 the coefficient of determination. (R2 ranges between 0 and 1, the closer to 1

the better. No rule of the thumb for R2)
 The effect size f2 (The contribution of an exogenous variable to an endogenous

latent construct R2. f2 values of 0.35, 0.15 or 0.02 indicate an exogenous
variable’s are large, medium and small effect respectively on an endogenous
variable.

 The predictive relevance Q2 of each exogenous construct for a particular
endogenous variable. (Q2 > 0 to have predictive relevance).

 q2 the effect size (the contribution each exogenous construct to an endogenous
latent construct’s Q2 value. q2 values of 0.35, 0.15 or 0.02 indicate an exogenous
variable’s have large, medium and small predictive relevance respectively on a
particular endogenous variable.

 Model fit (Standard Root Mean Square Residual (SRMR) value < 0.08 and
NFI >0.95).

The summary of all these statistics used for analysis can be found on Table 3.4
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Table 3.4: Summary of Statistics Used for Analysis
S/N Index Name Symbol Cut-off Measurement Source
1 Reliability (Cronbach

Alpha and Composite)
r r ≥ 0.7 Internal consistency Hair et al,

2017
2 Average Variance

Extracted
AVE Value ≥ 0.5 Convergent Validity Ditto

3 Heterotrait-Monotrait
ratio

HTMT Value ≤ 0.9,
CIBCa≠1(for
Smart PLS)

Discriminant Validity Hensler,20
14

4 Variance Inflation Factor VIF Value < 5 Collinearity Hair et al,
2017

5 Reflective Indicator
Reliability

Value ≥ 0.4 Outer Loading Hair et al,
2017

6a Formative Indicator
Reliability

t ≥1.96, p <
0.05 and CIBCa
≠0

Relative importance
of formative indicator

Hair et al,
2017

6b Formative Indicator
Reliability

t ≥1.96, p <
0.05 and CIBCa
≠0

Absolute importance
of formative indicator

Hair et
al,2017

7 Relationships between
constructs

Value between
ranges -1 to +1

Path coefficients Hair et al,
2017

8 Significance t ≥1.96, p <0.05
and CIBCa ≠0

Significant paths Hair et al,
2017

9 Coefficient of
Determination

R2 0<R2 <1,(no
rule of the
thumb for cut-
off values)

Predictive power of
an endogenous
constructs

Hair et al,
2017

10 Effect Size f2 f2 ≥0.35 =
substantial
effect; f2≥0.15
= moderate
effect;
f2≥0.02=small
effect

Impact of
endogenous variable
when omitted from a
model

Hair et al,
2017

11 Cross validated
Redundancy Stone
Geisser

Q2 Q2 > 0 Predictive ability of a
model

Hair et al,
2017

12a Standardised root mean
square residual

SRMR <0.08= good fit
0=perfect fit

Model fit (routine use
of these statistics not
advised in the context
of PLS-SEM because
in an attempt to
achieve better fit, the
predictive power of
the model may be
compromised).

Hair et al,
2017

12b Root mean square residual
covariance

RMStheta < 0.12



78

3.11 Methodological Challenges
The initial challenge suffered by this study bordered on ethical issues such as

getting the co-operation of the respondents. Most of the principals and teachers felt that
the research will disrupt the daily routine activities of the participating schools
considering the fact that SS3 students were getting ready to write the West African
School Certificate Examination (WASCE) at the time of data gathering for the study.
The researcher scaled through this hurdle with a letter of introduction (duly stamped and
signed) collected from the International Centre for Educational Evaluation (ICEE),
Institute of Education, University of Ibadan that stated clearly the purpose of the study.
The letter was taken to the Ministry of Education and with this, the researcher was given
an approval to collect the needed data from any school in Oyo State.

A major challenge encountered in collecting data for this study, was in retrieving
parents’ questionnaires. It would have prevented the researcher from getting a
representative sample for the study but, with repeated visits to the schools sampled, the
researcher was able to retrieve over 60% of the parents’ questionnaires that were sent
out. This was the major reason why the researcher used the mathematics teachers as
research assistants.
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CHAPTER FOUR

RESULTS AND DISCUSSION

This chapter presents the results and discussions from data analysis. This was
done in line with the stated research questions in Chapter One as follows.

4.1 Results

Research Question 1a: How knowledgeable are the parents and mathematics teachers
about PTP?

Research question 1a was answered by scoring the responses of parents and mathematics
teachers in percentages. The result is presented in Table 4.1a.

Table 4.1a: Knowledge of Parents and mathematics teachers about PTP
S/N Statement Parents Teachers

Yes
(%)

No
(%)

Missing
(%)

Yes
(%)

No
(%)

Missing
(%)

1 arrange periodic meetings to discuss
your child’s progress

92.8 7.2 0 95.5 4.1 0.4

5 Correct negative behaviour exhibited
by your child

93.6 6.4 0 98.6 1.4 0

6 have insight into your child’s
learning behaviour

91.7 8.3 0 93.2 6.8 0

7 show concern for your child’s
mathematics learning

92.3 7.7 0 98.6 1.4 0

8 promote study habit in your child
after school hours

92.3 7.7 0 100 0 0

9 create a working relationship to aid
your child’s academic success

91.6 8.4 0 94.6 5.4 0

11 share responsibility to promote your
child’s academic development

93.7 6.3 0 98.6 1.4 0

15 seek opportunity to interact more on
your child’s learning

90.0 10.0 0 91.9 8.1 0

Number of parents Sampled = NP

Number of parents Sampled = NT

NP = 4146 NT = 74



80

Table 4.1a gives information about how knowledgeable parents and mathematics
teachers sampled have about PTP. Ninety two percent (92.8%) of parents against 95.5%
of mathematics teachers agreed that arranging periodic meetings to discuss children
progress should be part of the behaviour existing between teachers and parents in PTP.
So also, 93.6% of parents against 98.6% of mathematics teachers are of the opinion that
correcting negative behaviour exhibited by children should be part of the behaviour
activities in PTP. At the same time, 91.7% of the parents sampled against 93.2% of the
teachers indicated that parents should have insight into what is going on in the
classroom. In the same vein a higher percentage (98.6% to 92.3%) of teachers indicated
yes compared to parents who consented to teachers and parents showing concern for
children mathematics learning. Both parties (parents with 92.3% and mathematics
teachers with 100%), agreed to promoting study habits in children after school.

Similarly, a higher percentage of mathematics teachers sampled indicated yes to
creating a working relationship (94.6%), sharing responsibilities to promote children
academic development (98.6%) and seeking opportunity for interaction on children
mathematics learning (91.9) compared to the responses of parent to these items (i.e
creating a working relationship (91.6%), sharing responsibilities to promote children
academic development (93.7%) and seeking opportunity for interaction on children
mathematics learning (90%). The results on Tables 4.1a are summarised with the bar
chart in Figure 4.1.

Figure 4.1:
Bar Chart

on the
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Mathemati

cs Teachers
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It is obvious from the chart in Figure 4.1 that mathematics teachers responses
(represented with chocolate brown bars) are more knowledgeable about PTP than parents
responses (represented with blue bars) sampled. However, based on the results of the
responses of parents and mathematics teachers, parents and mathematics teachers
sampled have good knowledge of PTP.

Research Question 1b: What is the attitude of parents and mathematics teachers to
PTP?
The opinions of parents and mathematics teachers sampled on the attitude of parent and
mathematics teachers in partnership were also scored in percentages. Tables 4.1b and
4.1c present the results.
Table 4.1b: Attitude of parents to PTP

STATEMENT VERY
TRUE%

TRUE
%

ALMOST
TRUE

%

NOT
TRUE

%

Missing
(%)

5 Mathematics teachers are difficult to relate
with, hence no need to partner with them.

13.7 11.3 9.5 65.5 1.8

6 It is not the business of parents to have
insight into children learning behaviour in
the classroom

13.9 13.3 8.7 63.2 2.8

7 Only mathematics teachers must show
concern for children learning and not
parents

12.9 11.7 8.9 66.5 2.7

8 Teachers give home work to push their
responsibility to parents and not to promote
study habit in children

15.7 14.1 10.1 60.1 0.9

9 Only uneducated parents create working
relationship with teachers to aid academic
success

16.4 14.3 11.6 57.7 1.8

11 It is the sole responsibility of the teacher to
create conditions that encourage children
learning in the school; it does not concern
the parent at all

17.1 14.7 14.4 53.8 1.8

13 It is unnecessary to communicate feedback
on children learning progress

14.4 16.7 11.0 57.8 1.8

14 Idle parents make contact with teachers for
updates on children learning

20.4 27.1 13.8 38.7 0

15 Making extra arrangement for children
learning is not the duty of the teacher

17.9 22.6 16.4 43.1 0

16 Parents of dull students seek opportunity to
interact for children learning

22.2 24.4 17.6 35.8 0

17 Jobless parents share views on children
disposition to learning

15.8 22.1 15.4 46.7 0

24 Only unemployed parents attend PTA
meetings

10.7 10.5 12.0 66.8 0

Number of parents Sampled = NP
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Table 4.1c: Attitude of Mathematics Teachers to PTP
STATEMENT VERY

TRUE
TRUE ALMOST

TRUE
NOT
TRUE

Missing
(%)

5 Mathematics teachers are difficult
to relate with, hence no need to
partner with them.

5.4 2.7 0 91.9 0

6 It is not the business of parents to
have insight into children learning
behaviour in the classroom

9.5 2.7 6.8 81.0 0

7 Only mathematics teachers must
show concern for children learning
and not parents

4.1 4.1 1.4 90.4 0

8 Teachers give home work to push
their responsibility to parents and
not to promote study habit in
children

6.8 0 4.1 89.1 0

9 Only uneducated parents create
working relationship with teachers
to aid academic success

14.9 8.1 6.8 70.2 0

11 It is the sole responsibility of the
teacher to create conditions that
encourage children learning in the
school; it does not concern the
parent at all

14.9 1.4 9.5 74.2 0

13 It is unnecessary to communicate
feedbacks on children learning
progress

6.8 2.7 5.4 85.1 0

14 Idle parents make contact with
teachers for updates on children
learning

13.5 4.4 5.4 76.7 0

15 Making extra arrangement for
children learning is not the duty of
the teacher

9.5 8.1 8.1 74.3 0

16 Parents of dull students seek
opportunity to interact for children
learning

13.5 20.3 14.9 51.3 0

17 Jobless parents share views on
children disposition to learning

8.1 2.7 8.1 81.1 0

24 Only unemployed parents attend
PTA meetings

5.4 2.7 2.7 89.2 0

NT = 74
Tables 4.1b and 4.1c provide explanation on the attitude of mathematics teachers

and parents sampled for PTP. A percentage of 65.5 of parents sampled compared with
91.9% of mathematics teachers’ sampled believe that mathematics teachers are not
difficult; 63.2% of parents are of the opinion that parents should have an insight into
children classroom learning behaviour, whereas 81.0% of mathematics teachers also held
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this view of the parents. Also, 66.5% of parent sampled against 90.4% of teachers
believed that it is not only mathematics teachers that should show concern for children
mathematics learning. A percentage 60.1 of parents to 89.1% of teachers did not
subscribed to the attitude that teachers give home work to push their responsibilities to
the parents.

Similarly, 57.7% of parents compared to 70.2% mathematics teachers indicated
that it is not true that only uneducated parents create working relationship with teachers
to aid academic success. A percentage of 53.8 of parents to 74.2% of teachers agreed
that, it is not the responsibility of teachers alone to create conditions that encourage
children learning in school, that parents are also concerned. Following the trend of the
earlier results on the opinion of mathematics teachers and parents on what their attitude
should be to PTP, 85.1% of teachers against 57.8% parents indicated that it is necessary
to communicate feedback on children learning progress. However a higher percentage of
parents, 61.3% (addition of the first 3 columns) are of the view that idle parents make
contacts while 76.6% of the teachers sampled hold a contrary opinion. So also, 56.9% of
parents (adding the first 3 columns) disagreed with the teachers (74.3%) sampled.
Majority of the parent believed that making extra arrangement for children learning is
not the duty of teachers but most of the teachers sampled believe it is part of their duty.

A higher percentage of parents (64.2% and 53.3%, addition of the first 3
columns) indicated that parents of dull students and jobless parents respectively interact
or share views on children disposition to learn but a few (48.7% and 18.9%) of the
teachers shared these views, but they agreed (66.8% of parents to 89.2% of teacher) that
it is not only unemployed parents that attend PTA meetings. Results from the two tables
are summarised in the bar chart in Figure 4.2.
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1 2 3 4 5 6 7 8 9 10 11 12
0
10
20
30
40
50
60
70
80
90
100

Teacher VT+T+AT Teacher NOT TRUE Parent VT+T+AT Parent NOT TRUE

Key: VT= very true; T= true; AT= almost true

Figure 4.2: Bar Chart on the Attitude of Parents and Mathematics Teachers to PTP

The bar chart clearly shows that sampled mathematics teachers (represented with
brown bars) and parents (represented with orange bars) have the right attitude to PTP and
the attitude of teachers to PTP is better than those of the parents judging by the higher
percentages (last column and the tall brown bars in figure 4.2) of responses by the
mathematics teachers.

Research Question 1c: How involved are parents and mathematics teachers in the
practice of PTP?

Responses of parents and mathematics teachers sampled, to items on PTP practice
questionnaire were scored so as to measure their level of PTP with respect to practice of
PTP. The results are displayed on tables 4.1d and 4.1e
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Table 4.1d: Practice of PTP by Mathematics Teachers
S/N Statement > 3𝑋

%
3𝑋
%

2𝑋
%

Once
%

Never
%

Missing
(%)

1 arrange periodic meetings to discuss your
child’s progress

17.6 13.5 2.7 39.2 2.7 24.3

2 make calls to discuss your child’s learning 33.7 16.2 17.6 23.0 9.5 0
4 set expectations for your child’s performance 54.1 10.8 13.5 10.8 10.8 0
5 Correct negative behaviour exhibited by your

child
81.0 13.5 1.4 4.1 0 0

6 have insight into your child’s learning
behaviour

73.0 18.8 4.1 4.1 0 0

7 show concern for your child’s mathematics
learning

68.9 24.3 4.1 2.7 0 0

8 promote study habit in your child after school
hours

70.3 14.7 9.5 4.1 1.4 0

9 create a working relationship to aid your
child’s academic success

77.0 8.1 10.8 2.7 1.4 0

10 create conditions that encourage your child’s
learning

77.0 16.2 2.7 2.7 1.4 0

11 share responsibilies to promote your child’s
academic development

68.8 18.9 6.8 4.1 1.4 0

12 communicate feedback on your child’s
learning progress

54.0 32.4 6.8 5.4 1.4 0

13 maintain regular contact for updates on your
child’s learning

47.2 28.4 12.2 12.2 0 0

14 make extra arrangement for your child’s
learning

62.1 28.4 4.1 5.4 0 0

15 seek opportunity to interact more on your
child’s learning

66.2 24.3 5.4 2.7 1.4 0

16 share views on your child’s disposition to
learning

52.7 32.4 8.1 6.8 0 0

17 appreciate suggestions for your child’s
learning progress

64.8 20.3 6.8 8.1 0 0

Key 1. More than 3 times => 3𝑋 2. Three times = 3𝑋 3. Two times = 2𝑋 4. NT = 74



86

Table 4.1e: Practice of PTP by Parents
S/N Statement > 3𝑋

%
3𝑋
%

2𝑋
%

Once
%

Never
%

Missing
(%)

1 arrange periodic meetings to discuss your child’s
progress

42.3 17.2 18.4 20.3 1.8 0

2 make calls to discuss your child’s learning 48.4 19.5 17.7 13.1 0.9 0.4
4 set expectations for your child’s performance 51.7 20.8 15.4 10.5 1.6 0
5 Correct negative behaviour exhibited by your child 62.1 14.4 11.8 10.3 1.4 0
6 have insight into your child’s learning behaviour 55.7 19.4 13.1 10.2 1.6 0
7 show concern for your child’s mathematics learning 57.7 17.3 13.5 9.7 1.8 0

8 promote study habit in your child after school hours 60.2 17.1 11.5 10.2 1.0 0

9 create a working relationship to aid your child’s
academic success

55.9 19.6 12.3 10.7 1.5 0

10 create conditions that encourage your child’s
learning

57.5 21.5 11.9 7.7 1.4 0

11 share responsibility to promote your child’s
academic development

51.7 19.0 14.7 13.3 1.3 0

12 communicate feedback on your child’s learning
progress

45.0 20.4 16.5 16.9 1.2 0

13 maintain regular contact for updates on your child’s
learning

45.3 20.0 16.6 16.7 1.4 0

14 make extra arrangement for your child’s learning 50.9 18.0 15.6 13.9 1.6 0
15 seek opportunity to interact more on your child’s

learning
43.5 21.1 17.0 17.2 1.2 0

16 share views on your child’s disposition to learning 42.2 21.3 17.8 17.0 1.7 0

17 appreciate suggestions for your child’s learning
progress

48.5 19.9 16.3 14.0 1.3 0

Key 1. More than 3 times => 3𝑋 2. Three times = 3𝑋 3. Two times = 2𝑋 4. NP = 4146

Tables 4.1d and 4.1e reveal varying degrees of practices between mathematics
teachers and parents sampled. More parents than teachers arrange periodic meetings
(98.2%), make call to discuss children learning (99.1%) and setting expectation for
children performance (98.4%) while teachers are more into correcting negative
behaviour exhibited by students (100%), having insight into classroom (100%), showing
concern for children mathematics learning (100%), maintaining regular contact for
update on children learning as well as making extra arrangement for students learning
(100%). In addition, teachers are more into sharing views and appreciating suggestions
for student learning (100%) and their level of practice are almost the same in promoting
study habit (teachers 98.6% and parents 99%); creating working relationship to aid
academic success (teachers 98.6% and parents 98.5%); creating conditions that
encourage learning (teachers 98.6% and parents 98.6%); sharing responsibilities
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(teachers 98.6% and parents 98.7%); communicating feedbacks (teachers 98.6% and
parents 98.8%) and lastly seeking opportunity to interact (teachers 98.6% and parents
98.8%). The results are summarised in the bar chart in Figure 4.3.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0

20

40

60

80

100

p-practice p-never t-practice t=Never

Figure 4.3: Bar Chart on the Practice of PTP by Parents and Mathematics
Teachers

Key: p-practice= sum of responses of parents in the first four columns on table 4.1d
and p-never represents the responses on the last column on the same table.
t-practice sum of responses of mathematics teachers in the first four columns on
table 4.1e and t-never represents the responses on the last column on the same
table.

Based on this results, it is clear that parents and teachers sampled are into the practice of
PTP but the teachers are more involved in the practice of PTP than parents.

Research Question 2: To what extent are parents involved in the PTP programmes in
terms of:

i) Parent Teacher Association Meeting Attendance ii) Open Day Attendance
The attendance of parents at PTA meetings and Open Day programmes were

scored in percentages so as to be able to answer Research Question 2. The results are
presented in Table 4.2.
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Table 4.2: Parent-Teacher Association (PTA) Meetings and Open Day Programmes
Attendance in the Last One Year

Father Mother Father and
Mother

None Total

PTA Meeting 234 (28.7%) 516(63.3%) 14(1.7%) 51(6.3%) 815(100%)
Open Day Programme
Attendance

83(10.2%) 181(22.2%) 8(1%) 543(66.6%) 815(100%)

Table 4.2 gives information on the attendance of PTA meetings and open day
programmes by parents sampled in the last one year. Results from the table revealed that,
234 (28.7%) fathers or male guardians attended PTA meetings in the last one year
compared to 516 (63.3%) mothers or female guardians that attended. Fourteen (1.7%) of
both parents attended together while none of the parents of 51 (6.3%) students attended.
Table 4.2. Also shows that, 181 (22.2%) mothers or female guardians went for open day
of their wards while only 83 (10.2%) fathers or male guardians attended. Eight percent
(8%) of parents attended the PTA meeting together (father and mother) while 49 (15.3%)
did not attend.

Research Question 3: What is the capability of the measurement model in estimating
the latent scores for the latent constructs in the structural model?

The capability of the measurement model (ovals or circles attached to yellow
rectangles) was assessed by estimating the quality of the outer reflective model and the
outer formative model. The quality of the outer model was based on the validity and
reliability of the factors of the latent constructs (for reflective model) as well as the
relative importance of indicators and their significance (for formative model) to
minimise errors to ensure valid and reliable data for the structural model. The assessment
of the quality of the reflective model was done by estimating the factor loadings of the
reflective indicators, the AVEs of all the factors/subscales of the latent constructs in the
reflective model as a measure of convergent validity of the subscales (Hair et al., 2017;
Sarstedt, Ringle, Henseler and Hair, 2014). The composite reliabilities as recommended
by Hoffmann & Birnbrich, (2012), of the subscales of the reflective latent constructs
were also estimated to determine the internal consistency of each subscale as well as
their discriminant validities using HTMT (Henseler et al., 2015). Figure 4.4 displays the
subscales in the outer model with the latent constructs in the structural model and the
exogenous constructs.
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Results

Figure 4.4: Factor Model with Outer Loadings and Average Variance Extracted of Reflective Factors
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Figure 4.4 displays the outer loadings (the number of the arrows linking the indicator and
the factor) of both reflective and formative indicators as well as the AVE of each
subscale (value on the blue circles or ovals). The capability of the outer/measurement
model was judged by the qualities of the reflective outer model and the formative outer
model.

Quality of the Reflective Model
It can be observed from Figure 4.1 that the reflective model for the present study

is made up of the subscales listed below with their indicators as: ROLE DEF_T and
ROLE EXE_T for the latent construct TPTPK; ROLE DEF_P and ROLE EXE_P for the
latent construct PPTPK; MOIN ATTI_T and COMM ATTI_T for latent construct
TPTPA; MOIN ATTI_P and COMM ATTI_P for latent construct PPTPA; COMM_T,
MONI_T and COLLA_T for TPTPP; COMM_P, MONI_P and COLLA_P for PPTPP;
PASSION, DISPOSITION, INTERACTION and CAREER ASPIRATION for INT and
DETERMINATION, ACADEMIC CHALLENGE and ACTIVE LEARNING for ST
ENG.

The results of the assessment made on the reflective model for the study are
summarised on Table 4.3a.
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Table 4.3a: Summary of Results of the Reflective Measurement Model Assessment

Latent variable factors Indicators Convergent Validity Internal Consistency Discriminant Validity
Loadings Indicator Rel AVE Cronbach Alpha Composite rel
≥ 0.70 > 0.5 ≥ 0.5 0.6-0.90 HTMT confidence interval

does not include 1

Academic Challenge
SQB11 0.74 0.74 0.55 0.59 0.78 Yes
SQB14 0.75 0.74
SQB15 0.73 0.73

Active Learning
SQB7 0.75 0.75 0.55 0.59 0.79 Yes
SQB8 0.70 0.70
SQB9 0.79 0.79

Determination SQB12 0.75 0.75 0.59 0.66 0.81 Yes
SQB13 0.79 0.79
SQB16 0.77 0.77

Career Aspiration SQC18 0.73 0.73 0.53 0.70 0.82 Yes
SQC19 0.73 0.73
SQC22 0.70 0.70
SQC24 0.75 0.75

Disposition SQC13 0.74 0.74 0.56 0.60 0.84 Yes
SQC17 0.72 0.72
SQC21 0.78 0.78

Interaction SQC1 0.81 0.81 0.62 0.79 0.87 Yes
SQC2 0.84 0.84
SQC5 0.73 0.73
SQC12 0.77 0.77

Passion SQC26 0.70 0.70 0.56 0.74 0.84 Yes
SQC27 0.77 0.77
SQC30 0.78 0.78
SQC31 0.75 0.75
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Role Def_P PQB11 0.74 0.74 0.52 0.55 0.77 Yes
PQB15 0.72 0.72
PQB9 0.72 0.72

Role Def_T TQB11 -0.08 -0.08 0.43 0.25 0.57 Yes
TQB15 0.64 0.64
TQB9 0.94 0.94

Role Exe_P PQB1 0.70 0.70 0.50 0.50 0.75 Yes
PQB5 0.70 0.70
PQB7 0.73 0.73

Role Exe_T TQB1 -0.10 -0.10 0.33 -0.04 0.26 Yes
TQB5 0.99 0.99
TQB7 -0.05 -0.05

Comm Atti_P PQC5 0.85 0.85 0.69 0.91 0.93 Yes
PQC6 0.84 0.84
PQC7 0.86 0.86
PQC8 0.84 0.84
PQC11 0.79 0.79
PQC13 0.80 0.80

Comm Atti_T TQC5 0.94 0.94 0.78 0.94 0.96 Yes
TQC6 0.88 0.88
TQC7 0.94 0.94
TQC8 0.93 0.93
TQC11 0.70 0.70
TQC13 0.88 0.88

Moni Atti_P PQC14 0.79 0.79 0.65 0.74 0.85 Yes
PQC15 0.81 0.81
PQC17 0.83 0.83

Moni Atti_T TQC14 0.79 0.79 0.64 0.72 0.84 Yes
TQC15 0.85 0.85
TQC17 0.77 0.77
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Colla _P PQD6 0.78 0.78 0.63 0.85 0.89 Yes
PQD7 0.81 0.81
PQD8 0.82 0.82
PQD9 0.81 0.81
PQD10 0.75 0.75

Colla _T TQD6 0.77 0.77 0.67 0.87 0.91 Yes
TQD7 0.87 0.87
TQD8 0.82 0.82
TQD9 0.82 0.82
TQD10 0.81 0.81

Moni _P PQD2 0.72 0.72 0.66 0.74 0.85 Yes
PQD12 0.86 0.86
PQD13 0.86 0.86

Moni _T TQD2 0.56 0.56 0.54 0.64 0.78 Yes
TQD12 0.88 0.88
TQD13 0.74 0.74
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The assessment of the reflective outer and the formative model provides evidence
for the quality of the outer model. The PLS outer model is considered capable, if data
emanating from it are valid and reliable.
Internal Consistency of Factors

Reliability measures estimate the internal consistency of the subscales. Cronbach
Alpha and composite reliability are used for estimating internal consistency in PLS.
Results on table 4.3a show that, apart from the subscales or factors of TPTPK (i.e ROLE
DEF_ and ROLE EXE_T), r ranges between 0.57 and 0.96 for composite reliability and
0.50 and 0.91 for Cronbach Alpha. It is generally believed that Cronbach Alpha
underestimates and Composite reliability over estimates reliability indices, As a result,
both are considered and reported in PLS with the assumption that the true measure of the
internal consistency lies between Cronbach as the lower bound and composite as the
upper bound. Table 4.3a shows acceptable values of internal consistency for all the
subscales except for those of TPTPK that are below the acceptable limits. This construct
(TPTPK) is retained for relevance and meaningfulness.

Outer Loadings of Reflective Indicators
Table 4.3a also reveals that nearly all the reflective indicators loaded above 0.7 as

proposed by Hair et al, (2017),(even though 0.4 is acceptable) on their corresponding
factors except for TQB11, TQB15 (0.64), TQB1 (-0.10), TQB7 (-0.05) and TQD2
(0.56). Indicators with outer loading of 0.7 were retained where possible, because high
outer loadings of 0.7 and above indicate that the indicators share a lot in common with
the underlying construct. Indicators with factor loadings below 0.7 were retained because
for a factor to be viable, it must have at least three indicators or items. If these indicators
are removed, the factor cannot be retained since the remaining number of items will
either be one or two. The indicators are retained to make the factors (i.e TPTPK and
TPTPP) viable, so as to be able to study the relationships among these constructs
between mathematics teachers and parents. In other words, the constructs are important
to the present study since it is on partnership between the parent and the teacher. Ping
(2009) suggested that indicators with low outer loading may be retained if such are
important to a study.
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Average Variance Extracted of Factors
The square of the outer loading is the variance in the indicator explained by the

construct and it is called variance extracted from an indicator. Therefore for a construct
to share at least 0.5 (i.e 50%) of an indicator’s variance, the variance extracted (i.e square
of indicator’s outer loading) from the indicator must not be less than 0.5 (Hair et al,
2017). The addition of all the variance extracted from each indicator divided by the
number of indicators on a subscale or factor gives the AVE for that factor or subscale.
An AVE of 0.6 means that the underlying construct explains more than half (60%) of the
variance of its indicators, and less variance is in the error of the indicators. The results on
Table 4.3a also reveal that all the AVEs are between 0.5 and 0.78, except for those of
Role Def_T (0.43) and Role Exe_T (0.33) that are below. These subscales are retained
for the relevance and significance of the construct TPTPK to the present study.

The estimates of the outer loadings and the AVEs serve to establish the
convergent validity of the subscales in the reflective outer model, which is the extent to
which the indicators of each subscale convergent. In other words, the extent to which the
reflective indicators of each subscale correlate positively. Reflective indicators of a
construct should be highly correlated, since they are caused from a single construct and it
is for this reason that reflective indicators are interchangeable so that an item can be left
out without changing the meaning of the construct as long as the reliability is within the
acceptable limit. In short, indicators are representative samples of a domain.

Discriminant Validities of Reflective Factors
The reflective outer model was also assessed for validity. This is necessary

because for relationship among constructs in a model is meaningful, if construct validity
is established and if the variables in the model capture what it intends to measure. It
means that each construct in the model must be unique and does not capture what other
constructs in the model represent. This shows that, the estimation of discriminant validity
is also germane in assessing the quality of the reflective model. Table 4.3a indicates that
the HTMT value of 0.9 and below proposed by Henseler et al., (2015), (appendix V) are
all significantly different from 1 at 25% and 95% confidence intervals. This establishes
the discriminant validities of the subscales of the endogenous latent constructs in the
reflective model. The results on Table 4.3a show that the subscales in the reflective
measurement model are all valid and reliable. Hence providing support for the suitability
of the inclusion of the data from the measurement model in the structural model. The
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reflective outer model is capable for extraction of the latent scores for the latent
constructs for further analysis in the structural model.

Formative Model
The formative model for this study is made up of the categories of the

mathematics achievement test namely number and numeration, algebraic processes,
geometry and mensuration and statistics and probability with the indicators of each
category. It was modelled formatively because the categories are established in the
mathematics curriculum and each category has the specified topics that represent
different aspects of the category. As a result, any attempt to measure achievement based
on any of these four categories to assess learning must cover all aspects of each category
to ensure content validity.

