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Abstract: The effectiveness of teaching fractions and word 

problems in mathematics classroom relies on the selection of 
suitable teaching and learning strategies by the mathematics 
teacher Fractions are been introduced both at primary , junior, 
senior secondary schools and higher institution of learning This 
study examined the impacts of Higher Order Thinking Skills 
(HOTS) module method among Nigeria Certificate in Education 
(NCE 2) Mathematics students’ performance in Colleges of 
Education based on MAT 224: difficult problems in Junior 
Secondary School Mathematics faced by the mathematics teachers 
after their pre-service training in terms of Fractions and Words 
problems involving quadratic equations. A quasi-experimental 
research design was used in this study. The study used two 
Colleges of Education in North Central, which are Federal Capital 
Territory (FCT) College of Education, Zuba –Abuja, and Niger 
State College of Education, Minna. A population of 365 NCE 2 
Mathematics students in these Colleges of Education are offering 
MAT 224: Junior Secondary School Content. A sample of 70 and 
65 (135) NCE 2 mathematics students of the two Colleges of 
Education respectively was used in this study. Sample in FCT 
College of Education, Zuba, 70 NCE 2 Mathematics students (30 
students were assigned as treatment group and 40 students were 
in control group). While for Niger State College of Education, 
Minna, 65 NCE 2 mathematics students (30 students were in 
treatment group and 35 students in control group) that 
participated in this study. The Data were collected and analysed 
using descriptive statistics and inferential statistics such as 
ANCOVA to answered the research questions and the hypotheses 
in the study. The results of the research questions showed that the 
performance test scores of both FCT COE Zuba and COE Minna 
students in the control group is higher in the post test when 
compare to the performance of the students in the treatment 
group. For the hypotheses, after adjusting the mean scores of 
students in both FCT COE Zuba and COE Minna.the results 
revealed that students in the treatment group showed significantly 
better performance scores as compared to those in the control 
group. Recommendations were made in the study. 
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1. Introduction 
Mathematics plays important roles in the progress of 

civilization of any nation as such, it is made compulsory from 
primary to secondary levels of Education in Nigeria. In the  

 
world today, mathematical activities are literally in every field 
of human endeavour which plays a significate role in economic 
development of a country. This brings about scientific and 
technological advancement, and development. Therefore, 
students need nothing short of good performance in 
mathematics at all levels of schooling (Julius, 2018) [1]. 

Despite the importance of mathematics, it is the prerequisite 
for most of the subjects, poor performance in mathematics 
among students is an issue of concern in our Nigeria schools, 
colleges, and universities in and even in the developed countries 
alike. However, mathematics continues to be one of the most 
challenging subjects in schools as perceived by students. 
Students of mathematics in 21st century enter mathematics 
classrooms with a serious lack of fluency and reliability in 
numerical and algebraic manipulation and simplification, 
problem-solving, and negative attitude 

A. Students Performance in Mathematics 
The higher rate of poor performance of students in Nigeria 

has been a source of concern to researchers, educators, 
government and parents over the past years [2]. Parents and 
government are in total agreement that their investment in 
education is not yielding the desired dividend. The reports from 
the West Africa Examination Council Chief examiner indicates 
that the general performance of the candidates in mathematics 
for May/Jue 2018/ 2022 Examinations. 

Students’ performance in mathematics at the end of their 
school secondary education has not improved in the past decade 
[3]. Studies have showed that there is poor achievement in 
mathematics at national level by students in NECO/WAEC [1], 
[4], [5], [6].  

The performance of Nigerian students in NECO and WAEC 
Mathematics is not at the satisfactory level, some factors that 
caused the failures are the teaching methods that did not apply 
and focus on HOTS as laid out in the curriculum. 

B. Definition of Higher Order Thinking Skills (HOTS) 
In mathematics education, HOTS is the ability to apply 

knowledge, skills and values in making reasoning and reflection 
to solve problems, make decision, innovate and able to create 
something and besides, HOTS is also part of the creative and 
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critical thinking. High-level thinking skills can be trained in the 
learning process in the classroom [7]. Therefore, to make the 
students to have the ability to think critically, then the learning 
process should provide a space for learners to find the concept 
of knowledge-based activities. Higher order thinking skills 
(HOTS) allows students to view concepts holistically and 
produce an effective thinker [8]. HOTS has become a top 
priority over recent years. Educators and employers are well 
aware of the importance of being able to really think, rather than 
just memorizing knowledge and procedures 

C. Fractions Problems 
A fraction is seen as a complex topic in mathematics. Studies 

have showed that students made mistakes in solving 
mathematical problems involving higher order thinking skills 
which are related to Number domain [9]-[11].  

This, however, demonstrates that students are still weak in 
solving fraction problems which involves higher order thinking 
skills. and besides, the students are still lacking in mastering the 
basic knowledge of Fractions. Literatures showed that most 
students made mistakes in basic operations such as addition and 
subtraction of Fractions. For instance, when solving questions 
that involved addition of fractions, students assume the 
numerator and denominator are separate entities [12]. This 
condition is as a result of students having ’limited informal 
knowledge, 

Students’ lack the understanding of appropriate procedures 
to used. Fraction [12]. Therefore, there is need for preventive 
measures against problems faced by students in which should 
analyzing the level of students’ understanding of relevant 
Fractions. 

