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ABSTRACT 

This study investigated the relationship between Mathematical communication skills and 

Mathematics performance of secondary school students in Kutigi Educational Zone of 

Niger State. Six research questions and hypotheses were used for the study. A 

correlational research design was adopted for the study. The sample of the study was 

made up of 269 (179 males and 90 females) students drawn from the target population of 

858 students. The research instrument used was Mathematical Communication Skills Test 

(MCST). The instrument was validated by experts from Department of Science 

Education, Federal University of Technology Minna and a secondary school Mathematics 

Teacher. The reliability of instrument five (5) constructs were 0.82, 0.74, 0.81, 0.70 and 

0.71 respectively with the average reliability of 0.76 using PPMC coefficients. Students 

Promotion Examination Scores of Mathematics was used as their Mathematics 

Performance. Research questions were answered using Mean and Standard deviation with 

Scatterplots while hypotheses were tested using PPMC at 0.05 level of significance. The 

results indicated that Mathematical Communication Skills of the secondary school 

students were low. Also, the Mathematical Communication Skills studied were 

contributors to Mathematics performance of secondary school students. Similarly, there 

was positive relationship between Gender and Mathematical Communication Skills of 

secondary school students. The study recommended that mathematics teachers should 

adopt a good measure to strengthen these Mathematical communication skills during 

teaching and learning process to enhance students’ performance in Mathematics. 
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CHAPTER ONE 

1.0            INTRODUCTION 

1.1 Background to the study 

Mathematics is all around us in everything we do. It is the building block for everything 

in our daily activities, including mobile devices, computers, software, architecture 

(ancient and modern), art, money, engineering, social sciences, education, medicine and 

even sports. Since the beginning of recorded history, Mathematics has been at the front 

line of every civilized society (Elaine &  Jonathan, 2021).  

Mathematics is defined in Wikipedia (2019) as a subject developed from counting, 

calculation, measurement, and the systematic study of the shapes and motions of physical 

objects; Mathematics seeks and uses patterns to formulate new conjectures and resolve 

the truth with falsity conjectures via Mathematical proof. That is, when Mathematical 

structures are good models of natural phenomena, then mathematical reasoning can 

provide insight or prediction about nature through abstraction and logic. Awodu and Ojo 

(2013) defined mathematics as an intrinsic component of science that serves as a universal 

language and indispensable source of intellectual tools. This language can describe and 

analyze anything in the universe since it touches every aspect of life. 

Mathematics's important role in education is derived from cultural, utilitarian and 

interdisciplinary values that the subject seeks to teach. Mathematics is so vital to the 

extent that all the beautiful things that are done by computers today, using computer 

programmes, are done ultimately using just two symbols that are equivalent to the 

numerals 1 and 0 of Mathematics. Odual (2013) stated that the Federal Government of 

Nigeria has made mathematics a core and compulsory subject in the curriculum of 

primary and secondary schools and a prerequisite to gaining admission into any tertiary 
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institution in the country due to its importance attached to technological development. 

Puspa et al. (2019) suggested that Mathematics should be taught to understand students 

since all fields of study require appropriate Mathematical skills that provide powerful, 

concise, and clear communication mediums needed to present information in various 

ways. Moreover, Mathematics improves the ability of logical thinking, precision, spatial 

awareness and gives satisfaction to the effort to solve challenging problems. 

Despite the relevance and usefulness of Mathematics in realizing national development 

and aspiration, students’ performance in secondary schools Mathematics is still unsteady 

and has caused a lot of concern for many years to parents, other stakeholders and most 

especially to Mathematics educators (Abdullahi, 2016). The trends of performance of 

students in Mathematics for 2015 – 2020 show that only 38 to 40% of the candidates who 

sat for the mathematics examinations in West African Examination Council (WAEC) 

obtained a credit pass and above (WAEC Head of National Office report, 2015 - 2020) 

see Appendix A. This shows that the student's performance in Mathematics is still low, 

thereby questioning issue of quality education among stakeholders in Mathematics and 

members of the public in Niger state.  

Bhairab (2017) defines mathematics performance as the competence shown by the 

students in Mathematics over time. Performance is the act of something done successfully, 

especially with efforts or skills; it is the end product of learning experiences, what students have gained 

from what they have learnt (Odual, 2013). Hence, performance has to do with results obtained 

in a subject or subjects in a teacher-made test, examination, or standardised examination 

over time.  

Various researchers have identified numerous factors as being responsible for students’ 

low performance in Mathematics. Such factors are students’ attitude toward learning 
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mathematics, teachers’ attitude to teaching mathematics, use of instructional materials, 

and teaching methods (Abdullahi, 2016). Students’ characteristics, 

instructional/classroom characteristics, teachers’ characteristics, societal factors and 

school factors are findings of (Ajogbeje and Ojo, 2016). Socio-economic status, gender, 

prior Mathematics achievement, parental support, peer influence, students’ perception of 

good classroom assessment, school and class climate, attitude toward mathematics, and 

parental support (Henry et al., 2015). School factors, overcrowding and Mathematical 

abilities (Odual, 2013).  

Sutama et al. (2019) stated that the weakness of students in Mathematical communication 

skills had been linked to students answering questions through the examples given by the 

teacher. Since, some teachers are more concerned with the correct answers than how 

students can think logically about Mathematics, communicate ideas orally or in writing, 

or learn to take responsibility for their opinions. Communication takes place in every 

aspect of life, both within and outside the school environment. In the school environment, 

communication is widely used in the teaching and learning process. Septiana et al. (2018) 

defined communication as a process of transmitting information, idea, emotion and ability 

through symbols, words, pictures and numbers. Every student needs good communication 

skill to be able to solve various problems related to Mathematics. According to Lomibao 

et al. (2016), communication skills are the students' ability to express their ideas, describe, 

and discuss Mathematical concepts coherently and clearly. Also, the students can explain 

and justify action in procedure and process both orally and in writing. Strayer and Brown 

(2012) pointed out that learning can be promoted through good interactions and 

communication. Likewise, when students are encouraged to interact with others, they can 

communicate, construct individual understanding, symbolizing and concept formation.  



xiii 

 

Symbolizing and Communicating in Mathematics classrooms relate to how students 

attribute meaning to Mathematical symbols and how they become Mathematical symbol 

users (Puspa et al., 2019). Furthermore, communication in Mathematics involves making 

use of the process of reading, writing, speaking, listening and thinking as one 

communicates with one’s self, other people, computer, books, and other aids to the 

storage, retrieval and use of the collected Mathematical knowledge of the world 

(Sammons 2018). Hence, teachers require good Mathematical communication skills to be 

able to lead students to solve Mathematics problems. Mathematical communication skills 

have been defined by Septiana et al. (2018) as the ability of a person to write a 

Mathematical statement, reason or provide an explanation of each Mathematical 

argument used to solve the Mathematics problem using terms, tables, diagrams, notations, 

or Mathematics formula properly and check or evaluate another Mathematical thought.  

Febry et al. (2017) list out Mathematical communication skills to include; the use of 

Mathematical language that is realized in the form of oral, written, or visual; the use of 

Mathematical representations that are discovered in the form of written or visual; and 

clarity of presentation, namely interpreting Mathematical ideas, using the Mathematical 

terms or notations to represent Mathematical ideas, as well as describe the relationships 

or Mathematical approach. Hence, the skills required to communicate mathematically 

effectively are problem-solving, reasoning, connecting and representing, among other 

skills. 

Principles and Standards for School Mathematics, published by the National Council of 

Teachers of Mathematics (NCTM) in 2014, outline the essential skills of a high-quality 

school Mathematics communication, including problem-solving, reasoning and proof, 

communication, connections, and representation. Clever (2020) referred to Problem-

solving skills as the ability to solve problems effectively and timely without any 
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impediments. It involves identifying and defining the problem, generating alternative 

solutions, evaluating and selecting the best alternative, and implementing the selected 

key. Since we face problems all the time, some of which are more complex than the 

others, either big problems or small ones, this skill can help solve it effectively.  

National Council of Teachers of Mathematics (NCTM) cited in Sammons (2018) stated 

that, where good problem solvers monitor and reflects on the process of mathematical 

problem-solving and adjust their use of strategies as needed, such reflective skills are 

much more likely to develop in a classroom environment that supports them. For 

example, if T = {prime numbers} and M = {odd numbers} are subsets of µ = {x: 0 < x ≤ 

10, and x is an integer}, find (TI n MI), the student is expected to list out the parameters 

then solve the given problem as follows; μ = {1,2,3,4,5,6,7,8,9,10} T = {2,3,5,7} M = 

{1,3,5,7,9} T1 = {1,4,6,8,9,10} M1 = {2,4,6,8,10} T1∩M1 = {4,6,8,10}. The venn diagram 

can also be used to represent the information to ease the problem-solving as shown in the 

appendix. This standard requires that teachers to establish a learning environment in 

which students develop the habit of reflection through conversation, beginning in the 

early grades.  

Another skill considered in this study was reasoning skills. Gulumser (2013) stated that 

reasoning skills is the ability to understand the logic behind Mathematical rules, 

generalization and solutions; and the ability to go beyond memorization of Mathematical 

formulas. According to Gunhan (2014), secondary school students must evaluate 

conjectures and assertions, reason deductively and inductively by formulating 

Mathematical assertions, and develop and maintain their reasoning skills. Gurbuz and 

Erdem (2016) also opined that reasoning includes abilities like following and assessing 

chains of arguments, knowing what a proof is and how it differs from other kinds of sense, 

uncovering the basic ideas in a given line of view, and devising formal and informal 
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discussions. For example, the foot of a ladder is 6m from the base of an electric pole. The 

top of the ladder rest against the pole at a point 8m above the ground. How long is the 

ladder? To answer this, the Pythagoras theorem can be used to find the length (L) of the 

ladder. From Pythagoras theorem, hypotenuse2 = opposite2 + adjacent2;   hypotenuse 

= L, opposite = 8m adjacent = 6m therefore, length of the ladder, L2 =  82 + 62  → L = 

√100 = 10m. The students are expected to represent the information in a triangle, then 

proof the length of the ladder using Pythagoras theorem. Also for the student to be able 

communicate effectively in Mathematics the student must have ability to connect or relate 

concepts in Mathematics with each other.   

Haji et al. (2017) referred to connection skills as the ability to link between components 

in Mathematics, the Mathematics to other disciplines, and between Mathematics to 

everyday life. Haji et al further opined that since Mathematics is a science that includes a 

lot of relations between concepts, there is the need for the links between the concept of 

relationship with the concept of function, the linking of the addition operations with 

multiplication operations on numbers, the linking of the concept of the derivative function 

with the concept of profit and loss in the economic field as well as the linking of the 

concept of the exponential growth of bacteria. For example, H varies directly as p and 

inversely as the square of y. If H = 1, p = 8 and y = 2, find H in terms of p and y? The 

student should be able relates the concepts to solve this problem as H ∝ 
𝑝

𝑦²
 ; H = 

𝑘𝑝

𝑦²
  (k is 

the proportionality constant), if H = 1, P =8, y = 2  then 1 = 
𝑘 x 8 

2²
 → 1 = 

8𝑘

4
 → 1 = 2k → k 

= 
1

2 
  Substituting k = 

1

2 
 in H = 

𝑘𝑝

𝑦²
  yield H = 

𝑝

2𝑦²
 .  

Ndiung and Fransiskus (2018) opined that to build a coherent curriculum and foster 

connections, the big ideas from one topic must be built on in others so that students are 

allowed to use familiar concepts in new settings. Students cannot also escape using tables, 
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graphs, diagrams and figures in Mathematics for them to be able to achieve better in 

Mathematics since they are expected to have the skill of representation. Representation 

skills are the ability to express Mathematical ideas or concepts through the use of multiple 

tools such as words, tables, drawings or tangible materials (Arman, 2019). Aflich et al. 

(2018) claimed that the representation in the form of words, graphs, tables, and statements 

is a learning approach that provides an opportunity to present students’ ideas in learning 

Mathematical concepts without any restrictions.  

Arman (2019) pointed out that Mathematical representation makes the concepts and 

relationships clearer and solid, helps the student to understand the components of 

knowledge more comprehensively and in detail by identifying the common mathematical 

elements of the different situations of concepts, in addition to helping them to focus on 

the basic characteristics of Mathematical concepts and to use them to solve life problems. 

For example, the following scores are obtained by students in a test: 8, 18, 10, 14, 18, 11, 

13, 14, 13, 17, 15, 8, 16, 13. Find the mode and mean of the distribution? This can be 

solved as follows: since mode is the number that appears the most. Therefore, the mode 

of the dataset is 13. Whereas, Mean = 
Σx

𝑛
 

=
 8 + 8 + 10 + 11 + 13 + 13 + 13 + 14 +  14 + 15 + 16 + 17 + 18 + 18

14
 = 

288

14
 = 13.4. this can also be 

answered by representing the information on the table as shown in the appendix. Also, in 

consideration in this study is the Mathematical communication skills of secondary school 

students based on gender.  

Gender is a moderating variable which is taken into consideration in this study. Some researchers put male 

and female discrepancy in Mathematics performance in favour of males performing better than their female 

counterparts to be as a result of the female belief towards Mathematics. Mawaddah et al. (2018) 

opines that psychologically males and females are different; females are more interested 
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in real life issues, whereas males are more interested in abstract aspects. They further 

states that the difference between males and females in learning Mathematics is that males 

are superior in reasoning, whereas females are superior in accuracy, precision, 

carefulness, and thoughtfulness. 

Moreover, opportunities to communicate play an essential role in Mathematics 

performance. Based on this background, this study examine the relationship between 

Mathematical communication skills and Mathematics performance of secondary school 

students in Kutigi Educational Zone of Niger State. 

1.2 Statement of the research problem 

There are some abstract concepts in Mathematics that students need to understand to 

enable them communicate effectively in Mathematics. Despite the effort made by the 

Niger state government to revamp the quality of education in the state by adopting certain 

interventions such as seminars, workshops and conferences to boost the teachers’ quality 

of instructional delivery to students and in helping them perform better in their academic 

pursuit, observations and reports from examining bodies revealed that a high percentage of secondary 

school students failed Mathematics examinations and the failure often generated much concern especially, 

to parents, teachers, students and other stakeholders (Abdullahi, 2016).  