The criteria for validating the formative model are different from the reflective
model because, formative indicators form the construct since each indicator represents a
different aspect. In view of this, formative indicator do not have specific pattern or
correlation (Wong, 2013) as in reflective models. The indicators are assumed to be error
free. The implication is that it will not be appropriate to assess the quality of the model
based on the internal consistency (i.e reliability), as well as convergent and discriminant
validities since the focus is on content validity and relevance of indicators. The formative
measurement model was assessed for collinearity issues as well as the relevance and
significance of formative indicators as suggested by Hair et al. (2017).

The outer weights of the formative indicators are used to judge the importance of
the indicators. However, if formative indicators correlate highly, it may distort the
estimates of outer weights and make them insignificant, it is for this reason that the level
of collinearity of formative indicators should not be up to 5. Table 4.3b presents the VIFs
of the formative indicators.
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Table 4.3b: VIF of Formative Indicators (Outer VIF)
FormativeIndicators VIF FormativeIndicators VIF FormativeIndicators VIF FormativeIndicators VIF
Q_1 1.18 Q_2 1.29 Q_29 1.17 Q_38 1.00
Q_1 1.26 Q_2 1.36 Q_29 1.25 Q_38 1.05
Q_10 1.26 Q_20 1.35 Q_3 1.11 Q_39 1.10
Q_10 1.31 Q_20 1.52 Q_3 1.16 Q_39 1.13
Q_11 1.15 Q_21 1.13 Q_30 1.12 Q_4 1.04
Q_11 1.21 Q_21 1.17 Q_30 1.09 Q_4 1.06
Q_12 1.14 Q_22 1.34 Q_31 1.20 Q_40 1.04
Q_12 1.25 Q_22 1.25 Q_31 1.33 Q_40 1.09
Q_13 1.22 Q_23 1.22 Q_32 1.63 Q_41 1.16
Q_13 1.12 Q_23 1.30 Q_32 1.32 Q_41 1.20
Q_14 1.29 Q_24 1.08 Q_33 1.43 Q_5 1.02
Q_14 1.46 Q_24 1.04 Q_33 1.30 Q_5 1.03
Q_15 1.31 Q_25 1.32 Q_34 1.13 Q_6 1.33
Q_15 1.57 Q_25 1.46 Q_34 1.32 Q_6 1.42
Q_16 1.26 Q_26 1.27 Q_35 1.19 Q_7 1.45
Q_16 1.16 Q_26 1.43 Q_35 1.17 Q_7 1.35
Q_17 1.04 Q_27 1.19 Q_36 1.13 Q_8 1.13
Q_17 1.06 Q_27 1.29 Q_36 1.18 Q_8 1.33
Q_19 1.02 Q_28 1.35 Q_37 1.15 Q_9 1.17
Q_19 1.06 Q_28 1.55 Q_37 1.41 Q_9 1.28

Table 4.3b shows that all the VIFs are within the acceptable limit since they are
all less than 5, which is the benchmark (Hair et al., 2017). The implication is that
collinearity is not at a critical level with the formative indicators. Correlations among the
formative indicators range from no correlation (VIF=1) to moderate correlation
(1<VIF<5). This is indicative of the fact that, the formative indicators are independent;
each formative indicator can stand on its own. The estimates of the outer weights should
be precise.

The outer loadings (the value on the arrow linking the formative indicator and
the categories of the mathematics achievement, see Figure 4.4) and the outer weights (the
value on the arrows linking the formative indicators and the categories of the
Mathematics achievement, see Figure 4.4) were also estimated to show the significance
or relative importance (outer weight) and relevance or absolute importance (outer
loading) of the formative indicators. The outer weights indicate the contribution of each
indicator to the construct. Figure 4.5 presents the factor model for the formative model.
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Figure 4.5: Factor Model with Outer Weights
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Figure 4.5 displays the formative outer model with their indicators and each
indicator’ outer weight. The indicators of constructs in the reflective model have been
supressed to showcase the formative outer model.

The outer loadings of the formative indicator were also estimated to fulfil the
third criteria for formative model assessment. The outer loadings and weights were
subjected to test of significance at 0.05 significant levels with two tails. Table 4.3c
presents the summary of the assessment of the formative model. The table contains the
outer weights and the outer loadings of the formative factors with their p values at 0.05
level of significance.
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Table 4.3c: Summary of the Results of the Assessment of the Formative Model

Formative
Subscale

Formative
indicators

Outer weights
(outer loading)

p-value
(outer
wt)

p-value
(outer
loading)

95% BCa
confidence
interval
(outer wt)

Significan
ce
(p<0.05)

NU
M
BE

R
&

NU
M
ER

AT
IO

N

Q1 0.16, (0.49) 0.000 0.000 [0.14, 0.17] YES
Q3 0.1, (0.39) 0.000 0.000 [0.08, 0.12] YES
Q4 -0.02, (-0.17) 0.067 0.000 [-0.03, 0] YES
Q5 -0.03, (-0.15) 0.000 0.000 [-0.04, 0.01] YES
Q9 0.17, (0.52) 0.000 0.000 [0.15, 0.19] YES
Q13 0.14, (0.43) 0.000 0.000 [0.12, 0.16] YES
Q14 0.24, (0.65) 0.000 0.000 [0.23, 0.26] YES
Q26 0.24, (0.63) 0.000 0.000 [0.22, 0.26] YES
Q28 0.26, (0.69) 0.000 0.000 [0.24, 0.28] YES
Q29 0.18, (0.52) 0.000 0.000 [0.16, 0.19] YES
Q33 0.21, (0.63) 0.000 0.000 [0.19, 0.23] YES
Q40 0.06, (0.2) 0.000 0.000 [0.05, 0.08] YES

AL
GE

BR
AI

C
PR

OC
ES

SE
S

Q2 0.14, (0.56) 0.000 0.000 [0.12, 0.15] YES
Q6 0.18, (0.6) 0.000 0.000 [0.16, 0.20] YES
Q7 0.19, (0.62) 0.000 0.000 [0.17, 0.20] YES
Q10 0.13, (0.54) 0.000 0.000 [0.11, 0.15] YES
Q12 0.16,(0.48) 0.000 0.000 [0.14, 0.18] YES
Q16 0.16, (0.49) 0.000 0.000 [0.15, 0.18] YES
Q17 -0.05, (-0.23) 0.000 0.000 [-0.07, -0.04] YES
Q20 0.23, (0.66) 0.000 0.000 [0.21, 0.25] YES
Q21 0.12, (0.43) 0.000 0.000 [0.10, 0.13] YES
Q25 0.21, (0.64) 0.000 0.000 [0.20, 0.23] YES
Q31 0.21, (0.57) 0.000 0.000 [0.19, 0.23] YES

GE
OM

ET
RY

&
M
EN

SU
RA

TI
ON

Q11 0.12, (0.45) 0.000 0.000 [0.10, 0.14] YES
Q15 0.3, (0.69) 0.000 0.000 [0.28, 0.32] YES
Q19 -0.06, (-0.14) 0.000 0.000 [-0.07, -0.04] YES
Q22 0.17, (0.57) 0.000 0.000 [0.15, 0.19] YES
Q23 0.18, (0.56) 0.000 0.000 [0.16, 0.20] YES
Q24 0.05, (0.2) 0.000 0.000 [0.03, 0.07] YES
Q27 0.19, (0.55) 0.000 0.000 [0.17, 0.21] YES
Q30 0.07, (0.33) 0.000 0.000 [0.06, 0.09] YES
Q32 0.32, (0.7) 0.000 0.000 [0.30, 0.34] YES
Q35 0.09, (0.41) 0.000 0.000 [0.07, 0.10] YES
Q36 0.11, (0.42) 0.000 0.000 [0.10, 0.13] YES
Q39 0.08, (0.36) 0.000 0.000 [0.06, 0.10] YES
Q41 0.12, (0.45) 0.000 0.000 [0.10, 0.14] YES

ST
AT

IS
TI
CS

&
PR

OB
A

BI
LI
TY

Q8 0.45, (0.7) 0.000 0.000 [0.42, 0.48] YES
Q34 0.45, (0.7) 0.000 0.000 [0.41, 0.47] YES
Q37 0.49, (0.75) 0.000 0.000 [0.46, 0.53] YES
Q38 -0.05, (-0.04) 0.003 0.05 [-0.08, -0.01] YES

KEY: BCa: Bias Corrected and accelerated (BCa) Bootstrap; Wt: weight
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Table 4.3c shows that all the outer weights and outer loadings of the formative indicators
are significant at 0.05 level of significance with p< 0.05 and confidence interval not
equal to 0. Thus it provides support to retain the indicators and also establish the
relevance and significance of all the formative indicators. All the formative indicators are
relatively and absolutely important.

Since all the criteria for the assessment of the formative model have been met, the
formative outer model has the capability for the estimation of the latent scores for the
latent constructs. Based on the results of the assessments of the reflective and formative
measurement models, the outer/measurement model for this study has the capability to
extract the latent scores and therefore support further analysis of the data in the structural
model. The extracted latent scores for the latent constructs were used to build the
hypothesised model for this study. Figure 4.6 shows the hypothesised model.

Figure 4.6: Hypothesised Structural Model
Hypothesised model with path coefficients for the exogenous variables
(teacher qualification (TQ), teacher mastery of mathematics content
(TMMC), Parent Qualification (PQ), parent occupation (PO), family size
(FS); the endogenous variables (teacher PTP knowledge (TPTPK), parent
PTP knowledge (PPTPK), teacher PTP attitude (TPTPA), parent PTP
attitude (PPTPA), teacher PTP practice (TPTPP) & parent PTP practice
(PPTPP) and the criterion variable (Achievement in Mathematics (MAT)
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Research Question 4: Is the hypothesised model consisting of the exogenous variables
(teacher qualification, teacher mastery of mathematics content, parent qualification,
parent occupation and family size); the endogenous variables (teacher PTP knowledge,
parent PTP knowledge, teacher PTP attitude, parent PTP attitude, teacher PTP practice,
parent PTP practice, mathematics interest and academic engagement) and the criterion
variable (mathematics achievement) consistent with the variance in the empirical data?

The assessment of the measurement model confirm that the constructs are valid
and reliable, the estimated latent scores of each latent construct and the exogenous
constructs were used in building the hypothesised model (Figure 4.6) for this study. The
hypothesised model is the structural model and it shows relationships between all the
observed variables, the latent constructs and the criterion variable. The important
statistics in evaluating the quality of the structural model are the VIF to examine the
level of collinearity among all sets of predictor variables and significance of the path
coefficients to establish the strength of the relationships in the model

Collinearity Assessment
In order to ensure that path coefficient in the structural model are not biased, it is

necessary to estimate the level of correlations among constructs in the structural model.
This will serve to establish the independence of all the latent constructs in the structural
model. This implies that constructs in a structural model should not have strong
correlation for predictions made to be accurate. The VIFs of all sets of predictor
variables in the model were estimated. Table 4.4 presents the VIF values of all sets of
endogenous variables in the structural model. The endogenous constructs are along the
column while the exogenous constructs are on the row on Table 4.4. For example
engagement and interest are predictors of achievement (3rd row 2nd column); also there
are eight sets of predictor variables in the 4th row from 2nd column to the last. These sets
of predictor variables can be identified as we move along the rows of the matrix on Table
4.4a.
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Table 4.4a: VIF Values of Predictors in the Structural Model

ACH ENG INT P_PTPA P_PTPK P_PTPP T_PTPA T_PTPK T_PTPP
ENG 1.32
INT 1.26 1.03
P_FAM
SIZE 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
P_OCC 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02
P_PTPA 1.10 1.10 1.10 1.10 1.10
P_PTPK 1.15 1.13 1.12 1.02 1.06 1.01 1.05
P_PTPP 1.11 1.10 1.09
P_QUAL 1.05 1.05 1.05 1.05 1.04 1.05 1.05 1.04 1.05
T_MAST 1.03 1.03 1.03 1.01 1.01 1.01 1.01 1.00 1.01
T_PTPA 1.22 1.21 1.20 1.08 1.18 1.12
T_PTPK 1.10 1.10 1.10 1.08 1.01 1.10 1.01 1.08
T_PTPP 1.09 1.08 1.08 1.08
T_QUAL 1.04 1.04 1.04 1.01 1.01 1.03 1.01 1.01 1.02

It can be observed from Table 4.4 that the VIF values of all the sets of predictors in the
model are all between 1.01 and 1.32, and all the values are all approximately equal to
one. It can be concluded that there are no correlations among all sets of predictor
variable in the model, because all the VIF values are below the threshold of 5. This is an
indication that, collinearity among the predictors of all the constructs are not at critical
levels. In other words, all the latent constructs can stand on their own and as a result the
structural model can be examined further for the predictive powers of the endogenous
constructs on mathematics achievement.

R squared is the coefficient of determination, which estimates the amount of
variance in the endogenous variables explained by all the exogenous constructs linked to
it. It represents the predictive power of each endogenous latent construct and it is the
squared correlation between the actual endogenous value and the predicted value. It
represents the combined effects of all exogenous variables linked to a specific
endogenous variable in the model. Table 4.4b presents the R squared values of the latent
constructs in the structural model. R squared values are also written on the circle or oval
representing each endogenous variable on the path diagram displayed in Figure 4.4
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Table 4.4b R squared for the Endogenous Variables and the Criterion Variable in
the Structural ModelRSquare R SquareAdjusted RSquare R SquareAdjusted RSquare R SquareAdjusted

ACH 0.14 0.14 P_PTPA 0.09 0.09 T_PTPA 0.07 0.07
ENG 0.24 0.24 P_PTPK 0.01 0.01 T_PTPK 0.01 0.01
INT 0.03 0.03 P_PTPP 0.08 0.08 T_PTPP 0.07 0.07

Table 4.4b presents the R2 values of the endogenous constructs in the structural
model. R2 value ranges between 0 and +1 and there is no rule of the thumb for acceptable
R2. However, 0.2 is regarded high in some disciplines. (Hair et al, 2017). Table 4.4b
depicts that all the endogenous latent constructs have predictive power, since R2 values
for all the latent constructs are greater than 0. For example, ENG has the highest
predictive power of 0.24, followed by PPTPA (0.09). Generally, the predictive power of
other endogenous latent constructs in the structural model decrease in the order PPTPP
(0.08), TPTPP (0.07) & TPTPP (0.07), INT (0.03) and PPTPK (0.01) & TPTPK (0.01).
For example ENG has a predictive power of 0.24 means that, all the twelve predictors
(i.e TQ, TMC, PQQ, POCC, P_FAM SIZE, TPTPK, TPTPA, TPTPP, PTPTK, PTPTA,
PTPTP, and INT) of ENG jointly explain 24% of the variance in student academic
engagement. Also all the predictor of Mathematics achievement jointly explain 14% of
the variance in mathematics achievement (R2 = 0.139) and T_QUAL, T_MAST,
P_QUAL, P_OCC and P_FAM SIZE, jointly explain 7% of the variance in TPTPK,
indicating that all the endogenous variables have predictive powers.

The change in R2 value when an exogenous variable is omitted from the model
was also estimated to determine the relative impact of the exogenous variables on the
endogenous construct in the hypothesised structural model. This was done by estimating
the effect size f2. Table 4.4c presents the f2 values of all the exogenous variables on the
endogenous variable they are linked to.
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Table 4.4c: f2 Effect Sizes on Exogenous Variables

Table 4.4c shows that INT has a medium effect of 0.22 on ENG. FS, PQ, PO,
PPTPA, with f2 value of 0 have no effect, which means their removal will not have
substantive impacts on the endogenous construct they are linked to. For all the remaining
exogenous variables: TMMC has a small effect of 0.03 on ACH and 0.02 on PPTPP
while TQ has a small effect on ACH but has no effect on other endogenous variables.
PPTPK has a small effects of 0.02 on ENG, 0.04 on PPTPA and 0.06 on PPTPP. So also,
TMMC has small effect of 0.03 on achievement but 0.02 on PPTPP. At the same time,
TPTPA has small effect on 0.04, 0.02 and 0.06 on PPTPA, PPTPP and TPTPP
respectively. Also TPTPK has a small effect of 0.07 TPTPA and TQ has a small effect of
0.05 on ACH.

The predictive relevance (Q2) of each endogenous construct in the hypothesised
structural model was also assessed. Table 4.4d presents the Q2 values of all the
endogenous latent constructs in the structural model.

ACH ENG INT PPTPA PPTPK PPTPP TPTPA TPTPK TPTPP
ENG 0
INT 0.01 0.22
FS 0 0 0 0 0 0 0 0 0
PO 0 0 0 0 0 0 0 0 0
PPTPA 0 0 0 0 0
PPTPK 0.01 0.02 0.01 0.04 0.06 0 0
PPTPP 0.02 0.01 0.01
PQ 0.01 0 0 0 0.01 0 0 0 0
TMMC 0.03 0 0 0 0 0.02 0 0 0
TPTPA 0 0.01 0 0.04 0.02 0.06
TPTPK 0 0 0 0 0 0 0.07 0.01
TPTPP 0 0.01 0 0
TQ 0.05 0 0 0.01 0 0 0 0 0.01



106

Table 4.4d: Predictive Relevance (Q2) Values of the Endogenous Variables in the
Structural Model
Sum of the squared
observation (SSO)

Sum of the squared
prediction Error (SSE) Q² (=1-SSE/SSO)

ACH 4,146.00 3,587.72 0.13
ENG 4,146.00 3,186.07 0.23
INT 4,146.00 4,043.53 0.02
P_FAM SIZE 4,146.00 4,146.00
P_OCC 4,146.00 4,146.00
P_PTPA 4,146.00 3,800.29 0.08
P_PTPK 4,146.00 4,095.13 0.01
P_PTPP 4,146.00 3,812.55 0.08
P_QUAL 4,146.00 4,146.00
T_MAST 4,146.00 4,146.00
T_PTPA 4,146.00 3,861.61 0.07
T_PTPK 4,146.00 4,119.46 0.01
T_PTPP 4,146.00 3,868.17 0.07
T_QUAL 4,146.00 4,146.00

Table 4.4d shows the estimates of the predictive relevance of the latent
constructs in the structural model. The results indicate that ENG has the highest
predictive relevance (0.23) followed by PPTPA (0.08) & PPTPP (0.08); TPTPA (0.07)
&TPTPP (0.07); INT (0.02) and lastly PTPTK (0.01) &TPTPK (0.01). All these results
show that all the endogenous latent constructs in the structural model can predict
mathematics achievement.

The fit indices of the hypothesised model were estimated to obtain the model fit
measures. Table 4.4e presents the summary of the estimates of the model fit.

Table 4.4e: Summary of Model Fit Indices for Adjusted Model
Estimated Model

SRMR 0
d_ULS 0
d_G 0
Chi-Square 0
NFI 1
rms Theta 0.1

Table 4.4e indicates that SRMR = 0 ≤. 0.08; RMStheta 0.1 < 0.12, NFI = 1 ≥ 0.95
and χ2=0. This depicts that the adjusted model is fit and can be used to predict
mathematics achievement.
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Research Question 5: What is the most meaningful causal model involving the fourteen
variables, which can be used to predict mathematics achievement?

Path coefficients were estimated to analyse the relationships among the
constructs in the model. Standardized values of path coefficients are between -1 to +1.
Values close to one represent strong relationship while value close to -1 represent weak
relationships. Table 4.5a presents the estimates of the path coefficients in the structural
model.

Table 4.5a Path Coefficients in the Structural Model

ACH ENG INT PPTPA PPTPK PPTPP TPTPA TPTPK TPTPP
ACH
ENG -0.073
INT -0.104 0.416
FS -0.031 0.007 -0.001 -0.045 0.013 -0.006 -0.051 -0.049 0.014
PO -0.019 0.027 0.041 -0.031 -0.003 0.007 -0.013 0.01 -0.011
PPTPA 0.038 -0.021 0.02 0.053 -0.007
PPTPK 0.113 -0.128 -0.11 0.187 -0.24 -0.041 0.016
PPTPP 0.154 0.086 0.075
PQ 0.083 0.018 0.027 0.036 0.09 0.014 0.001 -0.031 -0.028
TMMC 0.151 -0.009 -0.008 -0.04 0.034 0.131 0.015 0.069 -0.038
TPTPA -0.03 0.087 0.068 0.2 -0.133 0.243
TPTPK -0.004 0.001 -0.003 -0.063 0.041 0.04 0.256 -0.108
TPTPP 0.058 -0.083 -0.045 0.028
TQ -0.206 -0.021 0.004 -0.09 -0.054 0.065 0.004 -0.014 0.1

Table 4.4b reveals that the strongest relationship in the model is between interest
and engagement with path coefficient of 0.416. This is followed by the path from
TPTPK to TPTPA with 0.256. PPTPP has the strongest relationship (0.154) with
mathematics achievement followed by TMMC (0.151) and the weakest path on
achievement is TQ with -0.206). Figure 4.7 presents the path diagrams with path
coefficients.
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Figure 4.7: Hypothesised Model with Path Coefficients for the exogenous variables (teacher qualification (TQ), teacher mastery of
mathematics content (TMMC), Parent Qualification (PQ), Parent Occupation (PO), Family Size (FS); the Endogenous variables
(Teacher PTP knowledge (TPTPK), Parent PTP knowledge (PPTPK), Teacher PTP Attitude(TPTPA), Parent PTP Attitude
(PPTPA), Teacher PTP Practice (TPTPP) &Parent PTP Practice (PPTPP) and the Criterion variable ( Achievement in Mathematics
(MAT)
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The path coefficients were further subjected to test of significance at 0.05 level
with two tails to identify the significant relationships in the model. Table 4.5b presents
the summary of the results of the significance test and Figure 4.7 displays the path
diagram with t values.
Table 4.5b: Summary of Path Coefficients Estimates, t values, p values and

Confidence Intervals

Path
Coefficients t values P Values

95% confidence
intervals

Significance
at p<0.05

ENG -> ACH -0.07 4.62 0.00 [-0.1, -0.04] Yes

INT -> ACH -0.10 6.69 0.00 [-0.13, -0.07] Yes

INT -> ENG 0.42 23.28 0.00 [0.38, 0.45] Yes

P_FAM SIZE -> ACH -0.03 2.02 0.04 [0.06,0.00] No

P_FAM SIZE -> ENG 0.01 0.52 0.60 [-0.02, 0.03] No

P_FAM SIZE -> INT 0.00 0.06 0.95 [-0.03, 0.03] No

P_FAM SIZE -> P_PTPA -0.04 3.22 0.00 [-0.07, -0.02] Yes

P_FAM SIZE -> P_PTPK 0.01 0.86 0.39 [-0.02, 0.04] No

P_FAM SIZE -> P_PTPP -0.01 0.39 0.69 [-0.03, 0.02] No

P_FAM SIZE -> T_PTPA -0.05 3.69 0.00 [-0.08, -0.02] Yes

P_FAM SIZE -> T_PTPK -0.05 3.06 0.00 [-0.08, -0.02] Yes

P_FAM SIZE -> T_PTPP 0.01 0.89 0.38 [-0.02,0.04] No

P_OCC -> ACH -0.02 1.32 0.19 [-0.05, 0.01] No

P_OCC -> ENG 0.03 1.97 0.05 [0, 0.05] No

P_OCC -> INT 0.04 2.79 0.01 [0.01, 0.07] Yes

P_OCC -> P_PTPA -0.03 2.34 0.02 [-0.06, -0.01] Yes

P_OCC -> P_PTPK 0.00 0.19 0.85 [-0.03, 0.03] No

P_OCC -> P_PTPP 0.01 0.48 0.63 [-0.02, 0.03] No

P_OCC -> T_PTPA -0.01 0.76 0.45 [-0.05, 0.02] No

P_OCC -> T_PTPK 0.01 0.64 0.52 [-0.02, 0.04] No

P_OCC -> T_PTPP -0.01 0.74 0.46 [-0.04, 0.02] No

P_PTPA -> ACH 0.04 2.35 0.02 [0.01, 0.07] Yes

P_PTPA -> ENG -0.02 1.36 0.18 -[0.05, 0.01] No

P_PTPA -> INT 0.02 1.15 0.25 [-0.01, 0.05] No

P_PTPA -> P_PTPP 0.05 2.46 0.01 [0.01, 0.09] Yes

P_PTPA -> T_PTPP -0.01 0.46 0.64 [-0.03, 0.02] No

P_PTPK -> ACH 0.11 8.11 0.00 [0.09, 0.14] Yes

P_PTPK -> ENG -0.13 6.76 0.00 [-0.16, -0.09] Yes

P_PTPK -> INT -0.11 6.15 0.00 [-0.15, -0.08] Yes

P_PTPK -> P_PTPA 0.19 12.99 0.00 [0.16, 0.22] Yes

P_PTPK -> P_PTPP -0.24 14.19 0.00 [-0.27, -0.21] Yes

P_PTPK -> T_PTPA -0.04 3.54 0.00 [-0.06, -0.02] Yes

P_PTPK -> T_PTPP 0.02 1.14 0.26 [-0.01, 0.04] No

P_PTPP -> ACH 0.15 10.1 0.00 [0.12, 0.18] Yes

P_PTPP -> ENG 0.09 5.76 0.00 [0.05, 0.11] Yes

P_PTPP -> INT 0.08 4.52 0.00 [0.04, 0.11] Yes

P_QUAL -> ACH 0.08 5.6 0.00 [0.05, 0.11] Yes
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P_QUAL -> ENG 0.02 1.3 0.19 [-0.01, 0.04] No

P_QUAL -> INT 0.03 1.69 0.09 [0, 0.06] No

P_QUAL -> P_PTPA 0.04 2.64 0.01 [0.01, 0.06] Yes

P_QUAL -> P_PTPK 0.09 6.26 0.00 [0.06, 0.12] Yes

P_QUAL -> P_PTPP 0.01 0.92 0.36 [-0.02, 0.04] No

P_QUAL -> T_PTPA 0.00 0.09 0.93 [-0.03, 0.03] No

P_QUAL -> T_PTPK -0.03 1.99 0.05 [-0.06, 0] No

P_QUAL -> T_PTPP -0.03 1.85 0.07 [-0.06, 0] No

T_MAST -> ACH 0.15 10.88 0.00 [0.12, 0.18] Yes

T_MAST -> ENG -0.01 0.73 0.46 [-0.03, 0.02] No

T_MAST -> INT -0.01 0.49 0.62 [-0.04, 0.02] No

T_MAST -> P_PTPA -0.04 2.81 0.01 [-0.07, -0.01] Yes

T_MAST -> P_PTPK 0.03 2.64 0.01 [0.01, 0.06] Yes

T_MAST -> P_PTPP 0.13 9.59 0.00 [0.11, 0.16] Yes

T_MAST -> T_PTPA 0.02 1.03 0.31 [-0.01, 0.04] No

T_MAST -> T_PTPK 0.07 7.76 0.00 [0.05, 0.08] Yes

T_MAST -> T_PTPP -0.04 2.53 0.01 [-0.07, -0.01] Yes

T_PTPA -> ACH -0.03 1.9 0.06 [-0.06, 0.00] No

T_PTPA -> ENG 0.09 6.02 0.00 [0.06, 0.11] Yes

T_PTPA -> INT 0.07 4.32 0.00 [0.04, 0.1] Yes

T_PTPA -> P_PTPA 0.20 12.58 0.00 [0.17, 0.23] Yes

T_PTPA -> P_PTPP -0.13 7.67 0.00 [-0.17, -0.1] Yes

T_PTPA -> T_PTPP 0.24 26.81 0.00 [0.23, 0.26] Yes

T_PTPK -> ACH 0.00 0.27 0.78 [-0.03, 0.03] No

T_PTPK -> ENG 0.00 0.1 0.92 [-0.03, 0.03] No

T_PTPK -> INT 0.00 0.21 0.83 [-0.03, 0.03] No

T_PTPK -> P_PTPA -0.06 5 0.00 [-0.09, -0.04] Yes

T_PTPK -> P_PTPK 0.04 2.19 0.03 [0.01, 0.08] Yes

T_PTPK -> P_PTPP 0.04 2.92 0.00 [0.02, 0.07] Yes

T_PTPK -> T_PTPA 0.26 8.55 0.00 [0.2, 0.31] Yes

T_PTPK -> T_PTPP -0.11 10.92 0.00 [-0.13, -0.09] Yes

T_PTPP -> ACH 0.06 3.77 0.00 [0.03, 0.09] Yes

T_PTPP -> ENG -0.08 5.84 0.00 [-0.11, -0.06] Yes

T_PTPP -> INT -0.05 2.82 0.00 [-0.08, -0.02] Yes

T_PTPP -> P_PTPP 0.03 1.97 0.05 [0, 0.06] No

T_QUAL -> ACH -0.21 15.2 0.00 [-0.23, -0.18] Yes

T_QUAL -> ENG -0.02 1.69 0.09 [-0.05, 0] No

T_QUAL -> INT 0 0.27 0.79 [-0.02, 0.03] No

T_QUAL -> P_PTPA -0.09 7.47 0.00 [-0.11, -0.07] Yes

T_QUAL -> P_PTPK -0.05 4.8 0.00 [-0.08, -0.03] Yes

T_QUAL -> P_PTPP 0.06 4.42 0.00 [0.04, 0.09] Yes

T_QUAL -> T_PTPA 0 0.52 0.61 [-0.01, 0.02] No

T_QUAL -> T_PTPK -0.01 2.04 0.04 [-0.03, 0] No

T_QUAL -> T_PTPP 0.1 5.06 0.00 [0.06, 0.14] Yes
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Table 4.5b shows the t values, p values and the confidence interval for the
estimates of the significance of the paths coefficients. All paths with t value greater than
1.96, p value less than 0.05 and with confidence interval not equal to 0 are significant (i.e
all the path with ‘’YES’’ in the last column). For example, ENG, INT, PPTPA, PPTPK,
PPTPP all have significant relationship with mathematics achievement because the t
values are all greater than 1.96, p values are all less than 0.04 and 0 is not included in
their confidence intervals. Also P_OCC and TPTPA have no significant relationship with
mathematics achievement because their t values (1.32 and 1.9 are both < 1.96) are less
than 1.96, and p values (0.19 and 0.06 are both > 0.05) are greater than 0.05. However
for P_FAM SIZE, the t value 2.02 >1.96 and p value 0.04 < 0.05, satisfying the first two
criteria but the confidence interval has 0, therefore, the relationship is not significant.
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Figure 4.8: Hypothesised Model with t-values for the exogenous variables (teacher qualification (TQ), teacher mastery of mathematics content
(TMMC), parent qualification (PQ), parent occupation (PO), family size (FS); the endogenous variables (teacher PTP knowledge
(TPTPK), parent PTP knowledge (PPTPK), teacher PTP attitude (TPTPA), parent PTP attitude (PPTPA), teacher PTP practice
(TPTPP) & parent PTP practice (PPTPP) and the criterion variable (achievement in mathematics (MAT).
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Based on the criteria for significance, the non-significant paths shown on the
summary of the results on Table 4.3 and Figure 4.7 were removed from the hypothesised
structural model. The paths are: teacher qualification and teacher mastery of mathematics
content are not significant on engagement and interest as well as teacher PTP attitude.
Parent qualification is also not significant on interest, engagement and at the same time not
significant on parent PTP practice as well as teacher PTP practice. It is also not significant
on teacher PTP knowledge and parent PTP attitude. Also, parent occupation is not
significant on parent PTP knowledge and teacher PTP knowledge; parent PTP practice,
teacher PTP practice and teacher PTP attitude.