Despite the importance of fraction in everyday life activities, 
pupils have difficulty in learning fraction, when compared to 
other aspects of mathematics [13]. For students to solve 
arithmetic word problems, it is a complex task that requires 
individuals’ students to activate their working memory 
resources, as well as the correct performance of the underlying 
executive processes involved in order to inhibit semantic biases 
or superficial responses caused by the problem’s statement [14]. 
Mathematics teachers need to use relevant teaching methods in 
order to facilitate the students to learn Fractions. 

D. Word Problems in Mathematics 
Many students see mathematical word problem-solving as 

one of the most demanding tasks in mathematics [15]. because 
it involves both higher and lower order thinking skills. 
However, the higher order activities in word problem-solving 
are the main causes of cognitive overload among students. 
Difficulties in solving word problems in mathematics are one 
of the most common reasons for weak mathematics 
performance by the students and as well as poor mathematical 
literacy which has vital has implications for the students further 
education, employment opportunities, mental health and quality 
of life in our today’s modern technological society [16]. 

Word problems is defined as a verbal description of problem 
in which one or more questions have raised the answer to which 
can be obtained by the application of mathematical operations 

to numerical data available in the problem statement [17]. 
Therefore, the word problems are based on real-life world 
applications situations [18] (Boonen, de Koning, Jolles, & van 
der Schoot, 2016). Word Problems in mathematics have 
significant roles in equipping learners with the basic 
knowledge, skills, and, understanding of problem-solving and 
mathematical modelling [19]. 

According to [20] learning of mathematics word problems 
that are related to algebraic concepts are greatly affecting 
students’ cognitive and affective factors. Mathematics word 
problems are areas whereby many students have learning 
difficulties [21], [17]. However, mathematical word problems 
are intended to help learners to apply mathematics beyond the 
classroom in solving real-life-World Problems [19].  

Therefore, Word Problems require students to understand 
and adequately apply previously learned basic algebraic 
concepts, principles, rules and/or techniques. Therefore, 
students fail to write required mathematical algebraic symbolic 
operations. Higher-order thinking skills (HOTS) therefore, 
important for solving word problems, and in order to improve 
students’ competency in problem-solving, the students most 
engaged in solving the non-routine word problems [22]. These 
non-routine Word Problems are regarded as word problems 
involving HOTS in this study. 

E. Module Method 
The concept of modular method has been used in educational 

software to upgrade the pedagogical skills in the teaching and 
learning of mathematics [23]. Higher Order Thinking Skills 
module method is an instrument to promote HOTS among NCE 
2 Mathematics students, on the topics of fractions and Word 
Problems. The module consists of topics such as Fractions and 
Word Problems. 

Modules are practical pedagogical methods that a teacher 
uses in the process of delivering skills and knowledge. Studies 
have showed that module improved higher order thinking of 
students solving mathematics problems [24]-[32]. Hence, the 
design of this modular teaching module should be carefully and 
systematically developed. Therefore, the module is to improve 
creative thinking skills based on problem learning [33]. 

This study focused on NCE 2 Mathematics students of two 
Colleges of Education in North Central (FCT College of 
Education, Zuba –Abuja, and Niger State College of Education, 
Minna) group of second year students taken MAT224 course on 
the topic of Fractions and Word Problems for some certain 
reasons these include; (a) Analysis of the students quality of 
answers in MAT 224 on these topics Fractions and Word 
Problems from period of four years from 2019, 2020, 2021, and 
2022 found that students could not answer questions correctly 
in these topics of Fractions and Word Problems. The students 
were not proficient in solving Fractions and Word Problem 
questions. (b) There is no module for the topics of Fractions and 
Word Problems in NCE 2 MAT 224 Curriculum and finally, (c) 
The students have already experienced the learning of these 
topics in a conventional classroom practice. Therefore, there is 
a need for selection of suitable sample to experience the topics 
taught using module approach. 
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F. Problem Statement 
Students poor performance in Mathematics is a worldwide 

issue, in as much, the students errors in fractions and word 
problems have been associated with poor performance in 
Mathematics. Many high school students find mathematics 
difficult in general, and especially with word problems. 
Repeatedly, the students are unable to give correct answers to 
the word problems [46]. Therefore, solving word problems is 
one of the skills that students are not prepared for when entering 
Algebra 1[47]. In addition, most of the students always try to 
avoid word problems or simple want to use a formula to solve 
problems without understanding the context of the problems 
[48]. In order for the students to solve the words problems, they 
must take Words Problems and convert them to mathematical 
expressions before they will then be able to solve the problems 
[46].  

Fraction is an important aspect of numeracy in primary 
school mathematics and it refers to a number that represents a 
measure of the relationship between two quantities, these two 
quantities provide information about the parts, the units and the 
whole [12]. Despite the importance of fraction, it is a concept 
in mathematics that still poses a lot of challenges to both 
teachers and pupils in primary schools in Nigeria [12]. 

Therefore, fractions are difficult-to-learn and difficult-to-
teach concepts that present ongoing pedagogical challenges to 
the mathematics education community [12]. These difficulties 
begin early in the primary years [49] and therefore, persisting 
throughout the middle school, then into secondary and even 
tertiary education [50]. Fractions are seemed to be one of the 
three most difficult topics to teach and learn in primary school 
mathematics curriculum in Nigeria.  

Previous work on teachers’ mathematical knowledge has 
contributed to our understanding of the important role of 
teachers’ knowledge in teaching and learning. However, one 
aspect of pre- service teachers’ mathematical knowledge on 
fractions and Word Problems has received little attention. 
Therefore, this study looked at various approaches and teaching 
strategies to provide students with the ability to master 
Mathematics course such as MAT 224: Junior Secondary 
Schools Mathematics Contents based on fractions and words 
problems involving quadratic equations using HOTS. 