Several factors such as: teachers’ attitude to teaching of Mathematics; students attitude 

towards Mathematics; methods of teaching Mathematics; use of instructional materials; 

socio-economic status; gender; prior knowledge in Mathematics; parental support; peer 

influence; students’ perception of good classroom assessment; school and class climate; 

and overcrowding among others had been identified by various researchers as being 

responsible for low performance in Mathematics (Odual 2013; Henry et al., 2015 and 
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Abdullahi, 2016). Little or no attention has been given to Mathematical communication 

skills of students, whereas communication plays significant role in learning Mathematics. 

To the best of researcher’s knowledge, no attention has been given to Mathematical 

Communication Skills in relation to Mathematics performance of secondary school 

students in Niger State. Because, most of the reviews that related to present study are 

done based on personality and some outside the geogrphical location of  present study. 

However, this study examines the relationship between Mathematical communication skills 

and Mathematics performance of secondary school students in Kutigi Educational Zone 

of Niger State. 

1.3 Aim and objectives of the study 

The aim of this study was to examine the relationship between Mathematical 

communication skills and Mathematics performance of secondary school students in 

Kutigi Educational Zone of Niger State. Specifically, the study sets out to achieve the 

following objectives: 

1. to determine the relationship between Mathematical communication skills and 

Mathematics performance of secondary school students in Kutigi Educational Zone 

of Niger State; 

2. to find out the relationship between problem-solving skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger State; 

3. to find out the relationship between proofs and reasoning skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger State; 

4. to find out the relationship between connection skills and Mathematics performance 

of secondary school students in Kutigi Educational Zone of Niger State; 



xix 

 

5. to determine the relationship between representation skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger State; 

and 

6. to determine the relationship between gender and Mathematical communication skills 

of secondary school students in Kutigi Educational Zone of Niger State. 

1.4 Research questions 

From the objectives of the study, six research questions were raised to guide the study. 

1. What is the relationship between Mathematical communication skills and 

Mathematics performance of secondary school students in Kutigi Educational 

Zone of Niger State? 

2. What is the relationship between problem-solving skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger 

State? 

3. What is the relationship between proofs and reasoning skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger 

State? 

4. What is the relationship between connection/relation skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger 

State? 

5. What is the relationship between representation skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger 

State? 

6. What is the relationship between gender and Mathematical communication skills 

of secondary school students in Kutigi Educational Zone of Niger State? 
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1.5 Research hypotheses 

Six null hypotheses were also formulated based on the raised research questions and 

tested at 0.05 significance level. 

HO1:  There is no significant relationship between Mathematical communication skills 

and Mathematics performance of secondary school students in Kutigi Educational 

Zone of Niger State 

H O2: There is no significant relationship between problem-solving skills and Mathematics 

performance of secondary school students in Kutigi Educational Zone of Niger 

State 

HO3: There is no significant relationship between proofs and reasoning skills and 

Mathematics performance of secondary school students in Kutigi Educational 

Zone of Niger State 

HO4: There is no significant relationship between connection skills and Mathematics                   

 performance of secondary school students in Kutigi Educational Zone of Niger  

State 

HO5: There is no significant relationship between representation skills and Mathematics 

 performance of secondary school students in Kutigi Educational Zone of Niger

 State 

HO6: There is no significant relationship between Gender and Mathematical 

communication skills of secondary school students in Kutigi Educational Zone of 

Niger State 

 

1.6 Significance of the study 
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The secondary school students and teachers, curriculum planners, future researchers and 

government would benefit from the result of this study.  

Findings of this study would be of benefit to secondary school students by enabling them 

to organize their Mathematical thinking and communicate with their peers and their 

teachers effectively in Mathematics. It will arouse their interest and facilitate their 

performance in Mathematics. 

It is important that as an educator one is able to understand the students’ knowledge of a 

Mathematical concept. Findings of the study will help the teachers to check the students’ 

weak areas and adjust in improving the quality of their instruction in line with the planned 

professional practices expected, so as to make expressing their Mathematics ideas easier. 

The outcome of the study will serve as a guide to curriculum planners in planning the 

curriculum that will suit the abilities, level, characteristics, and needs of the learners and 

provide future researchers with proper research evidence in researching this area. 

The government of Nigeria would also use the findings of this study as a guide in ensuring 

that the Ministry of Education carries out adequate supervision and evaluation of 

secondary schools, so that duties delegated to teachers are effectively and efficiently 

managed as expected. It will also enable the government to organize in-service training 

programmes for Mathematics teachers through workshops, seminars, and conferences to 

equip them with more new skills to improve their quality of instructional delivery. 

1.7 Scope of the study 

The geographical location of this study was Kutigi Educational Zone which comprises of 

Lavun, Edati and Mokwa local government areas of Niger State. The study was delimited 

to Senior Secondary School two (SS 2) students who have almost covered the senior 
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secondary school Mathematics syllabus in Kutigi Educational Zone. The content of the 

study covers Mathematics syllabus related to number and numeration, algebraic process, 

geometry, probability and statistics as contained in the Senior Secondary School two (SS 

2) Mathematics curriculum. Mathematical Communication Skills is the independent 

variable; Mathematics performance is the dependent variable while Students Gender was 

considered moderating variables under study. Test was the instrument used for this study 

with Students Promotion examination scores also, this study last for the period of six (6) 

weeks. 

1.8 Operational definition of terms 

Skills: ability to understand, interpret, and express Mathematical situations in written form. 

Problem solving skill: ability of the students to apply mathematics concepts, rules and clarifies 

mathematics concepts in details 

Proof and reasoning skill: ability of the students to go beyond memorization of formulas in solving 

Mathematics problems 

Communication skills: ability of the students to use operatonal signs, symbols, terminology ind 

solving mathematics problems. 

Connection skill: ability of the students to relate Mathematics concepts with each others and real life 

situation 

Representation skill: ability of the students to represent information in the tables, graphs, diagrams among 

others  

Mathematics performance: Mathematics Promotion Examination Scores of secondary 

school students  
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CHAPTER TWO 

2.0          LITERATURE REVIEW 

2.1  Conceptual Framework 

 

  

 

 

 

 

Figure 2.1: showing conceptual framework of the relationship between Mathematical 

communication skills and Mathematics performance.  

Source: Developed by researcher 

2.1.1 Concept and nature of mathematics  

The need for Mathematics arose base on the society, that is, the more complex a society, 

the more the Mathematical needs. According to Nwoke and Nnaji (2011), Mathematics 

is developed through the use of abstraction and logical reasoning, from counting, 

calculation, measurement and the study of the shapes and motion of physical objects. 

Mathematics is described as a language in which every symbol and every combination 
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has precise meaning which can be determined by application of logical rules; it is the 

science that deals with the logic of shape, quantity and arrangement and use in even the 

most primitive of cultures (Abdullahi, 2016). Mathematics is one of the school subjects 

that any nation needs for industrial and technological advancement, useful for most 

vocation and higher specialized courses of learning (Charles-Ogan and Otikor, 2016). 

They further stated that Mathematics is an excellent vehicle for the development and 

improvement of a person’s intellectual competence in logical reasoning, spatial 

visualization, analysis and abstract thought. Hence, students who study Mathematics 

develop problem-solving skills, reasoning skills, communication skills, connection skills 

and representation skills, through the learning and application of Mathematics. 

2.1.2  Nature and objectives of senior secondary school mathematics curriculum in 

Nigeria 

The inclusion of Mathematics as a core subject in the Secondary School curriculum is 

because of the significant function it has to perform in the achievement of the objectives 

of the secondary school education, such as promoting science and technology, provision 

of trained manpower in the applied sciences, technology and commerce,  and  the 

acquisition of appropriate skills, abilities and competence both mental and physical, as 

equipment for the individual to live on and contribute to the development of his society 

(Federal Republic of Nigeria (FRN), 2014). Abdullahi (2016) defined curriculum as an 

educational programme of the school with attention on the elements of programme of 

studies, experiences, services and hidden curriculum. The emphasis on all experience 

which is likely to influence the overall development of learner should be considered while 

developing the curriculum. In the Process and Standard for School Mathematics (PSSM's) 

curriculum section, the National Council of Teachers Mathematics as cite in Daniel et al 

(2014) promotes a coherent curriculum, in which an orderly and logical progression 
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increases students' understanding of Mathematics and avoids wasting time with 

unnecessary repetition as well as acknowledge that the relative importance of some 

specific topics changes over time. For example, a basic understanding of iteration is 

important to students who are learning computer programming, and is almost absent from 

19th century textbooks. Similarly, older American Mathematics textbooks included 

lessons that are no longer considered important, such as rules for calculating the number 

of bushels of hay that could be stored in a bin of stated dimensions, because this skill was 

useful to farmers at that time. Hence, they proposed that Mathematics taught in modern 

classrooms should provide the skills that are most important to the students' lives and 

careers. 

As was emphasized by Nigerian Educational Research Development Council (NERDC) 

in the work of Shittu (2015), the content of the general Mathematics curriculum is 

grouped into six sections namely, Number and Numeration, Algebraic Processes, 

Mensuration, Plane Geometry, Trigonometry, and Statistics but recently reviewed to five 

content areas with each section occurring every year of the three Senior Secondary School 

programme.  He further cited NERDC that, in recent years the Mathematics curriculum 

from primary to the secondary school in Nigeria has witnessed several changes in terms 

of contents, performance objectives, activities, methods and materials among others to 

make it more relevant or adaptable to changes occurring every now and then in the 

society. One of such recent changes is the shift away from the 6-3-3-4 system of 

education, that is, six years of primary school, three years of junior secondary school, 

three years of senior secondary school and four years of university education. This change 

led to the development of 9-year basic and senior secondary education Mathematics 

curricular that was published in 2007 by NERDC. Arowolo (2015) stated that the senior 

secondary Mathematics curriculum takes into consideration the relevance of the subject 



xxvii 

 

to global world. He further mentions that the objectives of its curriculum should enable 

students to:  

 Prepare for further and tertiary education 

 Develop skills that enhance capital market skills 

 Be proficient in the application of ICT 

 Acquire competency in various vocations they may wish to pursue at tertiary level. 

2.1.3 Concept of mathematics performance 

Performance has been viewed in several ways by different researchers, some of who are 

Sofyan (2020), that performance is the result, the successfulness, the extent or ability, the 

progress in learning educational experiences that the individual indicates in relation to 

his/her educational learning. According to Odual (2013), performance is the end product of 

learning experience, what students have gained as a result of what they have learnt. He further stated 

that Mathematics performance deals primarily with the better performance of students in either teacher-

made test or standardised test administered by examining bodies. Mathematics achievement was described 

by Bhairab (2017) as the competency shown by the student in Mathematics, the result of acquired 

knowledge or information, understanding, skills and techniques developed in the subject of Mathematics 

in a particular stage. Hence, Mathematics performance is the better performance of students in 

Mathematics in either teacher-made or standardized test administered to them by examining bodies. 

 

 

2.1.3.1 Concept of gender 

Gender is the fact of been a male or female.  Abdullahi (2016) refers to gender as the 

social construct that established and differentiated status and roles between men and 
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women, particularly in how they contribute to, participate in, and are rewarded by the 

economy and the prevailing social system. Gender achievement of students in learning 

Mathematics are not new. In line with the above, Firdiani et al. (2020) opined that male 

roles are more associated with mental rotation, spatial perception, and spatial 

visualization and female roles related to the phonological verbal fluently, synonym 

generation, and grammar. Also, the difference between male and female verbal ability 

cause the difference in gender Mathematical communication. Mawaddah et al. (2018) 

state that males are different from females psychologically; while females are more 

interested in real-life issues, males are more interested in abstract aspects.  Also, the 

difference between males and females in learning Mathematics is that males are superior 

in reasoning, whereas females are superior in accuracy, precision, carefulness and 

thoughtfulness. 

2.1.4 Concept of mathematics communication skills 

A skill is the ability to carry out a task with determined results, often within a given 

amount of time, energy, or both. This can often be divided into general and specific skills. 

For example, in work, some general skills would include time management, teamwork 

and leadership, self-motivation and others, whereas specific skills would be used only for 

a certain job. Skill usually requires certain environmental stimuli and situations to assess 

the level of skill being shown and used. People need a broad range of skills to contribute 

to the modern economy (Merriam-Webstar Dictionary, 2020). Communication is a 

process of transferring information, ideas, emotions from one entity to another entity or 

group to another group using signs, words, pictures, videos, graphics, and numbers 

(Warner & Kaur, 2017).  
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Communication skills is the ability of the students to express their ideas, describe and 

discuss concepts coherently and clearly. It is the students’ capability to explain and justify 

action in procedure and process both orally and in writing (Lomibao et al., 2016). Mailis 

et al. (2019) stated that Mathematical communication skills include the ability to present 

Mathematical ideas verbally, in writing, pictures, graphics and other visual forms. 

Mathematical communication skill is the ability of students to use Mathematics as a tool 

of communication (language of Mathematics) (Febry et al., 2017). Here, Mathematical 

communication skills are those skills that the students must possess in order to 

communicate Mathematics problems effectively. These include using Mathematics 

symbols, terms, notations, diagrams, graphs, tables and pictures among others. Hence, 

this research considers the following Mathematics communication skills; problem-

solving skills, reasoning skills, communication skills, connection skills and 

representation skills. 