Family size is not significant for mathematics achievement, interest, parent and
teacher PTP practice and parent PTP knowledge. Teacher PTP knowledge is not significant
on achievement, interest and engagement while parent PTP knowledge is not significant on
teacher PTP practice. Teacher PTP attitude is also not significant on achievement while
parent PTP attitude is not significant on engagement, interest and teacher PTP practice.
Similarly, teacher PTP practice is not significant on parent PTP practice but parent PTP
practice is significant on all the endogenous variables linked to it.
Out of the eighty one hypothesised paths, forty six (57%) were significant and thirty five
(43%) were not based on the criteria for significance in PLS. The non-significant paths were
removed to obtain the most meaningful model referred to as the adjusted structural model,
which can be used to predict mathematics achievement. Figure 4.9 presents the adjusted
structural model for the study.
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Figure 4.9: The Adjusted Structural Model with t values.
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The adjusted model was re-validated to establish the variance explained by the
predictor variables on an endogenous latent construct by estimating R squared, and the
predictive relevance Q2 of each endogenous variable in the adjusted structural model.
However, f2 the effect size of the endogenous variables in the adjusted structural model
were not estimated because all the exogenous variables in the hypothesised structural
model were retained in the adjusted structural model.

Table 4.5a presents the R squared values of the latent constructs in the adjusted
structural model.
Table 4.5c R Squared for the Endogenous Variables and the Criterion Variable in

the Adjusted Structural ModelRSquare R SquareAdjusted RSquare R SquareAdjusted RSquare R SquareAdjusted
ACH 0.14 0.14 P_PTPA 0.09 0.09 T_PTPA 0.07 0.07
ENG 0.24 0.24 P_PTPK 0.01 0.01 T_PTPK 0.01 0.01
INT 0.03 0.03 P_PTPP 0.08 0.08 T_PTPP 0.07 0.07

Table 4.5c presents the R2 values of the endogenous constructs in the adjusted
structural model. The results depict that all the endogenous latent constructs have
predictive power, since R2 values for all the latent constructs are all greater than 0, just
like the hypothesised structural model.

The predictive relevance (Q2) of each endogenous construct in the adjusted
structural model was also assessed. Table 4.5d presents the Q2 values of all the
endogenous latent constructs in the structural model.

Table 4.5d: Predictive Relevance (Q2) Values of the Endogenous Variables in the
Adjusted Structural Model
Sum of the squared
observation (SSO)

Sum of the squared
prediction Error (SSE) Q² (=1-SSE/SSO)

ACH 4,146.00 3,587.72 0.13
ENG 4,146.00 3,186.07 0.23
INT 4,146.00 4,043.53 0.02
P_FAM SIZE 4,146.00 4,146.00
P_OCC 4,146.00 4,146.00
P_PTPA 4,146.00 3,800.29 0.08
P_PTPK 4,146.00 4,095.13 0.01
P_PTPP 4,146.00 3,812.55 0.08
P_QUAL 4,146.00 4,146.00
T_MAST 4,146.00 4,146.00
T_PTPA 4,146.00 3,861.61 0.07
T_PTPK 4,146.00 4,119.46 0.01
T_PTPP 4,146.00 3,868.17 0.07
T_QUAL 4,146.00 4,146.00
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These results show that all the endogenous latent construct in the adjusted
structural model can predict mathematics achievement, since Q2 is greater than 0.

The fit indices of the adjusted model were estimated to obtain the model fit
indices. Table 4.5e presents the summary of the estimates of the model fit.

Table 4.5e: Summary of Model fit Indices for Adjusted Structural Model
Estimated Model

SRMR 0.01
d_ULS 0.01
d_G 0
Chi-Square 40.5
NFI 0.99
rms Theta 0.1

Table 4.5e indicates that SRMR = 0.01 ≤. 0.08; RMStheta 0.1 < 0.12, NFI = 0.99 ≥
0.95 and χ2 = 40.5. This depicts that the adjusted structural model is fit and can be used
to predict mathematics achievement.
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SRMR = 0.01, RMStheta 0.1, NFI = 0.99
Figure 4.10: PLS Adjusted Structural Model for the exogenous variables (teacher qualification (TQ), teacher mastery of mathematics content

(TMMC), parent qualification (PQ), parent occupation (PO), family size (FS); the endogenous variables (teacher PTP knowledge
(TPTPK), parent PTP knowqledge (PPTPK), teacher PTP attitude (TPTPA), parent PTP attitude (PPTPA), teacher PTP practice
(TPTPP) & parent PTP practice (PPTPP) and the criterion variable ( achievement in mathematics (MAT).
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Research Question 6: What are the direct effects of the exogenous variables on the
criterion variable?

The significant paths provide the effect of the exogenous constructs on the
criterion variable. Direct effects in a structural model are relationships linking constructs
with a single arrow. Table 4.6 presents the significant paths in the structural model
extracted from the results on Table 4.5b.
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Table 4.6: Significant Paths

PATHS β t value P value 95% Confidence Interval BCa Significance at 0.05 level1 T_QUAL -> ACH -0.21 15.2 0.00 [-0.23, -0.18] Yes2 T_QUAL -> P_PTPA -0.09 7.47 0.00 [-0.11, -0.07] Yes3 T_QUAL -> P_PTPK -0.05 4.8 0.00 [-0.08, -0.03] Yes4 T_QUAL -> P_PTPP 0.06 4.42 0.00 [0.04, 0.09] Yes5 T_QUAL -> T_PTPP 0.1 5.06 0.00 [0.06, 0.14] Yes6 T_MAST -> ACH 0.15 10.88 0.00 0.12, 0.18] Yes7 T_MAST -> P_PTPA -0.04 2.81 0.01 [-0.07, -0.01] Yes8 T_MAST -> P_PTPK 0.03 2.64 0.01 [0.01, 0.06] Yes9 T_MAST -> P_PTPP 0.13 9.59 0.00 [0.11, 0.16] Yes10 T_MAST -> T_PTPK 0.07 7.76 0.00 [0.05, 0.08] Yes11 T_MAST -> T_PTPP -0.04 2.53 0.01 [-0.07, -0.01] Yes12 P_QUAL -> ACH 0.08 5.6 0.00 [0.05, 0.11] Yes13 P_QUAL -> P_PTPA 0.04 2.64 0.01 [0.01, 0.06] Yes14 P_QUAL -> P_PTPK 0.09 6.26 0.00 [0.06,0.12] Yes15 P_OCC -> INT 0.04 2.79 0.01 [0.01, 0.07] Yes16 P_OCC -> P_PTPA -0.03 2.34 0.02 [-0.06, -0.01] Yes17 P_FAM SIZE -> P_PTPA -0.04 3.22 0.00 [-0.07, -0.02] Yes18 P_FAM SIZE -> T_PTPA -0.05 3.69 0.00 [-0.08, -0.02] Yes19 P_FAM SIZE -> T_PTPK -0.05 3.06 0.00 [-0.08, -0.02] Yes20 T_PTPK -> P_PTPA -0.06 5.00 0.00 [-0.09, -0.04] Yes21 T_PTPK -> P_PTPK 0.04 2.19 0.03 [0.01, 0.08] Yes22 T_PTPK -> P_PTPP 0.04 2.92 0.00 [0.02, 0.07] Yes23 T_PTPK -> T_PTPA 0.26 8.55 0.00 [0.2, 0.31] Yes24 T_PTPK -> T_PTPP -0.11 10.92 0.00 [-0.13, -0.09] Yes25 P_PTPK -> ACH 0.11 8.11 0.00 [0.09, 0.14] Yes26 P_PTPK -> ENG -0.13 6.76 0.00 [-0.16, -0.09] Yes27 P_PTPK -> INT -0.11 6.15 0.00 [-0.15, -0.08] Yes
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28 P_PTPK -> P_PTPA 0.19 12.99 0.00 [0.16, 0.22] Yes29 P_PTPK -> P_PTPP -0.24 14.19 0.00 [-0.27, -0.21] Yes30 P_PTPK -> T_PTPA -0.04 3.54 0.00 [-0.06, -0.02] Yes31 T_PTPA -> ENG 0.09 6.02 0.00 [0.06, 0.11] Yes32 T_PTPA -> INT 0.07 4.32 0.00 [0.04, 0.1] Yes33 T_PTPA -> P_PTPA 0.20 12.58 0.00 [0.17, 0.23] Yes34 T_PTPA -> P_PTPP -0.13 7.67 0.00 [-0.17, -0.1] Yes35 T_PTPA -> T_PTPP 0.24 26.81 0.00 [0.23, 0.26] Yes36 P_PTPA -> ACH 0.04 2.35 0.02 [0.01, 0.07] Yes37 P_PTPA -> P_PTPP 0.05 2.46 0.01 [0.01, 0.09] Yes38 T_PTPP -> ACH 0.06 3.77 0.00 [0.03, 0.09] Yes39 T_PTPP -> ENG -0.08 5.84 0.00 [-0.11, -0.06] Yes40 T_PTPP -> INT -0.05 2.82 0.00 [-0.08, -0.02] Yes41 P_PTPP -> ACH 0.15 10.1 0.00 [0.12, 0.18] Yes42 P_PTPP -> ENG 0.09 5.76 0.00 [0.05, 0.11] Yes43 P_PTPP -> INT 0.08 4.52 0.00 [0.04, 0.11] Yes44 INT -> ACH -0.10 6.69 0.00 [-0.13, -0.07] Yes45 INT -> ENG 0.42 23.28 0.00 [0.38, 0.45] Yes46 ENG -> ACH -0.07 4.62 0.00 [-0.1, -0.04] Yes
KEY: β=path coefficient
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Table 4.6 show the significant paths. The significant paths indicate that
 Teacher qualification, TQ is significant on mathematics achievement, parent PTP

knowledge, parent PTP attitude, parent PTP practice and teacher PTP practice.
 Teacher mastery of mathematics content has causal linkages with mathematics

achievement, parent PTP knowledge, parent PTP attitude, parent PTP practice,
teacher PTP knowledge and teacher PTP practice.

 Parent qualification has influence on mathematics achievement, parent PTP
knowledge and parent PTP attitude.

 Parent occupation will influence student mathematics interest and parent PTP
attitude.

 Parent family size is significant on parent PTP attitude, teacher PTP knowledge
and teacher PTP attitude.

 Teacher PTP knowledge predicted parent PTP knowledge, parent PTP attitude,
parent PTP practice, teacher PTP attitude and teacher PTP practice.

 Parent PTP knowledge predicted mathematics achievement, academic
engagement, student mathematics interest, parent PTP attitude, parent PTP
practice and teacher PTP attitude.

 Teacher PTP attitude has causal linkages with academic engagement, student
mathematics interest, parent PTP attitude, parent PTP practice and teacher PTP
practice.

 Parent PTP attitude is significant on mathematics achievement and teacher PTP
practice.

 Teacher PTP practice predicted mathematics achievement, academic engagement,
and student mathematics interest.

 Parent PTP practice predicted mathematics achievement, academic engagement,
and student mathematics interest.

 Interest is significant on mathematics achievement and academic engagement
 Academic engagement predicted mathematics achievement.

The results on Table 4.6 can be interpreted for example as, increasing teacher
qualification by one unit of standard deviation, decreases achievement by 0.21 while
increasing teacher mastery by one unit of standard deviation increases mathematics
achievement by 0.15. In the same vein, increasing parent qualification by one standard
deviation, increases achievement by 0.08 and one standard deviation increase in parent
PTP knowledge, increases achievement by 0.11.
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Research Question 7: What are the indirect effects of the exogenous variables on the
criterion variable through the endogenous variables and criterion variables?

The indirect paths are relationships that involve a sequence of two or more direct
effects in the structural model. They are represented by multiple arrows and
characterised by mediation effects. Table 4.7 presents the indirect effects of all the
exogenous variables through the endogenous variables in the adjusted model.
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Table 4.7: Indirect Paths

Paths Indirect effects t values P Values Paths Indirect effects t values P Values
ENG -> ACH P_QUAL -> T_PTPA 0 2.91 0
INT -> ACH -0.03 4.92 0 P_QUAL -> T_PTPP 0 2.93 0
INT -> ENG T_MAST -> ACH 0.02 4.9 0
P_FAM SIZE -> ACH 0* 1.11 0.27 T_MAST -> ENG 0.01 3.18 0
P_FAM SIZE -> ENG -0.01 3.64 0 T_MAST -> INT 0.01 2.48 0.01
P_FAM SIZE -> INT 0 3.23 0 T_MAST -> P_PTPA 0.01 2.27 0.02
P_FAM SIZE -> P_PTPA -0.01 3.37 0 T_MAST -> P_PTPK 0 2.19 0.03
P_FAM SIZE -> P_PTPK 0* 1.8 0.07 T_MAST -> P_PTPP -0.01 3.13 0
P_FAM SIZE -> P_PTPP 0* 1.58 0.12 T_MAST -> T_PTPA 0.02 5.41 0
P_FAM SIZE -> T_PTPA -0.01 2.98 0 T_MAST -> T_PTPK
P_FAM SIZE -> T_PTPK T_MAST -> T_PTPP 0 2.73 0.01
P_FAM SIZE -> T_PTPP -0.01 2.84 0 T_PTPA -> ACH -0.01* 1.56 0.12
P_OCC -> ACH -0.01 3.09 0 T_PTPA -> ENG -0.01* 1.22 0.22
P_OCC -> ENG 0.02 2.72 0.01 T_PTPA -> INT -0.02 4.68 0
P_OCC -> INT 0* 1.47 0.14 T_PTPA -> P_PTPA
P_OCC -> P_PTPA T_PTPA -> P_PTPP 0.01 2.48 0.01
P_OCC -> P_PTPP 0* 1.61 0.11 T_PTPA -> T_PTPP
P_PTPA -> ACH 0.01 2.44 0.02 T_PTPK -> ACH 0* 0.72 0.47
P_PTPA -> ENG 0.01 2.19 0.03 T_PTPK -> ENG 0.03 4.71 0
P_PTPA -> INT 0 2.03 0.04 T_PTPK -> INT 0.02 3.5 0
P_PTPA -> P_PTPP T_PTPK -> P_PTPA 0.06 7.19 0
P_PTPK -> ACH 0* 0.18 0.86 T_PTPK -> P_PTPK
P_PTPK -> ENG -0.07 8.42 0 T_PTPK -> P_PTPP -0.04 5.99 0
P_PTPK -> INT -0.02 4.71 0 T_PTPK -> T_PTPA 0* 1.96 0.05
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P_PTPK -> P_PTPA -0.01 3.18 0 T_PTPK -> T_PTPP 0.06 7.35 0
P_PTPK -> P_PTPP 0.01 3.31 0 T_PTPP -> ACH 0.01 4.5 0
P_PTPK -> T_PTPA T_PTPP -> ENG -0.02 2.94 0
P_PTPK -> T_PTPP -0.01 3.39 0 T_PTPP -> INT
P_PTPP -> ACH -0.02 5.29 0 T_QUAL -> ACH 0.01* 1.7 0.09
P_PTPP -> ENG 0.03 4.34 0 T_QUAL -> ENG 0.01* 1.7 0.09
P_PTPP -> INT T_QUAL -> INT 0.01 2.25 0.02
P_QUAL -> ACH 0.01 5.35 0 T_QUAL -> P_PTPA -0.01 4.18 0
P_QUAL -> ENG -0.02 4.74 0 T_QUAL -> P_PTPK
P_QUAL -> INT -0.01 4.51 0 T_QUAL -> P_PTPP 0.01 2.1 0.04
P_QUAL -> P_PTPA 0.02 5.28 0 T_QUAL -> T_PTPA 0 2.58 0.01
P_QUAL -> P_PTPK T_QUAL -> T_PTPP 0 2.61 0.01
P_QUAL -> P_PTPP -0.02 4.39 0
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It can be observed from results on Table 4.7 that some of the indirect paths are not
significant. The indirect effects with * are the non-significant indirect effects. However,
the significant indirect effect based on their p and t values are listed below

 Teacher qualification has indirect effects of 0.01,-0.01, and 0.01,0 respectively on
interest, parent PTP attitude, parent PTP practice, teacher PTP attitude and
teacher PTP practice and they are all significant.

 Teacher mastery of mathematics content has indirect effects on achievement
(0.02), engagement (0.01), interest (0.01), parent PTP attitude (0.01), parent PTP
knowledge (0.0), parent PTP practice (-0.01) and teacher PTP attitude (0.02) and
they are all significant.

 Parent qualification exerts significant indirect effect on achievement (0.01),
engagement (0.02), interest (-0.01), parent PTP attitude (0.02), parent PTP
practice (-0.02), teacher PTP attitude (0.0) and teacher PTP practice (0.0).

 Parent occupation exerts significant indirect effects on achievement (-0.01) and
engagement (0.02)

 Family size exerts significant indirect effects on engagement (0.01), interest
(0.0), parent PTP attitude (-0.01), teacher PTP attitude (-0.01) and teacher PTP
practice (-0.01).

 Teacher PTP knowledge exerts significant indirect effects on engagement (0.03),
interest (0.02), parent PTP attitude (0.06), parent PTP practice (-0.04) and teacher
PTP practice (0.06).

 Parent PTP knowledge exerts significant indirect effects on engagement (-0.07),
interest (-0.02), parent PTP attitude (-0.01), parent PTP practice (0.01) and
teacher PTP practice (0.01).

 Teacher PTP attitude exerts significant indirect effects on interest (0.02) and
parent PTP attitude (0.01).

 Parent PTP attitude exerts significant indirect effects on achievement (0.01),
engagement (0.01) and interest (0.0)

 Interest exerts significant indirect effect on achievement.
Research Question 8: What are the estimated combined effect of the exogenous and the
endogenous variables on the criterion variable?

The combined effect are estimated with the total effects. Total effect is the direct
effect plus the indirect effects. Table 4.8 presents the total effects of the exogenous
variables and the endogenous variables on the criterion variable.
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Table 4.8: Total Effects

Totaleffects t value PValues Totaleffects t values PValues
ENG -> ACH -0.08 4.89 0 P_QUAL -> T_PTPA 0 2.91 0
INT -> ACH -0.14 9.39 0 P_QUAL -> T_PTPP 0 2.93 0
INT -> ENG 0.42 23.15 0 T_MAST -> ACH 0.17 12.09 0
P_FAM SIZE -> ACH 0* 1.11 0.27 T_MAST -> ENG 0.01 3.18 0
P_FAM SIZE -> ENG -0.01 3.64 0 T_MAST -> INT 0.01 2.48 0.01
P_FAM SIZE -> INT 0 3.23 0 T_MAST -> P_PTPA -0.03 2.3 0.02
P_FAM SIZE -> P_PTPA -0.05 3.85 0 T_MAST -> P_PTPK 0.04 2.86 0
P_FAM SIZE -> P_PTPK 0* 1.8 0.07 T_MAST -> P_PTPP 0.12 8.1 0
P_FAM SIZE -> P_PTPP 0* 1.58 0.12 T_MAST -> T_PTPA 0.02 5.41 0
P_FAM SIZE -> T_PTPA -0.06 4.31 0 T_MAST -> T_PTPK 0.07 7.63 0
P_FAM SIZE -> T_PTPK -0.05 3.16 0 T_MAST -> T_PTPP -0.04 2.61 0.01
P_FAM SIZE -> T_PTPP -0.01 2.84 0 T_PTPA -> ACH -0.01* 1.56 0.12
P_OCC -> ACH -0.01 3.09 0 T_PTPA -> ENG 0.07 5.41 0
P_OCC -> ENG 0.02 2.72 0.01 T_PTPA -> INT 0.05 3.94 0
P_OCC -> INT 0.04 2.76 0.01 T_PTPA -> P_PTPA 0.2 12.66 0
P_OCC -> P_PTPA -0.03 2.32 0.02 T_PTPA -> P_PTPP -0.12 6.95 0
P_OCC -> P_PTPP 0* 1.61 0.11 T_PTPA -> T_PTPP 0.24 26.44 0
P_PTPA -> ACH 0.04 2.74 0.01 T_PTPK -> ACH 0* 0.72 0.47
P_PTPA -> ENG 0.01 2.19 0.03 T_PTPK -> ENG 0.03 4.71 0
P_PTPA -> INT 0 2.03 0.04 T_PTPK -> INT 0.02 3.5 0
P_PTPA -> P_PTPP 0.05 2.42 0.02 T_PTPK -> P_PTPA 0* 0.3 0.76
P_PTPK -> ACH 0.11 8.12 0 T_PTPK -> P_PTPK 0.04 2.21 0.03
P_PTPK -> ENG -0.2 10.38 0 T_PTPK -> P_PTPP -0.01* 0.42 0.67
P_PTPK -> INT -0.12 7.51 0 T_PTPK -> T_PTPA 0.26 8.83 0
P_PTPK -> P_PTPA 0.18 12.78 0 T_PTPK -> T_PTPP -0.05 3.31 0
P_PTPK -> P_PTPP -0.22 13.75 0 T_PTPP -> ACH 0.06 4.5 0
P_PTPK -> T_PTPA -0.04 3.35 0 T_PTPP -> ENG -0.1 6.65 0
P_PTPK -> T_PTPP -0.01 3.39 0 T_PTPP -> INT -0.05 3.01 0
P_PTPP -> ACH 0.14 9.38 0 T_QUAL -> ACH -0.2 14.97 0
P_PTPP -> ENG 0.11 6.89 0 T_QUAL -> ENG 0.01* 1.7 0.09
P_PTPP -> INT 0.08 4.43 0 T_QUAL -> INT 0.01 2.25 0.02
P_QUAL -> ACH 0.1 6.34 0 T_QUAL -> P_PTPA -0.1 7.22 0
P_QUAL -> ENG -0.02 4.74 0 T_QUAL -> P_PTPK -0.05 4.48 0
P_QUAL -> INT -0.01 4.51 0 T_QUAL -> P_PTPP 0.07 5.27 0
P_QUAL -> P_PTPA 0.05 3.7 0 T_QUAL -> T_PTPA 0 2.58 0.01
P_QUAL -> P_PTPK 0.09 5.8 0 T_QUAL -> T_PTPP 0.1 5.42 0
P_QUAL -> P_PTPP -0.02 4.39 0
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Table 4.8 shows that the combined effect of family size, teacher PTP knowledge
and teacher PTP attitude are not significant on mathematics achievement but the
combined effects of all the remaining variables (teacher qualification, teacher mastery of
mathematics content, parent qualification, parent occupation, parent PTP knowledge,
parent PTP attitude, parent PTP practice, teacher PTP attitude, interest and engagement)
are all significant. In a descending order, the total effects are Teacher qualification
(0.2) > teacher mastery of mathematics content (0.17) > interest (0.14) and parent PTP
practice (0.14) > parent PTP knowledge (0.11) > parent qualification (0.1) > engagement
(0.08) >teacher PTP practice > parent PTP attitude (0.04) > teacher PTP attitude and
parent occupation (0.01).

4.2 Discussion
(i) Knowledge of parents and Mathematics Teachers about PTP

The responses of mathematics teachers and parents sampled were scored in
percentages on the eight items presented on behaviours that should exist between them
which represent the PTP knowledge of parents and teachers. The results presented on
Table 4.1a show that over 90% of parents and mathematics teachers indicated YES to all
these expected behaviour between them in PTP. This connotes agreement that these sets
of behaviour are needed in PTP. However, it can be observed that, mathematics teachers
exhibited more knowledge than parents judging by the higher percentages of response of
YES to the set of expected behaviour. For example, 95.5% of teachers against 92.8% of
parents indicated ‘yes’ to arranging periodic meetings to discuss children’s academic
progress and 98.6% of parents against 93.6% teachers indicated yes to correcting
negative behaviour exhibited by children and the trend is observed for all the items on
the scale. Based on the results, it can be deduced that, parents and mathematics teachers
sampled are knowledgeable about PTP but the knowledge mathematics teacher is higher
than the knowledge of parents sampled. The result may be attributed to the fact that not
all parents sampled are educated (264 have no formal education and 620 are holders of
primary six leaving certificate). The higher of knowledge of PTP by teachers could be as
a result of their training as indicated by Okafor (2009), Okeke (2009) and Darling-
Hammond et al (2001) that teacher training education makes teachers adopt strategies
that will make them effective in arousing students’ interest and promoting students’
academic engagement.
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Attitude of parents and mathematics teachers to PTP
Responses of mathematics teachers and parents sampled were scored in

percentages (Tables 4.1b and 4.1c) of the expected attitude between them in PTP. The
‘not true’ responses represent the expected behaviour in PTP on children learning
because the items on the scale are worded negatively. Mathematics teachers and parents
sampled shared the same views on the first seven items judging by the higher
percentages in the last column of the two tables compared to the additions of the
remaining three columns for the seven items on the two tables. For example, there are
agreement that ‘’91.1% of mathematics teachers and 65.5% of parents agreed that
mathematics teachers are not difficult to relate with, hence there is the need to partner
with them. So also the respondents agreed that, it is the business of parents to have
insight into children learning behaviour (81.1%: 63.2%); that parents and teachers must
show concern for children learning (90.5%: 66.5%). The pattern of response is the same
for the first seven items and the last item. There are divergent opinions however for
items 14, 15, 16 and 17. For instance, 61.3%, 64.2% and 53.3% are of the opinion that,
idle parents, parents of dull students and jobless parents respectively make contact, share
views or seek opportunity to interact on children learning. Based on these results,
teachers displayed a better attitude to PTP than parents. This is a confirmation that
knowledge is germane to attitude (Willingham, 2017).

Practice of PTP by parents and mathematics teachers
Tables 4.1d and 4.1e show the responses of parents and mathematics teachers to

the level of PTP with regard to practice of PTP. The results depict that the respondents
are involved in all the practices highlighted on the instrument. Mathematics teachers
sampled are inclined more into correcting negative behaviour, showing concern, having
insight, sharing views, making extra arrangement and maintaining regular contact; all for
children mathematics learning but they are less inclined to making calls and setting
expectation for children’s performance. Parents, on the other hand, are involved in all the
practices expected in PTP. The level of practice of PTP is higher with mathematics
teacher than parents in view of the higher percentages. In view of the knowledge base of
parents and mathematics teachers, it is not surprising that they have high percentages for
practice because according to Willingham (2017), the richer the knowledge base, the
easier the practice. This result also confirm the logic in the specification of the
hypothesised model that knowledge determines attitude and attitude informs practice.
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(ii) Extent of involvement of parents in the PTP programmes of schools
The involvement of parents in the PTP programmes of the school was obtained

with a checklist (SCARP) used to extract information from 10 students randomly
selected from each class sampled in all the selected schools. Results on Table 4.2
revealed that a higher percentage (63.3%) of mothers or female guardians attended PTA
meetings in the last one year than fathers or male guardians (28.7). Table 4.2 also shows
that mothers or female guardians of students sampled attended Open Day programmes
more than fathers or male guardians because, 181 (56.4%) mothers or female guardians
went for open day of their wards while only 83 (25.9%) fathers or male guardians
attended. These two results agree with the findings of Suleman et al., (2012) that
mothers’ educational level has significant effect on children academic performance.

However, the researcher could not obtain information on PTA meeting
attendance from school records to corroborate information obtained from students and
teachers about PTA meeting and Open Day programme attendance because most of the
schools sampled do not keep such records even though parents write down their names
whenever they attended. When the researcher probed further into why such records were
not kept, most of the teachers saddled with the responsibilities of keeping such school
records in the schools sampled confessed that the records were not useful to the school in
any way, and that parents were asked to write their names and possibly their wards’
names to create an impression that wards/children of parents who fail to attend such
meeting will be punished. In other words, it is only a strategy to force parents to attend
PTA. meetings.

Interaction between the teachers and the researcher also revealed that most
schools conducted general PTA meetings and special PTA meetings to discuss pressing
academic issues affecting a particular class. The general PTA meeting involves parents
of all the students in the school while special PTA meetings are conducted for parents of
students in a particular class. The higher attendance of mothers/female guardian at both
PTA meetings and Open Day programmes may be attributed to the African belief that
‘’the bad child belongs to the mother’’. This makes mothers to do everything possible to
ensure that a child turns out well both academically and morally. Another explanation for
this result, may be connected with the traditional role of mothers in our society as being
responsible for household tasks and care of children while fathers are to provide for the
needs of the home.
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One factor responsible for the remarkable difference in the overall attendance of
PTA meetings and Open Day programmes by parents (815 to 312) is that most of the
public schools sampled do not conduct Open Day. Only private schools organise Open
Day programmes.
(iii) Estimation of the latent scores for the latent constructs in the structural

model.
The factor analysis model in Figure 4.1 was built to empirically assess the

measurement model to provide evidence on the quality of the outer model. The main
reason was to ensure that data that will be used for analysis are free from error thereby
establishing the validity and reliability of constructs before their inclusion in the
structural model. The results of the factor loading of the reflective measurement model
displayed in Fig 4.1 revealed that all the reflective indicators loaded above 0.7 on their
corresponding factors. All indicators that had loadings lower than 0.7 have been removed
from all the subscales in the outer model, except for three items (11, 15 and 1) in the two
sub scales of TPTPK that are below 0.4.