G. Purpose of the Study 
The study aims to examine the difference in students' 

performances by using HOTS modules on the topics fraction 
and words problems involving quadratic equations of NCE 2 
Mathematics students in two Colleges of Education in North 
Central Nigeria. Specifically, the study was based on the 
following objectives: 

1. To determine the difference in FCT College of 
Education, Zuba students’ performance test scores 
(post delayed test) between the treatment and control 
groups while controlling the pre-test scores on the 
topic fractions and words problems involving 
quadratic equations. 

2. To determine the difference in Niger State College of 
Education, Minna students’ performance test scores 

(post delayed test) between the treatment and control 
groups while controlling the pre-test scores on the 
topic fractions and words problems involving 
quadratic equations. 

H. Research Questions 
The following questions were raised to guide the conduct of 

the study: 
1. Is there a difference of FCT College of Education, 

Zuba students’ performance test scores (post-delayed 
test) between the treatment and control groups while 
controlling the pre-test scores on the topics fractions 
and words problems involving quadratic equations?  

2. Is there a difference of Niger State College of 
Education, Minna students’ performance test scores 
(post-delayed test) between the treatment and control 
groups while controlling the pre-test scores on the 
topics Fraction and Words Problems involving 
quadratic equations?  

I. Hypotheses of the Study 
Two hypotheses were postulated as a follow up of the 

research questions: 
H01: There is no significant difference in the means of FCT 

College of Education, Zuba students’ performance test scores 
(post-delayed test) between treatment and control groups while 
controlling pre-test scores on the topics fraction and words 
problems involving quadratic equations 

H02: There is no significant difference in the means of Niger 
State College of Education, Minna students’ performance test 
scores (post-delayed test) between treatment and control groups 
while controlling pre-test scores on the topics fractions and 
words problems involving quadratic equations. 

2. Literature Review 
The latest study by [11] investigated the effect of 

incorporating higher order thinking skills (HOTS) in a school-
based assessment on mathematics achievement among 
students. The study employed a mixed-method research design 
and a sample size of 158 students and three mathematics 
teachers were used in the study. standard based curriculum for 
secondary schools was used to determined the students’ 
proficiency in mathematics by using questionnaire and 
interview which incorporation of HOTS in standard based 
curriculum for secondary schools. descriptive and regression 
analysis showed that 11.9% of the mathematics score was 
achieved through contribution of incorporating HOTS in SBA, 
while 7.7% was contributed by SBA mastery level in 
mathematics. Nevertheless, students’ maturity and 
misconceptions about mathematics are some of the challenges 
in implementing higher order thinking skills in standard based 
assessment. However, some of the challenges in applying 
higher order thinking skills in standard based assessment had a 
positive effect on teachers’ pedagogical approach in which they 
can make new strategy in order to meeting the needs of students 
and teach topics in another ways 

In the recent past, [9] determined the effectiveness of 



Zakka et al.                                                                         International Journal of Recent Advances in Multidisciplinary Topics, VOL. 4, NO. 7, JULY 2023 28 

Thinking Blocks in order to help students solve fraction 
problems involving higher order thinking skills. They 
researchers incorporating a pre-post quasi-experimental design, 
in which the students were divided into two groups. The 
experimental group (n = 32) were exposed to treatment to 
improve higher order thinking skills. While, the other group 
acted as a control group (n=22) and were taught in a 
conventional way. Samples in this study were Form One 
students in Johor. The instrument consists of twelve higher 
order thinking questions used for identifying the level of higher 
order thinking skills. The data were analysed using inferential 
statistics. The result indicates that the control group and the 
experimental group showed a statistically significant 
improvement on higher order thinking skills group compared. 
In conclusion, teachers should consistently practice the 
strategies of higher order thinking, this my led to highly develop 
and nurture higher order thinking skills among students when 
learning. 

In a study, [34] identify levels of students’ higher order 
thinking skills in solving fraction word problems. The study 
used a sample of 48 students of Year 5 from two schools that 
participated in the study. Questionnaire was used in the study 
which consisted of 12 Fraction higher order thinking skills 
questions. A descriptive statistical analysis was used to measure 
the students’ existing capabilities. The results revealed that the 
current ability of Year 5 pupils in answering HOTS fraction 
word problems are at poor level which is 75 % followed by 
20.84 % at satisfactory level and 2.08 % are respectively at 
good and excellent levels. 

 In a most recent study, [35] determined the problem-solving 
ability of field independent (FI) and field dependent (FD) 
students in solving HOTS story problems at a junior school in 
Malang, Indonesia. This study used qualitative research in 
which. tests and interviews to collect data. Data analysis of this 
study include data collection, reduction, presentation, and 
concluding. The findings show that FI and FD students 
understand the problem. The results also revealed that there is 
no difference between the two; but both FI and FD students are 
good at understanding the problem. FI students plan solutions 
well and can correctly create mathematical models, while FD 
students have difficulty developing mathematical models. In 
this case both FI and FD students have something in common: 
they are not quite right in the final solution. 

In their research, [10] examined the effect of training in math 
metacognition on fractional mathematics among primary 
school pupils in Nigeria. A quasi-experimental research design 
was used with a post-test only control group design. The two 
intact classes were randomly selected and assigned to treatment 
and control conditions. A sample size of Sixty primary six 
pupils were used in the study. Two research questions and three 
null hypotheseswere used to guided the study. Data collected 
were analyzed using mean, SD (standard deviation) and 
ANOVA (analysis of variance). The findings showed that 
training in mathematics metacognitive strategy has improved 
pupils’ achievement in fractional mathematics. The results also 
indicate that there is a significant gender difference in the 
achievement of pupils in fractional mathematics. With these 

results, there is a good understanding of fractions which is the 
requisite to excellence in school mathematics. The researcher is 
of the view that there should be training in mathematics 
metacognitive strategy should be introduced in teacher 
preparation in order to remedy the prevalent mathematics fear 
and failure in Nigeria. 