2.1.5 Mathematical communication skills of senior secondary school students 

A number of factors had been identified by various researchers and educators as being 

responsible for low performance in Mathematics. Abdullahi (2016) characterized them as 

teachers’ attitude to teaching of Mathematics, students attitude towards Mathematics, 

methods of teaching Mathematics, use of instructional materials. Henry et al. (2015) also 

list socio-economic status, gender, prior Mathematics achievement, parental support, peer 

influence, students’ perception of good classroom assessment, school and class climate, 

attitude toward Mathematics and parental support. Odual (2013) mention school factors, 

overcrowding and Mathematical abilities as the factors responsible for low performance 

in Mathematics. Little or no attention has been given to Mathematical communication 

skills of students, whereas communication plays significant role in learning Mathematics.  
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In the work of Sumaji et al. (2019), communication facilitates students’ use of 

vocabulary, phrases, symbols, and Mathematics meanings. Ahmad and Andi (2017) 

stated that in communicating, a person must be able to provide meaning and language 

that can be understood by the converser, resulting in good communication. According to 

them, the meaning of communicative here is that the conversation that occurs between 

two or more people who interact with each other and understand the contents of the 

conversation. Cragg et al. (2017) Stated that a good understanding of Mathematics is 

essential for success in modern society, leading not only to good job prospects but also a 

better quality of life. Amoncio (2012) believed that when students can fully communicate 

the way they think, teachers can do an excellent job in intervening at the level of their 

understanding and can provide better opportunities for them to succeed. Ihdi and 

Scholastika (2017) stated that; lack of understanding of the problems, lack of knowledge 

of the strategy and the inability to translate problems into Mathematical model hinder the 

knowledge of the structure of Mathematics due to more passive learning of Mathematics 

than the active learning. 

Hence, the researcher sought to investigate the following Mathematical communication 

skills; 

Mathematical Problem-solving skills  

Mathematical Proofs and Reasoning skills,  

Mathematical Communication skills,  

Mathematical Connection/Relations skills and  

Mathematical Representations skills. 

2.1.5.1 Mathematical problem-solving skills 
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Problem solving skills has long been seen as important skills of teaching and the learning 

of Mathematics. Clever (2020) opines that a problem is any unpleasant situation which 

prevents people from achieving what they want to achieve, hence any activity to eliminate 

a problem is termed problem solving. Sammons (2018) stated that students should be 

engaged in solving problems posed in Mathematics class as well as those that occur in 

real-life situations. They should be encouraged to construct new Mathematical meaning 

from their problem-solving efforts. Being able to communicate mathematically is 

essential for these tasks. First, students must make sense of problems, make connections 

to the math they know, and then translate the problems into Mathematical terms. Adi 

(2014) stated that Mathematics is abstract, it is to simplify and clarify the Mathematical 

problem-solving. Gulumser (2013) defined Mathematical problem-solving skills as the 

ability to apply Mathematical concepts and rules effectively in order to solve unordinary 

problems. This skill cuts across the Mathematics content in the area of number and 

numeration (numerical process) and algebraic process. 

National Council of Teachers of Mathematics (NCTM) (2014) explains that solving 

problems is not only a goal of learning Mathematics but also a major means of doing so. 

It is an integral part of Mathematics, not an isolated piece of the Mathematics programme. 

Students require frequent opportunities to formulate, grapple with, and solve complex 

problems that involve a significant amount of effort. They are to be encouraged to reflect 

on their thinking during the problem-solving process so that they can apply and adapt the 

strategies they develop to other problems and in other contexts. By solving Mathematical 

problems, students acquire ways of thinking, habits of persistence and curiosity, and 

confidence in unfamiliar situations that serve them well outside the Mathematics 

classroom. According to Dendane (2009), Mathematical problem-solving skill is a 

process that involves a set of factors and tasks to achieve a defined goal. It depends on 
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many skills and factors which therefore makes it challenging both to learn and to teach. 

If the instructor’s understanding of the process is limited, difficulties in teaching the 

concept will arise. Hence, there is great need to understand these factors and skills if we 

want to help our students acquire this important process. Also, if well facilitated, this skill 

may help students to: 

1. develop and improve the generic ability to solve real life problems; 

2. develop critical thinking skills and reasoning; 

3. gain deep understanding of concepts; and 

4. work in groups, interact with and help each other.  

Most of the Mathematics textbooks suggest few types of problems as examples with 

detailed solutions and then suggest similar problems as exercises. Student’s learning is 

limited if only routine problems are solved. The problems used to create genuine learning 

opportunities should be of the challenging type and not only those similar to ones already 

solved in the past. Hoyles and Lagrange (2010) explain that problem-solving frameworks 

and instructional approaches came from analyzing students’ problem solving experiences 

that involve or rely mainly on the use of paper and pencil work. Thus, there is a need to 

re-examine principles and frameworks to explain what learners develop in learning 

environments that incorporate systematically the coordinated use of digital technologies. 

Clever (2020) explains some of the importance of problem-solving skills to include: 

i. make the impossible possible: knowledge alone is not the key to solving problems but 

rather, complimenting it with systematic problem solving approaches makes the 

difference. This helps individuals and organizations to overcome perilous challenges; 

ii. make you to stand out: people are trained to do the usual, they have acquired skills 

and knowledge in what they do. However, people can hardly solve problems when 
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they are unexpected or unprecedented ones. If you become a regular problem solver 

at your workplace, you are easily noticed, recognized, and appreciated; 

iii. increased confidence: No matter where you work or what your profession is, having 

the ability to solve problems will boost your confidence level. Because you are sure 

of your ability to solve problems, you do not spend time worrying about what you 

will do if a problem should arise. 

According to Jacob and Sheena (2019), a problem in Mathematics is any situation that 

must be resolved using Mathematical tools but for which there is no immediately obvious 

strategy. Mathematicians have always understood that problem-solving is central to their 

discipline because without a problem there is no Mathematics. This practice requires 

teaching in profoundly different ways as schools moved from a teacher directed to a more 

dialogic approach to teaching and learning. The challenge for teachers is to teach students 

not only to solve problems but also to learn about Mathematics through problem-solving. 

They cited Wu and Zhang that importance of problem-solving in learning Mathematics 

comes from the belief that Mathematics is primarily about reasoning, not memorization. 

Problem-solving allows students to develop understanding and explain the processes used 

to arrive at solutions, rather than remembering and applying a set of procedures. It is 

through problem-solving that students develop a deeper understanding of Mathematical 

concepts, become more engaged, and appreciate the relevance and usefulness of 

Mathematics. They further stated that Problem-solving in Mathematics supports the 

development of: (i) the ability to think creatively, critically, and logically; (ii) the ability 

to structure and organize; (iii) the ability to process information;  (iv) enjoyment of an 

intellectual challenge; and (v) the skills to solve problems that help them to investigate 

and understand the world. 
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Hence, it is clear that problem-solving skills need to be applied in learning Mathematics 

in the classroom so that students are able to communicate proficiently, think critically, 

collaborate and create new ideas in Mathematics 

2.1.5.2 Mathematical proofs and reasoning skills 

Proofs and Reasoning skills are some of the skills that students are expected to possess in 

order to communicate successively in Mathematics. Reasoning is defined by Merriam-

Webster dictionary (2020) as the use of reason; that is, the power of comprehending, 

inferring, or thinking especially in an orderly rational way. And proof as the process of 

establishing the validity of a statement especially by derivation from other statement in 

accordance with principles of reasoning. Agata (2014) defines proof as a sequence of 

logical statements which gives an explanation of why a given statement is true. Ayal et 

al. (2016) defines reasoning as an activity or the activity of thinking in order to prepare a 

new statement, which was based on some statements whose truth is known in advance. 

Therefore, ability to reason is essential to understanding Mathematics, this prompted 

Thomas (2020) to define reasoning skills as crucial for being able to generate and 

maintain viewpoints or beliefs that are coherent with, and justified by relevant knowledge. 

It also determines how people comprehend, evaluate, and accept claims and arguments. 

Sumarsih et al. (2018) declare that it is a basic skill of Mathematics that is necessary for 

a number of purposes: to understand Mathematical concepts, to use Mathematical ideas 

and procedures flexibility, and to reconstruct Mathematical ideas.  

According to Gunhan (2014), Mathematical reasoning refers to the ability to formulate 

and represent a given Mathematics problem then explain and justify the solution or 

argument. Agata (2014) submits that Mathematical proof and reasoning are absolute, 

which means that once a theorem is proved, it is proved forever. He stated that previously 



xxxv 

 

established theorems may be used to deduce the new ones; also one may also refer to it 

as the rules accepted by everyone. Ayal et al. (2016) argue that the Mathematical 

reasoning ability is the ability to express the arguments that are essential for 

understanding Mathematics. They further cited Sumarmo that some of the indicators of 

the ability of belonging to the Mathematical reasoning are: (1) draw the logical 

conclusion; (2) provide an explanation of the models, pictures, facts, nature, relationships 

or patterns exist; (3) estimate the answer and process solutions; (4) use a pattern of 

relationships to analyze the situation, or make an analogy, generalization, and arrange 

conjecture; (5) propose opponent example; (6) follow the rules of inference, check the 

validity of the argument, proving and compose a valid argument; and (7) develop direct 

evidence, indirect evidence and proof by induction. This skill cuts across the Mathematics 

content in the area of logical reasoning, geometry and algebraic process. 

In the work of Gurbuz and Erdem (2016), it is stated that people who reason and think 

analytically tend to note patterns, structures, or regularities in both real-world and 

Mathematical situations, they ask if those patterns are accidental or if they occur for a 

reason, they make and investigate Mathematical conjectures, they develop and evaluate 

Mathematical arguments and proofs, which are formal ways of expressing particular 

kinds of reasoning and justification. Sumarsih et al. (2018) state that Mathematical 

reasoning is essentially about the development, justification and use of Mathematical 

generalizations; generalizations create an interconnected web of mathematical knowledge 

and conceptual understanding, also seeing Mathematics as a web of interrelated ideas is 

both a result of an emphasis on Mathematical reasoning and a foundation for reasoning 

further. Carol and Susan (2016) opine that instructional programme from prekindergarten 

through grade 12 should enable all students to: 

1. recognize reasoning and proof as fundamental aspects of mathematics; 
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2. make and investigate Mathematical conjectures; 

3. develop and evaluate Mathematical arguments and proofs; and 

4. select and use various types of reasoning and methods of proof. 

Mathematical reasoning skills is characterised by activities such as looking for, and 

exploring, patterns to understand Mathematical structures, and using available resources 

to solve problems. Mathematical reasoning skills if merged with scientific conduct 

possesses the capacity of advancing students’ inquiry skills beyond memorisation of facts 

and procedures, and lead the learners to creating new knowledge (Sokolowski, 2018). To 

develop Mathematical reasoning students will: (1) engage in substantial problem-solving; 

(2) be able to communicate and interpret their results; (3) learn Mathematics through 

modeling real-world situations; (4) expand their Mathematical reasoning skills as they 

develop convincing Mathematical arguments; (5) use appropriate technology to enhance 

their Mathematical thinking and understanding, to solve Mathematical problems, and to 

judge the rationality of their results; (6) perform arithmetic operations, as well as reason 

and draw conclusions from numerical information; (7) use algebra and/or other symbolic 

representations to translate and solve problems; (8) develop a spatial and measurement 

sense; (9) demonstrate understanding of the concept of function verbally, numerically, 

graphically, and/or symbolically; and (10) analyze data and use probability and statistical 

models to make inference about real-world situations (Thomas, 2020).  

Bright (2015) explains three ideas for improving students' Mathematical reasoning skills: 

1. help students ask 'why?': the teacher instructs students to justify their answers. If they 

can verbalize how they arrived at their answer, they can more easily pin point the 

logical thinking that was involved. For example, say you ask students to solve this 

equation: 12 + X = 73 + 15 logically, students could reach the answer in a few 
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different ways. First, since 12 is only 3 less than 15, the numbers are relatively easy 

to compute. So, after that reasoning, students could conclude that the answer must be 

73 added to 3, or 76. Or, since logically X must be equal to 12 less than the sum of 73 

and 15, students could first add the larger numbers to 88, then subtract 12 from 76. 

As much as possible, have students explain their thought processes in this way, and 

make sure they show their work on assignments and tests to practice this line of 

thinking; 

2. teach proofs: geometric proofs are a practical application of Mathematical reasoning. 

They ask students to write down first what they are given in a geometry problem, then 

what they suspect. Then, in a second column, students must write out why each 

statement is true. Geometric proofs force students to look at problems in small 

increments, rather than quickly solving them in their head without thought. In that 

way, they help students understand the reasoning behind solving the problem; and 

3. have students work together: to help students practice reasoning, have them work in 

pairs or groups. When they work together on a math problem, they will be able to 

justify to each other how they got an answer, and they will also be able to analyze and 

critique the other students' reasoning. 

According Mailis et al. (2019) students’ ability to think and convey ideas is strongly 

influenced by how their brains work, as students have different levels of intelligence. 

Therefore, to optimally stimulate the brain   during the learning, a teacher must establish 

a fun learning environment and challenge students’ thinking skills to increase students’ 

engagement leading to more meaningful learning. Hence, it is clear that the Mathematical 

reasoning skills need to be fully incorporated into classrooms, schools, and districts 

around the country in order to help students to excel in their academic pursuit and to 

produce citizens and employees adequately prepared to face the challenges ahead. 
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2.1.5.3 Mathematical communication skills 

One of the important skills that is expected of the students to be able to solve 

Mathematical problems is communication skills. Mathematical communication is the 

ability to explain Mathematical thinking process by standard mathematical terminology 

and symbols the way other people would understand it (Gulumser, 2013). Mailis et al. 

(2019) opine that Mathematical communication skills must be well integrated into the 

classroom and students should be guided to express and write ideas, questions, and 

solutions. They concluded that these skills should be a major concern in Mathematics 

learning to foster students’ skills of thinking and conveying ideas. Sutama et al. (2019) 

portray that Mathematics communication skills have an important role in learning 

because through Mathematics communication, students can organize and consolidate 

their Mathematical thinking. Also, students are subjects who have ability to actively seek, 

process, construct, and apply knowledge in daily life; in this manner, to deeply understand 

and apply knowledge, students need to be encouraged to work to solve problems, find 

everything for themselves, and strive to realize their ideas.  