These reflective indicators with loading below the acceptable value of 0.4 are
retained because parents and mathematics teachers sampled responded to these items,
and the items loaded well on the subscales of the parents construct (PPTPK). Deleting
these sub scales may distort the result on the influence PTP knowledge of mathematics
teachers and parents sampled on mathematics achievement. In other words, the subscales
are retained because, the variable (TPTPK) is important to this present study (Ping,
2009). The low factor loadings on these subscales may be due to the number of teachers
sampled compared to the number of parents. The high factor loadings of all the other
indicators show that the indicators are good enough for the extraction of the latent score
for all the constructs.

All the endogenous factors have acceptable values reliability of 0.7 and above
(Hoffmann and Birnbrich, 2012 and Herath and Rao, 2009). This indicated that all the
endogenous variables have internal consistency. In other words indicators are stable and
strong enough for the extractor of the latent scores for the latent constructs. Average
Variance Extracted (AVE) is a measure of convergent validity and it is the average
amount of variance in an indicator variable that is explained by a construct. If the
explained variance exceeds the unexplained (due to error), then it is a good indication
that the latent factors under study have convergent validity. That is, the latent factor is
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measuring what it is intended to measure. For construct convergent validity to be
established, AVE values of the sub scales must be greater than or equal to the bench
mark of 0.5 (Baggozzi and Yi, 1988 and Hair et al, 2017) .

Table 4.3a gives the AVEs of all the subscales of the endogenous variables
reveal that all the AVEs are 0.5 and above except for the Role Def_T (0.4) and Role
Exe_T (0.3). Ping, (2009) suggested that AVEs that are slightly below 0.50 might be
acceptable for first time studies if they do not produce major discriminant validity
problems and the AVEs of the parent version of the instrument all have acceptable AVE
values.

The establishment of the discriminant validity was done with the new HTMT
criterion. For this to be established, the HTMT value for a set of two predictor variables
on and endogenous constructs must not be greater than 0.9 (Hensler et al., 2015). Table
4.3a revealed that the HTMT values of all the sub scales are not above 0.9 except for the
sub scales of the TPTPK. Furthermore, HTMT values were further analysed for
significance. The results show that all the HTMT values are significantly different from
1 at 25% and 95% confidence intervals (Hensler et al., 2015), thereby establishing the
discriminant validity of the endogenous constructs. The meaning of this result is that,
each latent constructs is unique and the indicators of each captures phenomena not
represented by other constructs in the model.

The mathematics achievement test which is the formative construct in this study,
was developed based on the SSS mathematics curriculum. To ensure content validity of
the instrument, a table of specification was used to ascertain that the items on the test
cover the four categories as specified in the curriculum. In addition, the test was shown
to lecturers in ICEE, practising mathematics teachers who are WASSCE team leaders
and Ph.D. students in ICEE. All these were done to establish the content validity of the
instrument before use as suggested by (Hair et al., 2017).

The formative measurement model was later checked for collinearity of the
indicators of the subscales of mathematics achievement by looking at their VIFs. All the
VIF values are mostly less than 2, which depicts no correlation (Glenn, 2015). The result
on Table 4.3b is an indication that, collinearity does not reach the critical level in any of
the indicators of the subscale of the formative construct. It means that all the formative
indicators are standing on their own and are not strongly related (i.e not highly
correlated) in any way.
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The relative importance of each formative indicator was assessed by estimating
the outer weights (see Figure 4.5) of the indicators. The estimates of the outer weights
were analysed for significance and relevance via bootstrapping procedure at 0.05
significant level with two tails. An outer weight is significant, if the p value is less than
0.05 at the same level of significance and as proposed by Hair et al, (2017), the
confidence interval must not have zero. The results on the significance of the outer
weights presented in appendix B2 reveal that it is only Q4 that is not significant at 0.05
level of significance. All the outer weights of other formative indicators are significant.

The estimates of the outer loadings were also assessed for significance at the
same level of significance (0.05). The results on the significance of the outer loadings
displayed in (Table 4.3c) show that all the outer loadings of the formative indicators
were statistically significant except Q38. Putting the results of the outer weights and
outer loadings together, all the formative indicators were retained because according to
Hair et al. (2017), only if both weight and loading are low or non-significant should a
formative indicator be deleted, otherwise, the indicator with non-significant outer weight
and loading would have been deleted. Based on the results of analysis of the outer
weights and outer loadings, all the formative indicators are significant and relevant.

Based on the results of the assessments of the reflective and formative
measurement models, the data obtained from the measurement model are valid and
reliable for the extraction of the latent scores of the latent constructs in the model for
further analysis in the structural model for this study. The latent scores for all the
endogenous variables were obtained and used in evaluating the structural model (Figure
3.8) for this study.

(iv) Consistency of the hypothesised structural model.
Following the procedure for the assessment of the structural, the model was first

checked for collinearity issues. This is necessary because path coefficients may be
distorted, if collinearity are at critical levels between sets of two predictor variables on an
endogenous variable (Glenn, 2015). This was done by examining the VIF values of all
sets of predictor constructs in the model. With the sets of predictor variables along the
rows of the matrix on Table 4.3d, it can be observed that the VIF values of all the sets of
predictors in the model are all below the threshold of 5. It can be observed that, all the
VIFs are all below two which indicate no correlation among the sets of predictors in the
structural model (Glenn, 2015 and Hair et al., 2017). This is an indication that,
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collinearity among the predictors of all the constructs are not at critical levels. This
means that each latent construct is standing on its own, that is, they are not perfectly
correlated. The latent constructs do not have any strong relationship with each other and
as a result the structural model can be examined further for the predictive powers of the
endogenous constructs on mathematics achievement.

With the absence of critical levels of collinearity among two sets of predictor
variables, the relationships among the latent constructs were estimated as indicated by
the path coefficients in the structural model

R2, the coefficient of determination, is a measure of the predictive power of
endogenous variables in a structural model. It is the amount of variance in the
endogenous variables explained by the exogenous constructs attached to it. R2 value
ranges between 0 and +1 and there is no rule of the thumb for acceptable R2. However,
0.2 is regarded high in some discipline. (Hair et al, 2017). Results presented on Table
4.4a with R2 values ranging between 0.01 and 0.24 depict that all the endogenous latent
constructs have predictive power, which means that each endogenous variable is capable
of predicting mathematics achievement.

Relative impact of the exogenous variables on the endogenous constructs in the
hypothesised structural model was determined by estimating the effect size f2 which
measures the impact that the removal of a particular exogenous variable has on the
endogenous constructs in a structural model. This is estimated with the change in R2 due
to the removal. The rule of the thumb for assessing f2 are that values of 0.02, 0.15 and
0.35 respectively represent small, medium and large effects (Cohen,1988) of the
exogenous latent constructs. f2 less than 0.02 indicate no effect. The results presented in
Table 4.4b means the removal of some of the endogenous will have substantive impacts
on the endogenous construct they are linked to. The f2 values of the constructs in the
structural model are between small to medium effect sizes.

The predictive capability of the hypothesised structural model was further
assessed for predictive relevance using Stone Geisser Q2. Q2 values greater than zero
indicate a path model predictive relevance for a particular dependent construct. The
results of the analysis on table 4.4c indicate that all the latent constructs are capable to
predict mathematics achievement with Q2 values between 0.01 and 0.23. Based on the
predictive capabilities of the endogenous constructs in the hypothesised structural model,
the structural model has the ability to predict mathematics achievement with (0.14).



134

The capability of the hypothesised model to predict mathematics achievement
was measured with the Root Mean Square Residual (SRMR), Normed fit Index (NFI) as
well as the Root Mean Square Residual Covariance (RMStheta). For a model to have
predictive capabilities in PLS-SEM, it must be fit (i.e SRMR ≤. 0.08 (Hu & Bentler,
1998 in Hair et al, 2017)) or RMStheta < 0.12 () NFI ≥ 0.95 and the lower the χ2 the better
the model). The results on table 4.4d revealed that SRMR = 0 ≤. 0.08; RMStheta 0.1 < 0.12
(an indication of a well-fitting model while higher values indicate lack of fit. (Hensler et
al, 2014). NFI=1≥ 0.95 and χ2 =0, the hypothesised structural model is fit and therefore
has the capability to predict mathematics achievement.

The path coefficients in the structural model were estimated to determine
relationships among the exogenous variables (teacher qualification, teacher mastery of
mathematics content, parent qualification, parent occupation and family size); the
endogenous variables (teacher PTP knowledge, parent PTP knowledge, teacher PTP
attitude, parent PTP attitude, teacher PTP practice, parent PTP practice, mathematics
interest and academic engagement) and the criterion variable (mathematics
achievement). Standardized values of path coefficients range between -1 and +1. Values
close to +1 represent strong positive relationship and vice versa for negative values.
Results presented on Table 4.5a show that, the strongest path (0.416) is from interest to
engagement while the weakest (-0.206) is from teacher qualification to achievement.
This is an indication that, student academic engagement has the strongest effect on
achievement than any other predictor variable.

Even though the hypothesised model is fit, the non-significant paths must be
deleted to obtain the most meaningful pathways, which were got by evaluating the
significance of the pathways. A significant path is a paths with strong relationship or link
between a variable and a predictor variable linked to it. The relationships (path
coefficients in Table 4.5a and Figure 4.3) were subjected to further analysis for
significance using bootstrapping procedure with two tails at 0.05 level of significance. A
path is regarded significant if the t value is ≥ 1.96 and the p value is < 0.05. The
relevance of significant relationships was also assessed. This is necessary with large
sample sizes, where a path is significant but the size of the significant path is small (Hair
et al, 2017).

The results of the bootstrapped confidence interval provided the estimates about
the stability of the paths. If a confidence interval for an estimated path does not include
zero, the path is assumed to have a significant effect hence such paths are said to be
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relevant. Comparing the results of the confidence intervals and p or t value in Table 4.5a,
it could be observed that all the significant paths (t≥ 1.96 or p< 0.05) have confidence
interval different from 0 except the path from teacher qualification (TQ) to TPTPK and
the path from parent family size to mathematics achievement. These two paths are
significant based on their p and t values but for a path to be significant in PLS-SEM, it
must meet the third criteria of the 95% confidence interval being different from 0 at 0.05
level of significance. This third criteria is probably due to the fact that PLS-SEM is
based on non-parametric procedure in establishing significance. This shows that the
relationship, though significant is not relevant because of the small size of the path
coefficient. The summary of path coefficients are presented on Table 4.5.

The hypothesised model presented in Chapter Three was reproduced in Figure 4.3
with path coefficients. Out of the 81 hypothesised pathways, only 46 were significant
and 35 were not significant. The non-significant paths were therefore removed from the
hypothesised structural model to produce the parsimonious model (Figure 4.7) which is
the most meaningful model involving all the exogenous constructs (teacher qualification
(TQ), teacher mastery of mathematics content (TMMC), parent qualification (PQ),
parent occupation (PO), family size (FS); the endogenous variables (teacher PTP
knowledge (TPTPK), parent PTP knowledge (PPTPK), teacher PTP attitude (TPTPA),
parent PTP attitude (PPTPA), teacher PTP practice (TPTPP) & parent PTP practice
(PPTPP) and the criterion variable (achievement in mathematics).

The capability of the adjusted model to predict mathematics achievement was
tested with all the exogenous and endogenous variables in the model, by estimating the
predictive powers (R2) of all the endogenous latent variables as well as their predictive
relevance (Q2). However, the contributions of the exogenous variables (effect size f2)
were not estimated but the results are not displayed for the parsimonious model because
all the values are the same with the f2 values in the hypothesised model. This is expected
because all the exogenous variables in the hypothesised model are still retained in the
parsimonious model. The same explanation goes for the same values for R2. The R2

value are the same in the two models (hypothesised and parsimonious) because R2 shows
the contributions of all exogenous variables linked to a particular endogenous latent
construct. Tables 4.5b and 4.5c present the R2, and the Q2 values respectively for the
parsimonious model.

Table 4.5b shows that all the endogenous variables have predictive powers just as
in the hypothesised model. In fact the R2, f2 and Q2 values are all the same with those of
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the hypothesised models, confirming the fact that, the paths that were removed are
actually not significant. These values are also the same because, the number of
exogenous variables are still the same as in the hypothesised model. Furthermore,
judging from the summary of the fit indices (Table 4.5d) of the parsimonious model, the
model is fit since SMRM = 0.01 ≤ 0.08; RMS theta = 0.1< 0.12; NFI = 0.99 ≥ 0.95. The
cross validated redundancy (Q2) provides clear support for the predictive relevance of the
model with regards to the endogenous latent constructs.

Direct effects of the exogenous variables on the criterion variable.
Significant Paths or the direct effects.

The direct paths are the significant paths (Table 4.6) and they (significant paths)
were extracted from Table 4.5a. T_QUAL (teacher qualification) is significant on
achievement, parent (PTPK, PTPA & PTPP) and on teacher PTPP. This result also
confirms the finding of Hanushek et al (2006) that assigning qualified teachers to a class
of disadvantaged children can close gaps in achievement between the students and their
privileged peers. It also supports the submission of Okeke (2009) that a successful
implementation of up to date reformed mathematics curriculum, there is an urgent’ need
for qualified mathematics teachers with good teaching methods, one who is capable of
using appropriate instructional materials to teach every mathematics topic. Okafor (2009)
stressed that a thoroughly prepared mathematics teacher will undoubtedly improve
mathematics teaching.

T_MAST (teacher mastery of mathematics content) is significant on mathematics
achievement, parent (PTPK, PTPA and PTPP) as well as teacher (PTPK and PTPP). The
results corroborate the view of Ball, Lubienski, and Mewddorn (2001), that effective use
of reform ideas using strategies depend on teachers’ knowledge of mathematics
(TMMC). This implies that if mathematics knowledge is lacking (TMMC), mathematics
teaching cannot be effective however good the teaching strategies are. In fact, the
teaching strategy cannot be good. P_QUAL (parent qualification) is significant on
achievement and parent (PTPK and PTPA). The explanation for this result is that
educated parents are already equipped with the knowledge needed as a result of their
education and, as a result of this level of education, they are able to provide the needed
support in terms of the attitude to PTP for their children to succeed academically. The
results confirm that parental qualification is an important factor affecting student
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academic achievement. (Khan, Iqbal and Taseem, (2015); Akinsanya, Ajayi, and Salomi,
(2014).

P_OCC (parent occupation is significant on interest and parent PTP attitude
(PPTPA). This result finding may be due to the fact that when parents have better
occupation, they can make adequate provision for their children education morally,
intellectually, spiritually and psychologically and they can also provide whatever is
needed to support and encourage them (Usain and Abubakar (2015). P_ FAM SIZE has
influence on parent PTP attitude, and teacher (PTPK and PTPA). This result confirms
that family size does not have influence on achievement (Lee, 2008; and Booth and Kee,
2009). However, family size can affect the support given to children in their academic
pursuits (Anna, Marta and Guilherme, 2017).

TPTPK has linkages with parent (PTPK, PTPA and PTPP) as well as teacher
(PTPA and PTPP). This means that the knowledge base of the teacher will affect the
knowledge of the parent as well as the attitude of the teacher and parent and their mode
of operation in PTP. This agrees with the view of Willingham (2017) that, the richer the
knowledge base, the easier the operation; the more knowledgeable a person is, the
smarter one becomes. PPTPK (parent PTP knowledge has influence on ACH
(mathematics achievement), ENG (engagement), INT (interest), parent (PTPA, PTPP)
parent PTP attitude and practice and TPTPA (teacher PTP attitude).

The results lend credence to the fact that knowledge helps a person to be the best
at what one does and the accumulation of knowledge on a particular thing helps one to
be the best version of oneself (Loewen, 2017). The simple explanation is that the
knowledge of the parent about PTP will propel such parent into having regular
communication with the teacher and this according to Little, Geo and Bell (2009 may
immediately increase student engagement as measured by home-work completion rates,
on task behaviour and classroom participation. All these activities will impact positively
on interest engagement and improved learning outcomes.

TPTPA has linkages with INT, ENG, parent (PTPA and PTPP) and teacher PTP
practice. This corroborates the result of Uka (2014) that the attitude of a mathematics
teacher is a very important factor in building an environment that promotes learning.
PTPTA (parent PTP attitude) has influence on ACH (mathematics achievement) and
parent (PTPP). This result affirms the view of Paswan and Young (2002) that, when
students know that parents and teachers are investing in giving attention to them they
react positively and become interested and become motivated to learning mathematics.
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This is so because it can boost their interest and indirectly promote positive learning
outcomes. In addition, the submission of Paswan et al. (2002) is an indication that
positive attitude will enhance good practice.

TPTPP (teacher PTP practice) and PPTPP (parent PTP practice) are significant
on ACH (mathematics achievement), INT (interest), and ENG (engagement). These
agree with the finding of Robert (2015) that various involvement practice of parents in
children education can promote intrinsic motivation, increase academic engagement and
thereby lead to improved performance and also supporting the view of Christenson
(2003) who described PTP as a protective factor, and as home-school strategies to
enhance school success. INT (interest) is significant on engagement and achievement.
Abrantes et al (2006) submitted that students’ interest is the primary influence on
learning and according to Fisher et al. (2012), students who are interested in their
learning activities are likely to report high competence belief, high achievement and
choose high scores. In other words, interest in a key factor in achievement.

This confirms the result of Orozco et al (2009) engagement was found to be a
robust predictor of academic performance. The findings of this study reveal that PTP can
be a strategy that may be used by the mathematics teacher in boosting student learning
outcomes is mathematics and this is in agreement with the suggestion of Deneen (2010),
that teachers can help students to be emotionally engaged with a wide use of a variety of
strategies that can promote emotions that will facilitate learning process, minimize
negative behaviour or keep students from dropping out. That is any strategy such as PTP
that can build up stronger relationship between the students.

Combined effect of the exogenous and the endogenous variables on the criterion
variable.

Table 4.8 presents the total effects of the exogenous variables on the endogenous
variables. As it can be seen, all the total effects are not significant. The significant total
effects are in a decreasing order with TQ (0.2) the highest significant total effect,
followed by TMMC (0.17), INT (-0.14) PPTPP (0.14), PPTPK (0.11), PQ (0.1), ENG (-
0.08), TPTPP (0.06), PPTPA (0.04), and PQOC (-0.01). However, the total effects of,
TPTPA, TPTPK and PQFS are not significant on mathematics achievement. The total
effects (Table 4.8) = direct effects + indirect effects.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

This chapter presents the summary of major findings of this study, the implications
of the findings, recommendations, limitations and conclusion as well as suggestions for
further for studies.

5.1 Summary
Parents and teachers have very strong influence in building a child’s confidence

and motivation to learn since the home and the school are the two primary environments
where children grow and develop physically, mentally, socially, emotionally and
academically. This shows that parents and teachers are important players in the
educational development of a child. If teachers are competent to teach what they are
trained to teach, students will be motivated to learn, their interest will be aroused, they
will be more engaged academically and this will translate into improved achievement.
PTP is a relationship with regular communication between the teacher and parents about
children learning. It goes beyond parent attending PTA meeting, open day programme,
parents serving as members of school committees or attending programmes organised by
the school. It is a relationship that calls for a one on one interaction between the parents
and the teacher which is basically centred on how academic performance can be
improved. This interaction is important because when parents and teachers work
together, children receive consistent messages at home and in school about their
education. In PTP, children are supported and encouraged in their educational pursuits.
All these positive attributes of PTP are considered important for mathematics learning as
it can help to improve achievement of students in the subject.

Based on this premise, this study investigated the causal effects of some parent
factors (parent qualification, parent occupation and family size) and teacher factors
(teacher qualification and teacher mastery of mathematics content) as well as PTP
variables (PTP knowledge, PTP attitude and PTP practice) on students’ mathematics
interest, and engagement with a view to improving mathematics achievement, thus help
to sustain the improved performance of Nigerian students in mathematics.

In order to determine the causal relationship between the variables of the study,
research questions were raised and ten instruments were used to gather data for the study.
The researcher hypothesised and tested a fourteen variable model that was built based on
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logic, sound theories and literature to bring out the pattern of causation among the
variables (exogenous and endogenous) and mathematics achievement (the criterion
variable). Data gathered were also analysed using simple descriptive statistics,
exploratory factor analysis and PLS-SEM.
The major findings of this study are:

 Parents and mathematics teachers sampled have knowledge of PTP, good
attitude to PTP and are into the practice of PTP. However the level of
knowledge, attitude and practice of PTP by Mathematics teachers seem higher
than those of parents.

 This study has also shown that, record of attendances are not kept by schools for
PTA meetings and Open Day programme since records are only used to force
parents to attend the programmes.

 Mothers are more involved in PTP programmes in terms of PTA meetings and
Open Day attendance than fathers.

 Teacher qualification, is significant on mathematics achievement, parent PTP
knowledge, parent PTP attitude, parent PTP practice and teacher PTP practice.

 Teacher mastery of mathematics content has causal linkages with mathematics
achievement, parent PTP knowledge, parent PTP attitude, parent PTP practice,
teacher PTP knowledge and teacher PTP practice.

 Parent qualification influences mathematics achievement, parent PTP knowledge
and parent PTP attitude.

 Parent occupation influences student mathematics interest and parent PTP
attitude.

 Parent family size is significant on parent PTP attitude, teacher PTP knowledge
and teacher PTP attitude.

 Teacher PTP knowledge predicted parent PTP knowledge, parent PTP attitude,
parent PTP practice, teacher PTP attitude and teacher PTP practice.

 Parent PTP knowledge predicted mathematics achievement, academic
engagement, student mathematics interest, parent PTP attitude, parent PTP
practice and teacher PTP attitude.

 Teacher PTP attitude has causal linkages with academic engagement, student
mathematics interest, parent PTP attitude, parent PTP practice and teacher PTP
practice.

 Parent PTP attitude is significant on mathematics achievement and teacher PTP
practice.
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 Teacher PTP practice predicted mathematics achievement, academic engagement,
and student mathematics interest.

 Parent PTP practice predicted mathematics achievement, academic engagement,
and student mathematics interest.

 Interest is significant on mathematics achievement and academic engagement
 Academic engagement predicted mathematics achievement.
 Parent-teacher attitude and parent-teacher practice contributed better to students

mathematics achievement than parent-teacher knowledge.
 Part of the findings of the study also revealed the relative order of importance of

the variables used to explain mathematics achievement. Teacher qualification is
the most important, followed by teacher mastery of mathematics content, student
mathematics interest, parent PTP practice, parent PTP knowledge, parent
qualification, student academic engagement, teacher PTP practice, parent PTP
attitude and parent occupation. However, the total effects of teacher PTP attitude,
teacher PTP knowledge and family size are not significant on mathematics
achievement.

5.2 Conclusion
Students all over the world find mathematics instruction difficult. Therefore,

efforts must be made to evolve strategies that may help to arouse students’ interest, to
improve student engagement with the aim of raising performance in the subject. The
provision of home and classroom environment that are conducive to mathematics
learning is a step in this direction. PTP (knowledge, attitude and practice) of both parents
and teachers influenced student’s mathematics interest and academic engagement as well
as achievement in mathematics. The establishment of PTP provides a link between
classroom learning and home activities. A triangular relationship between the teacher,
parent and the student, facilitates mathematics learning. Hence, joint efforts involving
the parents and mathematics teachers, where responsibilities are shared to create a
working relationship, is therefore a way to sustain steady improvement in mathematics
achievement.

Teacher qualification and teacher mastery of mathematics content are essential in
the operation of PTP. This is because, qualified teachers with good mastery of
mathematics content are needed for the full impact of PTP on mathematics learning.
Teachers, based on their professional expertise, should help parents, particularly the
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uneducated ones, define their roles in PTP and also guide them (parents) on how to
execute these roles to make parents effective in the practice of PTP. This may spur some
of these parents into having the right attitude needed to make the relationship fruitful and
effective. Mathematics teachers should also communicate their expectations on PTP to
parents as this may encourage more fathers to create time to attend the PTP programmes
of the school and at the same time get more involved in their children mathematics
learning. The interaction between parents and mathematics teachers would impact
positively on the children by making them more interested and more engaged with
learning mathematics. The end result could improve performance because interest and
engagement are both significant on mathematics achievement. In view of the findings of
this study, positive contributions from parents such as frequent parent-teacher interaction
and monitoring motivate children mathematics learning and therefore help to maintain
steady improvement in students’ performance in the subject.

5.3 Recommendations
The recommendations listed below are based on the findings of this study for

mathematics teachers, parents, school and policy makers:
1. Schools should organise programmes that will encourage the active participation

of parents in children education.
2. Policy makers should organise sensitisation programmes for parents

a) on the benefits of attending PTA meetings and Open Day programmes
and

b) what should be the attitude of parents to children education.
3. Mathematics teachers should be encouraged to partner with parents on children

mathematics learning.
4. Since teachers are more knowledgeable about PTP, schools can use the avenue of

PTA meetings to educate parents on PTP, so that parents (particularly those
without formal education) can become knowledgeable about PTP, the expected
attitude and the expected practice.

5. Policy makers should include ‘’Open Day’’ programmes into the school
curriculum of public schools and make it more than once in a term.

6. ‘’Open day’’ should be for specific school subjects particularly at the senior
secondary schools level.



143

7. Mathematics teachers should be encouraged to conduct Open Day programme
and use the opportunity to initiate effective communication with parents on
children mathematics learning.

8. Mathematics teachers should use their professional expertise to help parents
define their roles in PTP and how to execute the roles.

5.4 Limitation and Suggestion for Further Studies
Due to the constraints of time and finance, four local government areas from each

senatorial district were used for data collection.
The result of this study revealed that joint efforts between parents and teachers

influenced student’s mathematics interest and academic engagement as well as
achievement in mathematics, it is therefore suggested that the research be conducted on a
bigger sample involving all the states in Nigeria. This may help to improve the
convergent validity and the internal consistency of the teacher PTP knowledge scale.

The study could be replicated for other subjects in the senior secondary school to
document the effect of PTP empirically on learning outcomes. This study could also be
replicated for junior secondary school mathematics so as to document the causal linkages
between PTP and mathematics achievement empirically.

5.5 Contribution to Knowledge
The study has contributed the following to knowledge:

1. The study has successfully introduced new variables namely, PTP knowledge,
PTP attitude and PTP practice into the existing literature on educational research.

2. The study has provided empirical documentation on the causal link between PTP
and mathematics achievement.

3. The study has also brought into limelight in this clime, the use of higher order of
Partial Least Square Structural Equation Modelling for data analysis.

4. The study created knowledge in the usage of PLS-SEM in education because
other disciplines such as agriculture, social sciences, medicine have dominated
the use of PLS.

5. The study validated a model that can be used to make prediction based on the
variables in the model on mathematics achievement.

6. The study validated five different scales that can be adapted or adopted for
research.
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APPENDIX I(a)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION

INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
MATHEMATICS ACHIEVEMENT TEST

CLASS SS3 TIME 40
MINUTES

SECTION A

NAME OF SCHOOL: ……………………………………………………………………

NAME OF STUDENT……………………………………………………………………

CLASS: SCIENCE/ART/COMMERCIAL AGE………….. GENDER M/F

SECTION B

1. Simplify 0.000215 × 0.000028 and express your answer in standard form.
A 6.03× 109 B 6.02× 109 C 6.03× 10−9D 6.02× 10−9

2. Factorise: 𝑥 + 𝑦 − 𝑎𝑥 − 𝑎𝑦. A 𝑥 − 𝑦 1 − 𝑎 B 𝑥 + 𝑦 1 + 𝑎 C
𝑥 + 𝑦 1 − 𝑎 D 𝑥 − 𝑦 1 + 𝑎
3. Correct 0.002473 to 3 significant figures.

A 0.002 B 0.0024 C 0.00247 D 0.0025
4. Simplify: 11

2 + 21
3 × 3

4 − 1
2 A − 21

3 B − 21
4 C 21

8 D23
4

5. The sum of two consecutive whole numbers is 5
6 of their product. Find the numbers.

A 3, 4 B 1, 2 C 2, 3 D 0, 1
6. Given that 5𝑛+3

252𝑛−3 = 50, find n. A n=1 B n=2 C n=3 D n=5

7. A rectangle has length x cm and width(x-1) cm. if the perimeter is 16cm, find the
value of x. A 31

2cm B 4cm C 41
2cm D 5cm

8. The table below shows the number of pets kept by 30 students in a class. If a
student is picked at random from the class, what is the probability that he/she

kept more than one pet?

A 1
5 B 2

5 C 3
5 D 4

5

9. Simplify: 2 3 − 6
3

+ 3
27

A 1 B 1
3 3 C 2 3 − 5 2

3D 6 3 − 17

10. Simplify: 2
2+𝑥 + 2

2−𝑥  A 4
4−𝑥2 B 8

4−𝑥2 C
4𝑥

4−𝑥2 D
8−4𝑥
4−𝑥2

11. The sum of the exterior angles of an n-sided convex polygon is half the sum of its
interior angles. Find n. A 6 B 8 C 9 D 12

Number of pets 0 1 2 3 4
Number of students 8 4 5 10 3
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13. If 𝑦 = 2 𝑥2+𝑚
3𝑁 , make x the subject of the formula.