In the same vein, [36] examined the responses of 350 fourth- 
and fifth-grade teachers in the USA to four multistep fraction 
word problems, and also explored the manifestations of 
teachers’ strategic competence for word problems. Their 
findings indicate how teachers dealt with known and unknown 
quantities in their mathematization of word problems. The 
results of the study provide evidence for the critical nature of 
strategic competence as another dimension needed to 
understand and describe teachers’ mathematical knowledge. 

Furthermore, [37] assessed the mathematical content 
knowledge of 194 prospective teachers about fraction word 
problems faced by students at the Primary Education stage, 
based on the Mathematics Teachers Specialized Knowledge 
(MTSK) model. They also explored their knowledge and 
identified the associated error to fraction word problems (one-
step and multistep) in which the fraction has a meaning as an 
operator. The results showed that Pre-service teachers have 
some difficulties in solving multistep problems. The findings 
also show a weak prior mathematical content knowledge and as 
a consequence. 

In another manner, [38] conducted a secondary data analysis 
on a dataset of N = 1282 undergraduate students solving six 
mathematical word problems from the Programme for 
International Student Assessment (PISA). The findings indicate 
that verbal skills were the most consistent predictor of 
successful word problem solving in these tasks, arithmetic skills 
only predicted the correct solution of word problems containing 
calculations 

Researchers have conducted studies on the effect of inquiry-
based instructional strategy towards mathematics learning 
around the world. [12] determined the effects of inquiry-based 
instructional strategy enriched with origami activities and the 
moderating effect of gender on pupils’ achievement in fraction 
in Oyo State, Nigeria. The study adopted Quasi-experimental 
research design using a 2x2 factorial matrix. The sample 
consists of 55 boys and 33 girls from two randomly selected 
public primary schools. Two intact classes were randomly 
assigned to experimental and control groups. The instruments 
used was pupils’ achievement test in fraction and teachers’ 
instructional guides. The study used analysis of covariance, for 
the analysis of the data collected. The findings indicate a 
significant main effect on pupils’ achievement in fraction and 
there was no significant main effect on gender. 

 In addition,[39] investigates how children and even adults 
largely fail to incorporate real-world knowledge into 
mathematical word problems. They observed that the realistic 
word problems may reflect problem solving ability independent 
of general academic ability, and therefore may be an ability 
worth fostering. 

In the most recent study, [18] explored the direct and indirect 
relationship between students’ attitude towards, and 



Zakka et al.                                                                         International Journal of Recent Advances in Multidisciplinary Topics, VOL. 4, NO. 7, JULY 2023 29 

performance in mathematics word problems (MWTs), mediated 
by the active learning heuristic problem solving (ALHPS) 
approach. Attitude towards Mathematics Inventory-Short Form 
(ATMI-SF) tools were used for data collection A quantitative 
approach with a quasi-experimental pre-test, post-test, and non-
equivalent control group study design was adopted. A sample 
of 608 of 11th-grade Ugandan students consists of (291 males 
and 317 females) from eight secondary schools (both public and 
private) participated. The results revealed a direct significant 
positive relationship between students’ performance and their 
ATLPWTs. 

Similarly, [40] investigated the perspectives of Norwegian 
early childhood educators on mathematics and higher-order 
thinking. Thematic analysis of the connection between 
mathematics and children’s higher-order thinking skills was 
performed based on semi-structured interviews with ten 
educators in three different early childhood education and care 
(ECEC) centres. The findings suggest that educators, 
recognizing mathematics as vital for ECEC, associate 
mathematics with problem-solving, an aspect of higher-order 
thinking skills highlighted in the research literature. The 
educators identified many opportunities for working with 
mathematics in daily activities, in accordance with the 
Norwegian tradition in recent years. These findings provide 
insights into how mathematics can e support early childhood 
educators’  

Several studies have been conducted to investigate the errors 
of students in solving the HOTS type problem in the application 
of trigonometry around the globe.[41] investigated the errors of 
students in solving the HOTS type problem in the application 
of trigonometry. The study used qualitative descriptive research 
design. The subjects of the study are 189 students from three 
Vocational High Schools in Gunungkidul Regency, Indonesia, 
using stratified cluster random sampling technique. To collect 
the data in the study observations, tests, and interviews were 
used Data analysis techniques include data reduction, 
triangulation of data that was compared with data result of 
observation, test, and result of interviews. The results of the 
analysis show there were three types of errors, namely error 
type I (understand the meaning of the problem), error type II 
(applying the concept), and error type III (calculating). The 
cause of student error type I. This may be due to lack of 
understanding the meaning of the problem to make 
mathematical modelling and due to confusion for the use of 
concepts and formulas. While Error type III is due to students 
were not precise in the calculations or in a hurry to solve the 
problem. 