Sutama et al (2019) further list out competence of 21st century skills as (a) critical thinking 

and problem-solving skill (b) communication skill (c) creativity and innovation skill (d) 

collaboration skill. They cited Hirsch et al that the ability of communication in 

Mathematics include: (1) the ability to express Mathematical ideas through oral, written, 

and able to demonstrate it, and visually depicting; (2) the ability to understand, interpret, 

and evaluate Mathematical ideas through oral, written or other visual forms; and (3) 

ability to use terms, Mathematical notations, and structures to present ideas, describe 

relationships, and situational strategies. 
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According to Puspita (2016) by Mathematical communication skills, the ideas and 

messages of material should be well taught to the students in order to help build their 

knowledge resulting in the increase of their learning outcomes. Ahmad and Andi (2017) 

state that when a student is able to communicate things effectively, then it is a good capital 

in behaving towards others and able to cooperate with others in doing an innovation. 

Febry et al. (2017) state that communication is at the heart of learning in Mathematics. 

Mathematical communication skills include: (1) the use of Mathematical language that is 

realized in the form of oral, written, or visual; (2) the use of Mathematical representations 

that is realized in the form of written or visual; and (3) clarity of presentation, namely 

interpreting Mathematical ideas, use the Mathematics term or notation to represent 

Mathematical ideas, as well as describe the relationships or Mathematical approach. 

Wichelt (2009) point out that communication is a key part of students’ learning, in which 

they need to be able to communicate with their teachers and their peers in order to 

understand knowledge of a Mathematical concept. Teachers can stimulate students’ 

growth of Mathematical knowledge through the ways they ask and respond to questions.  

Students’ ability to think and convey ideas is strongly influenced by how their brains 

work as students have different levels of intelligence. Therefore, to optimally stimulate 

the brain   during the learning, the teacher must establish a fun learning environment and 

challenge students’ thinking skills to increase students’ engagement leading to more 

meaningful learning (Mailis et al., 2019). Sammons (2018) state that, this skill is explicit 

in emphasizing the importance of students being able to organize and consolidate their 

thinking through communication, as well as being able to communicate their 

Mathematical thinking coherently and clearly to their peers, teachers, and others. 

Correspondingly, must be able to analyze and evaluate the Mathematical thinking and 

strategies of others and use the language of Mathematics to express Mathematical ideas 
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precisely. In NCTM (2014) Mathematical communication is seen as a way of sharing 

ideas and clarifying understanding. Through communication, ideas become objects of 

reflection, refinement, discussion, and amendment. Similarly, when students are 

challenged to communicate the results of their thinking to others orally or in writing, they 

learn to be clear, convincing, and precise in their use of Mathematical language.  

Summaji et al (2019) state that Mathematical communication of the students in the class 

can be realized by using 4 strategies: (1) giving appropriate tasks; (2) creating conducive 

environment to express their notions; (3) directing them to explain and argue toward the 

given results; and (4) directing them to actively process various ideas and notions. They 

further stated that Mathematical communication can be found in three aspects: (1) 

communicating mathematic ideas by writing texts; (2) communicating Mathematics ideas 

by drawing pictures, tables, diagrams, graphics; and (3) communicating Mathematics 

ideas by Mathematical expression (making model/equation then work out them).  Based 

on the above definitions and assertions, Mathematical communication skills need to be 

well incorporated into the classroom in order to help students learn Mathematics as well 

as enable them to excel in their academic pursuit. 

2.1.5.4 Mathematical connection skills 

Connection is one of the must have skill to be able solve Mathematics problem and do 

well in any other field successfully. Armitage (2019) refers to connections as 

Mathematically relevant observations that students make about their problem-solving 

solutions and that connections require students to look at their solutions and reflect. 

Siregar and Muhammad (2019) describe Mathematical connection skills as an ability that 

must be built and studied. Also, with good Mathematical connection skills (i) students 

will be able to understand the relationship of various concepts in Mathematics and apply 
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Mathematics in everyday life; (ii) students will feel the benefits of learning Mathematics 

and; and (iii) their understanding of the concepts learned will help them to retain and 

recall those concepts when the need arises.  

According to Ndiung and Fransiskus (2018) the notion of ‘connections’ in Mathematics 

relates both to those that exist: (i) within and between different content areas in 

Mathematics such as within number or between number and measurement; (ii) between 

Mathematics learning and learning in other areas; and (iii) between Mathematics and the 

context within which a child lives, works or plays. According to Hotmaria et al. (2018), 

learning is said to be meaningful if the information learned by learners is prepared in the 

appropriate cognitive structure so that they have a strong memory and transfer learning is 

easily achieved, by not often memorizing Mathematical ideas without trying to interpret 

the idea. Dedi and Jojon (2013) describe some of the indicators in Mathematical 

connections as:  

a.  finding the relationship of the various representations of concepts and procedures; 

b.  understanding the relationship between Mathematical topics; 

c.  using Mathematics in other areas of study or daily life; 

d.  understanding the representation of equivalent concept or similar procedure;  

e.  finding the connection between one procedure to another in an equivalent 

representation; 

f.  using connections among Mathematical topics and between Mathematics with another           

subject. 

Siregar and Muhammad (2019) proposed that, it is very important that the teacher has 

knowledge of Mathematical connections and be able to create a rich environment to 

support the development of Mathematical connection skills among students, considering 
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the opportunity to discuss their ideas with colleagues and to develop their Mathematical 

understanding through conversation, students have a greater opportunity to develop 

Mathematical connection skills. According to NCTM (2014), when students connect 

Mathematical ideas, their understanding is deeper and more lasting, view Mathematics as 

a coherent whole and sees Mathematical connections in the rich interplay among 

Mathematical topics, in contexts that relate Mathematics to other subjects, and in their 

own interests and experience. Dedi and Jojon (2013) state that the Mathematical concept 

and procedure newly developed can be applied to solve other problems in Mathematics 

and other disciplines.  

In line with the above, Haji et al. (2017) itemize the importance of Mathematical 

connection skills in Mathematics as: (1) expanding horizons; (2) clarifying Mathematics 

as a whole; and (3) clarifying the benefits of Mathematics. Hotmaria et al (2018) affirm 

that Mathematical connection skills can improve students' cognitive abilities such as 

recall, understand the application of environmental concepts and so on, without applying 

the concept of student experience, it would be difficult to remember certain material and 

remember too many separate concepts whereas Mathematics is rich in principles. 

Armitage (2019) points out that teachers should help students to develop an understanding 

of Mathematical connections in the following areas: 

(1) develop students’ abilities to use multiple strategies to show their Mathematical 

thinking and support that their answers are correct; 

(2) encourage students to continue their representations. Mathematical connections may 

be made when students continue a representation beyond the correct answer; 

(3) explore the rich formal language of mathematics. Mathematical connections may be 

made as students begin to use the formal language of Mathematics and its connection 

to their representations, calculations and solutions;  
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(4) incorporate inquiry into the problem-solving process. Asking students to clarify, 

explain, support a part of their solution to a math partner, the whole class, or a teacher, 

this not only helps to develop independent problem solvers but also leads to more 

Mathematics connections; and 

(5) encourage self- and peer-assessment opportunities in your classroom. Encourage 

students to self-assess their problem-solving solutions either independently, with a 

Mathematics partner or with the support of their teacher. 

In line with the above, the teachers need to play a significant role to improve the 

Mathematical connection skills of the students through classroom activities such as 

engaging students in classroom discussion, giving alternative answers, sharing their 

explanations and ideas, and communicating with each other in order to improve their 

Mathematical connection skill in solving the problem. 

2.1.5.5 Mathematical representation skills 

This aspect of Mathematical communication skill is very important for students to be able 

to solve problems in Mathematics effectively and efficiently. Representation skill is a 

process in which students communicate ideas or answer problem (Zeny & Bella, 2017). 

Novia and Dian (2018) states that representation is an expression of Mathematical 

thoughts or ideas which are displayed in an attempt to find a solution to the problem being 

faced. Aflich et al. (2018) see representation to mean how the student re-interprets a 

problem into a simple form based on his understanding and he communicates a solution 

obtained through external representations that can be verbal, symbolic, or visual.  Aflich 

et al (2018) further stated that representation skill is the foundation that allows a student 

to understand and utilize Mathematical ideas appropriately.  
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Adi (2014) assert that representation plays an important role, namely (1) to transform 

abstract ideas into tangible concepts, with pictures, symbols, words, graphics and others. 

(2) provide a broad overview of the concepts in terms of the analogy existing topics. 

Hence, it is expected that when students have access to the representations and the ideas 

shown to them, then they have a set of tools that significantly expand their skill to be 

ready to think Mathematically. 

In the work of Novia and Dian (2018), Mathematical representation refers to an 

expression of Mathematical ideas that are displayed as models and utilized to find 

solutions being faced and afterwards become the results of thoughts expressed through 

images, graphics, words, and Mathematical symbols. Ming-Jang et al. (2015) refer to it 

as the different forms of representations that learners use to interpret a problem. In 

addition, Adi (2014) describes it as depiction, translation, disclosure, reappointment, 

figurative skills or even modeling ideas, Mathematical concepts, and the relationship 

between them that contains a configuration, construction, or certain situations that 

students appear in various forms on an attempt to achieve clarity of meaning, demonstrate 

understanding or find a solution to his problems.  

Samsuddin and Retnawati (2018) state that Mathematical representation consists of two 

inseparable parts, namely: (1) external representation, one that physically exists and is 

observable, such as graphic, pictures, equations and table; (2) internal representation, 

such as model, scheme or concepts which is mental or cognitive and cannot be directly 

observable. Meanwhile, the internal representation is how students develop their 

knowledge to work their mind. Aflich et al. (2018) divide Mathematical representations 

into five categories: real life experience representation, concrete representation, oral or 

verbal language representation, pictures or graphs representation and arithmetic symbols 
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representation. Among these five categories, the last three representations reflect the more 

abstract and higher level in the representation of Mathematical problem-solving. Thus: 

1. language representation skill: the skill of translating observed properties and 

relationships in Mathematical problems into verbal or vocal representations;  

2. picture or graphic representation skill: the skill of translating Mathematical problems 

into picture or graphic representations; and 

3. arithmetic symbol representation skill: the skill of translating Mathematical problems 

into arithmetic formula representations. 

Mathematics representation skill is one component of a standard process in Principles and 

Standards for School Mathematics in addition to the skills of problem-solving, reasoning, 

communication and connections, with several reasons. According to Adi (2014), (1) 

fluency in doing the translation between different representations of different types are 

the basic skills of the students to develop a concept and Mathematical thinking; (2) 

mathematical ideas are presented through various representations. The teacher will 

provide an enormous influence on students in learning Mathematics; and (3) students 

need practice in building their own representation so that they have the skill, good 

understanding and flexible concept that can be used in solving problem. Adi (2014) also 

opine that there are four ideas that are used in understanding the concept of representation 

skill including:  

1. representation can be seen as an internal abstraction of Mathematical ideas or 

cognitive schemes constructed by students through experience;  

2. as a mental reproduction of previous mental state;  

3. as the grain structure through image, symbol, or emblem; and 

4. as the knowledge of something that represents something else. 
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Mathematical representation skill is very important in helping students to solve problems 

effectively. Novia and Dian (2018) enumerate some of the importance to include: (i) help 

students develop concepts, understand concepts and express Mathematical ideas; (ii) 

facilitate students to more easily clarify Mathematical conditions or problems; (iii) really 

helps learners to understand Mathematical concepts in the forms of images, symbols and 

written words; and (iv) the use of correct representations by students will help them 

transform abstract ideas into the more concrete ones as well as form an understanding of 

Mathematical concepts.  

In the work of Aflich et al. (2018) five indicators of the Mathematical representation skills 

were formulated’ they include: 1) use visual representation to solve a problem; 2) present 

data/information from a representation into diagrams, graphs or tables and solve a 

problem using written words or texts; 3) develop equations or Mathematical models of 

the provided representations and solve a problem by involving Mathematical expressions; 

4) draws geometric patterns, to write down the steps of solving Mathematical problems 

with word  and solve problems  with Mathematical expressions;  and 5) create a problem 

situation based on the provided data or representation. The indicators of Mathematical 

representation skills according to National Council of Teachers of Mathematics (2014) 

establish that the learning programme from kindergarten through senior secondary school 

should enable students to: 

1. create and use representations to organize, record, and communicate Mathematical 

ideas; 

2. select, apply, and translate Mathematical representations to solve problems; and 

3. use representations to model and interpret physical, social, and Mathematical 

phenomena 
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Samsuddin and Retnawati (2018) state that teachers also have an important role to play 

in ensuring that students gain an understanding of the Mathematical representation skills. 

They further outline recommendations for teachers to facilitate students’ Mathematics 

learning in respect to Mathematical representation, which are: 

i. teachers should realize that their belief regarding which representation mode 

students can do, cannot do, and should be able to do may affect instructional plans; 

ii. teachers should recognize which translations are more difficult than others. For 

instance, students may find translation from symbolic to tabular representation 

easier than translation from graphical to symbolic translation; 

iii. teachers have to assure that students learn all the representations with the 

translation, particularly those which are more difficult; 

iv. teachers need to take everything that support students’ translation to consideration 

in the learning process, for instance, teachers’ questioning techniques; 

v. teachers can use real world contexts which are familiar to students; and 

vi. teachers can use rich-tasks to engage students. 

Such representations skills such as drawings (sketch) skills, diagrams skills, graphical 

skills and symbolical skills need to be inculcated in the classroom to help students 

communicate their Mathematical ideas effectively and efficiently. 

2.2 Theoretical Framework 

Despite the fact there are so many educational theorists, this study uses the following 

theories to back up its review: the behaviourism, cognitivism and constructivism. 