A
9𝑦2𝑁2−2𝑚

2 B
9𝑦2𝑁2+2𝑚

2 C
9𝑦2𝑁2−4𝑚

2 D
9𝑦2𝑁2+4𝑚

2

13. Bala sold an article for N6900:00, and made a profit of 15%.if he sold it for
N6600:00, he would have made a:
A profit of 13% B loss of 12% C profit of 10% D loss of 5%

14. The subtraction below is in base seven. Find the missing number 5 1 6 2
2 6 4 4
2 * 1 5

A 2 B 3 C 4 D 5
The table below is for the relation y = mx + c, where m and c are constants. Use
the table to answer questions 15 and 16

15. What is the equation of the line described in the table?
A 𝑦 = 2𝑥 B 𝑦 = 𝑥 + 1 C  𝑦 = 𝑥 D 𝑦 = 1

2𝑥 + 1
16. What is the value of x when y = 5? A 8 B 9 C 10 D11

17. If 𝑥2 + 𝑘𝑥 + 16
9 is a perfect square, find the value of 𝑥 x

A 8
3 B 7

3 C 5
3 D 2

3
19. Given that cos 𝑥0 = 1

𝑟 express tan 𝑥0 in terms of r.
A 1

𝑟
B 𝑟 C 𝑟2 + 1 D 𝑟2 − 1

20. Solve the equations 3𝑥 − 2𝑦 = 7;𝑥 + 2𝑦 =− 3
A 𝑥 = 1,𝑦 =− 2 B 𝑥 = 1,𝑦 = 3  C 𝑥 =− 2,𝑦 =− 1 D 𝑥 = 4,𝑦 =− 3

21. One of the factors of 𝑚𝑛 − 𝑛𝑞 − 𝑛2 + 𝑚𝑞 is 𝑚 − 𝑛 . The other factor is
A 𝑛 − 𝑞 B 𝑞 − 𝑛 C 𝑛 + 𝑞 D 𝑞 − 𝑚

22. A cylindrical container has base radius of 14cm and height 18cm. how many
litres correct to the nearest litre of liquid can it hold?[Take 𝜋 =  22

7].
A 11 B 14 C 16 D 18

23. A regular polygon of n sides has each exterior angle equal to450. Find the value
of n. A 6 B 8 C 12 D 15

24. The cross section of a uniform prism is a right-angled triangle with sides 3cm,
4cm and 5cm. if its length is 10cm, calculate the total surface area.
A 142𝑐𝑚2 B 132𝑐𝑚2 C 122𝑐𝑚2 D 112𝑐𝑚2

25. Form the equation whose roots are 𝑥 = 1
2 and− 2

3.
A 6𝑥2 − 𝑥 + 2 B 6𝑥2 − 𝑥 − 2 C 6𝑥2 + 𝑥 + 2D 6𝑥2 + 𝑥 − 2

26. Simplify: 𝑙𝑜𝑔 27
𝑙𝑜𝑔 81

A 3 B 2 C 3
2 D 3

4

27. Which of these angles can be constructed using ruler and a pair of compasses
only? A 1150 B 1250 C 1350 D 1450

X 0 2 4 6
Y 1 2 3 4
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28. The length of a piece of stick is 1.75m. A girl measured it as 1.80m. Find the
percentage error. A 284

7 % B 29
7 % C 5% D 20

7 %

29. What is the value of 3 in the number 42.7531? A 3
10000 B

3
1000 C 3

100 D 3
10

30. A circle is divided into two sectors in the ratio 3:7. If the radius of the circle is
7cm, calculate the length of the minor arc of the circle.
An 18.85cm B 13.20cm C 12.30cm D 11.30cm

31. If 72 + 32 − 3 18 = 𝑥 8, find the value of x. A 1 B 3
4 C 1

2 D 1
4

32. A rectangular garden measures 18.6m by 12.5m. Calculate correct to three
significant figures, the area of the garden. A 230𝑚2 B 231𝑚2 C 232𝑚2 D 233𝑚2

33. In a particular year, the exchange rate of Naira (N) varies directly with the dollar
($). If N1122 is equivalent to $8, find the Naira equivalent of &36.
A N8976 B N5049 C N104.25 D N31.17

34. What is the median of the following scores: 22, 41, 35, 63, 82, and 74?
A. 82 B. 52 C. 49 D. 22

35. The capacity of a water tank is 1,800 litres. If the tank is in form of a cuboid with
base 600cm by 150cm, find the height of the tank.
A. 2cm B. 20cm C. 200cm D. 2000cm

36. What is the value of M in the diagram? A 20° B 30° C 40° D 50°

The pie chart below shows the distribution of 4320 students who graduated from four
Departments in a university. Use the information to answer questions 37 and 38.

37. How many students graduated from the science department?
A 840 B 864 C 920 D 960

38. If a students is picked at random, what is the probability that he is not from the
education department? A 3

10 B 2
9 C 5

18 D 7
10

108°

100° 80°

SCIENCE

MEDICINE

EDUCATION

ARTS

7m-15° 4m+75°
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39. In the diagram, /TP/=12cm, and it is 6cm from O, the centre.
Calculate ÐTOP.
A 120° B 90° C 60° D 45°

40. Which shaded region in the following diagrams represents(𝑷 ∪ 𝑸) ∩ 𝑹?

41. In the diagram, ÐPSR=22°, ÐSPQ=58° and ÐPQR=41°. Calculate the obtuse
angle QRS. A 99° B 100° C 121° D 165°

T

O

12 cm P

58°
22° 41°

P

S
R

Q

P

R

Q P

R

QA B

C DP Q

R

P Q

R



162

APPENDIX I(b)

INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION
INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
STUDENTS’ ACADEMIC ENGAGEMENT SCALE (SAES)

The purpose of this study is to collect data on students’ academic engagement and
interest. It is purely for educational research. Please tick  (√) the option that is most

appropriate to you, be honest as much as possible as the information will strictly be used
for research purpose

SECTION A
Name of Student…………………………………………………………………………
Name of school……………….……………………………………………………………
School Type: Public/Private School Location: Urban/Rural
Class…………… Sex: Male ( ) Female ( ) Age……….

SECTION B
S/
N

Please tick  (√) the option that is most appropriate to you, be honest as much as
possible

Al
wa

ys
So

m
et

im
e

s Ne
ve

r

EXAMPLE: I use my mobile phone in the class √

1 I pay attention to my mathematics teacher during lesson/class
2 If I don’t understand a particular topic I don’t hesitate to ask questions during

mathematics lesson
3 I attempt my mathematics classwork, no matter how difficult
4 When my score is poor in mathematics, I work harder for better performance
5 I practice ahead of mathematics class so as not to miss out in mathematics

lesson
6 I practice mathematics exercises immediately after the class
7 I work towards getting high marks in mathematics
8 I use my free periods in school to practice the topics I’m taught in mathematics

lesson
9 I ensure that I do my mathematics assignment myself
10 I like working out complex mathematics problems
11 I ask my teacher for clarification on mathematics exercises that I find somehow

difficult
12 I keep the company of friends who can assist me in mathematics topics
13 I practice exercises from other mathematics textbooks apart from the

recommended text
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APPENDIX I(c)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION
INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN

STUDENTS’ MATHEMATICS INTEREST SCALE (SMIS)

Dear Respondent,

The purpose of this study is to collect data on students ‘interest in mathematics. It is
purely for educational research. Please tick (√) the option that is most appropriate to you,
be honest as much as possible as the information will be used strictly for research
purpose.

SECTION A

Name of Student…………………………………………………………………………
Name of school……………….……………………………………………………………
School Type: Public/Private School Location: Urban/Rural
Class…………… Sex: Male ( ) Female ( ) Age……….

S/
N

Al
wa

ys
So

m
et

im
e

s Ne
ve

r

EXAMPLE: Schooling is enjoyable to me √

1 I enjoy mathematics lessons
2 Mathematics is fun to me
3 I look forward to mathematics lesson
4 Life is dull without mathematics
5 I study mathematics more willingly than any other subject
6 I don‘t get bored studying mathematics
7 I enjoy practising mathematics
8 I am always thirsty for more mathematics knowledge
9 Mathematics is important to me
10 Mathematics is boring
11 I never get tired of solving mathematics
12 Mathematics is exciting
13 I like discussing mathematics with my friends
14 I wish there were more mathematics classes a week
15 Mathematics is my best subject
16 I would like to spend most of my studying hours on mathematics
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APPENDIX I(d)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION
INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN

PARENT TEACHER PARTNERSHIP KNOWLEDGE QUESTIONNAIRE FOR
PARENTS (PTPKQP)

Dear Respondent,

The purpose of this study is to collect data on the relationship between you and your
child’s mathematics teacher. It is purely for educational research. Please tick (√) the
option that is most appropriate to you, be honest as much as possible as the information
will strictly be used for research purpose.

SECTION A Child’s Name…………………………………. parent:
Mother/Father/Guardian (male/female)
Child’s age………..class……….. State of Origin……………………….no of children in the
family………….
Highest Qualification (please tick the one that is applicable to you from the list below): No
formal education ( )
PRY SIX LEAVING CERT. ( ); SSCE/GCE O level ( ); OND ( ); ACE ( ); NCE ( ); GRADE
II ( ) HND ( ); FIRST DEG ( ) Masters ( ); PhD Degree ( )
Occupation (please tick as appropriate): Self Employed ( ) Civil Servant/Public Servant ( )

Private Employee ( ) No Job/ Unemployed ( )

SECTION B: KINDLY INDICATE BEHAVIOURS THAT SHOULD EXIST
BETWEEN PARENTS AND MATHEMATICS TEACHERS IN PTP (Tick (√)
as many as applicable to you)

YE
S

NO

EXAMPLE: Is schooling enjoyable to your child √
Do you know that as a parent you can partner with your child’s mathematics
teacher to:

1 arrange periodic meetings to discuss your child’s progress
5 correct negative behaviour exhibited by your child
6 have insight into your child’s learning behaviour
7 show concern for your child’s mathematics learning
8 promote study habit in your child after school hours
9 create a working relationship to aid your child’s academic success
11 share responsibility to promote your child’s academic development
15 seek opportunity to interact more on your child’s learning
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APPENDIX I(e)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION

INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
PARENT TEACHER PARTNERSHIP KNOWLEDGE QUESTIONNAIRE

FOR MATHEMATICS TEACHERS (PTPKQMT)
Dear Respondent,

The purpose of this study is to collect data on the relationship between you and your
child’s mathematics teacher. It is purely for educational research. Please tick (√) the
option that is most appropriate to you, be honest as much as possible as the information
will strictly be used for research purpose.

SECTION A: Name of School………………………………………………………………………
1) State of Origin………………Age…………Gender………..Phone

No……………………………
Highest qualification (please tick the one that is applicable to you from the list below).
SSCE/ GCE/ NECO( ); OND ( ); ACE ( ); NCE ( ); Grade II ( ); Dip Cert ( ); A level ( );
HND ( ); B.A ( ); B.A.Ed. ( ); B.Sc.Ed ( ); B.Sc. ( ); B.Ed. ( ); M.A ( ); M. Ed ( ); M.Sc. ( ) Ph.D.
( ).
Area of Specialisation: (please tick the one that is applicable to you from the list below).
2) Mathematics, Physics, Chemistry, Biology, Engineering and Others (please specify) ……...……

Do you know that as a mathematics teacher, you can partner with parents of
children having challenges with mathematics in your mathematics class to:

EXAMPLE: Students under me find schooling enjoyable √
1 arrange periodic meetings to discuss children progress
5 correct negative behaviour exhibited by children
6 have insight into children learning behaviour
7 show concern for children mathematics learning
8 promote study habit in children after school hours
9 create a working relationship to aid children academic success
11 share responsibility to promote children academic development
15 seek opportunity to interact on children learning
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APPENDIX I(f)
INTERNATIONAL CENTRE FOR EDUCATIONAL

EVALUATION
INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN

PARENT TEACHER PARTNERSHIP ATTITUDE QUESTIONNAIRE
FOR PARENTS (PTPAQP)

Dear Respondent,

The purpose of this study is to collect data on the relationship between you and your
child’s mathematics teacher. It is purely for educational research. Please tick (√) the
option that is most appropriate to you, be honest as much as possible as the information
will strictly be used for research purpose.

SECTION A Child’s Name…………………………………. parent: Mother/Father/Guardian
(male/female)
Child’s age………..class……….. State of Origin……………………….no of children in the
family………….
Highest Qualification (please tick the one that is applicable to you from the list below): No formal
education ( )
PRY SIX LEAVING CERT. ( ); SSCE/GCE O level ( ); OND ( ); ACE ( ); NCE ( ); GRADE II
( ) HND ( ); FIRST DEG ( ) Masters ( ); PhD Degree ( )
Occupation (please tick as appropriate): Self Employed ( ) Civil Servant/Public Servant ( )

Private Employee ( ) No Job/ Unemployed ( )

SECTION C: Kindly indicate your opinion on the attitude of parents and
mathematics teachers in paren-teacher partnership (Tick (√) as many as
applicable to you) Ve

ry
Tr

ue Tr
ue

Al
m

os
t

Tr
ue No

t
Tr

ue

EXAMPLE: Mathematics teachers are not accommodating √
5 Mathematics teachers are difficult to relate with, hence no need to partner

with them.
6 It is not the business of parents to have insight into children learning

behaviour in the classroom
7 Only mathematics teachers must show concern for children learning and not

parents
8 Teachers give home work to push their responsibility to parents and not to

promote study habit in children
9 Only uneducated parents create working relationship with teachers to aid

academic success
11 It is the sole responsibility of the teacher to create conditions that encourage

children learning in the school, it does not concern the parent at all
13 It unnecessary to communicate feedbacks on children learning progress
14 Idle parents make contact with teachers for updates on children learning
15 Making extra arrangement for children learning is not the duty of the teacher
16 Parents of dull students seek opportunity to interact for children learning
17 Jobless parents share views on children disposition to learning
24 Only unemployed parents attend PTA meetings
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APPENDIX I (g)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION

INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
PARENT TEACHER PARTNERSHIP ATITUDE QUESTIONNAIRE FOR

MATHEMATICS TEACHERS (PTPKQMT)
Dear Respondent,

The purpose of this study is to collect data on the relationship between you and your
child’s mathematics teacher. It is purely for educational research. Please tick (√) the
option that is most appropriate to you, be honest as much as possible as the information
will strictly be used for research purpose.

SECTION A:
1) State of Origin………………Age…………class……… Gender………..
Highest qualification (please tick the one that is applicable to you from the list below).
SSCE/ GCE/ NECO( ); OND ( ); ACE ( ); NCE ( ); Grade II ( ); Dip Cert ( ); A level ( );
HND ( ); B.A ( ); B.A.Ed. ( ); B.Sc.Ed ( ); B.Sc. ( ); B.Ed. ( ); M.A ( ); M. Ed ( ); M.Sc. ( ) Ph.D.
( ).
Area of Specialisation: (please tick the one that is applicable to you from the list below).
2) Mathematics, Physics, Chemistry, Biology, Engineering and Others (please specify) ……...……

Ve
ry

tru
e

Tr
ue

Al
mo

st
tru

e
No

tt
ru
e

Example: Mathematics teachers are not accommodating √

5 Mathematics teachers are difficult to relate with, hence no need to partner
with them

6 It is not the business of parents to have insight into children learning
behaviour in the classroom

7 Only mathematics teachers must show concern for children learning and not
parents

8 Teachers give home work to push their responsibility to parents and not to
promote study habit in children

9 Only uneducated parents create working relationship with teachers to aid
academic success

11 It is the sole responsibility of the teacher to create conditions that encourage
children learning in the school, it does not concern the parent at all

13 It unnecessary to communicate feedbacks on children learning progress
14 Idle parents make contact with teachers for updates on children learning
15 Making extra arrangement for children learning is not the duty of the teacher
16 Parents of dull students seek opportunity to interact for children learning
17 Jobless parents share views on children disposition to learning
24 Only unemployed parents attend PTA meetings
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APPENDIX I(i)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION

INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
PARENT TEACHER PARTNERSHIP PRACTICE QUESTIONNAIRE

FOR PARENTS (PTPPQP)
Dear Respondent,
The purpose of this study is to collect data on the relationship between you and your
child’s mathematics teacher. It is purely for educational research. Please tick (√) the
option that is most appropriate to you, be honest as much as possible as the information
will strictly be used for research purpose.

SECTION A Child’s Name…………………………………. parent: Mother/Father/Guardian
(male/female)
Child’s age………..class……….. State of Origin……………………….no of children in the
family………….
Highest Qualification (please tick the one that is applicable to you from the list below): No formal
education ( )
PRY SIX LEAVING CERT. ( ); SSCE/GCE O level ( ); OND ( ); ACE ( ); NCE ( ); GRADE II
( ) HND ( ); FIRST DEG ( ) Masters ( ); PhD Degree ( )
Occupation (please tick as appropriate): Self Employed ( ) Civil Servant/Public Servant ( )

Private Employee ( ) No Job/ Unemployed ( )

SECTION D: HOW FREQUENTLY DO YOU DO THE
FOLLOWING WITH YOUR CHILD’S MATHEMATICS
TEACHER

M
or

eT
ha

n
Th

re
e

Ti
m

es
in

aT
er

m

Th
re

eT
im

es
in

a
Te

rm

Tw
ice

in
aT

er
m

On
ce

in
aT

er
m

Ne
ve

r

EXAMPLE: I communicate with my child’s mathematics teacher √

1 Arrange periodic meetings to discuss your child’s progress

2 Make calls to discuss your child’s learning
4 Set expectation for your child’s performance
5 Correct negative behaviour exhibited by your child
6 Have insight into your child’ learning behaviour
7 Show concern for your child’s mathematics learning
8 Promote study habit in your child after school hours
9 Create a working relationship to aid your child’s academic success
10 Create conditions that encourage your child’s learning
11 Share responsibility to promote your child’s academic development
12 Communicate feedbacks on your child’s learning progress
13 Maintain contact for updates on your child’s learning
14 Make extra arrangement for your child’s learning
15 Seek opportunity to interact your child’s learning
16 Share views on your child’s disposition to learning
17 appreciates suggestions for your child’s learning progress
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APPENDIX I(j)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION

INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
PARENT TEACHER PARTNERSHIP PRACTICE QUESTIONNAIRE FOR

MATHEMATICS TEACHERS (PTPKQMT)

Dear Respondent,
The purpose of this study is to collect data on the relationship between you and your
child’s mathematics teacher. It is purely for educational research. Please tick (√) the
option that is most appropriate to you, be honest as much as possible as the information
will strictly be used for research purpose.

SECTION A:
1) State of Origin………………Age…………class……… Gender………..
Highest qualification (please tick the one that is applicable to you from the list below).
SSCE/ GCE/ NECO( ); OND ( ); ACE ( ); NCE ( ); Grade II ( ); Dip Cert ( ); A level ( );
HND ( ); B.A ( ); B.A.Ed. ( ); B.Sc.Ed ( ); B.Sc. ( ); B.Ed. ( ); M.A ( ); M. Ed ( ); M.Sc. ( ) Ph.D.
( ).
Area of Specialisation: (please tick the one that is applicable to you from the list below).
2) Mathematics, Physics, Chemistry, Biology, Engineering and Others (please specify) ……...……

SECTION D
How frequently do you do the under listed with parents of children
in your mathematics class:

M
or

eT
ha

n
Th

re
e

Ti
m

es
in

aT
er

m
Th

re
eT

im
es

in
a

Te
rm

Tw
ice

in
aT

er
m

On
ce

in
aT

er
m

Ne
ve

r

Example: communicate with my parents of children √

1 arrange meetings to discuss children progress
2 make calls to discuss children learning
4 set expectation for children performance
5 correct negative behaviour exhibited by children in the classroom
6 have insight into children learning behaviour
7 show concern for children mathematics learning
8 promote study habit in children after school hours
9 create a working relationship to aid children aid academic success
10 create conditions that encourage children learning
11 share responsibility to promote children academic development
12 communicate feedbacks of children learning progress
13 maintain contact for updates on children learning
14 make extra arrangement for children learning
15 seek opportunity to interact on children learning
16 share views on children disposition to learning
17 appreciates suggestions for children learning progress
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APPENDIX I(k)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION
UNIVERSITY OF IBADAN, INSTITUTE OF EDUCATION

OBSERVATIONAL SCHEDULE FOR MATHEMATICS TEACHERS’
MASTERY OF MATHEMATICS CONTENT

EXAMPLE 1

Solve for x if,
          2log𝑥 3 3

8 = 6

Expected Task

SC
OR

E

2log𝑥 3 3
8 = 6 Teacher expresses  3 3

8 in improper fraction M1

Teacher gets the correct answer A1

log𝑥
27
8

2
= 6 Application of rule of logarithms to raise 27

8 to the power of 2 M1

27
8

2
= 𝑥6 Conversion from logarithms to indices M1

Why? Because the log of a number is the power of the base B1

33

23

2

= 𝑥6
Teacher expresses 27 in powers of 3 and 8 in powers of 2 such that
both the denominator and the numerator are both raised to the same
power

M1

Teacher gets the correct answer A1

3
2

3 2

= 𝑥6
Teacher simplifies further by raising both the numerator and
denominator together to power 3

M1

                3
2

6
=  𝑥6 Teacher multiplies the indices together to get 6 A1

3
2 = 𝑥

Teacher equates x to 3
2 Why? Because if the powers are the same, the

base will be equal i.e they can be equated together and vice versa
M1

Teacher gets the correct answer A1
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EXAMPLE 2
The latitude and longitude of a point P are
500𝑁,320𝑊 and of another point Q are
500𝑁,480𝐸. Calculate, to the nearest 100km:

i) the radius of the circle of latitude
through P and Q ,

ii) the distance PQ along the parallel of
latitude

iii) the speed due to the rotation of the
Earth in km/h of the point P, assuming
that the Earth makes a complete
rotation in 24hours. (take the radius of
the Earth to be 6400km.)

Teacher represents the problem with a
sketch of the world globe

B1

Teacher distinguishes between latitude and
longitude.

B1

Teacher draws diagram to differentiate
between small r and big R

B1

Teacher helps students to identify the points
P & Q are diagram.

B1

Teacher labels the points on the globe
correctly

B1

Fig a b

Teacher represents the parallel of latitude
with a circle i.e fig b

B1

Teacher labels the diagram of the parallel of
latitude correctly

B1

Calculate the radius of the circle of latitude PQ

Recall that cos 𝜃 = 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠

Teacher uses the diagram to obtain an
expression for small r. i.e 𝑟 = 𝑅 cos ∝

B1

Teacher recalls the expression for small r.
without consulting the textbook

B1

𝑟 = 6400 ×  0.6428 Teacher substitutes the values of R and cos
θ correctly

M1

𝑟 = 4100𝑘𝑚 Teacher gets the correct value of r the
nearest hundred

A1

Calculate the distance PQ along the parallel of
latitude

Teacher explains that, distances on the
Earth’s surface are calculated as arcs of
either great or small circles

B1

𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑎𝑟𝑐 = 𝜃
360 × 2𝜋𝑟 Teacher recalls the formula for length of arc B1

320 480
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𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 2𝑝𝑡𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑔𝑟𝑒𝑎𝑡 𝑐𝑖𝑟𝑐𝑙𝑒 =
                                𝜃

360 × 2𝜋𝑅 and
 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 2𝑝𝑡𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙 𝑐𝑖𝑟𝑐𝑙𝑒 =  𝜃

360 ×
2𝜋𝑅 cos 𝜃; where 𝑟 = 𝑅 cos 𝜃

Teacher distinguishes between the
expressions for calculating distances on
great and small circles. B1

Therefore, 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑃𝑄 = 𝜃
360 × 2𝜋𝑅 cos 𝜃 Teacher picks the correct expression to get

the solution to the problem
B1

Difference in longitude 𝜃 = 320 + 480 = 800 Teacher adds the values together to obtain
the angular difference

M1

Teacher gets the correct answer A1

Teacher explains why he added the two
values

B1

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑃𝑄 = 80
360 × 2 × 22

7 × 4100 Teacher substitutes all the unknowns
correctly

M1

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑃𝑄 = 5726.98, which will be 5700km to
nearest 100

Teacher gets 5700km A1

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑃𝑄 = 5700, represents the length of the
minor arc PQ

Teacher shows the two arcs on the diagram
i.e. major arc PQ and minor arc PQ

B1

The speed due to the rotation of the Earth in km/h
of the point P, assuming that the Earth makes a
complete rotation in 24hours.

Teacher recalls the expression for finding
speed i.e   𝑠𝑝𝑒𝑒𝑑 = 𝐷

𝑇

B1

Teacher identifies the given terms i.e.
t=24hours. D is also given indirectly, as the
circumference of the parallel of latitude 500,
since the cross section of a sphere is a circle

B1

𝐶 = 2𝜋𝑟 Teacher recalls the expression for finding
the circumference of a circle i.e

B1

 𝐶 = 2𝜋𝑅 cos 𝜃 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑(𝑑) Teacher substitutes for small r as 𝑅 cos 𝜃 B1

𝐶 = 40000 × .6428 = 25712𝑘𝑚 Teacher gets the correct value for distance M1
𝑠𝑝𝑒𝑒𝑑 = 25712

24
Teacher substitutes correctly for distance
and time

M1

𝑠𝑝𝑒𝑒𝑑 = 1071𝑘𝑚
ℎ = 1100𝑘𝑚/ℎ Teacher gets the correct speed with the

correct unit
A1

Teacher puts the correct unit B1
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APPENDIX I(l)
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION

INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
SCHOOL RECORD CHECKLIST FOR ATTENDANCE OF PTA MEETINGS

AND OPEN DAY PROGRAMMES BY PARENTS (SRCAP)

NAME OF SCHOOL……………………………………………………………..

Total School Enrolment…………

Number of PTA Meetings held in the last one year………… Total attendance……..

Number of fathers/male guardian in attendance………………Number of mothers/female
guardian in attendance………………

Number of OPEN DAY Meetings held in the last one year………… Total
attendance……..

Number of fathers/male guardian that attended………………Number of mothers/female
guardian that attended………………

S/
N

NAME OF
STUDENT

CLASS MOTHER/FEMALE
GUARDIAN
ATTENDANCE

NO OF
TIMES

FATHER/MALE
GUADIAN
ATTENDANCE

NO. OF
TIMES

PTA OPEN
DAY

PTA OPEN
DAY

1

2

3

4

5

6

7

8

9

10
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APPENDIX II(a)
RELIABILITY(r) OF THE ACHIEVEMENT TEST USING K-R FORMULA 20
X F FX 𝐷 = 𝑋 − 𝑋 𝐷2 𝐹𝐷2

05 1 5 -17.27 298.25 298.25
10 1 10 -12.27 150.55 150.55
11 1 11 -11.27 127.01 127.01
13 1 13 -9.27 85.93 85.93
14 3 42 -8.27 63.39 190.17
15 2 30 -7.27 52.85 105.7
17 2 34 -5.27 27.77 55.54
18 2 36 -4.27 18.23 36.46
19 3 57 -3.27 10.96 32.07
20 4 80 -2.27 5.15 20.6
21 4 84 -1.27 1.61 6.45
22 2 44 -0.27 0.073 0.15
23 3 69 073 0.53 1.5987
24 4 96 1.73 2.99 11.97
25 2 50 2.73 745 14.91
26 4 104 3.73 13.91 55.65
28 2 56 5.73 32.83 65.67
29 1 29 6.73 45.29 45.29
30 1 30 7.73 59.75 59.75
32 3 96 9.73 94.67 284.02
33 2 66 10.73 115.13 230.27
34 2 68 11.73 137.57 275.19
35 1 35 12.73 162.05 162.05
36 1 36 13.73 188.51 188.51
37 1 37 14.73 216.97 216.97
38 1 38 15.73 247.43 247.43
39 1 39 16.73 279.89 279.89

𝐹 = 55 𝐹𝑋 = 1225 𝐹𝐷2 = 3245.05

KEY: F=FREQUENCY; X= SCORE D=DEVIATION FROM THE MEAN

MEAN ( 𝑋 ) = ∑ 𝐹𝑋
∑ 𝐹 = 1225

55 = 22.27

STANDARD DEVIATION = ∑ 𝐹𝐷2

∑ 𝐹 =  3245.05
55 =  59.06 = 7.6847

𝑟 = 𝑁
𝑁 − 1

𝑆𝐷2 − ∑ 𝑝𝑞
𝑆𝐷2
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ITEM NO Total Correct Responses Total Wrong responses p Q Pq
1 25 5 0.83 0.17 0.1417
2 28 02 0.93 0.07 0.0651
3 18 12 0.60 0.40 0.24
4 23 07 0.77 0.23 0.1771
5 19 11 0.63 0.37 0.2331
6 21 09 0.70 0.30 0.21
7 18 12 0.60 0.40 0.24
8 19 11 0.63 0.37 0.2331
9 18 12 0.60 0.40 0.24
10 23 07 0.77 0.23 0.1771
11 10 20 0.33 0.67 0.2211
12 17 13 0.57 0.43 0.2451
13 15 15 0.50 0.50 0.25
14 22 08 0.73 0.27 0.1971
15 17 13 0.57 0.43 0.2451
16 15 15 0.50 0.50 0.25
17 06 24 0.20 0.80 0.16
18 23 07 0.77 0.23 0.1771
19 19 11 0.63 0.37 0.2331
20 23 07 0.77 0.23 0.1771
21 15 15 0.50 0.50 0.25
22 18 12 0.60 0.40 0.24
23 20 10 0.67 0.33 0.2211
24 08 22 0.27 0.73 0.1971
25 15 15 0.50 0.50 0.25
26 19 11 0.63 0.37 0.2331
27 18 12 0.60 0.40 0.24
28 17 13 0.57 0.43 0.2451
29 16 14 0.53 0.47 0.2491
30 06 24 0.20 0.80 0.16
31 15 15 0.50 0.50 0.25
32 18 12 0.60 0.40 0.24
33 20 10 0.67 0.33 0.2211
34 15 15 0.50 0.50 0.25
35 07 23 0.23 0.77 0.1771
36 14 16 0.47 0.53 0.2491
37 19 11 0.63 0.37 0.2331
38 05 25 0.17 0.83 0.1411
39 10 20 0.33 0.67 0.2211
40 05 25 0.17 083 0.1411
41 13 17 0.43 0.57 0.2451

𝑝𝑞
= 8.7672
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CRU = Correct responses from upper 27%;
CRL  =  Correct responses from lower 27%.

CR = total number of correct responses from the two groups i.e CR
=  CRU + CRL 

N = Number of respondents from upper and lower 27%; =
30Number of respondents from upper 27%
=15 and Number of respondents from  lower 27% = 15

WRU = Wrong responses from upper 27%;
WRL  =  Wrong responses from lower 27%.