Furthermore, there are several other studies that investigate 
the used of HOTS base on module approach on pupils’ 
performance in mathematics. [31] investigated the use of 
HOTS-based module approach on the performance of primary 
school pupils. The module was developed systematically using 
ADDIE model with adaptation on Cognitive Apprenticeship 
Model (CAM) as the framework to enhance Higher Order 
Thinking Skills (HOTS) among year five pupils. In this study, 
a quasi-experimental, nonrandomized control group, pre-test-
post-test and post delayed-test design was conducted on two 

intact groups. The study was conducted in two national schools 
located in the rural area, in one of the states in Malaysia. Two 
primary schools were used for better effects of using HOTS-
based module in teaching and learning mathematics. In school1, 
sample of 76 pupils (38 pupils in the treatment group and 38 
pupils in the control group), while for school2, 51 pupils (28 
pupils in the treatment group and 23 pupils in the control group) 
were employed in this study. The instrument used in this study 
were twelve items problem solving test on the topic of 
Measurement and Geometry that were developed by the 
researcher. Th study used analysis of covariate (ANCOVA). 
The findings indicated that there no significant difference in the 
post test and post delayed test for both schools. The study also 
showed that HOTS in mathematics is still new in Malaysia, 
even though module approach was used especially for those 
pupils in rural area. Teachers and pupils in rural area school 
need more time to be familiar and practice using HOTS. It was 
recommended that HOTS-based module approach should be 
continued in teaching and learning Mathematics in next future 

In a similar study, [27] examined the difference in students' 
performances in terms of measurement and geometry between 
urban and rural schools. This study used a quasi-experimental 
research design. A sample of 63 students from urban school and 
51 students from the rural school. The study employed a pre-
test, post-test, and post-delayed test to measure the students’ 
performance. The treatment group utilized the Higher Order 
Thinking Skills (HOTS) based Module framed Cognitive 
Apprenticeship Model (CAM). The analysis of covariance 
showed that there is a significant difference between the post-
test and post-delayed tests for the urban school. This finding 
revealed that the HOTS approach in teaching mathematics was 
more effective than the conventional teaching approach for 
students in an urban school. However, the result of rural schools 
showed that there is no significant difference in both tests. This 
result revealed that teachers and students from rural schools 
need more time to familiarize and practice the use of the HOTS 
approach. Hence, continuously using this approach in teaching 
and learning in the future should be recommended. 

In a study, [42] described students’ higher order thinking 
skills in solving the problem of generator function. The Higher 
Order Thinking Skills (HOTS) of this study consisted of logic 
and reasoning, analysis, evaluation, and creation skills. The 
study used descriptive research by using qualitative approach. 
The sample of the study were three students of mathematics 
education department of Hasyim Asy’ari University, one 
student with high ability, one student with medium ability, and 
one student with low ability. Test, scoring rubric, and interview 
were used to collect data as instrument of the study. The data 
were analysed by adopted the data reduction, data 
interpretation, and conclusion making and were triangulated. 
The result shows that one student does the skills of logic and 
reasoning, analysis, evaluation, and creation not very well in 
solving the problem of generator function. This mean that the 
students are in the medium level of high order thinking skills. 
While the other, two students cannot do the skills of logic and 
reasoning, analysis, evaluation, and creation well in solving the 
problem of generator function, therefore, they are in the low 
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level of high order thinking skills. 
For the assessment of gender difference performance in word 

Problems, [43] who assessed the gender difference in the 
performance of Grade Five elementary students from the rural 
region in solving word problems involving measurement 
formulae and higher-order thinking skills. The sample of this 
study comprised 109 students from three types of elementary 
schools, namely National School (NS), Chinese National-Type 
School (CNTS) and Tamil National-Type School (TNTS) 
located in the rural region of Penang, Malaysia. The findings of 
this study indicate that there is no significant difference 
between the mean scores of the male and female students in the 
rural region of Penang, but both genders were found to perform 
poorly in solving measurement formulae word problems 
involving higher order thinking skills. This implies the needs to 
shift the focus of mathematics teaching from procedural fluency 
to mastery of mathematical reasoning as well as problem 
solving skills to promote rural students’ higher-order thinking 
skills. 

Other study by [14] who conducted a study with 135 students 
of Secondary Obligatory Education. Each student solved 5 
verbal arithmetic problems: which consisted of 2 problems that 
include mathematical operation (add/subtract) and the verbal 
statement of the problem coincide, and 3 inconsistent problems, 
that required inverse operation of the verbal terms. The study 
employed measure of reading comprehension, visual–spatial 
reasoning and deductive reasoning The findings show that the 
relationship between arithmetic problems and cognitive 
measures, as well as the ability of these problems to predict 
academic performance. Regression analyses confirmed that 
arithmetic word problems were the only measure with 
significant power of association with academic achievement in 
both History/Geography (β = 0.25) and Mathematics (β = 0.23). 

In a study, [44] examined the effect of constructivist 
approach on pre- service teachers’ mathematics achievement 
and the difficulties they encounter in translating and solving 
word problems. A quasi-experimental research design was 
employed with 120 sample of pre-service teachers used in this 
study. A diagnostic pre-test and post-test questions and a 
questionnaire were used as instrument to collect data for the 
study. The questionnaire was used to examine the difficulties 
pre-service teachers encounter during translating and solving 
word problems. The test items were also used to determine the 
effect of the constructivist approach on pre-service teachers’ 
mathematics achievement. The findings of the study showed 
that students’ conceptual understanding and performance in 
word problems was largely improved after instructions based 
on the constructivist approach. The study also revealed that 
majority of the pre-service teachers appealed more to the 
constructivist approach than the traditional method. 