2.2.1 Behaviourism 

In the work of Paul (2019), Behaviourism is based on the idea that knowledge is 

independent and on the exterior of the learner. In a behaviourist’s mind, the learner is a 
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blank slate that should be provided with the information to be learnt. Through this 

interaction, new associations are made and thus learning occurs. Learning is achieved 

when the provided stimulus changes behaviour. A non-educational example of this is the 

work done by Pavlov. Through his famous “salivating dog experiment, Pavlov showed 

that a stimulus (in this case ringing a bell every time he fed the dog) caused the dog to 

eventually start salivating when he heard a bell ring. The dog associated the bell ring with 

being provided with food so any time a bell was rung the dog started salivating, it had 

learnt that the noise was a precursor to being fed. In a similar approach to classroom 

management, the teacher taught the student that if he stands in a specific place in the 

classroom with his arms folded, they know that he is getting frustrated with the level of 

noise and they start to remain silent or if he sits cross-legged on his desk, he is about to 

say something important, supportive and they should listen because it affects them 

directly (Paul, 2019). 

Thadei (2013), highlighted the implication of the behaviourism learning theories to 

teaching and learning to include: 

i. As environment properly arranged help learning to occur, teachers should prepare the 

environment that will help learners to learn such as arranging activities that suit 

environment.  

ii. Teachers also need to help learners make practice of what they have learned. This is 

important as learning is subject to the rate of occurrence of behaviour. This is as well 

significant for strengthening the responses. 

iii. Learning should be reinforced. That is, students should be given rewards. Teachers 

are to reward any desired behaviour in learning. However, to weaken the undesired 

behaviour learned, teachers should apply punishment.  

iv. In developing the profession of teaching, teachers have to note that developing 
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professionally has some benefits such as being able to help learners learn. Increasing 

the knowledge base, being rewarded economically and developing/improving their 

personal lives.  

Hence, behaviourism learning theory involves repeated actions, verbal reinforcement and 

incentives to take part. It is great for establishing rules, especially for behaviour 

management. Therefore, this theory relates to this study by emphasizing that students 

should be engage in practicing and repeating Mathematics activities or exercises so that 

the pattern of carrying out related Mathematics activities can be mastered by them and 

increase their Mathematical communication skills. 

2.2.2 Cognitivism 

Cognitive theories were developed in the early 1900s in Germany from Gestalt 

psychology by Wolfgang Kohler. In the work of Paul (2019), cognitivism focuses on the 

idea that students process information they receive rather than just responding to a 

stimulus, as with behaviourism. There is still a behaviour change evident, but this is in 

response to thinking and processing information. In cognitivism theory, learning occurs 

when the student re-organises information, either by finding new explanations or adapting 

old ones. He further gives the examples of how teachers can include cognitivism in their 

classroom to include linking concepts together, linking concepts to real-world examples, 

discussions and problem-solving. Thadei (2013) stated that Cognitivists acknowledge the 

role of environmental conditions as influences on learning, but teachers’ explanations and 

demonstrations of concepts serve as environmental inputs for students, practice of skills 

and correct feedback to promote learning. What students do with information, how they 

attend to, rehearse, transform, code, store, and retrieve is critically important. Hence, 

cognitivists suggest that learning takes place in the mind as is a result of mental processes 

on the information received. 
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According to Paul (2019), there are some basic ideas to get your head around and some 

stages to understand this learning theory. The basic ideas are:  

a) Schemas: The building blocks of knowledge.  

b) Adaptation processes: These allow the transition from one stage to another. He called 

these: Equilibrium, Assimilation and Accommodation.  

c) Stages of Cognitive development: Sensorimotor, Preoperational, Concrete 

Operational and formal Operational.  

Children develop Schemas of knowledge about the world which are the clusters of 

connected ideas about things in the real world that allow the child to respond accordingly. 

When the child has developed a working Schema that can explain what he perceives in 

the world, that Schema is in a state of Equilibrium. When the child uses the schema to 

deal with a new thing or situation, that Schema is in Assimilation and Accommodation 

happens when the existing Schema is not up to the job of explaining what is going on and 

needs to be changed. Once its changed, it returns to Equilibrium and life goes on. Hence, 

Learning is therefore a constant cycle. Cognitive learning theorists stress the acquisition 

of knowledge and skills, formation of mental structures and processing of information 

and beliefs (Chunk, 2012). 

Implication of the cognitive theories of learning to the development of teaching by Thadei 

(2013) are: 

a) Teachers should organise the teaching materials in a way that the concept in them can 

easily be acquired and processed by learners’ mind.  

b) Teachers need to use variety of teaching techniques: This helps them lead students to 

explore the concepts from different angels.  
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c) Observational learning by Albert Bandura suggests that students learn by observing: 

teachers therefore need to be role models to their students. 

d) Current learning builds upon the previous one: teachers therefore should seek for 

students’ prior knowledge before they launch new concepts.  

e) Teachers need to provide exercises and practices to the learners: this is because 

students learn best in the course of doing exercises which help them to accommodate 

the information into the mind.  

f) Courses and topics should be divided into subparts which can easily be understood by 

students, the small parts should be taught in such a way that they reinforce each other. 

Hence, this theory’s relation to the present study is that students should put more effort 

by finding more explanations to what the teacher has taught them in the class, they should 

relate Mathematics concepts together, relate Mathematics concepts with other concepts 

and relates Mathematics concepts to real life situation in order to build their Mathematical 

communication skills thereby increasing their chance of achievement in Mathematics. 

2.2.3 Constructivism 

According to Brau (2020), there are three foundational psychologists of constructivism. 

They are: Jean Piaget who falls into the radical constructivism aspect, Lev Vygotsky 

concentrates on the social aspects of learning through experiences and John Dewey 

straddles the line between the two perspectives and has many ideas that match with each 

side. He further states that the common ground that united these psychologists under the 

umbrella of constructivism is that all of them believed that the learning theories (such as 

behaviourism and humanism) at the time did not adequately represent the actual learning 

process. Also, their ideas were rooted in experiences in the classroom instead of 

experiments in a laboratory (compared to behaviourism). Pual (2019) asserts that 
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constructivism is based on the premise that we construct learning new ideas based on our 

own prior knowledge and experiences. Thus, students need to have a prior base of 

knowledge for constructivist approaches to be effective. As students are constructing their 

own knowledge base, outcomes cannot always be anticipated, consequently, the teacher 

should check and challenge misconceptions that may have arisen. He further lists 

examples of constructivism in the classroom to include problem-based learning, research, 

creative projects and group collaborations.  

In another research by Thadei (2013), constructivism is a theory of knowledge with roots 

in philosophy, and psychology with Vygotsky, Brunner and John Dewey as the founders; 

they believe that (1) knowledge is not passively received but actively built up by the 

cognizing subject; (2) the function of cognition is adaptive and serves the organization of 

the experiential world. He explains that learning involves constructing one's own 

knowledge from one's own experiences. Also, Constructivist learning is a very personal 

endeavor, where by internalized concepts, rules, and general principles may consequently 

be applied in a practical real-world context. Thadei (2013) describes four forms of 

constructivist relationship between teacher and student as: 

1. Power on: this is a traditional approach of instruction where the teacher teaches and 

then allows students to construct new knowledge, post teaching process. 

2. Power of: this is also a traditional approach of instruction where the teacher ignores 

learning opportunities in the course of teaching but students are told to take note of 

them to be explored, post learning process. 

3. Power for: this is a democratic approach of teaching where the learner is freer to 

explore physical environment so as to solve some problems and create new 

knowledge. 

4. Power with: this is a democratic approach of teaching where learners have high 
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opportunity in the course of learning.  

Thadei (2013) also mentioned the five phases of constructivist teaching scheme in as: 

i. Orientation: focusing learners interest on a particular area for learning 

ii. Elicitation: helping children become aware of their prior knowledge so that the 

teacher can know the student’s range of ideas. 

iii. Restructuring ideas: helping children become aware of an alternative point of 

view, this goes together with modifying, replacing or extending views. 

iv. Application of new idea: reinforcing the newly constructed idea 

v. Review: reflection on how learner`s ideas have changed  

Thadei (2013) elaborates the contribution of constructivism theories to teaching and 

learning to include the following: 
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a) Constructivism views each learner as a unique individual with unique needs and 

complex backgrounds, teacher must help these students to attain their goals; 

b) Uniqueness and complexity of the learner encourages the teacher to utilize it as an 

integral part of the learning process. Professional development should consider the 

importance of using learners experience in teaching and learning process; 

c) Learners are challenged within close proximity to their current level of development. 

By experiencing the successful completion of challenging tasks, learners gain 

confidence and motivation to embark on more complex challenges, Vygotsky calls it 

zone of proximal development (ZPD). Teachers should encourage and accept student 

autonomy and initiative. They should try to use raw data and primary sources, in 

addition to manipulative, interactive, and physical materials. So that students are put 

in situations that might challenge their previous conceptions and that will create 

contradictions that will encourage discussion among them. In our teaching therefore, 

we need to use some activities which originate from our environment so that learning 

can be meaningful to students; 

d) Constructivist approach insists that instructors/facilitators must help the learner to get 

to his or her own understanding of the content. That is, the teacher should encourage 

students critical thinking and inquiry by asking them thoughtful, open-ended 

questions, and encourage them to ask each other question so that they can construct 

their own meaning when learning. 

The theory’s relation with the present study is that students should be encourage to learn 

new ideas based on their prior knowledge and experiences, they should be encouraged to 

think critically about concepts, they should be taught from simple to complex concepts 

and from known to unknown concepts to enable them understand the contents and retain 

the previous concepts thereby relating them with the new concepts. By so doing students 
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Mathematical communication skills will improve then increase their performance in 

Mathematics. 

2.3 Empirical Studies 

2.3.1 Empirical studies on the mathematical communication skills and 

mathematics performance of senior secondary school students 

Recent evidence derived from a variety of surveys undertaken by different people using 

different tests in various parts of the world reveal relationship between Mathematical 

communication skills and Mathematics performance of senior secondary school students. 

Septiana et al. (2019) carried out a study on ‘Mathematics Communication Skills of 

Students in Senior High School on Introvert personality in Sukoharjo, Indonesia’. The 

research used descriptive qualitative method with 20 subjects in the eleventh grade of a 

national senior high school in Sukoharjo and the data was collected through 

questionnaires, tests and interviews. The study revealed that students who had an introvert 

personality type were able to analyze and write information obtained by Mathematical 

symbols with 90% in the high category; these students easily understood what must be 

said or changed into mathematical symbols.  

On the other hand, students' Mathematical communication skills in the ability to express 

ideas, graphical, Mathematical situations or algebraic forms of writing had a 24.5% in the 

low category. These students were not able to change Mathematics equivalents into a 

graphic image, many of them had difficulty determining the area of completion and were 

not able to read comprehension of a Mathematical equation, resulting in difficulty with 

drawing graphic. This study used same instruments, variable and subjects but different in 

all other mechanism with the present study. 



lvi 

 

According to the study by Rahmy et al. (2019) on ‘Mathematics communication skill of 

students in Junior High School Based on Students’ Thinking Style in Indonesia’ using 

descriptive qualitative research. The data was obtained from 32 students of junior high 

school in Nganjuk region with heterogeneous abilities by using the research instruments 

of written test, questionnaire, and interview. The findings revealed that students who were 

with sequential concrete and sequential abstract thinking styles were capable of arranging 

similar conjectures, making arguments, exploring ideas, formulating generalization. 

However, they were having difficulty presenting Mathematics in their own language. 

Meanwhile, students with random concrete and random abstract thinking styles were able 

to express ideas and formulate generalizations, they were however having difficulties in 

establishing conjectures. This study used same instruments, variable and subjects but 

different design from the present study.  

Mailis et al. (2019) on ‘Students' Mathematical Communication Ability through the 

Brain-Based Learning Approach using Autograph’ and descriptive qualitative design. 

The Mathematical communication skills test and the activity observation were the 

instruments used to obtain data from Twenty-eight (28) 10th grade students of the high 

schools in Banda Aceh for the study. The result showed that students’ skills in expressing 

Mathematical ideas in various ways have not met the expectation. This study has 

Mathematical communication ability and students as the subjects which is same as the 

present study but different in design and data collection techniques.  

Another study by Puspa et al. (2019) on the ‘Profile of Mathematical Communication 

Skills Junior High School Students in Problem-Solving in Indonesia’. This research is a 

qualitative type that is, a research process that is done naturally in accordance with 

objective condition in the field without any manipulation, where in this case data retrieval 

is done through student written test, oral test delivery, and in-depth interview. This 
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research used triangulation of time in which the written tests, oral tests, and interviews 

were carried out twice in different times. The results disclosed that there are some 

differences in each student; while there were students who were more detailed in doing 

and remembering things that were taught, there were other students who did things briefly 

and precisely; so it can be said that each student has different Mathematical 

communication skills in solving problem. This study has Mathematics communication 

skills and students in common but different in every other mechanism.  

The work of Septiana et al. (2018) ‘Mathematical Communication Skills of Senior High 

School Students based on their Personality Types in Indonesia’ used descriptive research 

design. The data of this research was collected using written test and interview from 34 

students of senior high school in Sukoharjo region with heterogeneous abilities and gave 

an overview that Mathematical communication skill of students having introvert 

personality can arrange conjecture, make an argument, and formulate generalization 

definition. However, they had difficulty in understanding a Mathematical presentation. 

Meanwhile, the students having extrovert personality could explore their ideas, but they 

had difficulty in revealing the idea or Mathematical paragraph in their language. The 

similarities between this study and the present study is that they both used survey design 

and written test but other things such as population, sample and sampling techniques are 

different.  

Ahmad and Andi (2017) on the analysis of Mathematical communication skills of junior 

high school students of coastal Kolaka Indonesia. The subjects of the study were VIII 

Coastal Junior High School of Kolaka District in the second semester of the academic 

year 2016/2017 adopted descriptive method. The data collection technique in this study 

were test and interview techniques. The finding showed that ability of students are still 

low based on the their answer sheets which appears that students are having difficulty or 
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are unable to state the situation in Mathematical symbols or difficulty in changing the 

daily situation in the Mathematical language and that most students are still confused to 

make an introduction in Mathematical operations as auxiliary variables to facilitate 

calculation. This study used descriptive survey method, test and students which is the 

same as the present study but every other thing is different from the present study. 