WR = total of wrong responses from the tw𝑜 𝑔𝑟𝑜𝑢𝑝𝑠 𝑖.𝑒 𝑊𝑅 =  𝑊𝑅𝑈 + 𝑊𝑅𝐿 

                 𝑝 = 𝐶𝑅
𝑁 ; 𝑞 = 𝑊𝑅

𝑁  

Kuder-Richardson formula 20: 𝑟 = 𝑁
𝑁−1

𝑆𝐷2−∑ 𝑝𝑞
𝑆𝐷2

𝑟 = 30
30−1

59.055−8.7672 
59.055 =  30

29
50.2878
59.055

= 30
29 0.8515 = 25.5463

29 = 0.88
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APPENDIX III (a)
ENG NEW FACTOR

Standardized loadings (pattern matrix) based upon correlation matrix

PA1 PA2 PA6 PA4 PA3 PA5 PA7 h2 u2 com
SQB1 0.24 -0.24 0.18 0.00 0.31 -0.04 -0.16 0.39 0.61 4.1
SQB2 -0.02 0.02 -0.01 -0.03 0.79 0.00 -0.01 0.62 0.38 1.0
SQB3 -0.15 0.19 -0.09 0.28 0.23 -0.04 0.21 0.39 0.61 4.6
SQB4 0.02 0.53 -0.16 0.15 0.04 0.02 0.23 0.59 0.41 1.8
SQB5 0.52 -0.25 -0.05 0.09 0.04 0.07 -0.05 0.37 0.63 1.6
SQB7 -0.03 0.66 -0.02 0.16 0.05 -0.03 0.08 0.62 0.38 1.2
SQB8 0.04 -0.59 0.10 0.23 0.06 0.19 0.11 0.46 0.54 1.7
SQB9 0.03 0.80 -0.02 0.09 0.00 0.03 -0.06 0.70 0.30 1.0
SQB11 -0.03 -0.03 0.78 0.03 0.01 0.02 -0.08 0.62 0.38 1.0
SQB12 0.56 0.03 0.21 0.05 -0.01 -0.03 0.00 0.45 0.55 1.3
SQB13 0.79 0.02 0.04 0.04 -0.01 -0.04 -0.09 0.61 0.39 1.0
SQB14 0.13 -0.03 0.57 -0.06 0.02 0.07 -0.03 0.52 0.48 1.2
SQB15 0.02 -0.01 0.67 -0.06 -0.01 0.05 0.17 0.56 0.44 1.2
SQB16 0.74 0.00 -0.05 0.01 -0.02 0.07 0.07 0.56 0.44 1.0
SQB17 0.28 -0.17 0.19 -0.06 0.01 -0.03 0.33 0.39 0.61 3.3
SQB18 0.50 -0.02 0.04 -0.11 0.06 -0.07 0.23 0.37 0.63 1.6
SQB19 0.04 0.14 -0.08 0.52 0.02 0.03 -0.03 0.39 0.61 1.2
SQB20 0.47 0.10 0.05 -0.15 0.03 0.18 -0.03 0.36 0.64 1.7
SQB21 0.01 -0.01 0.02 0.01 -0.02 0.65 -0.04 0.43 0.57 1.0
SQB22 0.00 0.00 0.10 -0.13 0.06 0.49 0.05 0.37 0.63 1.3
SQB23 0.47 0.06 0.08 -0.14 0.01 0.14 0.08 0.38 0.62 1.6
SQB31 0.03 0.06 0.04 0.61 -0.07 -0.04 -0.01 0.40 0.60 1.1
SQB33 -0.01 0.04 -0.04 0.71 -0.02 -0.04 0.00 0.57 0.43 1.0
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APPENDIX III (b)
Interest

Standardized loadings (pattern matrix) based upon correlation matrix
PA5 PA1 PA4 PA2 PA7 PA3 PA6 PA8 h2 u2 com

SQC1 0.82 0.03 0.02 0.05 -0.06 0.06 0.04 -0.02 0.75 0.25 1.0
SQC 2 0.79 0.08 0.02 -0.02 0.01 0.04 -0.03 0.03 0.78 0.22 1.0
SQC 3 0.02 -0.10 0.02 0.04 -0.04 0.69 -0.06 -0.03 0.46 0.54 1.1
SQC 4 0.28 0.01 -0.01 -0.04 -0.03 0.51 0.02 -0.04 0.44 0.56 1.6
SQC 5 0.41 0.04 0.26 0.01 0.05 0.12 -0.05 0.17 0.52 0.48 2.4
SQC 6 0.17 0.12 0.24 0.01 0.08 0.09 -0.14 0.01 0.24 0.76 3.7
SQC 7 -0.17 0.03 0.03 0.41 -0.01 0.09 0.36 -0.06 0.51 0.49 2.5
SQC 8 0.08 0.01 0.00 0.06 0.08 -0.06 0.62 -0.05 0.47 0.53 1.1
SQC 9 0.14 0.45 0.17 0.10 0.12 -0.04 -0.30 -0.12 0.43 0.57 2.9
SQC 10 -0.03 -0.05 -0.05 0.17 0.19 -0.02 0.40 0.06 0.40 0.60 2.0
SQC 11 0.11 0.14 -0.04 0.04 0.00 0.34 0.07 0.13 0.25 0.75 2.1
SQC 12 0.39 0.26 0.11 -0.09 0.05 0.06 -0.01 0.15 0.56 0.44 2.5
SQC 13 0.18 0.03 0.45 -0.03 0.03 -0.03 -0.19 0.01 0.42 0.58 1.8
SQC 14 0.12 0.10 -0.12 0.19 0.14 0.00 0.29 0.10 0.27 0.73 3.8
SQC 15 -0.01 0.25 0.23 0.05 0.09 0.14 -0.13 0.25 0.35 0.65 4.5
SQC 16 0.15 0.07 0.02 0.19 0.21 -0.03 0.10 0.25 0.21 0.79 4.2
SQC 17 0.00 -0.04 0.53 0.04 -0.04 0.06 -0.13 0.11 0.37 0.63 1.3
SQC 18 0.01 0.05 -0.21 0.62 0.12 0.01 0.11 0.01 0.67 0.33 1.4
SQC 19 -0.18 -0.15 -0.11 0.13 0.37 0.12 0.01 0.10 0.36 0.64 2.9
SQC 20 -0.07 0.11 0.24 -0.16 0.25 0.00 0.18 0.18 0.19 0.81 5.1
SQC 21 0.10 0.05 0.61 -0.23 -0.09 0.03 0.10 -0.04 0.60 0.40 1.5
SQC 22 0.08 -0.13 -0.01 0.58 0.14 0.02 0.06 -0.09 0.52 0.48 1.4
SQC 23 0.03 0.08 0.18 0.19 0.23 -0.09 0.12 -0.11 0.21 0.79 4.8
SQC 24 -0.05 -0.05 -0.11 0.08 0.61 -0.05 0.03 -0.01 0.55 0.45 1.1
SQC 25 0.07 0.38 -0.09 -0.05 0.09 0.18 -0.08 0.17 0.30 0.70 2.4
SQC 26 0.06 0.26 0.09 -0.18 -0.02 0.29 0.06 0.24 0.45 0.55 4.1
SQC 27 0.05 0.44 0.14 -0.01 -0.06 0.08 0.04 0.27 0.53 0.47 2.1
SQC 28 0.02 0.33 0.28 0.23 -0.19 0.01 -0.03 0.18 0.42 0.58 4.2
SQC 29 0.04 -0.12 0.09 0.03 0.50 -0.11 0.13 -0.06 0.36 0.64 1.5
SQC 30 0.21 0.70 -0.06 -0.07 -0.07 -0.02 0.05 -0.04 0.65 0.35 1.3
SQC 31 0.01 0.60 0.14 0.07 -0.09 -0.01 0.00 0.04 0.49 0.51 1.2
SQC 32 -0.28 0.10 0.02 0.15 0.26 0.11 0.14 -0.33 0.53 0.47 4.3
SQC 33 -0.21 0.14 -0.05 0.24 0.22 0.20 0.18 -0.30 0.58 0.42 6.0
SQC 34 0.08 0.36 0.02 -0.20 0.10 0.15 -0.03 0.11 0.33 0.67 2.6
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APPENDIX III (c)
PTP Knowledge factors

Standardized loadings (pattern matrix) based upon correlation matrix

PA4 PA8 PA2 PA6 PA3 PA5 PA7 PA1 h2 u2 com
PQB1 -0.02 0.23 -0.09 0.43 0.04 0.23 0.22 -0.09 0.62 0.379 3.1
PQB2 0.00 0.04 0.03 0.02 0.07 -0.01 0.71 -0.04 0.59 0.406 1.0
PQB3 0.13 0.01 0.02 0.10 0.52 -0.13 0.07 -0.22 0.41 0.594 1.8
PQB4 0.06 0.14 -0.08 0.23 0.18 0.02 0.02 0.28 0.35 0.653 3.7
PQB5 0.18 -0.01 0.06 0.59 0.03 -0.14 0.13 0.06 0.61 0.392 1.5
PQB6 0.32 0.12 0.16 0.02 0.00 -0.16 0.24 0.15 0.44 0.557 3.9
PQB7 0.08 0.20 0.14 0.47 0.02 0.08 0.00 0.07 0.60 0.401 1.7
PQB8 0.10 0.15 0.04 0.32 0.08 0.08 0.02 0.38 0.60 0.399 2.7
PQB9 0.59 0.18 0.01 0.14 0.20 -0.02 -0.13 -0.19 0.68 0.316 1.9
PQB10 0.16 0.38 0.17 0.04 0.15 -0.19 -0.04 0.31 0.60 0.396 3.8
PQB11 0.75 0.00 0.02 0.09 -0.12 0.05 0.12 0.10 0.74 0.258 1.2
PQB12 0.10 0.31 0.16 -0.05 0.16 0.08 0.13 0.20 0.53 0.466 3.8
PQB13 0.22 0.24 -0.04 0.06 0.20 0.31 0.10 0.12 0.65 0.345 4.3
PQB14 -0.01 0.95 0.00 0.01 -0.03 0.02 0.04 -0.01 0.93 0.065 1.0
PQB15 0.45 0.03 -0.05 0.06 0.20 0.23 0.08 0.15 0.62 0.381 2.4
PQB16 -0.12 -0.05 0.08 -0.02 0.68 0.09 0.11 0.11 0.59 0.407 1.3
PQB17 0.26 0.07 0.17 -0.09 0.08 0.48 0.10 -0.01 0.59 0.406 2.1
PQB18 -0.03 0.12 0.21 0.06 0.05 0.51 0.09 0.06 0.60 0.398 1.6
PQB19 -0.03 0.00 0.88 -0.01 0.02 0.01 0.03 0.00 0.79 0.209 1.0
PQB20 0.08 0.02 0.38 0.32 0.02 0.33 -0.02 -0.09 0.64 0.363 3.2
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APPENDIX III (d)
PTP Attitude Factors

PA1 PA5 PA2 PA4 PA6 PA3 PA7 h2 u2 com
PQC1 0.60 -0.06 -0.02 0.31 0.01 0.17 -0.10 0.72 0.28 1.8
PQC2 0.06 0.05 0.04 0.77 0.04 0.03 0.00 0.76 0.24 1.0
PQC3 -0.07 -0.01 -0.02 0.02 -0.05 0.69 0.01 0.46 0.54 1.0
PQC4 0.20 0.03 0.04 0.31 0.11 0.27 -0.04 0.46 0.54 3.1
PQC5 0.71 0.05 0.03 0.12 0.05 -0.01 -0.07 0.78 0.22 1.1
PQC6 0.83 0.00 0.04 -0.03 0.05 0.02 0.00 0.76 0.24 1.0
PQC7 0.87 -0.03 0.03 0.02 0.04 0.01 -0.01 0.85 0.15 1.0
PQC8 0.72 0.04 0.09 0.04 0.05 -0.01 0.06 0.75 0.25 1.1
PQC9 0.65 0.10 0.06 0.13 0.02 -0.05 0.04 0.72 0.28 1.2
PQC10 0.13 0.14 0.20 -0.10 0.06 0.23 0.34 0.37 0.63 3.7
PQC11 0.67 0.04 -0.05 -0.05 0.26 0.02 0.04 0.69 0.31 1.3
PQC12 0.53 0.35 0.01 0.02 -0.08 0.01 0.13 0.63 0.37 1.9
PQC13 0.49 0.26 0.11 0.07 0.03 -0.08 -0.08 0.70 0.30 1.9
PQC14 0.19 0.37 0.10 0.15 0.06 -0.05 0.28 0.57 0.43 3.2
PQC15 0.23 0.44 -0.09 0.00 0.20 0.05 -0.13 0.55 0.45 2.3
PQC16 -0.05 0.59 0.07 0.08 0.12 0.06 0.09 0.53 0.47 1.2
PQC17 0.10 0.57 0.12 0.14 0.04 -0.03 -0.03 0.67 0.33 1.3
PQC18 0.02 0.24 0.23 0.17 0.28 -0.04 0.08 0.54 0.46 3.9
PQC19 0.07 0.00 0.07 0.06 0.70 -0.03 0.02 0.64 0.36 1.1
PQC20 0.13 0.32 0.10 -0.09 0.33 0.16 -0.21 0.59 0.41 4.0
PQC21 0.09 -0.01 0.54 -0.07 0.08 0.11 0.20 0.45 0.55 1.5
PQC22 0.41 0.08 0.46 -0.04 0.01 -0.03 -0.15 0.69 0.31 2.3
PQC23 -0.03 0.02 0.64 0.18 0.12 -0.04 -0.02 0.62 0.38 1.3
PQC24 0.48 0.20 0.20 0.11 0.01 0.04 -0.16 0.76 0.24 2.1
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APPENDIX III (e)
PTP PACTICE FACTORS

Standardized loadings (pattern matrix) based upon correlation matrix
PA1 PA2 PA4 PA6 PA3 PA5 h2 u2 com

PQD1 0.04 0.13 0.71 -0.08 -0.03 -0.04 0.58 0.42 1.1
PQD2 -0.02 -0.04 0.73 0.04 0.12 0.00 0.60 0.40 1.1
PQD3 0.02 0.01 0.06 0.04 0.71 -0.02 0.58 0.42 1.0
PQD4 0.45 0.08 0.10 0.00 0.33 -0.07 0.57 0.43 2.1
PQD5 0.83 0.01 0.03 -0.03 0.03 -0.13 0.65 0.35 1.1
PQD6 0.74 0.00 0.04 0.08 0.05 -0.10 0.67 0.33 1.1
PQD7 0.72 -0.04 0.12 0.12 -0.05 -0.01 0.70 0.30 1.1
PQD8 0.71 0.06 -0.02 0.01 0.02 0.15 0.68 0.32 1.1
PQD9 0.61 0.09 -0.03 0.01 0.08 0.23 0.66 0.34 1.4
PQD10 0.50 0.06 -0.10 0.12 0.11 0.27 0.61 0.39 1.9
PQD11 0.52 0.12 0.05 0.07 -0.01 0.25 0.66 0.34 1.7
PQD12 0.18 0.09 0.33 0.22 -0.02 0.28 0.66 0.34 3.5
PQD13 0.12 0.06 0.34 0.30 -0.01 0.27 0.67 0.33 3.3
PQD14 0.29 0.07 0.15 0.33 -0.01 0.13 0.60 0.40 2.8
PQD15 0.05 0.04 0.08 0.45 0.21 0.19 0.60 0.40 1.9
PQD16 0.03 0.08 0.00 0.60 0.18 0.02 0.61 0.39 1.2
PQD17 0.23 0.16 0.04 0.55 -0.02 -0.08 0.67 0.33 1.6
PQD18 0.07 0.45 0.05 0.34 -0.02 -0.03 0.60 0.40 1.9
PQD19 0.00 0.86 -0.02 -0.03 -0.01 -0.03 0.67 0.33 1.0
PQ20 -0.04 0.69 0.11 0.03 0.05 0.04 0.62 0.38 1.1

INTER-RATER RELIABILITY
RATER_1 RATER_2

RATER_1
Pearson Correlation 1 .985*

Sig. (2-tailed) .015
N 4 4

RATER_2
Pearson Correlation .985* 1
Sig. (2-tailed) .015
N 4 4

*. Correlation is significant at the 0.05 level (2-tailed).
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APPENDIX IV
RELIABILITY OF REFLECTIVE FACTORS IN THE OUTER MODEL

Cronbach'sAlpha rho_A CompositeReliability

AverageVarianceExtracted(AVE)
ACADEMIC CHALLENGE 0.59 0.59 0.78 0.55
ACTIVE LEARNING 0.59 0.59 0.79 0.55
CAREER ASPIRATION 0.7 0.71 0.82 0.53
COLLA_P 0.85 0.85 0.89 0.63
COLLA_T 0.87 0.88 0.91 0.67
COMM ATT_T 0.94 0.95 0.96 0.78
COMMATT_P 0.91 0.91 0.93 0.69
DETERMINATION 0.66 0.66 0.81 0.59
DISPOSITION 0.6 0.61 0.79 0.56
INT 0.89 0.9 0.91 0.33
INTERACTION 0.79 0.8 0.87 0.62
M0N ATT_T 0.72 0.73 0.84 0.64
MATHS ACH 0.86 0.91 0.88 0.21
MONI ATT_P 0.74 0.74 0.85 0.65
MONI_P 0.74 0.76 0.85 0.66
MONI_T 0.64 0.76 0.78 0.54
PASSION 0.74 0.74 0.84 0.56
PPTPA 0.93 0.94 0.94 0.58
PPTPK 0.65 0.65 0.78 0.37
PPTPP 0.93 0.93 0.94 0.48
ROLE DEF_P 0.55 0.55 0.77 0.52
ROLE DEF_T 0.25 0.73 0.57 0.43
ROLE EXE_P 0.5 0.5 0.75 0.5
ROLE EXE_T -0.04 0.23 0.26 0.33
ST ENG 0.73 0.78 0.8 0.25
TPTPA 0.93 0.94 0.94 0.57
TPTPK 0.12 0.66 0.39 0.23
TPTPP 0.8 0.86 0.83 0.29
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APPENDIX V
HTMT RATIO FOR REFLECTIVE OUTER MODEL INDICATORS
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N
ROL

ED
EF_

P
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EEX
E_P

ROL
EEX
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X1 X2 X3 X4 X5ACADEMICCHALLENGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0ACTIVELEARNING 0.62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CAREERASPIRATION 0.26 0.37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLLA_P 0.18 0.1 0.07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLLA_T 0.09 0.07 0.04 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COMM ATT_T 0.05 0.05 0.06 0.15 0.19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COMMATT_P 0.12 0.17 0.15 0.13 0.06 0.18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DETERMINATION 0.62 0.35 0.16 0.1 0.15 0.14 0.11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DISPOSITION 0.41 0.31 0.73 0.1 0.03 0.04 0.06 0.35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
INTERACTION 0.4 0.31 0.57 0.08 0.05 0.06 0.08 0.6 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M0N ATT_T 0.09 0.06 0.06 0.1 0.25 1 0.19 0.18 0.05 0.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MONI ATT_P 0.06 0.12 0.11 0.06 0.07 0.18 0.87 0.12 0.04 0.08 0.17 0 0 0 0 0 0 0 0 0 0 0 0 0
MONI_P 0.11 0.05 0.04 0.83 0.05 0.08 0.07 0.19 0.06 0.12 0.04 0.09 0 0 0 0 0 0 0 0 0 0 0 0
MONI_T 0.05 0.04 0.07 0.05 0.25 0.27 0.05 0.04 0.05 0.04 0.42 0.07 0.05 0 0 0 0 0 0 0 0 0 0 0
PASSION 0.33 0.2 0.59 0.08 0.06 0.06 0.08 0.6 0.74 0.86 0.11 0.11 0.11 0.04 0 0 0 0 0 0 0 0 0 0
ROLE DEF_P 0.27 0.18 0.15 0.27 0.04 0.06 0.21 0.12 0.14 0.11 0.1 0.17 0.21 0.06 0.09 0 0 0 0 0 0 0 0 0
ROLE DEF_T 0.09 0.11 0.08 0.06 0.6 0.29 0.15 0.13 0.1 0.12 0.47 0.15 0.12 0.39 0.11 0.09 0 0 0 0 0 0 0 0
ROLE EXE_P 0.37 0.25 0.22 0.31 0.07 0.07 0.26 0.14 0.21 0.14 0.1 0.19 0.26 0.08 0.13 0.83 0.09 0 0 0 0 0 0 0
ROLE EXE_T 0.16 0.24 0.32 0.23 0.78 1.98 0.3 0.22 0.25 0.16 2.05 0.3 0.28 1.19 0.18 0.28 1.85 0.31 0 0 0 0 0 0
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X1 0.05 0.05 0.04 0.1 0.06 0.06 0.1 0.11 0.05 0.01 0.09 0.11 0.03 0.31 0.04 0.08 0.22 0.06 0.73 0 0 0 0 0
X2 0.02 0.06 0.06 0.12 0.06 0.1 0.03 0.04 0.02 0.02 0.14 0.03 0.11 0.33 0.04 0.04 0.21 0.05 0.32 0 0 0 0 0
X3 0.08 0.05 0.06 0.03 0.03 0.04 0.06 0.14 0.02 0.06 0.03 0.07 0.02 0.07 0.07 0.08 0.13 0.13 0.18 0.08 0.03 0 0 0
X4 0.04 0.06 0.03 0.02 0.05 0.02 0.03 0.04 0.02 0.05 0.02 0.03 0.01 0.06 0.04 0.01 0.04 0.03 0.22 0 0.01 0.13 0 0
X5 0.03 0.03 0.02 0.01 0.03 0.06 0.07 0.07 0.01 0.02 0.08 0.05 0 0.04 0.03 0.01 0.12 0.02 0.12 0.05 0.01 0.11 0.04 0
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APPENDIX VI
BOOTSTRAPPED HTMT

OriginalSample(O)
SampleMean(M) 2.50% 97.50%

OriginalSample(O)
SampleMean(M) 2.50% 97.50%ACTIVE LEARNING -> ACADEMICCHALLENGE 0.62 0.62 0.57 0.67 COMM_P -> COMMATT_P 0.04 0.04 0.03 0.06CAREER ASPIRATION ->ACADEMIC CHALLENGE 0.26 0.26 0.2 0.32 COMM_T -> ACADEMICCHALLENGE 0.05 0.07 0.04 0.1CAREER ASPIRATION -> ACTIVELEARNING 0.37 0.37 0.32 0.42 COMM_T -> ACTIVELEARNING 0.09 0.09 0.06 0.14COLLA_P -> ACADEMICCHALLENGE 0.18 0.18 0.13 0.22 COMM_T -> CAREERASPIRATION 0.06 0.08 0.05 0.11

COLLA_P -> ACTIVE LEARNING 0.1 0.1 0.06 0.15 COMM_T -> COLLA_P 0.1 0.11 0.07 0.14
COLLA_P -> CAREER ASPIRATION 0.07 0.07 0.04 0.11 COMM_T -> COLLA_T 0.64 0.64 0.58 0.7COLLA_T -> ACADEMICCHALLENGE 0.09 0.1 0.06 0.13 COMM_T -> COMM ATT_T 0.33 0.33 0.3 0.37
COLLA_T -> ACTIVE LEARNING 0.07 0.08 0.05 0.12 COMM_T -> COMMATT_P 0.12 0.12 0.09 0.16
COLLA_T -> CAREER ASPIRATION 0.04 0.05 0.04 0.07 COMM_T -> COMM_P 0.07 0.08 0.04 0.12
COLLA_T -> COLLA_P 0.05 0.05 0.04 0.06 DETERMINATION ->ACADEMIC CHALLENGE 0.62 0.62 0.58 0.67COMM ATT_T -> ACADEMICCHALLENGE 0.05 0.06 0.04 0.09 DETERMINATION -> ACTIVELEARNING 0.35 0.35 0.31 0.4COMM ATT_T -> ACTIVELEARNING 0.05 0.06 0.04 0.09 DETERMINATION -> CAREERASPIRATION 0.16 0.16 0.11 0.21COMM ATT_T -> CAREERASPIRATION 0.06 0.06 0.04 0.09 DETERMINATION ->COLLA_P 0.1 0.1 0.06 0.14
COMM ATT_T -> COLLA_P 0.15 0.15 0.12 0.18 DETERMINATION ->COLLA_T 0.15 0.15 0.11 0.18
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COMM ATT_T -> COLLA_T 0.19 0.2 0.19 0.2 DETERMINATION -> COMMATT_T 0.14 0.14 0.11 0.17COMMATT_P -> ACADEMICCHALLENGE 0.12 0.12 0.07 0.16 DETERMINATION ->COMMATT_P 0.11 0.11 0.07 0.15COMMATT_P -> ACTIVELEARNING 0.17 0.17 0.13 0.21 DETERMINATION ->COMM_P 0.12 0.12 0.08 0.17COMMATT_P -> CAREERASPIRATION 0.15 0.15 0.11 0.19 DETERMINATION ->COMM_T 0.16 0.16 0.12 0.21
COMMATT_P -> COLLA_P 0.13 0.13 0.09 0.17 DISPOSITION -> ACADEMICCHALLENGE 0.41 0.41 0.35 0.48
COMMATT_P -> COLLA_T 0.06 0.07 0.05 0.08 DISPOSITION -> ACTIVELEARNING 0.31 0.31 0.26 0.37
COMMATT_P -> COMM ATT_T 0.18 0.19 0.15 0.22 DISPOSITION -> CAREERASPIRATION 0.73 0.73 0.68 0.77COMM_P -> ACADEMICCHALLENGE 0.12 0.12 0.08 0.17 DISPOSITION -> COLLA_P 0.1 0.1 0.06 0.14
COMM_P -> ACTIVE LEARNING 0.07 0.07 0.05 0.1 DISPOSITION -> COLLA_T 0.03 0.04 0.03 0.07
COMM_P -> CAREER ASPIRATION 0.06 0.07 0.04 0.1 DISPOSITION -> COMMATT_T 0.04 0.05 0.03 0.08
COMM_P -> COLLA_P 0.87 0.87 0.84 0.89 DISPOSITION ->COMMATT_P 0.06 0.06 0.04 0.1
COMM_P -> COLLA_T 0.04 0.05 0.04 0.06 DISPOSITION -> COMM_P 0.09 0.09 0.05 0.14
COMM_P -> COMM ATT_T 0.09 0.09 0.06 0.12 DISPOSITION -> COMM_T 0.06 0.07 0.04 0.11
DISPOSITION -> DETERMINATION 0.35 0.35 0.3 0.4 MONI ATT_P -> ACTIVELEARNING 0.12 0.12 0.09 0.16INTERACTION -> ACADEMICCHALLENGE 0.4 0.4 0.34 0.46 MONI ATT_P -> CAREERASPIRATION 0.11 0.11 0.07 0.15INTERACTION -> ACTIVELEARNING 0.31 0.31 0.26 0.35 MONI ATT_P -> COLLA_P 0.06 0.07 0.05 0.1INTERACTION -> CAREERASPIRATION 0.57 0.57 0.53 0.61 MONI ATT_P -> COLLA_T 0.07 0.08 0.05 0.1
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INTERACTION -> COLLA_P 0.08 0.08 0.05 0.11 MONI ATT_P -> COMMATT_T 0.18 0.18 0.15 0.21
INTERACTION -> COLLA_T 0.05 0.06 0.04 0.08 MONI ATT_P ->COMMATT_P 0.87 0.87 0.86 0.89
INTERACTION -> COMM ATT_T 0.06 0.07 0.04 0.1 MONI ATT_P -> COMM_P 0.05 0.06 0.03 0.08
INTERACTION -> COMMATT_P 0.08 0.08 0.05 0.11 MONI ATT_P -> COMM_T 0.11 0.12 0.08 0.15
INTERACTION -> COMM_P 0.09 0.09 0.05 0.13 MONI ATT_P ->DETERMINATION 0.12 0.12 0.09 0.16
INTERACTION -> COMM_T 0.06 0.07 0.04 0.11 MONI ATT_P -> DISPOSITION 0.04 0.05 0.03 0.07
INTERACTION -> DETERMINATION 0.6 0.6 0.55 0.64 MONI ATT_P -> INT 0.1 0.11 0.09 0.12
INTERACTION -> DISPOSITION 0.75 0.75 0.71 0.79 MONI ATT_P ->INTERACTION 0.08 0.08 0.05 0.12
INTERACTION -> INT 0.98 0.98 0.97 0.99 MONI ATT_P -> M0N ATT_T 0.17 0.17 0.13 0.21M0N ATT_T -> ACADEMICCHALLENGE 0.09 0.1 0.07 0.13 MONI ATT_P -> MATHS ACH 0.1 0.11 0.09 0.13
M0N ATT_T -> ACTIVE LEARNING 0.06 0.07 0.04 0.09 MONI_P -> ACADEMICCHALLENGE 0.11 0.12 0.07 0.16M0N ATT_T -> CAREERASPIRATION 0.06 0.07 0.05 0.09 MONI_P -> ACTIVELEARNING 0.05 0.06 0.03 0.08
M0N ATT_T -> COLLA_P 0.1 0.11 0.07 0.15 MONI_P -> CAREERASPIRATION 0.04 0.05 0.03 0.08
M0N ATT_T -> COLLA_T 0.25 0.25 0.24 0.27 MONI_P -> COLLA_P 0.83 0.83 0.8 0.86
M0N ATT_T -> COMM ATT_T 1 1 0.99 1.01 MONI_P -> COLLA_T 0.05 0.06 0.04 0.07
M0N ATT_T -> COMMATT_P 0.19 0.19 0.15 0.22 MONI_P -> COMM ATT_T 0.08 0.08 0.06 0.11
M0N ATT_T -> COMM_P 0.06 0.06 0.04 0.09 MONI_P -> COMMATT_P 0.07 0.07 0.06 0.1
M0N ATT_T -> COMM_T 0.43 0.43 0.39 0.48 MONI_P -> COMM_P 0.91 0.91 0.88 0.94
M0N ATT_T -> DETERMINATION 0.18 0.18 0.14 0.22 MONI_P -> COMM_T 0.08 0.08 0.05 0.12
M0N ATT_T -> DISPOSITION 0.05 0.06 0.03 0.09 MONI_P -> DETERMINATION 0.19 0.19 0.14 0.23
M0N ATT_T -> INT 0.09 0.1 0.07 0.12 MONI_P -> DISPOSITION 0.06 0.06 0.03 0.1
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M0N ATT_T -> INTERACTION 0.09 0.09 0.06 0.12 MONI_P -> INT 0.1 0.1 0.08 0.13MONI ATT_P -> ACADEMICCHALLENGE 0.06 0.07 0.04 0.1 MONI_P -> INTERACTION 0.12 0.12 0.07 0.16
MONI_P -> M0N ATT_T 0.04 0.05 0.03 0.08 PASSION -> COMM_P 0.1 0.1 0.06 0.14
MONI_P -> MATHS ACH 0.15 0.15 0.12 0.19 PASSION -> COMM_T 0.11 0.11 0.07 0.16
MONI_P -> MONI ATT_P 0.09 0.09 0.05 0.13 PASSION ->DETERMINATION 0.6 0.6 0.56 0.64MONI_T -> ACADEMICCHALLENGE 0.05 0.06 0.03 0.1 PASSION -> DISPOSITION 0.74 0.75 0.71 0.78
MONI_T -> ACTIVE LEARNING 0.04 0.06 0.03 0.09 PASSION -> INT 1.02 1.02 1 1.03
MONI_T -> CAREER ASPIRATION 0.07 0.07 0.05 0.1 PASSION -> INTERACTION 0.86 0.86 0.83 0.88
MONI_T -> COLLA_P 0.05 0.05 0.03 0.08 PASSION -> M0N ATT_T 0.11 0.12 0.09 0.15
MONI_T -> COLLA_T 0.25 0.26 0.24 0.27 PASSION -> MATHS ACH 0.08 0.09 0.08 0.12
MONI_T -> COMM ATT_T 0.27 0.27 0.25 0.3 PASSION -> MONI ATT_P 0.11 0.11 0.07 0.14
MONI_T -> COMMATT_P 0.05 0.05 0.03 0.08 PASSION -> MONI_P 0.11 0.11 0.07 0.15
MONI_T -> COMM_P 0.03 0.04 0.02 0.06 PASSION -> MONI_T 0.04 0.05 0.03 0.08
MONI_T -> COMM_T 0.86 0.86 0.81 0.93 ROLE DEF_P -> ACADEMICCHALLENGE 0.27 0.27 0.2 0.34
MONI_T -> DETERMINATION 0.04 0.06 0.04 0.08 ROLE DEF_P -> ACTIVELEARNING 0.18 0.18 0.13 0.24
MONI_T -> DISPOSITION 0.05 0.06 0.04 0.08 ROLE DEF_P -> CAREERASPIRATION 0.15 0.15 0.11 0.2
MONI_T -> INT 0.05 0.06 0.05 0.08 ROLE DEF_P -> COLLA_P 0.27 0.27 0.22 0.32
MONI_T -> INTERACTION 0.04 0.05 0.03 0.06 ROLE DEF_P -> COLLA_T 0.04 0.05 0.03 0.08
MONI_T -> M0N ATT_T 0.42 0.42 0.39 0.45 ROLE DEF_P -> COMMATT_T 0.06 0.06 0.04 0.1
MONI_T -> MATHS ACH 0.13 0.14 0.12 0.15 ROLE DEF_P -> COMMATT_P 0.21 0.21 0.17 0.24
MONI_T -> MONI ATT_P 0.07 0.07 0.05 0.1 ROLE DEF_P -> COMM_P 0.28 0.29 0.23 0.34
MONI_T -> MONI_P 0.05 0.06 0.04 0.08 ROLE DEF_P -> COMM_T 0.08 0.09 0.05 0.14
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PASSION -> ACADEMICCHALLENGE 0.33 0.33 0.27 0.38 ROLE DEF_P ->DETERMINATION 0.12 0.12 0.07 0.17
PASSION -> ACTIVE LEARNING 0.2 0.2 0.15 0.24 ROLE DEF_P -> DISPOSITION 0.14 0.15 0.09 0.2
PASSION -> CAREER ASPIRATION 0.59 0.59 0.56 0.63 ROLE DEF_P -> INT 0.14 0.14 0.11 0.18
PASSION -> COLLA_P 0.08 0.08 0.05 0.12 ROLE DEF_P -> INTERACTION 0.11 0.11 0.08 0.15
PASSION -> COLLA_T 0.06 0.06 0.04 0.09 ROLE DEF_P -> M0N ATT_T 0.1 0.11 0.08 0.14
PASSION -> COMM ATT_T 0.06 0.07 0.04 0.09 ROLE DEF_P -> MATHS ACH 0.16 0.17 0.14 0.21
PASSION -> COMMATT_P 0.08 0.08 0.06 0.11 ROLE DEF_P -> MONI ATT_P 0.17 0.17 0.13 0.2
ROLE DEF_P -> MONI_P 0.21 0.22 0.17 0.26 ROLE DEF_T -> PPTPP 0.09 0.1 0.07 0.14