[45] investigated the impact of personalizing mathematical 
Word Problems using individual student interests on student 
problem-solving performance. Ten Word Problems were 
selected randomly from a mathematics textbook to create a 
series of two assessments. Both assessments contained 
problems exactly as they appeared in the textbook and problems 
that were personalized using student interests based on student 

completed interest inventories. The study used fourth-grade 
students’ scores on the non-personalized and personalized 
problems were compared to investigate potential achievement 
differences. The results showed no significant increase in 
student achievement when the personalization treatment was 
used regardless of student reading ability or word problem type 
(t = –.10, p = .46). 

3. Research Methodology 

A. Research Design 
This study employed quasi-experimental research design 

using NCE 2 mathematics students in two Colleges of 
Education, North Central Nigeria, designating one as the 
experimental group and the other one as the control group. The 
two Colleges of Education in the study are Federal Capital 
Territory (FCT) College of Education, Zuba –Abuja, and Niger 
State College of Education, Minna. The research design is the 
pretest-posttest control group design as showed in Table 1 
which is the research design model used in this study. 

 
Table 1 

The pre-test-post-test control group design 
COE, Zuba  Hot – based module O1 X1 O2 O3 
 Control group  O1  O2 O3 
COE, Minna  Hot – based module O1  O2 O3 
 Control group  O1 X2 O2 O3 

 
Where,  
X1: Treatment group COE, Zuba 
X2: Treatment group COE, Minna 
O1: Pre-test 
O2: Post-test 
O3: Delayed – Post-test  

B. Population of the Study 
A population of 365 NCE 2 mathematics students in these 

two Colleges of Education offering MAT 224: Junior 
Secondary School content were considered as the population of 
the study. The two Colleges of Education in North Central 
Nigeria include; Federal Capital Territory (FCT) College of 
Education, Zuba –Abuja, and Niger State College of Education, 
Minna. 

C. Sample of the Study 
The samples used in this study were selected using simple 

random sampling technique for selection of the two Colleges of 
Education. From each College of Education, experimental 
groups were selected which represented the large population of 
the two Colleges of Education, North Central Nigeria. A sample 
of 70 and 65 (135) NCE 2 mathematics students of the two 
Colleges of Education respectively were used in this study. The 
sample in FCT College of Education, Zuba, 70 NCE 2 
mathematics students (30 students were assigned as treatment 
group and 40 students were in control group). While for Niger 
State College of Education, Minna, 65 NCE 2 mathematics 
students (30 students were in treatment group and 35 students 
in control group) that participated in this study. 
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D. Instrumentation of the Study 
In this study, three tests (pre-test, post-test, and post delayed 

test) were administered to measure the students' performances 
in fraction and Word problems during the treatment. The test 
questions were on the topics of fraction and word problem 
which consisted of 24 subjective questions the test questions 
were based on higher-order thinking skills  

E. Research Procedures 
In the study, pre-test was conducted on all groups in order to 

obtained difference between the treatment and control groups 
of the study. The aim of the pre-test in the study was to 
determined whether or not the means of both groups are 
significantly different and to provide baseline values regarding 
the constructs measured in the study. The covariate analysis 
used the pre-test, and the treatment group used the Higer Order 
Thinking Skills based Module, while the control group used 
conventional teaching approach. The post-test measured the 
students’ performance after they used the higher-order thinking 
skills -based Module in 14 weeks. The researcher then 
conducted a post-delayed test after the two weeks of the 
intervention. In the context of this study, delayed effect refers 
to the impact of treatment observed after some time. This is 
because the students have learned about higher-order thinking 
Skills during the treatment sittings. After the researcher 
conducted the pre-tests on both groups, the mathematics 
lectures started adopting the HOTS approach for the treatment 
group and the conventional teaching approach for the control 
group 

F. Method of Data Analysis  
In this study, descriptive and inferential statistics were used. 

The descriptive statistics was used in order to describe the 
distribution of students in the treatment groups and control 
groups, while the inferential statistics such as ANCOVA was 
used to answer the Hypotheses of the study. 

4. Results & Analysis 
This section presents results and analysis that is connected to 

the research questions and hypotheses of the study. 
Research Question 1: Is there a difference of FCT College of 

Education, Zuba students’ performance test scores (post-
delayed test) between the treatment and control groups while 
controlling the pre-test scores on the topics fractions and words 
problems involving quadratic equations. 

The data in Table 2, shows the mean and standard deviation 
of FCT COE, Zuba students performance test in both groups. 
Therefore, the performance test scores of students in the control 
group is higher in the post test (M = 24.72, SD= 4.642) equated 
to the performance of the students in the treatment group (M = 
12.47, SD =4.884). Also, the control group is higher in the post-
delayed test (M =14.42, SD = 4.081) as equated to the treatment 
group (M =13.43, SD = 4.054). 

Research Question 2: Is there a difference of Niger State 
College of Education, Minna students’ performance test scores 
(post-delayed test) between the treatment and control groups 
while controlling the pre-test scores on the topics Fraction and 
Words Problems involving quadratic equations? 

Table 3 presents the mean and standard deviation of COE 
Minna students performance test in both groups. The 
performance test of the students in the control group is higher 
in post- test (M = 14.46, SD = 4.644) compared with the 
performance of the students in the treatment group (M = 12.27, 
SD = 2.645). whereas, the control group performance is higher 
in the post-delayed test (M = 10.65, SD = 4.258) compared to 
the performance of students in the treatment group (M = 10.13, 
SD = 3.546). 

A. Hypotheses of the Study  
H01: There is no significant difference in the means of FCT 

College of Education, Zuba students’ performance test scores 
(post-delayed test) between treatment and control groups while 
controlling pre-test scores on the topics fraction and words 
problems involving quadratic equations. 