Alamgir et al. (2017) carried out a survey on the ‘Communication Skills of a Teacher and 

their Roles in the Development of the Students’ Academic Success in Pakistan’ using 

descriptive survey design. The empirical data regarding the role of a teacher’s 

communication skills in students’ academic success was obtained from 418 teachers from 

a sample of 14 universities in Pakistan. The study found that majority of the students 

opined that they learn well from teachers who have good communication skills or who 

adopt good communication skills while dealing inside and outside the institution. 

Effective teaching not only depends on the knowledge base of the teacher but also relates 

to the method and style of teacher’s communication skills. Also, good communication is 

not only important for a teacher but students also need to have good communication skills. 

This study had communication skills and descriptive design as similarities with the 

present study but other approaches are different. 

Lomibao et al. (2016) on the influence of Mathematical communication on students’ 

Mathematics performance and anxiety in Philippines employed a mixed method of 

quantitative quasi-experimental control group and descriptive qualitative design. This 

study used 188 fourth year high school students in Bulua National High School, school 

year 2013-2014, as the participants of the study. Two intact classes with 94 students were 

randomly assigned as experimental group and the other two groups with 94 students as 

control group composed of 47 students in each section. Interviews were also done to 

verify responses for triangulation. The study revealed that content analysis of the 
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students’ answers on the two-tiered test questions showed that students had improved in 

terms of achievement score and showed a good grasp of the concept as shown in their 

answers in the second-tier questions. Also, students gave varied justifications of their 

answers, which evidently showed that they were able to make connections and had 

applied previous concepts learned. This study had Mathematics communication skills, 

descriptive design and students as similarities with the present study but other approaches 

are different. 

The study of Puspita (2016) on the analysis of Mathematical communication skills of 

students in Mathematics education at the University of Muhammadiyah Jember Indonesia 

used descriptive qualitative design to show that when expressing mathematical ideas 

through speech, writing, demonstrating, and describing it visually, students express it 

clearly and completely but often with some errors. Whereas when they understand, 

interpret, and evaluate Mathematical ideas, either orally or in writing, or in any other 

visual form, they did it right, clear, and complete. When using the term, notation, 

Mathematical structures to present ideas and describe relationships with models or other 

situations, they used it in full, but not in terms of truth and clarity. On the other hand, 

when expressing Mathematical ideas orally it is not true and clear. Whereas when they 

understand, interpret, and evaluate Mathematical ideas, either orally in writing, or in any 

other visual form, they did it right, clear, and complete. Furthermore, when they used the 

term, notation, Mathematics structures to present ideas and describe relationships with 

other situation models, they did not do it correctly, clearly and completely. Mathematical 

communication skills and students are the only similarities in this study and the present 

study. 

Yaako and Okoro (2019) conducted a research on problem-solving strategy on senior 

secondary school students’ performance and attitude toward Mathematics in Khana Local 
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Government Area of Rivers State. This study used qausi-experiment with pretest-posttest 

control group design adopted the 2 x 2 x 2 factorial analysis for variable matching. The 

sample of 116 SSS II students with two instruments namely Mathematics Performance 

Test (MPT) and Students Mathematics Attitude Questionnaires (SMAQ) then analyzed 

the data collected using Analysis of Variance (ANOVA) and Kruskal Wallis Statistics. 

The findings show that there is significant difference among two groups of students when 

exposed to Problem Solving and Lecture Method, there is no significant difference in 

performance between male and female student when exposed to problem solving, method 

also, significant difference exist among the two groups in mean attitude score toward 

Mathematics when exposed to problem solving, instructional strategy and those taught 

using lecture methods. This study used different designs and statistical tool of analysis 

but same instruments, variables and subjects as the present study. 

The research of Suharto and Widada ((2018) on the ‘Contribution of Mathematical 

Connection and Mathematical Communication to Problem-Solving Ability of Senior 

High School Students in Kota Bengkulu, Indonesia’. This was a survey research design 

conducted in senior high schools throughout the Kota Bengkulu that used sample of 170 

students with three research instruments namely problem-solving ability test, 

Mathematical connection ability test and Mathematical communication test then analyzed 

the data collected by using Confirmatory Factor Analysis (CFA). The finding showed that 

there is a positive direct effect of Mathematical communication skills on problem-solving 

abilities, positive direct effect of Mathematical connection skills on problem-solving 

abilities. Also, there is a positive direct effect of Mathematical communication skills on 

Mathematical connection abilities of the students. This study used different statistical tool 

of analysis but same design, instruments, variables and subjects as the present study.  
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Ndiung and Fransiskus (2018) on their study about Mathematics connection ability and 

students’ Mathematics learning achievement at elementary school. This was ex-post facto 

research design conducted in Watu Weri state elementary school that used proportionate 

stratified random sampling technique to select 35 students with test and documentation 

as data collection techniques then analyzed the data by using linear regression. The result 

showed that there is effect between Mathematics connection ability toward students’ 

Mathematics learning achievement because of the Mathematics inter-dependence 

between concept and material and other subjects as well for man’s everyday life such as 

reasoning, problem-solving and creativity development. This study used the same 

sampling techniques to select the its sample subjects and instrument however, different 

in all other mechanism. 

The students’ ability from schools National Examination in Mathematics with high 

category was the best followed by medium and low categories. Meanwhile, most students 

also have difficulty in expressing ideas and developing logical arguments as revealed by 

Sumarsih et al. (2018) on Profile of Mathematical Reasoning Ability of 8th Grade 

Students seen from communication ability, basic skills, connection, and logical thinking 

in Indonesia. This research used mix method of quantitative and qualitative descriptive 

approaches with a set of multiple choice tests to measure these abilities which involve 

communication ability, basic skills, connection and logical thinking. A total of 259 

respondents were determined by stratified cluster random sampling for collecting data 

and later analyzed using one-way Analysis of Variance (ANOVA). This research used 

same sampling technique, constructs and multiple choice tests which is one of the 

instruments used in the present study but different approach in all other items. 

The findings of Mohamad et al., (2017) on ‘Improving the Reasoning Skills of Students 

to overcome Learning Difficulties in Additional Mathematics’ in secondary school in 
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Johor in Malaysia used descriptive qualitative design. The research participants consisted 

of 30 students who were selected through purposive sampling at a secondary school in 

Johor. The data was collected using Differentiation Question Reasoning Test (DQRT) 

based on Marzano’s Rubric for Specific Task of Situations (1992) to determine the 

students’ level of reasoning on their achievement in Differentiation, a topic in Additional 

Mathematics and to analyse the form four students’ final year examination results for the 

same subject at the same school. the findings showed that the proficiency level of 

students’ reasoning skills in the differentiation topic was (40%) for generally weak, 

(53.33%) for moderate and only 6.67% for good. Therefore, students with moderate and 

weak performance would need a good reasoning level to improve their performance in 

Additional Mathematics in the topic, Differentiation. This study used the same construct 

(reasoning skills), instrument and subjects but differ in all other mechanisms from the 

present study. 

Another study on Understanding the Role of Reasoning Ability in Mathematical 

Achievement in United Kindom by Caren and Victoria (2015). There were two measures 

of Mathematical ability, the Woodcock Johnson-III Math fluency test and the Wood-cock 

Johnson-III calculation test and seventy-four students participated in the study. They 

revealed that while conditional reasoning performance is correlated with Mathematical 

ability, it does not predict performance on this task when Mathematical fluency is taken 

into account. They found that the cognitive reflection task however does predict 

performance on the calculation task. Also, good performance on the unbelievable 

conditionals requires a person to recognize the conflict between believability and logic 

before they can recognize the correct inference. The study had a correlational design and 

all participants completed the same four measures. This study used the same design and 

instrument (test) but different instruments from the present study. 
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From the investigation of Zeny and Bella (2017) on the analysis of Mathematical 

Representation, Communication and Connection in Trigonometry in Indonesia. This 

research used qualitative description design and 5 students of class X SMA Pangudi 

Luhur Yogyakarta as respondents using observation, written test and interviews as 

instruments of data collection. The data was analysed with technique of data analysis 

from Miles and Huberman (1984) that is, in the form of data reduction, data presentation 

and conclusion. The results obtained indicate that most of the students still have problems 

in representing the problem and in building connections with the materials that have been 

studied. Also, that the students still need guidance in Mathematical representation and 

connection through the learning process in order to improve their ability in solving the 

Mathematics problem, particularly on trigonometry. This research used the same 

descriptive survey design but with different approach, and has the same instrument yet 

differences in all other mechanisms.  

Novia and Dian (2018) carried out a research on the analysis of Mathematical 

Representation Skills in Solving Problems of Systems of Linear Equations in Two 

Variables in Indonesia. The descriptive study with qualitative approach was utilized as 

the method, a total of 22 grade IX F students of junior high school Tapung were selected 

as the subject and data was collected through the measuring technique in the form of 

Mathematical representation test with interview. The results indicate several types of 

Mathematical representations utilized in system of linear equations in two variables, 

including visual representation of 77%, symbolic representation of 91%, and verbal 

representation of 27%. This signifies that the representation skills of the students are still 

in low category and the students’ tendency in solving the problems of system of linear 

equations in the two variables is to use the symbolic representation. This study used the 
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same construct (Mathematical representation skills), test instrument and subjects but all 

other mechanisms are different. 

The findings of Aflich et al. (2018) on the Mathematical Representation Ability of Senior 

High School Students titled ‘An Evaluation of Students’ Mathematical Disposition in 

Indonesia’ used descriptive qualitative design. This study employed a qualitative 

descriptive method, the subjects of this study were 35 students of 10th grade of public 

senior high school in Padalarang, West Java Indonesia. Questionnaires and test were used 

as instruments to collect the data and the test results were analyzed using qualitative 

analysis in accordance with the indicators of Mathematical representation ability and 

questionnaires’ responses were converted into quantitative data. The study showed that 

almost all the students were able to use visual representation to solve Mathematical 

problems, create Mathematical models and solve problems by involving Mathematical 

expressions. Consequently, most of the students could not fulfill two indicators of the 

Mathematical representation ability, that is; draw a sketch of the given situation and make 

the Mathematical model based on the situation and data given. This study used same 

constructs, instruments (test) and subjects but all other things are different from the 

present research. 

The findings of Ani et al. (2016) on ‘Mathematical Understanding and Representation 

Ability of Public Junior High School in North Sumatra Indonesia’. The study used 

developmental research design with cluster sampling techniques using two sets of non-

test instrument namely interview guidance and observation for data collection. The data 

obtained was analysed descriptively based on four aspects included in the interview and 

aspects of observation as well as data of Mathematical understanding and Mathematical 

representation test result. They found that conventional approach was still used in all the 

classes by the students in learning activity; most of the students did not attain minimal 
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mastery achievement, also achievement of the students in Mathematical understanding 

and representation test is low. This study used the same construct (representation skills) 

and subjects but all other mechanisms are different from the present study.  

Adi (2014) also conducted a research on the, ‘Mathematical Representation Ability and 

Students’ Self-Confidence through Realistic Mathematics Approach’ in Indonesia. This 

study used quasi-experimental method with the entire population of the seventh grade 

students of 50 people using sample saturated/whole of the population of class VII as an 

experimental class B and class VII A as a control class and analysed the collected data 

using t-test. They reported that by using realistic Mathematics approach, students were 

led to a more complex understanding of the learning of Mathematics because they did not 

always learn Mathematics in the abstract but started from the Mathematical form of 

concrete that would help to train their Mathematical representation ability. Moreover, in 

this first realistic Mathematics approach, students were asked to construct their own 

knowledge about the learning of Mathematics before being guided by the teacher. This is 

because the realistic Mathematics approach has more advantages than conventional 

learning which is more teacher-centered. This study used the same construct 

(representation skills) and subjects but all other mechanisms are different from the present 

study. 

2.3.2 Empirical studies on gender and mathematical communication skills 

Studies related to Gender and Mathematics Communication Skills include Firdiani et al. 

(2020) on the Gender and Mathematical communication ability in Junior High School in 

Bandung Indonesia. The research method used was the qualitative research method with 

6 male and 6 female students of class VIII with age characteristic between 13-14 years 

old and have the ability of high, medium and low in general mathematics. Data was 



lxvi 

 

collected by using test and interview. Data analysis used includes data reduction, data 

collection, and conclusions. The results showed that both male and female students with 

high ability in general mathematics are able to express situations in the form of pictures 

or mathematical models, analyse and evaluate mathematical ideas in other forms, but 

male and female students who have medium and low ability in general mathematics still 

have difficulty in expressing situations in the form of drawings or mathematical models, 

analysing and evaluating mathematical ideas in other forms. This study used different 

design, but same variables, instruments and statistical tool of analysis and subjects as the 

present study. 

Adeneye (2017) on ‘Assessing Senior Secondary School Students’ Mathematical 

Proficiency as Related to Gender and Performance in Mathematics in Nigeria’ 

investigated Mathematical proficiency as related to gender and performance in 

Mathematics among 400 Nigerian senior secondary school students from 10 elitist senior 

secondary schools in Lagos State using the quantitative research method within the 

blueprint of descriptive survey design. The data collected was analysed using the 

descriptive statistics of frequency, percentage, mean, standard deviation and inferential 

statistics of independent samples t-test, and multiple regression analysis. The result 

showed that, gender differences in Mathematical proficiency are no longer important and 

are dissipating even at the subscale level there are subtle gender differences in 

performance in Mathematics. This study used same descriptive survey design but 

different approach from the present study. 

Mawaddah et al. (2018) studied Gender Differences of Mathematical Critical-Thinking 

Skills of Secondary School Students in Indonesia. The study employed qualitative 

descriptive survey aimed to describe Mathematical critical-thinking skills of secondary 

school students in solving Mathematical problems concerning gender. Four students 
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selected from 30 students of Year 9 in a junior high school in Banda Aceh using critical-

thinking skills test and interview as research instruments. The results showed that the 

critical thinking skills of female students were slightly better than that of male students, 

which implies that there is gender difference in Mathematical critical-thinking skills. This 

study is related to the present study in using students while all other aspects are different. 