ROLE DEF_P -> MONI_T 0.06 0.07 0.04 0.1
ROLE DEF_T -> ROLE
DEF_P 0.09 0.11 0.06 0.17

ROLE DEF_P -> PASSION 0.09 0.09 0.06 0.13
ROLE EXE_P ->
ACADEMIC CHALLENGE 0.37 0.37 0.3 0.44

ROLE DEF_P -> PPTPA 0.2 0.2 0.16 0.24
ROLE EXE_P -> ACTIVE
LEARNING 0.25 0.25 0.2 0.3

ROLE DEF_P -> PPTPK 1.42 1.43 1.36 1.51
ROLE EXE_P -> CAREER
ASPIRATION 0.22 0.22 0.17 0.28

ROLE DEF_P -> PPTPP 0.25 0.26 0.22 0.3
ROLE EXE_P ->
COLLA_P 0.31 0.31 0.25 0.36

ROLE DEF_T -> ACADEMIC
CHALLENGE 0.09 0.1 0.06 0.16

ROLE EXE_P ->
COLLA_T 0.07 0.07 0.05 0.1

ROLE DEF_T -> ACTIVE
LEARNING 0.11 0.13 0.09 0.17

ROLE EXE_P -> COMM
ATT_T 0.07 0.07 0.05 0.09

ROLE DEF_T -> CAREER
ASPIRATION 0.08 0.1 0.06 0.14

ROLE EXE_P ->
COMMATT_P 0.26 0.26 0.22 0.3

ROLE DEF_T -> COLLA_P 0.06 0.08 0.05 0.12 ROLE EXE_P -> COMM_P 0.27 0.27 0.21 0.33
ROLE DEF_T -> COLLA_T 0.6 0.6 0.56 0.65 ROLE EXE_P -> COMM_T 0.15 0.15 0.09 0.21

ROLE DEF_T -> COMM ATT_T 0.29 0.29 0.24 0.35
ROLE EXE_P ->
DETERMINATION 0.14 0.14 0.09 0.19

ROLE DEF_T -> COMMATT_P 0.15 0.15 0.11 0.19
ROLE EXE_P ->
DISPOSITION 0.21 0.21 0.15 0.27
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ROLE DEF_T -> COMM_P 0.06 0.08 0.04 0.12 ROLE EXE_P -> INT 0.19 0.19 0.15 0.24

ROLE DEF_T -> COMM_T 0.95 0.95 0.88 1.04
ROLE EXE_P ->
INTERACTION 0.14 0.15 0.1 0.19

ROLE DEF_T ->
DETERMINATION 0.13 0.14 0.09 0.19

ROLE EXE_P -> M0N
ATT_T 0.1 0.11 0.08 0.14

ROLE DEF_T -> DISPOSITION 0.1 0.11 0.07 0.16
ROLE EXE_P -> MATHS
ACH 0.19 0.2 0.17 0.24

ROLE DEF_T -> INT 0.12 0.14 0.1 0.17
ROLE EXE_P -> MONI
ATT_P 0.19 0.19 0.15 0.24

ROLE DEF_T ->
INTERACTION 0.12 0.13 0.09 0.18 ROLE EXE_P -> MONI_P 0.26 0.26 0.21 0.31
ROLE DEF_T -> M0N ATT_T 0.47 0.47 0.41 0.54 ROLE EXE_P -> MONI_T 0.08 0.09 0.05 0.12
ROLE DEF_T -> MATHS ACH 0.24 0.26 0.22 0.3 ROLE EXE_P -> PASSION 0.13 0.14 0.1 0.18
ROLE DEF_T -> MONI ATT_P 0.15 0.15 0.1 0.2 ROLE EXE_P -> PPTPA 0.25 0.24 0.21 0.29
ROLE DEF_T -> MONI_P 0.12 0.13 0.08 0.18 ROLE EXE_P -> PPTPK 1.48 1.48 1.4 1.58
ROLE DEF_T -> MONI_T 0.39 0.4 0.36 0.45 ROLE EXE_P -> PPTPP 0.29 0.3 0.24 0.34

ROLE DEF_T -> PASSION 0.11 0.12 0.08 0.16
ROLE EXE_P -> ROLE
DEF_P 0.83 0.83 0.75 0.92

ROLE DEF_T -> PPTPA 0.15 0.16 0.12 0.2
ROLE EXE_P -> ROLE
DEF_T 0.09 0.11 0.07 0.16

ROLE DEF_T -> PPTPK 0.1 0.12 0.08 0.16
ROLE EXE_T ->
ACADEMIC CHALLENGE 0.16 0.24 0.14 0.37

ROLE EXE_T -> ACTIVE
LEARNING 0.24 0.28 0.16 0.44

ROLE EXE_T -> M0N
ATT_T 2.05 2.05 1.88 2.22

ROLE EXE_T -> CAREER
ASPIRATION 0.32 0.35 0.23 0.48

ROLE EXE_T -> MATHS
ACH 0.62 0.66 0.57 0.76

ROLE EXE_T -> COLLA_P 0.23 0.27 0.19 0.37

ROLE EXE_T -> MONI
ATT_P 0.3 0.35 0.23 0.49

ROLE EXE_T -> COLLA_T 0.78 0.78 0.73 0.83
ROLE EXE_T -> MONI_P 0.28 0.32 0.2 0.43
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ROLE EXE_T -> COMM ATT_T 1.98 1.98 1.8 2.16
ROLE EXE_T -> MONI_T 1.19 1.19 1.11 1.29

ROLE EXE_T -> COMMATT_P 0.3 0.34 0.23 0.49
ROLE EXE_T -> PASSION 0.18 0.23 0.13 0.36

ROLE EXE_T -> COMM_P 0.28 0.3 0.17 0.43
ROLE EXE_T -> PPTPA 0.31 0.35 0.24 0.51

ROLE EXE_T -> COMM_T 0.92 0.92 0.8 1.03
ROLE EXE_T -> PPTPK 0.31 0.38 0.26 0.55

ROLE EXE_T ->
DETERMINATION 0.22 0.28 0.18 0.39

ROLE EXE_T -> PPTPP 0.26 0.3 0.23 0.37

ROLE EXE_T -> DISPOSITION 0.25 0.32 0.19 0.49

ROLE EXE_T -> ROLE
DEF_P 0.28 0.35 0.22 0.52

ROLE EXE_T -> INT 0.26 0.32 0.25 0.43

ROLE EXE_T -> ROLE
DEF_T 1.85 1.87 1.62 2.12

ROLE EXE_T ->
INTERACTION 0.16 0.23 0.14 0.34

ROLE EXE_T -> ROLE
EXE_P 0.31 0.38 0.22 0.6
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APPENDIX VII(a)
AVERAGE VARIANCES EXTRACTED (AVE)

AVE RESULTS Original Sample (O) Sample Mean (M) Standard Deviation
(STDEV)

T Statistics
(|O/STDEV|)

P
Values

ACADEMIC
CHALLENGE 0.5 0.5 0.0 50.0 0.0
ACTIVE LEARNING 0.6 0.6 0.0 68.0 0.0
CAREER ASPIRATION 0.5 0.5 0.0 65.9 0.0
COLLA_P 0.6 0.6 0.0 73.2 0.0
COLLA_T 0.7 0.7 0.0 58.1 0.0
COMM ATT_T 0.8 0.8 0.0 92.0 0.0
COMMATT_P 0.7 0.7 0.0 95.8 0.0
DETERMINATION 0.6 0.6 0.0 75.3 0.0
DISPOSITION 0.6 0.6 0.0 63.9 0.0
INTERACTION 0.6 0.6 0.0 72.4 0.0
M0N ATT_T 0.6 0.6 0.0 72.1 0.0
MONI ATT_P 0.7 0.7 0.0 92.8 0.0
MONI_P 0.7 0.7 0.0 87.0 0.0
MONI_T 0.5 0.5 0.0 54.1 0.0
PASSION 0.6 0.6 0.0 69.5 0.0
ROLE DEF_P 0.5 0.5 0.0 45.4 0.0
ROLE DEF_T 0.4 0.4 0.0 32.1 0.0
ROLE EXE_P 0.5 0.5 0.0 38.0 0.0
ROLE EXE_T 0.3 0.3 0.0 1,638.0 0.0
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APPENDIX VII(b)
CRONBACH ALPHA REL

CRONBACH ALPHA REL Original Sample (O) Sample Mean
(M)

Standard Deviation
(STDEV)

T Statistics
(|O/STDEV|)

P
Values

ACADEMIC CHALLENGE 0.6 0.6 0.0 32.0 0.0
ACTIVE LEARNING 0.6 0.6 0.0 44.7 0.0
ALGEBRAIC PROCESS 0.0 0.0 0.0 0.0 0.0
CAREER ASPIRATION 0.7 0.7 0.0 74.2 0.0
COLLA_P 0.9 0.9 0.0 155.6 0.0
COLLA_T 0.9 0.9 0.0 134.1 0.0
COMM ATT_T 0.9 0.9 0.0 323.9 0.0
COMMATT_P 0.9 0.9 0.0 299.6 0.0
DETERMINATION 0.7 0.7 0.0 59.0 0.0
DISPOSITION 0.6 0.6 0.0 43.3 0.0
GEOMETRY AND MENSURATION 0.0 0.0 0.0 0.0 0.0
INT 0.9 0.9 0.0 229.1 0.0
INTERACTION 0.8 0.8 0.0 105.7 0.0
M0N ATT_T 0.7 0.7 0.0 66.6 0.0
MATHS ACH 0.9 0.9 0.0 346.5 0.0
MONI ATT_P 0.7 0.7 0.0 89.5 0.0
MONI_P 0.7 0.7 0.0 83.2 0.0
MONI_T 0.6 0.6 0.0 76.6 0.0
NUMBER AND NUMERATION 0.0 0.0 0.0 0.0 0.0
PASSION 0.7 0.7 0.0 86.6 0.0
PPTPA 0.9 0.9 0.0 361.0 0.0
PPTPK 0.7 0.7 0.0 40.5 0.0
PPTPP 0.9 0.9 0.0 305.7 0.0
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ROLE DEF_P 0.5 0.5 0.0 26.2 0.0
ROLE DEF_T 0.2 0.2 0.0 10.8 0.0
ROLE EXE_P 0.5 0.5 0.0 18.8 0.0
ROLE EXE_T 0.0 0.0 0.0 11.8 0.0
ST ENG 0.7 0.7 0.0 74.9 0.0
STAT & PROB 0.0 0.0 0.0 0.0 0.0
TPTPA 0.9 0.9 0.0 353.6 0.0
TPTPK 0.1 0.1 0.0 12.0 0.0
TPTPP 0.8 0.8 0.0 169.2 0.0
X1 1.0 1.0 0.0 0.0 0.0
X2 1.0 1.0 0.0 0.0 0.0
X3 1.0 1.0 0.0 0.0 0.0
X4 1.0 1.0 0.0 0.0 0.0
X5 1.0 1.0 0.0 0.0 0.0
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APPENDIX VIII
CORRELATION MARIX

Case ID INT MATHSACH PPTPA PPTPK PPTPP ST ENG TPTPA TPTPK TPTPP X1 X2 X3 X4 X5
Case ID 1
INT -0.005 1MATHSACH 0.039 -0.139 1
PPTPA 0.023 0.009 0.077 1
PPTPK -0.024 -0.123 0.14 0.186 1
PPTPP -0.016 0.092 0.113 -0.025 -0.222 1
ST ENG 0.002 0.448 -0.125 -0.027 -0.201 0.142 1
TPTPA 0.096 0.057 -0.036 0.179 -0.031 -0.096 0.084 1
TPTPK 0.076 0.012 0 -0.004 0.041 0.002 0.027 0.258 1
TPTPP -0.093 -0.03 0.031 0.029 -0.008 0.002 -0.08 0.212 -0.049 1
X1 0.221 0.007 -0.207 -0.106 -0.061 0.075 -0.012 0.001 -0.014 0.104 1
X2 -0.17 0.001 0.171 -0.03 0.039 0.118 0.004 0.031 0.068 -0.038 0.002 1
X3 0.119 0.024 0.112 0.061 0.092 -0.006 0.021 -0.004 -0.021 -0.038 -0.083 0.03 1
X4 0.022 0.044 -0.011 -0.025 0.009 0.007 0.048 -0.008 0.009 -0.019 -0.004 0.011 0.132 1
X5 -0.038 -0.011 -0.049 -0.062 -0.002 -0.002 -0.007 -0.063 -0.047 0.013 0.048 -0.008 -0.113 -0.041 1
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APPENDIX IX
NAMES OF SCHOOLS SAMPLED IN OYO NORTH SENTORIAL DISTRICT 1450

PUBLIC PRIVATE LG

1 OGBOMOSO GRAMMAR SCHL, OGBOMOSO 1 ZION CHRISTAIN ACADEMY, OGBOMOSO OGBOMOSO
NORTH

2 ANGLICAN GRAMMAR SCHOOL, OGBOMOSO 2 SMITH INTERNATIONAL BAPT ACADEMNY,
OGBOMOSO3 SCHOOL OF SCIENCE, OGBOMOSO

4 NURUDEEN GRAMMAR SCHL, OGBOMOSO

5 IKOYI GRAMMAR SCHL. IKOYI 1 FIRST BAPT CHURCH COLLEGE, ILUJU ORRIRE

6 COMMUNITY GRAMMAR SCHL, ILUJU 2 HOLY COMPREHENSIVE COLLEGE, AIPO

7 TEWURE GRAMMAR SCHL, TEWURE

8 ST JOHN SEC SCHL GUGURU

9 BAPTIST SECONDARY GRAMMAR SCHL, ISEYIN 1 KELANI COLLEGE, ISEYIN

ISEYIN10 ANSARUDEEN GRAMMAR SCHL, ISEYIN 2 GREATER LOVE COLLEGE, ISEYIN

11 ISEYIN DISTRICT GRAMMAR SCHL, ISEYIN

12 MUSLIM HIGH SCHL, ISEYIN

13 BAPTIST HIGH SCHOOL 1, SAKI 1 SHARON ROSE COLLEGE, SAKI SAKI WEST

14 BAPTIST HIGH SCHL 11, SAKI 2 FAITH COLLEGE, SAKI

15 ADS SCHL 1, SAKI

16 ADS SCHL 11, SAKI
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NAMES OF SCHOOLS SAMPLED IN OYO CENTRAL SENTORIAL DISTRICT 1553

1 OLIVET BAPTIST HIGH SCHL OYO 1 OLIVET BAPT ACADEMNY, OYO OYO EAST

2 ST BERNEDINES, OYO 2 ROSELAND COLLEGE, OYO

3 ABIODUN ATIBA, OYO

4 ANGLICAN-METHODIST HIGH SCHL, OYO

5 AWE HIGH SCHOOL, AWE 1 BEST LEGACY INTERNATIONAL SECONDARY
SCHL, AWE

AFIJIO

6 BAPTIST GRAMMAR SCHL, ILORA

7 AKINMOORIN GRAMMAR SCHL, AKINMOORIN 2 LORD'S SECONDARY SCHOOL, ILORA

8 FIDITI GRAMM SCHL

9 T.L OYESINA MODEL SCHL, IBADAN 1 ADESINA COLLEGE, IBADAN LAGELU

10 ISABATUDEEN HIGH SCHL II, IBADAN 2 VALENCIA COLLEGE, IBADAN

11 COMMUNITY HIGH SCHL, ALEGONGO

12 COMMUNITY HIGH SCHL, AJARA

13 OOJO HIGH SCHL, IBADAN 1 CROWN HEIGHT COLLEGE, IBADAN AKINYELE

14 ARORO COMMUNITY HIGH SCHL, ARORO 2 ROYAL DIADEM HIGH SCHL, IBADAN

15 SAMUEL ADEGBITE MEMORIAL SCHL, IGBOOLOYIN

16 ARMY DAY SECONDARY SCHL
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NAMES OF SCHOOLS SAMPLED IN OYO SOUTH SENTORIAL DISTRICT 1197

1 IBADAN BOYS HIGH SCHL, IBADAN 1 ATANDA NEIGHBOURHOOD PRIVATE
SECONDARY SCHL, IBADAN

IBADAN
SOUTH
WEST2 OKE BOLA COMP. HIGH SCH

3 OKE-ADO HIGH SCHL 2
E.C.W.A. MODEL COLLEGE

4 CELESTIALGRAMMAR SCHL, IBADAN

5 IMG, SEC SCHOOL

6 PEOPLES GIRLS GRAMM

7 MOUNT OLIVET GRAMMAR SCHL, IBADAN 1 ALL SOULS' HIGH SCHL, BODIJA IBADAN
NORTH

8 IMMAUNEL COLLEGE SCHL, IBADAN 2 STERLING COLLEGE, IBADAN

9 METHODIST HIGH SCHL, BODIJA

10 BISHOP ONABANJO HIGH SCHL

11 AWOTAN -ARAROMI COMM. HIGH SCHL, AWOTAN 1 ALLAHU-LI-YU COMPREHENSIVE COLLEGE,
APETE

IDDO

12 ST MICHEAL AFRICAN CHUR. GRAM. SCHL, APATA

13 OWODE ESTATE HIGH SCHL, OWODE 2 THE GIFT HIGH SCHOOL, APETE

14 AKUFO HIGH SCHL, AKUFO

15 AKOLU GRAMMAR SCHL, ERUWA 1 MUSLIM HIGH SCHL, ERUWA IBARAPA
CENTRAL

16 ERUWA HIGH SCHL, ERUWA 2 BAPTIST MODEL COLLEGE, ERUWA

17 BAPTIST GRAMMAR SCHL, ERUWA

18 OBASEEKU HIGH SCHL, ERUWA
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APPENDIX X
INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION

INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN
MATHEMATICS ACHIEVEMENT TEST

CLASS SS3 TIME 1HOURS 30
MINUTES

SECTION A

NAME OF SCHOOL…………………………………………………………………

NAME OF STUDENT……………………………………………………………………

CLASS……………… AGE………….. GENDER M/F

SECTION B

1. Simplify 0.000215 × 0.000028 and express your answer in standard form.
A 6.03× 109 B 6.02× 109C 6.03× 10−9D 6.02× 10−9

2. Factorise: 𝑥 + 𝑦 − 𝑎𝑥 − 𝑎𝑦. A 𝑥 − 𝑦 1 − 𝑎 B 𝑥 + 𝑦 1 + 𝑎 C
𝑥 + 𝑦 1 − 𝑎 D 𝑥 − 𝑦 1 + 𝑎
3. A car uses one litre of petrol for every 14km. if one litre of petrol costs N63:00,

how far can the car go with N900:00 worth of petrol?
A 420km B 405km C 210km D 200km

4. Correct 0.002473 to 3 significant figures.
A 0.002 B 0.0024 C 0.00247 D 0.0025

5. Simplify: 11
2 + 21

3 × 3
4 − 1

2 A − 21
3 B − 21

4 C 21
8 D 23

4

6. The sum of two consecutive whole numbers is 5
6 of their product. Find the

numbers. A 3, 4 B 1, 2 C 2, 3 D 0, 1
7. A casting is made up of copper and zinc. If 65% of the casting is zinc and there

are 147g of copper, what is the mass of the casting?
A 320g B 420g C 520g D 620g

8. Given that 𝑃 = 𝑥:1 ≤ 𝑥 ≤ 6 and 𝑄 = 𝑥:2 < 𝑥 < 10 , where x is an integer. Find
𝑛 𝑃 ∩ 𝑄 . A 4 B 6 C 8 D 10

9. The sum of 6 and one third of x is one more than twice x. find x.
A x=7 B x=5 C x=3 D x=2

10. Given that T= 𝑥: − 2 < 𝑥 ≤ 9 where x is an integer. What is n(T)?
A 9 B 10 C 11 D 12

11. Solve the inequality: 3 𝑥 + 1 ≤ 5 𝑥 + 2 + 15.
A 𝑥 ≥− 14 B 𝑥 ≤− 14 C 𝑥 ≤− 11 D 𝑥 ≥− 11

12. An empty rectangular tank is 250cm long and 120cm wide. If 180litres of water
is poured into the tank, calculate the height of the water.
A 6.0cm B 5.5cm C 5.0cm D 4.5cm
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13. Given that 5𝑛+3

252𝑛−3 = 50, find n. A n=1 B n=2 C n=3 D n=5

14. A rectangle has length x cm and width(x-1) cm. if the perimeter is 16cm, find the
value of x. A 31

2cm B 4cm C 41
2cm D 5cm

15. The table below shows the number of pets kept by 30 students in a class. If a
student is picked at random from the class, what is the probability that he/she

kept more than one pet?

A 1
5 B 2

5 C 3
5 D 4

5

16. Simplify: 2 3 − 6
3

+ 3
27

A 1 B 1
3 3 C 2 3 − 5 2

3 D 6 3 − 17

17. Simplify: 2
2+𝑥 + 2

2−𝑥  A 4
4−𝑥2

B 8
4−𝑥2

C 4𝑥
4−𝑥2

D 8−4𝑥
4−𝑥2

18. Given that tan 𝑥 = 1, where00 ≤ 𝑥 ≤ 900, evaluate 1−sin2 𝑥
cos 𝑥

A 2 2 B 2 C 2
2 D 1

2

19. If sin 3𝑦 =  cos 2𝑦 and00 ≤ 𝑦 ≤ 900, find the value of y.

A 180 B 360 C 540 D 900

20. The sum of the exterior angles of an n-sided convex polygon is half the sum of its
interior angles. Find n. A 6 B 8 C 9 D 12

21. What is the length of a rectangular garden whose perimeter is 32cm and area
39cm2? A 25cm B 18cm C 13cm D 9cm

22. If 𝑦 = 2 𝑥2+𝑚
3𝑁 , make x the subject of the formula.

A
9𝑦2𝑁2−2𝑚

2 B
9𝑦2𝑁2+2𝑚

2 C
9𝑦2𝑁2−4𝑚

2 D
9𝑦2𝑁2+4𝑚

2

23. The nth term of the sequence: -2, 4,-8, 16… is given by:

A 𝑇𝑛 = 2𝑛 B 𝑇𝑛 = (− 2)𝑛 C 𝑇𝑛 = (− 2𝑛) D 𝑇𝑛 = 𝑛2

24. The mean age of R men in a club is 50years. Two men aged 55 and 63 left the
club and the mean age reduced by 1year. Find the value R. A 18 B 20 C 22

D 28
25. Bala sold an article for N6900:00, and made a profit of 15%.if he sold it for

N6600:00, he would have made a:
A profit of 13% B loss of 12% C profit of 10% D loss of 5%

26. The subtraction below is in base seven. Find the missing number 5 1 6 2
2 6 4 4

Number of pets 0 1 2 3 4

Number of students 8 4 5 10 3
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2 * 1 5
A 2 B 3 C 4 D 5
The table below is for the relation y = mx + c, where m and c are constants. Use
the table to answer questions 27 and 28

27. What is the equation of the line described in the table?

A 𝑦 = 2𝑥 B 𝑦 = 𝑥 + 1 C  𝑦 = 𝑥 D 𝑦 = 1
2𝑥 + 1

28. What is the value of x when y = 5? A 8 B 9 C 10 D11

29. In an athletics’ competition, the probability that an athlete wins a 100m race is 1
8

and the probability he wins in high jump is1
4. What is the probability that he wins

only one of the events? A 3
32 B 3

16 C 7
32 D 5

16

30. If 𝑥2 + 𝑘𝑥 + 16
9 is a perfect square, find the value of 𝑥

A 8
3 B 7

3 C 5
3 D 2

3

31. If 𝑥 kmℎ−1 = 𝑦𝑚 𝑠−1, then 𝑦= A 7
18𝑥 B 11

20𝑥 C 4
15𝑥 D 5

18𝑥

32. The mean of the numbers 2, 5, 2𝑥, and 7 is less than or equal to 5. Find the range
of values of 𝑥. A 𝑥 ≤ 3 B 𝑥 ≥ 3 C 𝑥 < 3 D 𝑥 > 3

33. If N112:00 exchanges for D14.95, calculate the value of D1.00 in Naira.
A 0.13 B 7.49 C 8.00 D 13.00

34. Solve for 𝑥 in the equation: 3
5 2𝑥 − 1 = 1

4(5𝑥 − 3) A 0 B 1 C 2 D 3

35. Given that cos 𝑥0 = 1
𝑟 express tan 𝑥0 in terms of r.

A 1
𝑟

B 𝑟 C 𝑟2 + 1 D 𝑟2 − 1

36. If a number is chosen at random from a set 4 ≤ 𝑥 ≤ 15}, find the probability that
it is a multiple of 4. A 1

12 B 5
12 C 1

2 D 11
12

37. Solve the equations 3𝑥 − 2𝑦 = 7;𝑥 + 2𝑦 =− 3

A 𝑥 = 1,𝑦 =− 2 B 𝑥 = 1,𝑦 = 3    C 𝑥 =− 2,𝑦 =− 1   D 𝑥 = 4,𝑦 =− 3

38. One of the factors of 𝑚𝑛 − 𝑛𝑞 − 𝑛2 + 𝑚𝑞 is 𝑚 − 𝑛 . The other factor is

X 0 2 4 6

y 1 2 3 4
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A 𝑛 − 𝑞 B 𝑞 − 𝑛 C 𝑛 + 𝑞 D 𝑞 − 𝑚

39. A cylindrical container has base radius of 14cm and height 18cm. how many
litres correct to the nearest litre of liquid can it hold?[Take 𝜋 =  22

7].

A 11 B 14 C 16 D 18

40. A regular polygon of n sides has each exterior angle equal to450. Find the value
of n. A 6 B 8 C 12 D 15

41. Esther was facing S 200W. She turned to 900in the clockwise direction. What
direction is she facing? A N 700W B S 700E C N 200W D S
200W

42. The cross section of a uniform prism is a right-angled triangle with sides 3cm,
4cm and 5cm. if its length is 10cm, calculate the total surface area.

A 142𝑐𝑚2 B 132𝑐𝑚2 C 122𝑐𝑚2 D 112𝑐𝑚2

43. Form the equation whose roots are 𝑥 = 1
2 and− 2

3.