 
Table 4 

Levene’s test of equality of error variance of post-test and post-delayed test of 
COE Zuba students test scores 

Tests F df1 df2 Significant 
Post-test 0.534 1 68 0.614 
Post- Delayed test 2.647 1 68 0. 196 

 
In Table 4, Levene’s test was used and the result shows that 

the levene’s test for the post-test [F (1, 68) = 0.534, p = 0.406 > 
0.05] which is not significant. Again, the Levene’s test for the 
post -delayed test [F (1, 68) = 2.647, p = 0. 196 > 0.05] which 
is not significant. This mean that the null hypothesis is retained. 
This implies that students in COE Zuba that are exposed in both 
approaches did not differ in their performance in post-delayed 
test in fractions and Word Problems involving quadratic 
equations.  

Table 2 
Descriptive statistics of post-test and post-delayed test scores of students in COE, Zuba 

Tests Group of students in COE Zuba Mean Std. Deviation N 
post-test Treatment  12.47 4.884 30 

Control 24.72 4.642 40 
post-delayed test Treatment 13.43 4.054 30 

Control 14.42 4.081 40 
 

Table 3 
Descriptive statistics of post-test and post-delayed test scores of students in COE Minna 

Tests Group of students in COE, Minna Mean Std. Deviation N 
post-test Treatment  12.27 2.645 30 

Control 14.46 4.644 35 
post-delayed test Treatment 10. 13 3.546 30 

Control 10.65 4.258 35 
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Table 5 indicates the adjusted mean scores of the pre-tests of 
COE Zuba students, there was a significant difference in the 
mean post-test scores between the treatment and control groups 
[F (1,68) = 28.632, p = .000 < .05]. This implies that students 
in the control group scored significantly better compared to 
those in the treatment group. Once more, there is a significant 
difference between the two intervention groups in the post-
delayed test scores in the students performance test [F (1,68) = 
5.6755, p = .042 < .05]. This result revealed that students in the 
treatment group showed significantly better performance scores 
as compared to those in the control group. 

H02: There is no significant difference in the means of Niger 
State College of Education, Minna students’ performance test 
scores (post-delayed test) between treatment and control groups 
while controlling pre-test scores on the topics fractions and 
words problems involving quadratic equations. 

 
Table 6 

Levene’s test of equality of error variance of post-test and post-delayed test 
of COE Minna students test scores 

Tests F Df1 Df2 Significant 
Post-test 0.534 1 63 0.614 
Post- Delayed test 2.647 1 63 0. 196 

 
Data in Table 6 is the Levene’s test which was employed and 

the result revealed that Levene’s test for post-test [F (1, 63) = 
0.432,34, p = 0.326 > 0.05] whereas the Levene’s test for post 
delayed test [F (1, 63) =1.835, p = 0. 175 > 0.05] which it is not 
significant. This mean that the null hypothesis was retained. 
This implies that students in COE Minna that are exposed in 
both approaches did not differ in their performance in post-
delayed test in fractions and Word Problems 

Data in Table 7 shows the adjusted mean scores of the pre-
tests for students in Niger State College of Education, Minna, 
(COE Minna) there was no significant difference in the mean 
post-test scores between the treatment and control groups [F 
(1,63) = 4.326, p = .083 > .05]. Therefore, H02 is accepted. This 
imply that students in both groups did not differ in the post-test. 
Again, there was no significant difference between the two 
intervention groups in the post-delayed test scores in the 
performance test [F (1,63) = 3.420, p = .129 > .05]. This result 
revealed that students exposed to both approaches did not differ 
in their post-delayed test. This result revealed that students in 
the treatment group showed significantly better performance 
scores as compared to those in the control group. 

B. Discussion of the Findings 
This study investigated the impact of higher-order thinking 

skills module method on mathematics  

students’ performance in Colleges of Education, North-
Central Nigeria (NCE 2) on the course MAT 224: Junior 
Secondary School Content based on the topics Fractions and 
Word Problems involving quadratic equations which pre-
service teachers and students find difficult to tech as such, 
students do not perform well on these topics without using 
higher order thinking skills as a strategy. 

The two Colleges of Education in North Central Nigeria have 
experienced and qualified mathematics teachers that are 
capable of handling tasks provided in Higher Order Thinking 
Skills based Module method. Here, students are requiring to use 
their conceptual knowledge to solve HOTS problems in 
fractions and Word Problems.Therefore, mathematics teachers 
experienced and competent will indirectly or directly increase 
their confidence in teaching mathematics 

The result of post-test in the control group at COE Zuba 
revealed that students had significantly better performance 
scores when compared to those of the treatment group. 
Whereas, the result indicted that students in the treatment group 
in COE Zuba had noticeably better performance scores as 
compared to those in the control group in the post-delayed test 

The study also compared two teaching approaches using 
HOTS module and conventional teaching approach in teaching 
and learning year 2 mathematics students in two Colleges of 
Education  

The results indicated that there was no significant difference 
in mathematics performance for both groups in COE Zuba and 
COE Minna in neither post-test nor post-delayed test. 

In contrast, the result of the post-test and the post-delayed 
test of the students from COE Minna indicate that there was no 
significant difference in the mean scores of the topic Fractions 
and word Problems performance. This result is in line with the 
study of [31]. However, these findings are consistent with the 
results of previous studies by [31],[28] which showed different 
performance in the score after using HOTS module. 