The study of Odual (2013) on the relationship between Mathematical ability and 

achievement in Mathematics among female secondary school students in Bayelsa state 

adopts correlational survey design. This study investigated the relationship between female senior 

secondary school students’ Mathematical ability and achievement level in Mathematics in five (5) out of 

eight (8) local government areas of Bayelsa State Nigeria. This study adopted multi-stage sampling 

technique, two research instruments titled Student Mathematical Ability Test (SMAT) and Mathematical 

Achievement Test (MAT) were used to collect data from a sample of 121 female students from rural and 

141 female senior secondary school students from urban schools which were randomly selected using the 

simple random sampling method both at the Local Government and at the school level. The study shows 

that there is a positive relationship between Mathematical ability and achievement in Mathematics and 

that Mathematical ability has a significant contribution to achievement in Mathematics. The research used 

the same correlational survey design and students to gather data and same instrument with the present study 

but are different in other things. 

2.4 Summary of the Literature Reviewed 

This study has been reviewed under the following categories; conceptual frame work, 

theoretical frame work and empirical study for the sake of emphasis. Under conceptual 

framework, attempt was made to conceptualize the nature of Mathematics as an excellent 

vehicle for the development and improvement of a person’s intellectual competence in 

logical reasoning, spatial visualization, analysis and abstract thought. Nature and 

objectives of senior secondary school Mathematics curriculum were also reviewed in 
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order to guide the conduct of the research. Also, academic performance from different 

perspectives of numerous authors show performance to be a key component in education.  

The study used the following theories to back up its review: the behaviourism theory; 

which states that learning and behavioural changes are acquired by linking stimuli and 

response. Cognitivism theory; which believes that learning is internal and a result of a 

students’ processing and organizing new information. Also, the constructivism theory 

which believes that knowledge is constructed by adapting new information based on 

previous experience. All these theories were reviewed as they relate to communication 

skills and students’ performance in Mathematics. 

The study also reviewed literature on Mathematical Communication skills as those skills 

that the students must possess in order to communicate Mathematics problems 

effectively. Such as using Mathematics symbols, terms, notations, diagrams, graphs, 

tables and pictures, among others. Hence, this research considers the following 

Mathematical Communication skills; problem-solving skills, reasoning skills, 

communication skills, connection skills and representation skills in terms of concept of 

Mathematics performance. 

The study reviewed literature that are related to the present study, though most of the 

studies used different approaches, some used junior secondary schools and even tertiary 

institutions and were mostly done outside Nigeria and some analysed the Mathematical 

communication skills of the students based on their personality. To the best of 

researcher’s knowledge, no attention has been given to Mathematics performance of 

senior secondary school students in relation to Mathematical communication skills in 

Kutigi Educational Zone of Niger State. Hence, this prompts the present study to 

investigate the relationship between Mathematical communication skills and 
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Mathematics performance of senior secondary school students in Kutigi Educational 

Zone of Niger State, Nigeria. 

 

 

 

  



lxx 

 

CHAPTER THREE 

3.0      RESEARCH MEHODOLOGY 

3.1 Research design 

The study is a descriptive survey research and adopts correlational research design. This 

is because the researcher intends to search for relationships that exist between the 

variables. Due to the fact that the variables studied are already present in the students, the study will not 

in any way attempt to manipulate the variables (Odual, 2013). 

3.2 Population of the study 

The total population of the study comprised all the year two students of 2020/2021 session of the fifty-

six (56) senior secondary schools in Kutigi Educational Zone of Niger State with the total population 

of eight thousand one hundred and forty-eight (8148) students, comprising five thousand two hundred and 

eight (5208) male students and two thousand and nine hundred and forty (2940) female students. The target 

population of the study consists of all the senior secondary school two (SS 2) students of all the sampled 

senior secondary schools in Kutigi Educational Zone of Niger State, totaling eight hundred and fifty-

eight (858) students; five hundred and sixty-nine (569) male students and two hundred and eighty-nine 

(289) female students. Details are attached in Appendices B and C. 

3.3 Sample and sampling technique 

Multi-stage sampling technique was adopted; cluster sampling techniques was used to 

classify the schools into three local government areas, namely Lavun, Mokwa and Edati 

local government areas. Simple random sampling technique was used to select two (2) secondary 

schools from each local government area to give six (6) schools. Then, proportional stratified random 

sampling technique was used to select the sample based on Krecjie and Morgan’s (1970) table for 

determining sample size with the total sample of two hundred and sixty-nine (269) students; one hundred 

and seventy-nine (179) male students and ninety (90) female students. These techniques were adopted since 
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it allows one to draw more precise conclusions by ensuring that every subgroup is properly represented in 

the sample (Shona, 2019).  See Appendix D. 

3.4 Research instrument 

The instrument used for this study was titled “Mathematical Communication Skills Test 

(MCST)”. The items of the instrument (MCST) was an adapted West Africa Examination 

Council (WAEC) 2019/2020 session questions. It contained twenty-five (25) items, with 

five (5) items for each construct covering all the Mathematical Communication skills of 

the students under study. The content of the instrument covers Mathematics syllabus 

related to number and numeration, algebraic process, geometry, probability and statistics 

as contained in the Senior Secondary School two (SS 2) Mathematics curriculum.  The 

items of MCST are theory questions that students solved on the answer sheet to show 

their skills in solving Mathematics problems, see Appendix E. On the scoring of the test 

items, the marks were awarded based on each item magnitude to give each construct one 

hundred percent (100%). Mathematics Promotion Examination Scores of students was 

used as Mathematics performance, since the their questions are set by ministry of 

Education see Appendix. Also, Mathematical Communication skills of the students were 

also observed from their answer sheets. 

3.5 Validity of the research instrument 

The instrument was face validated by experts from Science Education Departments of 

Federal University of Technology Minna, Mathematics Department of FCT College of 

Education, Zuba and a secondary school Mathematics teacher from Police Secondary 

School Minna to ensure that all items and words that will confuse the respondents are 

completely removed from the instruments and content validated to ensure that the content 

of the study are represented in the instruments. Also, the necessary corrections were made 
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based on the comments and suggestions of these experts. This was done in order to ensure 

the instruments measure what they set to measure. 

3.6 Reliability of the research instrument 

Test re-test method of reliability was used to determine reliability of instrument (MCST) 

by administering the test on forty (40) students of the population who were not among 

the sample students. After one week, the same instrument was re-administered on the 

same set of students, and 0.82, 0.74, 0.81, 0.70 and 0.71 coefficient of reliability were 

obtained for the five constructs respectively for MCST using Pearson Product Moment 

Correlation (PPMC) formula giving 0.76 as the average reliability . These showed that 

the instrument was reliable. The computation of the reliability test is attached in Appendix 

F. 

3.7 Method of data collection 

To collect the necessary data for the study, the researcher visited the sampled schools 

with an introduction letter from Science Education Department of Federal University of 

Technology Minna, seeking for permission to use students’ Promotion Examination 

Scores of Mathematics and the students of these schools as the subject of the study. After 

being permitted, Mathematics teachers of the various schools were requested by the 

researcher to lead and meet with the students as well as assist in administering the research 

instrument to the students. Then, Mathematical Communication Skills Test (MCST) were 

distributed to the sampled students of various schools and they were instructed and guided 

on how to fill them. The answering of MCST were supervised properly and collected 

immediately after they have answered the test questions in order to avoid damage or 

missing of the instrument. The data wascollected during the second term of 2020/2021 

academic session. Six weeks was used to collect the data from the sampled schools. 



lxxiii 

 

3.8 Method of data analysis 

The scores of items were coded into Statistical Package for Social Sciences (SPSS) 

software in order to analyse the data. Mean and Standard Deviation supported by 

Scatterplots were used to answered the research questions while Pearson Product Moment 

Correlational Coefficient was used to test the hypotheses at 0.05 level of significant. Also, 

the Mathematical communication skills of the students was analyse in form of data 

reduction and presentation. 
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CHAPTER FOUR 

4.0    RESULTS AND DISCUSSION 

4.1 Answer to research questions 

The research questions raised were answered using mean and standard deviation 

supported by Scattered plots.  

Research question one 

What is the relationship between Mathematical communication skills and Mathematics 

performance of secondary school students in  Kutigi Educational zone of Niger state? 

Table 4.1: Summary of the mean and standard deviation of mathematical 

communication skills and mathematics performance of secondary school students 

Variables N �̅� SD �̅� difference 

Mathematics communication skills 

 

Mathematical Performance  

269 

  

269 

31.11 

 

63.39 

15.77 

 

12.89 

 

32.28 

Table 4.1 shows the Mean score of 31.11 with Standard Deviation of 15.77 for 

Mathematical communication skills and Mean score of 63.39 with standard deviation of 

12.89 for Mathematics performance, this gives the Mean difference of 32.28 between the 

variables. This therefore, indicates a positive relationship between the variables. The 

descriptive statistics (Scatterplots) of the two groups is presented in figure 4.1 below. 
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Figure 4.1: Scatterplot relationship between mathematical communication skills 

and mathematics performance of secondary school students 

Figure 4.1 shows the scatterplot of the relationship between Mathematical 

communication skills and Mathematics performance of secondary school students, this 

indicates a positive relationship between the variables. The fitted line shows that as 

Mathematical communication skills increases, the Mathematics performance of the 

secondary school students also tends to increases.  

Research question two 

What is the relationship between problem-solving skills and Mathematics performance 

of secondary school students in  Kutigi Educational zone of Niger state? 

Table 4.2: Summary of the mean and standard deviation of problem-solving skills 

and mathematics performance of secondary school students 

Variables N    �̅� SD �̅� difference 

Problem-Solving skills 

 

Mathematical Performance  

269 

  

269 

37.99 

 

63.39 

23.60 

 

12.89 

 

25.40 

Table 4.2 shows the Mean score of 37.99 with Standard Deviation of 23.60 for problem-

solving skills and Mean score of 63.39 with standard deviation of 12.89 for Mathematics 
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performance, this gives the Mean difference of 25.40 between the variables. This 

indicates a positive relationship between the variables. The descriptive statistics 

(Scatterplot) of the two groups is presented in Figure 4.2   

 

Figure 4.2: Scatterplot relationship between problem-solving skills and mathematics 

performance of secondary school students 

For the problem-solving skills and Mathematics performance in figure 4.2 above, the 

scatterplot displays a positive relationship between the constructs. The trend line indicates 

that secondary school students Mathematics performance increases as their problem-

solving skills increased. 

Research question three 

What is the relationship between proofs and reasoning skills and Mathematics 

performance of secondary school students in  Kutigi Educational zone of Niger state? 
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Table 4.3: Summary of the mean and standard deviation of proofs and reasoning 

skills and mathematics performance of secondary school students 

Variables N      �̅� SD �̅� difference 

Proofs and Reasoning skills 

 

Mathematical Performance  

269 

  

269 

     33.79 

 

     63.39 

26.51 

 

12.89 

 

29.60 

Table 4.3 shows the Mean score of 33.79 with Standard Deviation of 26.51 for proofs and 

reasoning skills and Mean score of 63.39 with standard deviation of 12.89 for 

Mathematics performance, this gives the Mean difference of 29.60 between the variables. 

This therefore, indicates a positive relationship between the variables. The descriptive 

statistics (Scatterplot) of the two groups is presented in figure 4.3   

 
Figure 4.3: Scatterplot relationship between proofs and reasoning skills and 

mathematics performance of secondary school students 

From figure 4.3 above, the scatterplot relationship between proofs and reasoning skills 

and Mathematics performance of secondary school students, shows a positive relationship 

between the variables. The fitted line shows that as proofs and reasoning skills increases, 

the Mathematics performance of the secondary school students also tends to increases. 

Research question four 
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What is the relationship between connection skills and Mathematics performance of 

secondary school students in  Kutigi Educational zone of Niger state? 

Table 4.4: Summary of the mean and standard deviation of connection skills and 

mathematics performance of secondary school students 

Variables N �̅� SD �̅� difference 

Connection skills 

 

Mathematical Performance  

269 

  

269 

20.45 

 

63.39 

19.86 

 

12.89 

 

42.94 

Table 4.4 shows the Mean score of 20.45 with Standard Deviation of 19.86 for connection 

skills and Mean score of 63.39 with standard deviation of 12.89 for Mathematics 

performance, this gives the Mean difference of 42.94 between the variables. This 

therefore, indicates a positive relationship between the variables. The descriptive statistics 

(Scatterplot) of the two groups is presented in figure 4.4 

 

Figure 4.4: Scatterplot relationship between connection skills and mathematics 

performance of secondary school students 

Figure 4.4 shows the scatterplot of the relationship between connection skills and 

Mathematics performance of secondary school students, this indicates a positive 
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relationship between the variables. The fitted line shows that as connection skills 

increases, the Mathematics performance of the secondary school students also tends to 

increases.  

Research question five 

What is the relationship between representation skills and Mathematics performance of 

secondary school students in  Kutigi Educational zone of Niger state? 

Table 4.5: Summary of the mean and standard deviation of representation skills and 

mathematics performance of secondary school students 

Variables N �̅� SD �̅� difference 

Representation skills 

 

Mathematical Performance  

269 

  

269 

35.76 

 

63.39 

27.27 

 

12.89 

 

27.63 

Table 4.5 shows the Mean score of 35.76 with Standard Deviation of 27.27 for 

representation skills and Mean score of 63.39 with standard deviation of 12.89 for 

Mathematics performance, this gives the Mean difference of 27.63 between the variables. 

This therefore, indicates a positive relationship between the variables. The descriptive 

statistics (Scatterplot) of the two groups is presented in figure 4.5   
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Figure 4.5: Scatterplot relationship between representation skills and mathematics 

performance of secondary school students 

For the representation skills and Mathematics performance in figure 4.5 above, the 

scatterplot displays a positive relationship between the constructs. The trend line indicates 

that secondary school students Mathematics performance increases as their representation 

skills increased.  

Research question six 

What is the relationship between gender and Mathematical communication skills of 

secondary school students in  Kutigi Educational zone of Niger state? 