A 6𝑥2 − 𝑥 + 2 B 6𝑥2 − 𝑥 − 2 C 6𝑥2 + 𝑥 + 2 D 6𝑥2 + 𝑥 − 2

44. Simplify: 𝑙𝑜𝑔 27
𝑙𝑜𝑔 81

A 3 B 2 C 3
2 D 3

4

45. Which of these angles can be constructed using ruler and a pair of compasses
only? A 1150 B 1250 C 1350 D 1450

46. The perimeter of a sector of a circle of radius 4cm is (𝜋 + 8)cm. calculate the
angle of the sector. A 450 B 600 C 750 D 900

47. The length of a piece of stick is 1.75m. A girl measured it as 1.80m. Find the
percentage error. A 284

7 % B 29
7 % C 5% D 20

7 %

48. What is the value of 3 in the number 42.7531? A 3
10000 B

3
1000 C 3

100 D 3
10

49. The height of a cylinder is equal to its radius. If the volume is 0.216𝜋𝑚3,
calculate the radius. A 0.46m B 0.60m C 0.87m D 1.80m

50. A circle is divided into two sectors in the ratio 3:7. If the radius of the circle is
7cm, calculate the length of the minor arc of the circle.
An 18.85cm B 13.20cm C 12.30cm D 11.30cm

51. Simplify: 𝑚
𝑛 + (𝑚−1)

5𝑛 − (𝑚−2)
10𝑛 where n≠ 0 A 𝑚−3

10𝑛 B 11𝑚
10𝑛 C 𝑚+1

10𝑛

D 11𝑚+4
10𝑛

52. If 72 + 32 − 3 18 = 𝑥 8, find the value of x. A 1 B 3
4 C 1

2 D 1
4
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APPENDIX XI

INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION
INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN

MATHEMATICS ACHIEVEMENT TEST
CLASS SS3 TIME 2HOURS

SECTION A

NAME OF SCHOOL…………………………………………………………………

NAME OF STUDENT……………………………………………………………………

CLASS……………… AGE………….. GENDER M/F

SECTION B

1. If 72 + 32 − 3 18 = 𝑥 8, find the value of x. A 1 B 3
4 C 1

2 D 1
4

2. Simplify: 𝑚
𝑛 + (𝑚−1)

5𝑛 − (𝑚−2)
10𝑛 where n≠ 0 A 𝑚−3

10𝑛 B 11𝑚
10𝑛 C 𝑚+1

10𝑛 D 11𝑚+4
10𝑛

3. A circle is divided into two sectors in the ratio 3:7. If the radius of the circle is
7cm, calculate the length of the minor arc of the circle.
An 18.85cm B 13.20cm C 12.30cm D 11.30cm

4. The height of a cylinder is equal to its radius. If the volume is 0.216𝜋𝑚3, calculate
the radius. A 0.46m B 0.60m C 0.87m D 1.80m

5 What is the value of 3 in the number 42.7531? A 3
10000 B 3

1000 C 3
100 D

3
10

6. The length of a piece of stick is 1.75m. A girl measured it as 1.80m. Find the
percentage error. A 284

7 % B 29
7 % C 5% D 20

7 %
7. The perimeter of a sector of a circle of radius 4cm is (𝜋 + 8)cm. calculate the

angle of the sector. A 450 B 600 C 750 D 900

8. Which of these angles can be constructed using ruler and a pair of compasses
only? A 1150 B 1250 C 1350 D 1450

9. Simplify: 𝑙𝑜𝑔 27
𝑙𝑜𝑔 81

A 3 B 2 C 3
2 D 3

4

10. Form the equation whose roots are 𝑥 = 1
2 and− 2

3.
A 6𝑥2 − 𝑥 + 2 B 6𝑥2 − 𝑥 − 2 C 6𝑥2 + 𝑥 + 2 D 6𝑥2 + 𝑥 − 2

11. The cross section of a uniform prism is a right-angled triangle with sides 3cm,
4cm and 5cm. if its length is 10cm, calculate the total surface area.
A 142𝑐𝑚2 B 132𝑐𝑚2 C 122𝑐𝑚2 D 112𝑐𝑚2

12. Esther was facing S 200W. She turned to 900in the clockwise direction. What
direction is she facing? A N 700W B S 700E C N 200W DS
200W
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13. A regular polygon of n sides has each exterior angle equal to450. Find the value
of n. A 6 B 8 C 12 D 15

14. A cylindrical container has base radius of 14cm and height 18cm. how many
litres correct to the nearest litre of liquid can it hold?[Take 𝜋 =  22

7].

A 11 B 14 C 16 D 18

15. One of the factors of 𝑚𝑛 − 𝑛𝑞 − 𝑛2 + 𝑚𝑞 is 𝑚 − 𝑛 . The other factor is

A 𝑛 − 𝑞 B 𝑞 − 𝑛 C 𝑛 + 𝑞 D 𝑞 − 𝑚

16. Solve the equations 3𝑥 − 2𝑦 = 7;𝑥 + 2𝑦 =− 3

A 𝑥 = 1,𝑦 =− 2 B 𝑥 = 1,𝑦 = 3 C 𝑥 =− 2,𝑦 =− 1 D 𝑥 = 4,𝑦 =− 3

17. If a number is chosen at random from a set 4 ≤ 𝑥 ≤ 15}, find the probability that
it is a multiple of 4. A 1

12 B 5
12 C 1

2 D 11
12

18. Given that cos 𝑥0 = 1
𝑟 express tan 𝑥0 in terms of r.

A 1
𝑟

B 𝑟 C 𝑟2 + 1 D 𝑟2 − 1

19. Solve for 𝑥 in the equation: 3
5 2𝑥 − 1 = 1

4(5𝑥 − 3) A 0 B 1 C 2 D 3

20. If N112:00 exchanges for D14.95, calculate the value of D1.00 in Naira.
A 0.13 B 7.49 C 8.00 D 13.00

21. The mean of the numbers 2, 5, 2𝑥, and 7 is less than or equal to 5. Find the range
of values of 𝑥. A 𝑥 ≤ 3 B 𝑥 ≥ 3 C 𝑥 < 3 D 𝑥 > 3

22. If 𝑥 kmℎ−1 = 𝑦𝑚 𝑠−1, then 𝑦= A 7
18𝑥 B 11

20𝑥 C 4
15𝑥 D 5

18𝑥

23. If 𝑥2 + 𝑘𝑥 + 16
9 is a perfect square, find the value of 𝑥 x

A 8
3 B 7

3 C 5
3 D 2

3

24. In an athletics’ competition, the probability that an athlete wins a 100m race is 1
8

and the probability he wins in high jump is1
4. What is the probability that he wins

only one of the events? A 3
32 B 3

16 C 7
32 D 5

16

The table below is for the relation y = mx + c, where m and c are constants. Use
the table to answer questions 25 and 26

25. What is the value of x when y = 5? A 8 B 9 C 10 D11

X 0 2 4 6

y 1 2 3 4
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26. What is the equation of the line described in the table?

A 𝑦 = 2𝑥 B 𝑦 = 𝑥 + 1 C  𝑦 = 𝑥 D 𝑦 = 1
2𝑥 + 1

27. The subtraction below is in base seven. Find the missing number 5 1 6 2
2 6 4 4
2 * 1 5

A 2 B 3 C 4 D 5
28. Bala sold an article for N6900:00, and made a profit of 15%.if he sold it for

N6600:00, he would have made a:
A profit of 13% B loss of 12% C profit of 10% D loss of 5%

29. The mean age of R men in a club is 50years. Two men aged 55 and 63 left the
club and the mean age reduced by 1year. Find the value R. A 18 B 20 C 22

D 28
30. The nth term of the sequence: -2, 4,-8, 16… is given by:

A 𝑇𝑛 = 2𝑛 B 𝑇𝑛 = (− 2)𝑛 C 𝑇𝑛 = (− 2𝑛) D 𝑇𝑛 = 𝑛2

31. If 𝑦 = 2 𝑥2+𝑚
3𝑁 , make x the subject of the formula.

A
9𝑦2𝑁2−2𝑚

2 B
9𝑦2𝑁2+2𝑚

2 C
9𝑦2𝑁2−4𝑚

2 D
9𝑦2𝑁2+4𝑚

2

32. What is the length of a rectangular garden whose perimeter is 32cm and area
39cm2? A 25cm B 18cm C 13cm D 9cm

33. The sum of the exterior angles of an n-sided convex polygon is half the sum of its
interior angles. Find n. A 6 B 8 C 9 D 12

34. If sin 3𝑦 =  cos 2𝑦 and00 ≤ 𝑦 ≤ 900, find the value of y.

A 180 B 360 C 540 D 900

35. Given that tan 𝑥 = 1, where00 ≤ 𝑥 ≤ 900, evaluate 1−sin2 𝑥
cos 𝑥

A 2 2 B 2 C 2
2 D 1

2

36. Simplify: 2
2+𝑥 + 2

2−𝑥  A 4
4−𝑥2

B 8
4−𝑥2

C 4𝑥
4−𝑥2

D 8−4𝑥
4−𝑥2

37. Simplify: 2 3 − 6
3

+ 3
27

A 1 B 1
3 3 C 2 3 − 5 2

3 D 6 3 − 17
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38. The table below shows the number of pets kept by 30 students in a class. If a
student is picked at random from the class, what is the probability that he/she

kept more than one pet?

A 1
5 B 2

5
C 3

5 D 4
5

39. A rectangle has length x cm and width(x-1) cm. if the perimeter is 16cm, find the
value of x. A 31

2cm B 4cm C 41
2cm D 5cm

40. Given that 5𝑛+3

252𝑛−3 = 50, find n. A n=1 B n=2 C n=3 D n=5

41. An empty rectangular tank is 250cm long and 120cm wide. If 180litres of water is
poured into the tank, calculate the height of the water.

A 6.0cm B 5.5cm C 5.0cm D 4.5cm
42. Solve the inequality: 3 𝑥 + 1 ≤ 5 𝑥 + 2 + 15.

A 𝑥 ≥− 14 B 𝑥 ≤− 14 C 𝑥 ≤− 11 D 𝑥 ≥− 11

43. Given that T= 𝑥: − 2 < 𝑥 ≤ 9 where x is an integer. What is n(T)?
A 9 B 10 C 11 D 12

44. The sum of 6 and one third of x is one more than twice x. find x.
A. x=7 B x=5 C x=3 D x=2

45. Given that 𝑃 = 𝑥:1 ≤ 𝑥 ≤ 6 and 𝑄 = 𝑥:2 < 𝑥 < 10 , where x is an integer. Find
𝑛 𝑃 ∩ 𝑄 . A 4 B 6 C 8 D 10

46. A casting is made up of copper and zinc. If 65% of the casting is zinc and there are
147g of copper, what is the mass of the casting?
A. 320g B 420g C 520g D 620g

47. The sum of two consecutive whole numbers is 5
6 of their product. Find the numbers.

A 3, 4 B 1, 2 C 2, 3 D 0, 1

48. Simplify: 11
2 + 21

3 × 3
4 − 1

2 A − 21
3 B − 21

4 C 21
8 D23

4
49. Correct 0.002473 to 3 significant figures.

A 0.002 B 0.0024 C 0.00247 D 0.0025

50. A car uses one litre of petrol for every 14km. if one litre of petrol costs N63:00,
how far can the car go with N900:00 worth of petrol?
A 420km B 405km C 210km D 200km

51. Factorise: 𝑥 + 𝑦 − 𝑎𝑥 − 𝑎𝑦. A 𝑥 − 𝑦 1 − 𝑎 B 𝑥 + 𝑦 1 + 𝑎
C 𝑥 + 𝑦 1 − 𝑎 D 𝑥 − 𝑦 1 + 𝑎

52. Simplify 0.000215 × 0.000028 and express your answer in standard form.
A 6.03× 109 B 6.02× 109 C 6.03× 10−9 D 6.02× 10−9

Number of pets 0 1 2 3 4

Number of students 8 4 5 10 3
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APPENDIX XII

INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION
INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN

MATHEMATICS ACHIEVEMENT TEST
CLASS SS3 TIME 1HOURS 30

MINUTES

SECTION A

NAME OF SCHOOL…………………………………………………………………….

NAME OF STUDENT……………………………………………………………………

CLASS……………… AGE………….. GENDER M/F

SECTION B

1. Find the value of x in the diagram below.

A 50° B 30° C 22° D 17°
2. In the diagram, ÐPSR=22°, ÐSPQ=58° and ÐPQR=41°. Calculate the obtuse

angle QRS.

A 99° B 100° C 121° D 165°
3. What is the value of M in the diagram? A 20° B 30° C 40° D 50°

3x−54X+64

2x

5x2x+10

3x 4x

58°
22°

41°

P

S
R

Q

4m-15° 4m+75°
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4. Which shaded region in the following diagrams represents(𝑷 ∪ 𝑸) ∩ 𝑹?

5. In the diagram, QR//ST, /PQ/=/PR/ and ÐPST=75°. Find the value of y.

A 105° B 110° C 130° D 150
Use the diagram below to answer questions 6 and 7.

P

R

Q P

R

QA B

C DP Q

R

P Q

R

YQ

P

R

75° TS

NN

50cm 120°
60° Y

X
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6. Find the bearing of X from Y. A 300° B 240° C 120° D 60°

7. If 𝑋𝑌 = 50𝑚, how far east of X is Y? A 25.5m B 40.6m C 40.8m D
43.3m

8. In the diagram, /TP/=12cm, and it is 6cm from O, the centre. Calculate ÐTOP.

A 120° B 90° C 60° D 45°
The pie chart below shows the distribution of 4320 students who graduated from four
Departments in a university. Use the information to answer questions 9 and 10.

9. How many students graduated from the science department?
A 840 B 864 C 920 D 960

10. If a students is picked at random, what is the probability that he is not from the
education department? A 3

10 B 2
9 C 5

18 D 7
10

PQRS is a trapezium, QR//PS, /PQ/= 5cm, /QR/=6cm, /PS/= 10cm and <QPS =
42°. Use the information to answer questions 11 and 12

11. Calculate the perpendicular distance between the parallel sides.
A 3.35cm B 3.72cm C 4.50cm D 4.62cm

12. Calculate correct to the nearest𝑐𝑚2, the area of the trapezium.
A 27 𝑐𝑚2 B 30 𝑐𝑚2 C 36 𝑐𝑚2 D 37 𝑐𝑚2

13. Find the quadratic equation whose roots are − 1
2  𝑎𝑛𝑑 3.

A. 2𝑥2 − 2𝑥 + 3 = 0 B. 2𝑥2 − 2𝑥 − 3 = 0
C. 2𝑥2 − 5𝑥 + 3 = 0 D. 2𝑥2 − 5𝑥 − 3 = 0

T
O

12cm
P

108
°

100° 80
°
SCIENCE

MEDICINE

EDUCATION

ARTS

42°

5cm

10 cm

6 cm

P

Q R

S
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14. Simplify: 𝑥 − 3𝑦 2 − 𝑥 + 3𝑦 2.
A. 2 𝑥 + 3𝑦 B. 2 𝑥 − 3𝑦 C. -12xy D. 6xy

15. Simplify: 1
2 32 − 18 + 2. A. 0 B. 2 C. 2 2 D. 4 2

16. If c and k are the roots of6 − 𝑥 − 𝑥2 = 0, find c+k. A. 2 B. 1 C. -1 D. -3

17. Which of the following illustrates the solution of (3𝑥+4)
2 < 𝑥 + 3?

18. In the diagram below, /EF/= 8𝑐𝑚, /FG/= 𝑥 𝑐𝑚, /GH/= 𝑥 + 2 𝑐𝑚ÐEFG= 90°. If
the area of the shaded portion is 40𝑐𝑚2, find the area of DEFG

A 128𝑐𝑚2 B 72𝑐𝑚2 C 64𝑐𝑚2 D 32𝑐𝑚2

19. Solve: 2𝑥+1
6 − 3𝑥−1

4 = 0. A. 1 B. 1
5 C.− 1

5 D. -1
20. If x is a positive integer, list the values of x which satisfy the equations: 3x -4 < 6

and x-1> 0. A. 1,2,3 B. 2,3 C. 2,3,4 D. 2,3,4,5
21. The arc of a circle subtends an angle of 600 at the centre of the circle, if the radius

of the circle is 3cm, find in terms of π, and the length of the arc.
A. π cm B. 2 π cm C. 3 π cm D. 6 π cm

22. If capacity of a water tank is 1,800 litres. If the tank is in form of a cuboid with
base 600cm by 150cm, find the height of the tank.
A. 2cm B. 20cm C. 200cm D. 2000cm

23. If 85% of X is N3230, what is the value of x?
A. N2745.50 B. N3714.50 C. N3800.00 D. N4845.00

−3 −2 −1 0 1 2 3 4

−3 −2 −1 0 1 2 3 4

−3 −2 −1 0 1 2 3 4

−3 −2 −1 0 1 2 3 4

E

8cm

F Hx cm (x + 2)cmG
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24. If,92𝑥 = 1
3 27𝑥 find x. A. 2 B. 1 C. -1 D. -2

25. Express 2.7864 × 10−3 to two significant figures.
A. 0.28 B. 0.27 C. 0.0028 D. 0.0027

26. What is the median of the following scores: 22, 41, 35, 63, 82, and 74?
B. 82 B. 52 C. 49 D. 22

27. Given that 600 =  3
2  𝑎𝑛𝑑 cos 600 = 1

2; evaluate
1−sin 600

1+𝑐𝑜𝑠600

A. 2+ 3
3 B. 2− 3

3  C. 1+ 3
3 D. 2− 3

3
28. The diameter of a bicycle wheel is 42cm.if the wheel makes 16 complete

revolutions, what will be the total distance covered by the wheel? (Take π= ).
A. 672cm B. 1056cm C. 2112cm D. 4224cm

29. Factorise completely.
A. B. C. D.

30. If ; find the value of x. A 1 B 2 C 3 D 4
31. Five bottles of Fanta and two packets of biscuits cost Ghc 6.00. Three bottles of

Fanta and four packets of biscuits cost Ghc 5.00.Find the cost of a bottle of Fanta.
A Ghc 0.50 B Ghc 1.00 C Ghc 1.50 D Ghc 5.00

32. If solve for x. A. B. C. D.
33. Solve the following simultaneous equations:

A. B. C. D.
34. Two sets are disjoint if: A. They are both empty B. Their union is an

empty set C. Their intersection is an empty set D. One of them is a subset
of each other.

35. Express the square root of 0.000144 in standard form.
A 1.2 B 1.2 C D

36. Find the value to which N3, 000:00 will amount in 5 years at 6% per annum
simple interest A N3, 900:00 B N3, 750:00 C N3, 600:00 D N3,
300:00

37. Arrange the following numbers in descendant order of magnitude:
A B
C D

38. If and find in terms of x, y and z, the value of log
A 2x+y-zB 2x+z-y C x+y-2z D x+z-y

39. In a particular year, the exchange rate of Naira (N) varies directly with the dollar
($). If N1122 is equivalent to $8, find the Naira equivalent of &36.
A N8976 B N5049 C N104.25 D N31.17

40. Simplify A B C 35 D 47

41. If E=𝑀𝑁
𝑆+𝑁 and E=75, M=120, N=5000, Find S.
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A 1000 B 2000 C 3000 D 4000
42. If 27𝑥 = 9𝑦, find the value of 𝑥𝑦 . A 1

3 B 2
3 C 1 1

2 D 3
43. A shopkeeper allows a discount of 15% on the marked price of a mobile. If a

customer paid GHc 170.00 for a mobile phone, what was the marked price of the
phone?
A GHc 144.50 B GHc 195.40
C GHc 200.00 D GHc 255.00

44. In a quiz competition, a student answered n questions correctly and was given
D(n+50) for each question correctly answered. If he gets D600.00 altogether,
how many questions did he answer correctly?

A 18 B 15 C 12 D 10
45. John pours 96 litres of red oil into a rectangular container with length 220cm and

breadth 40cm. Calculate correct to the nearest cm, the height of the oil in the
container.
A 11cm B 18cm C 21cm D 34cm

46. A rectangular garden measures 18.6m by 12.5m. Calculate correct to three
significant figures, the area of the garden.
A 230𝑚2 B 231𝑚2 C 232𝑚2 D 233𝑚2

47. The perpendicular bisectors of the sides of an acute angled triangle are drawn.
Which of these statements is correct? They intersect:

A on one of the vertices B at a midpoint of a side
C inside the triangle D outside the triangle

48. Find the smaller value of 𝑥 that satisfies the equation: 𝑥2 + 7𝑥 + 10 = 0
A -5 B -2 C 2 D 5

49. Given that 124𝑥 = 7 14𝑥 , find the value of 𝑥. A 12 B 11 C 9 D 8
50. Simplify:1 3

4 − (2 1
3 + 4) A 5

12 B 2 7
12 C − 4 7

12 D − 5 5
12

51. What must be added to 2𝑥 − 3𝑦 , to get(𝑥 − 2𝑦)?
A 5𝑦 − 𝑥 B 𝑦 − 𝑥 C 𝑥 − 5𝑦 D 𝑥 − 𝑦

52. Given that 𝑛 𝑃 = 19, 𝑃 ∪ 𝑄 = 38 and 𝑛 𝑃 ∩ 𝑄 = 7, find 𝑛(𝑄).
A 26 B 31 C 36 D 50

53. G varies directly as the square of H. If G is 4 when H is 3, find H when G = 100.
A 15 B 25 C 75 D 225



214

APPENDIX XIII

INTERNATIONAL CENTRE FOR EDUCATIONAL EVALUATION
INSTITUTE OF EDUCATION, UNIVERSITY OF IBADAN

MATHEMATICS ACHIEVEMENT TEST
CLASS SS3 TIME 1HOURS

30MINUTES

SECTION A
NAME OF SCHOOL…………………………………………………………………….
NAME OF STUDENT……………………………………………………………………
CLASS……………… AGE………….. GENDER M/F

SECTION B
1. G varies directly as the square of H. If G is 4 when H is 3, find H when G = 100.

A 15 B 25 C 75 D 225
2. Given that 𝑛 𝑃 = 19, 𝑃 ∪ 𝑄 = 38 and 𝑛 𝑃 ∩ 𝑄 = 7, find 𝑛(𝑄).

A 26 B 31 C 36 D 50
3. What must be added to 2𝑥 − 3𝑦 , to get(𝑥 − 2𝑦)?

A 5𝑦 − 𝑥 B 𝑦 − 𝑥 C 𝑥 − 5𝑦 D 𝑥 − 𝑦
4. Simplify:1 3

4 − (2 1
3 + 4). A 5

12 B 2 7
12 C − 4 7

12 D − 5 5
12

5. Given that 124𝑥 = 7 14𝑥 , find the value of 𝑥. A 12 B 11 C 9 D 8
6. Find the smaller value of 𝑥 that satisfies the equation: 𝑥2 + 7𝑥 + 10 = 0

A -5 B -2 C 2 D 5
7. The perpendicular bisectors of the sides of an acute angled triangle are drawn.

Which of these statements is correct? They intersect: A on one of the vertices
B at a midpoint of a side C inside the triangle D outside the triangle

8. A rectangular garden measures 18.6m by 12.5m. Calculate correct to three
significant figures, the area of the garden. A 230𝑚2 B 231𝑚2 C 232𝑚2

D 233𝑚2

9. John pours 96 litres of red oil into a rectangular container with length 220cm and
breadth 40cm. Calculate correct to the nearest cm, the height of the oil in the
container. A 11cm B 18cm C 21cm D 34cm

10. In a quiz competition, a student answered n questions correctly and was given
D(n+50) for each question correctly answered. If he gets D600.00 altogether,
how many questions did he answer correctly? A 18 B 15 C 12 D 10

11. A shopkeeper allows a discount of 15% on the marked price of a mobile. If a
customer paid GHc 170.00 for a mobile phone, what was the marked price of the
phone?
A GHc 144.50 B GHc 195.40
C GHc 200.00 D GHc 255.00

12. If 27𝑥 = 9𝑦, find the value of 𝑥𝑦 . A 1
3 B 2

3 C 1 1
2 D 3
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13. If E=𝑀𝑁
𝑆+𝑁 and E=75, M=120, N=5000, Find S. A 1000 B 2000 C 3000

D 4000

14. Simplify A B C 35 D 47

15. In a particular year, the exchange rate of Naira (N) varies directly with the dollar
($). If N1122 is equivalent to $8, find the Naira equivalent of &36.
A N8976 B N5049 C N104.25 D N31.17

16. If and find in terms of x, y and z, the value of log
A 2x+y-zB 2x+z-y C x+y-2z D x+z-y

17. Arrange the following numbers in descendant order of magnitude:

A B
C D

18. Find the value to which N3, 000:00 will amount in 5 years at 6% per annum
simple interest A N3, 900:00 B N3, 750:00 C N3, 600:00 D N3,
300:00

19. Express the square root of 0.000144 in standard form.
A 1.2 B 1.2 C D

20. Two sets are disjoint if: A. They are both empty B. Their union is an
empty set C. Their intersection is an empty set D. One of them is a subset
of each other.

21. Solve the following simultaneous equations:
A. B. C. D.

22. If solve for x. A. B. C. D.

23. Five bottles of Fanta and two packets of biscuits cost Ghc 6.00. Three bottles of
Fanta and four packets of biscuits cost Ghc 5.00.Find the cost of a bottle of Fanta.
A Ghc 0.50 B Ghc 1.00 C Ghc 1.50 D Ghc 5.00

24. If ; find the value of x. A 1 B 2 C 3 D 4
25. Factorise completely.

A. B. C. D.
26. The diameter of a bicycle wheel is 42cm.if the wheel makes 16 complete

revolutions, what will be the total distance covered by the wheel? (Take π= ).

A. 672cm B. 1056cm C. 2112cm D. 4224cm
27. Given that 600 =  3

2  𝑎𝑛𝑑 cos 600 = 1
2; evaluate

1−sin 600

1+𝑐𝑜𝑠600

A. 2+ 3
3 B. 2− 3

3  C. 1+ 3
3 D. 2− 3

3
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28. What is the median of the following scores: 22, 41, 35, 63, 82, and 74?
A. 82 B. 52 C. 49 D. 22

29. Express 2.7864 × 10−3 to two significant figures.
A. 0.28 B. 0.27 C. 0.0028 D. 0.0027

30. If,92𝑥 = 1
3 27𝑥 find x. A. 2 B. 1 C. -1 D. -2

31. If 85% of X is N3230, what is the value of x?
A. N2745.50 B. N3714.50 C. N3800.00 D. N4845.00

32. If capacity of a water tank is 1,800 litres. If the tank is in form of a cuboid with
base 600cm by 150cm, find the height of the tank.
A. 2cm B. 20cm C. 200cm D. 2000cm

33. In the diagram below, /EF/= 8𝑐𝑚, /FG/= 𝑥 𝑐𝑚, /GH/= 𝑥 + 2 𝑐𝑚ÐEFG= 90°. If
the area of the shaded portion is 40𝑐𝑚2, find the area of DEFG

A 128𝑐𝑚2 B 72𝑐𝑚2 C 64𝑐𝑚2 D 32𝑐𝑚2

34. Which of the following illustrates the solution of (3𝑥+4)
2 < 𝑥 + 3?

−3 −2 −1 0 1 2 3 4

−3 −2 −1 0 1 2 3 4

−3 −2 −1 0 1 2 3 4

−3 −2 −1 0 1 2 3 4

E

8cm

F Hx cm (x + 2)cmG
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PQRS is a trapezium, QR//PS, /PQ/= 5cm, /QR/=6cm, /PS/= 10cm and <QPS =
42°. Use the information to answer questions 35 and 36

35. Calculate the perpendicular distance between the parallel sides.
A 3.35cm B 3.72cm C 4.50cm D 4.62cm

36. Calculate correct to the nearest𝑐𝑚2, the area of the trapezium.
A 27 𝑐𝑚2 B 30 𝑐𝑚2 C 36 𝑐𝑚2 D 37 𝑐𝑚2

37. The arc of a circle subtends an angle of 600 at the centre of the circle, if the radius
of the circle is 3cm, find in terms of π, and the length of the arc.
A. π cm B. 2 π cm C. 3 π cm D. 6 π cm

38. If X is a positive integer, list the values of x which satisfy the equations: 3x -4 < 6
and x-1> 0. 1,2,3 B. 2,3 C. 2,3,4 D. 2,3,4,5

39. If c and k are the roots of6 − 𝑥 − 𝑥2 = 0, find c+k. A. 2 B. 1 C. -1 D. -3
40. Solve: 2𝑥+1

6 − 3𝑥−1
4 = 0. A. 1 B. 1

5 C.− 1
5 D. -1

41. Simplify: 1
2 32 − 18 + 2. A. 0 B. 2 C. 2 2 D. 4 2

42. Simplify: 𝑥 − 3𝑦 2 − 𝑥 + 3𝑦 2.
A. 2 𝑥 + 3𝑦 B. 2 𝑥 − 3𝑦 C. -12xy D. 6xy

43. Find the quadratic equation whose roots are − 1
2  𝑎𝑛𝑑 3.

A. 2𝑥2 − 2𝑥 + 3 = 0 B. 2𝑥2 − 2𝑥 − 3 = 0
C. 2𝑥2 − 5𝑥 + 3 = 0 D. 2𝑥2 − 5𝑥 − 3 = 0

The pie chart below shows the distribution of 4320 students who graduated from four
Departments in a university. Use the information to answer questions 44 and 45.

44. How many students graduated from the science department?
A 840 B 864 C 920 D 960

42°
5cm

10 cm

6 cm

P

Q R

S

108°
100° 80°

SCIENCE

MEDICINE

EDUCATION

ARTS
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45. If a students is picked at random, what is the probability that he is not from the
education department? A 3

10 B 2
9 C 5

18 D 7
10

46. In the diagram, /TP/=12cm, and it is 6cm from O, the centre. Calculate ÐTOP.

A 120° B 90° C 60° D 45°

47. What is the value of M in the diagram?

A 20° B 30° C 40° D 50°
Use the diagram below to answer questions 48and 49.

48. Find the bearing of X from Y. A 300° B 240° C 120° D 60°
49. If 𝑋𝑌 = 50𝑚, how far east of X is Y? A 25.5m B 40.6m C 40.8m

D 43.3m
50. In the diagram, QR//ST, /PQ/=/PR/ and ÐPST=75°. Find the value of y.

NN

50cm
120°

60° Y
X

T
O

12 cm P

4m-15° 4m+75°

YQ

P

R
75° TS



219

A 105° B 110° C 130° D 150
51. In the diagram, ÐPSR=22°, ÐSPQ=58° and ÐPQR=41°. Calculate the obtuse

angle QRS.

A 99° B 100° C 121° D 165°
52 Which shaded region in the following diagrams represents(𝑷 ∪ 𝑸) ∩ 𝑹?

53. Find the value of x in the diagram below.

P

R

Q P

R

QA B

C DP Q

R

P Q

R

58°
22°

41°

P

S
R

Q

3x−54X+64
2x

5x
2x+10

3x 4x
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A 50° B 30° C 22° D 17°