The findings of this study indicated that students’ learning 
could facilitate within embedded activities in social contexts by 
exploring and applying CAM through HOTS-based Module 
which is in agreement with the results of [31], [28]  

In this study, the conventional teaching approach is similar 
to other scholars [31, 28]. Teaching and learning mathematics 
using HOTS based module method should be emphasized on 
student-centered in as much it tends to be uncomfortable when 
used for the first time However, it can be overcome with time 
and this approach needs lots of commitments from the 
mathematics teacher  

The results of the finding indicate that there is significant 
difference in the students’ performance in fraction and words 

Table 5 
Tests of between-subject effects of post-test and post-delayed test scores in COE Zuba 

Tests Type III Sum of Squares Df Mean Squares F Sig. 
post-test 624.313 1 624.313 28.632 .000 
post-delayed test 72.470 1 72.470 3.743 .042 

 
Table 7 

Tests of between-subject effects of post-test and post-delayed test scores in COE Minna 
Tests Type III Sum of Squares Df Mean Squares F Sig. 
post-test 41.524 1 41.524 4.326 .083 
post-delayed test 52.375 1 52.375 3.420 .154 
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problems which is in agreement with the finding of [10] which 
shows that there is a significant difference in the mean 
fractional achievement of pupils that received mathematics 
metacognitive training when compared with those that did not. 

[38] reiterates that mathematical word problems have the 
potential to address cognitive skills beyond mere calculation, 
but that this potential is very distinct in each word problem. The 
results of this study show that there a need for training teachers 
in mathematics metacognitive strategy that will improves 
greatly the students performance in fraction and Word 
Problems in mathematics. 

It is difficult to convert traditional teaching to new approach. 
Therefore, fractions and word problems could be easily solved 
by using heuristics. Word problems may differ with regard to 
the cognitive skills which required to solve them correctly. 

C. Summary of Findings 
This section presents the summary of findings of both the 

research questions and hypotheses in the study. The results of 
the research questions showed that the performance test scores 
of FCT COE Zuba students in the control group is higher in the 
post test when compare to the performance of the students in 
the treatment group. Also, the control group is higher in the 
post-delayed test as equated to the treatment group. Similarly, 
the performance test of COE Minna students in the control 
group is higher in post- test compared with the performance of 
the students in the treatment group whereas, the control group 
performance is higher in the post-delayed test when compared 
to the performance of students in the treatment group. For the 
hypotheses, after the adjusting the mean scores of students in 
both FCT COE Zuba and COE Minna.the results revealed that 
students in the treatment group showed significantly better 
performance scores as compared to those in the control group. 

D. Implication of the Study  
This study is directly encouraging mathematics lecturers in 

Colleges of Education, Nigeria to prepare and equip themselves 
with critical and creative thinking skills which would enable 
them to use effectively pedagogy which include Higher Order 
Thinking Skills to tech Mathematics. In. addition, the lecturers 
should have the ability to incorporate real-life problems into 
mathematics question and provide various activities that will be 
seen as the teaching strategies to improve students' interest in 
learning mathematics. The study will also promote students’ 
problem-solving skills, and encourage students in shaping their 
thinking. By implication, this study will prevent 
misconceptions in students understanding, perception and 
confidence. 

5. Conclusion 
In this study, notwithstanding many teachers and students 

still cannot understand different parts of mathematics skillfully. 
It is therefore necessary for mathematics teachers to make a 
significant improvement in their teaching approaches. For 
instant, Fraction is one of the topics contained in the Number 
domain and word problem which need higher order thinking 
skills in mathematics. 

In addition, to solving word problem in mathematics it is a 
process which involves multistep skills and strategies to 
translate the problem into mathematics equation Measures need 
to be taken to ensure that mathematics teachers are ready to 
implement HOTS in their mathematics classrooms as soon as 
they begin to embark on the educational field.The 
implementation of the HOTS approach should start at the 
primary school level and therefore, the mathematics teachers 
and students should have positive beliefs in learning this new 
approach in order to improve their mathematics performance. 

Effective pedagogy is very important for students to develop 
HOTS. It will able them to improve their performances in 
mathematics. Therefore, mathematics teachers should include 
higher-order thinking hots to engage all their students when 
planning a lesson. 

A. Limitations 
The research used a Quasi-experimental research design. The 

data of this study were subjected to descriptive statistics and 
inferential statistics such as ANCOVA analysis. This study is 
limited respondents of 135 NCE 2 students of Niger State  

College of Education, Minna and FCT College of Education, 
Zuba –Abuja 65 and 70 respectively. In this case, possibly, 
different results may be expected from NCE 2 students from 
other Colleges of Education in Nigeria. In conclusion, the 
duration of this study was limited to 14 weeks. A longer-term 
of instruction may provide a different result. 

The information regarding HOTS in this study was limited to 
MAT 224: Junior Secondary School Content base on the topics 
Fraction and Word Problems involving quadratic equations. 
Therefore, the results of this study cannot be generalised to all 
NCE 2 mathematics students in all Colleges of Education in 
Nigeria. 

B. Recommendations  
The researcher recommended that the use of the same scope 

and treatment of the Higher Order Thinking Skills based on 
Module method limited to this study should include the 
following; 

• Using different topics both in senior secondary schools 
and tertiary institution mathematics. 

• Using different Colleges of Education (NCE 2) in 
another Geopolitical Zone Nigeria.  

• Using different subtopics both in primary and junior 
secondary schools mathematics. 

• Using different research methodology. 
• The school mathematics teacher needs training that 

will focuses on school mathematics that would 
improve their mathematical content and knowledge.  

• Mathematics teacher education programs should 
ensure it addresses and provide an effective teaching-
learning process. 
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