Table 4.6: Summary of the mean and standard deviation of gender and 

mathematical communication skills of secondary school students 

Variables N �̅� SD �̅� difference 

Gender 

 

Mathematics communication skills 

269 

 

269 

1.31 

 

31.11 

0.46 

 

15.77 

 

29.80 

Table 4.6 shows the Mean score of 1.31 with Standard Deviation of 0.46 for gender and 

Mean score of 31.11 with standard deviation of 15.77 for Mathematics communication 
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skills, this gives the Mean difference of 29.80 between the variables. This therefore, 

indicates a positive relationship between the variables. The descriptive statistics 

(Scatterplot) of the two groups is presented in figure 4.6   

 

Figure 4.6: Scatterplot relationship between gender and mathematical 

communication skills of secondary school students 

Figure 4.6 above is a scatterplot of relationship between gender and Mathematical 

communication skills of secondary school students, it shows a positive relationship 

between the Mathematical communication skills and gender. The fitted line shows that 

there is an increase once you move from the male to female and increasing the skills.  

4.2 Testing null hypotheses 

Hypothesis one (HO1): There is no significant relationship between Mathematical 

communication skills and Mathematics performance of secondary school students  
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Table 4.7: Summary of Pearson product moment correlation between mathematical 

communication skills and mathematics performance of secondary school students 

Variables N     �̅� SD r-cal p-value 

MCS 

 

MP 

269 

 

269 

31.11 

 

63.39 

15.77 

 

12.89 

 

0.46 

 

0.00 

Table 4.7 shows the Mean score of 31.11 with standard deviation of 15.77 for 

Mathematical communication skills and Mean score of 63.39 with Standard Deviation of 

12.89 for Mathematics performance, also r is 0.46. Therefore, the null hypothesis one 

(HO1) was rejected because p-value of 0.00 is less than 0.05 alpha level. Hence, there was 

moderately positive relationship between Mathematical communication skills and 

Mathematics performance of secondary school students. 

Hypothesis two (HO2): There is no significant relationship between problem-solving 

skills and Mathematics performance of senior secondary school students 

Table 4.8: Summary of Pearson product moment correlation between problem-

solving skills and mathematics performance of secondary school students 

Variables N     �̅� SD r-cal p-value 

PSS 

 

MP 

269 

 

269 

37.99 

  

63.39 

23.60 

 

12.89 

 

0.37 

 

0.00 

Table 4.8 above shows that the Mean score of Problem-Solving skills is 37.99 with 

Standard Deviation of 23.60 and Mean score of Mathematics performance was 63.39 with 

Standard Deviation of 12.89, also r is 0.37. Hence, the null hypothesis two (HO2) rejected 

since p-value of 0.00 < 0.05 alpha level. This shows that, there exists moderately positive 
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relationship between problem-solving skills and Mathematics performance of senior 

secondary school students. 

Hypothesis three (HO3): There is no significant the relationship between proofs and 

reasoning skills and Mathematics performance of senior secondary school students  

Table 4.9: Summary of Pearson product moment correlation between proofs and 

reasoning skills and mathematics performance of secondary school students 

Variables N     �̅� SD r-cal p-value 

PRS 

 

MP 

269 

 

269 

33.79 

  

63.39 

26.51 

 

12.89 

 

0.38 

 

0.00 

From table 4.9 above, the Mean score of proofs and reasoning skills is 33.79 with 

Standard Deviation of 26.51 and Mean score of Mathematics performance is 63.39 with 

Standard Deviation of 12.89, also r is 0.38. Hence, the null hypothesis three (HO3) rejected 

since p-value of 0.00 < 0.05 alpha level. This indicates that, there was moderately positive 

relationship between proofs and reasoning skills and Mathematics performance of senior 

secondary school students. 

Hypothesis four (HO4): There is no significant relationship between connection skills 

and Mathematics performance of senior secondary school students 

Table 4.10: Summary of Pearson product moment correlation between connection 

skills and mathematics performance of secondary school students 

Variables N     �̅� SD r-cal p-value 

CS 

 

MP 

269 

 

269 

20.45 

 

63.39 

19.86 

 

12.89 

 

0.16 

 

0.01 

Table 4.10 shows the Mean score of 20.45 with standard deviation of 19.86 for connection 

skills and Mean score of 63.39 with Standard Deviation of 12.89 for Mathematics 
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performance, also r is 0.16. Therefore, the null hypothesis four (HO4) was rejected because 

p-value of 0.01 is less than 0.05 alpha level. Hence, there exists positive weak relationship 

between Connection skills and Mathematics performance of secondary school students. 

Hypothesis five (HO5): There is no significant relationship between representation skills 

and Mathematics performance of senior secondary school students 

Table 4.11: Summary of Pearson product moment correlation between 

representation skills and mathematics performance of secondary school students 

Variables N     �̅� SD r-cal p-value 

RS 

 

MP 

269 

 

269 

35.76 

  

63.39 

27.27 

 

12.89 

 

0.24 

 

0.00 

From table 4.11, the Mean score of representation skills is 35.76 with Standard Deviation 

of 27.27 and Mean score of Mathematics performance is 63.39 with Standard Deviation 

of 12.89, also r is 0.24. Hence, the null hypothesis five (HO5) is rejected since p-value of 

0.00 < 0.05 alpha level. This shows that, there exists positive weak relationship between 

Representation skills and Mathematics performance of senior secondary school students. 

Hypothesis six (HO6): There is no significant relationship between Gender and 

Mathematical communication skills of secondary school students.  
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Table 4.12: Summary of Point-Biserial correlation between gender and 

mathematical communication skills of secondary school students 

Variables N                �̅� SD rpb-cal p-value 

Gender 

 

MCS 

269 

 

269 

1.31 

 

31.11 

0.46 

 

15.77 

 

0.30 

 

0.00 

Table 4.12 shows the Mean score of 1.31 with standard deviation of 0.46 for Gender and 

Mean score of 31.11 with Standard Deviation of 15.77 for Mathematical communication 

skills, also rpb is 0.30. Therefore, the null hypothesis four (HO4) was rejected because p-

value of 0.00 is less than 0.05 alpha level. This indicates that, there was weak positive 

relationship between Gender and Mathematical communication skills of secondary 

school students. 

4.3 Data reduction 

This displayed shows the answers of the students 
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This student was able to relate the concepts 

and expressed Mathematical expressions 

accurately but unable to solve all the 

questions. 

This student was able to relate concepts, 

used operational signs correctly and 

transformed scores to the table but 

unable to use table to answer questions 

correctly. 
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This student had difficulty in answering 

the given questions. 

 

This student was able to bring out variables 

but unable to evaluate and simplify the 

problem. 
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This student understands the underlying 

logical rules and can recall formula but 

not able to solve for correct answer. 

 

This student was able to relate mathematics 

concepts with each other but unable to 

solve most of the problems correctly.  
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This student was not able to transform the 

test scores into table, also unable to give 

correct answer.  

 

This student was able to transform the 

test scores into table yet unable to solve 

to get correct answer. 
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4.4 Summary of findings 

The summary of the major findings from this study were: 

1. There was moderately positive relationship between Mathematical communication 

skills and Mathematics performance of secondary school students; 

2. There exists moderately positive relationship between problem-solving skills and 

Mathematics performance of senior secondary school students; 

3. There was moderately positive relationship between proofs and reasoning skills and 

Mathematics performance of senior secondary school students; 

4. There was positive weak relationship between Connection skills and Mathematics 

performance of secondary school students; 

5. There exists positive weak relationship between Representation skills and 

Mathematics performance of senior secondary school students; 

6. There was positive weak relationship between Gender and Mathematical 

communication skills of secondary school students. 

4.5 Discussion of findings 

The results of this study were discussed according to the presented findings. 

First finding show that there was moderately positive relationship between Mathematical 

communication skills and Mathematics performance of secondary school students. This 

is due to the fact that some students were unable to solve the Mathematics problem given 

to them, unable to use Mathematical operational signs, terms, notations correctly and 

express Mathematical expressions accurately as shown from their answer sheets. Hence, 

this indicates clearly that Mathematical communication skills is a major contributor to 

Mathematics performance of secondary school students. This supports the findings of 
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Mailis et al. (2019) who showed that students’ skills in expressing Mathematical ideas in 

various ways have not met the expectation. The result is also in line with Septiana et al. 

(2018) whose study revealed that some students could not express their ideas on graph or 

reveal a Mathematical sentence in their languages. In contrary to this study, Lomibao et 

al. (2016) revealed that students had improved in terms of achievement score and showed 

a good grasp of the concept as shown in their answers in the second-tier questions and 

that students gave varied justifications of their answers, which evidently showed that they 

were able to make connections and had applied previous concepts learned. 

Second finding revealed that there exists moderately positive relationship between 

problem-solving skills and Mathematics performance of senior secondary school 

students. It is revealed from students’ answer sheets that some can analyse facts and put 

them in systematic order, evaluate, simplify and easily solve Mathematics problems while 

many of them cannot do so. This finding is in agreement with work of Puspa et al. (2019) 

who disclosed that while there were students who were more detailed in doing and 

remembering things that were taught, there were other students who did things briefly 

and precisely; so it can be said that each student has different Mathematical 

communication skills in solving problem. This study also agreed with the findings of Suharto 

and Widada (2019) who found that there is a positive direct effect of Mathematical 

communication skills on problem-solving abilities 

Third finding shows that there was moderately positive relationship between proofs and 

reasoning skills and Mathematics performance of senior secondary school students. From 

the students’ answer sheets, it can be deduced that students do not understand the 

underlying logical rules, cannot recall formula quickly also not able to overcome 

generalization and pattern in solving Mathematics problem. This supports the work of 

Rahmy et al. (2019) who revealed that students who were with sequential concrete and 
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sequential abstract thinking styles were capable of arranging similar conjectures, making 

arguments, exploring ideas and formulating generalizations. However, they were having 

difficulty presenting Mathematics in their own language. Meanwhile, students with 

random concrete and random abstract thinking styles were able to express ideas and 

formulate generalizations, they were however having difficulties in establishing 

conjectures. The finding is in line with the study of Mohamad et al. (2017) which showed 

that the proficiency level of students’ reasoning skills in the differentiation topic was 

(40%) for generally weak, (53.33%) for moderate and only 6.67% for good. Therefore, 

students with moderate and weak performance would need a good reasoning level to 

improve their performance in Mathematics.  

From the fourth finding, it shows that there was positive weak relationship between 

connection skills and Mathematics performance of secondary school students. This is 

because most of the students were having difficulty in relating Mathematics concept with 

each other and analyzing real life situation using Mathematical ideas as shown from their 

answer sheets. This supports the findings of Ndiung and Fransiskus (2018) who found 

that there is effect between Mathematics connection ability toward students’ Mathematics 

learning achievement because of the Mathematics inter-dependence between concept and 

material and other subjects as well for man’s everyday life such as reasoning, problem-

solving and creativity development. 

The fifth finding revealed that there exists positive weak relationship between 

representation skills and Mathematics performance of senior secondary school students. 

It has shown from the students’ answer sheets that while there were students who were 

able to represent information on tables to give answers, there were others who were not 

able to use Mathematics diagrams to represent mathematics concepts and transform test 

scores into table before solving to get correct answer. This is in agreement with the 
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findings of Novia and Dian (2018) who found that the representation skills of the students 

are still in low category and the students’ tendency in solving the problems of system of 

linear equations in two variables is to use the symbolic representation. This is also in line 

with the findings of Zeny and Bella (2017) who discovered that most of the students still 

have problems of representing the problem and in building connections with the materials 

that have been studied. Also, that the students still need guidance in Mathematical 

representation and connection through the learning process in order to improve their 

ability in solving the Mathematics problem. 

The last finding disclosed that there was positive weak relationship between Gender and 

Mathematical communication skills of secondary school students. It is indicated by the 

fitted line on the scatterplot that mathematical communications skills of female students 

is higher than that of male students. This is in line with the study of Mawaddah et al. 

(2018) which showed that the critical thinking skills of female students were slightly 

better than that of male students, which implies that there is gender difference in 

Mathematical critical-thinking skills. This study contradicts the study of Yaako and Okoro 

(2019) who found that there is no significant difference in performance between gender 

of student when exposed to problem solving method.  
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CHAPTER FIVE 

5.0    CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

Based on the findings, the study concludes that; 

The five Mathematical Communication skills under studied; problem-solving skills, 

proofs and reasoning skills, communication skills, connection skills and representation 

skills have positive relationship on the Mathematics performance of the secondary school 

students. Hence, as Mathematical Communication Skills increases the mathematics 

performance of the secondary school students also increases.  

Also, there was positive relationship between Gender and Mathematical Communication 

Skills of secondary school students. However, it shows that Mathematical 

Communication Skills of the female students was higher than that of the male students. 

5.2 Recommendations 

This study recommends the following based on its findings of the study 

1. Students should develop and maintain more interest and confidence in Mathematics 

learning in secondary schools 

2. Students should be encouraged to be curious when encountering any problem in 

Mathematics. Also, Individual differences in students’ skills and background should 

be taken into consideration by teachers 

3. Mathematics teachers should adopt a good measure to strengthen Mathematical 

communication skills during teaching and learning process to enhance students’ 

performance in Mathematics 

4. Government should also improve the teachers’ welfare so as to motivate and enable 

them discharge their functions effectively and efficiently 
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5. There should be constant seminars, workshops and conferences for Mathematics 

teachers in secondary schools to update them in new skills and innovations and hence, 

improve their quality of instructional delivery 

6. Suitable instructional materials should be designed and developed or improvised to 

facilitate Mathematics teaching and learning in secondary schools 

5.3 Contribution to knowledge 

The results of this study have greatly contributed to the body of knowledge in the 

following ways: 

1. The study has provided knowledge on the relationship between the five Mathematical 

communication skills and Mathematics performance of secondary school students to 

be positive; 

2. It has provided that female secondary school students’ Mathematical Communication 

Skills were higher than that of the male students; and 

3. It has also contributed to existing literatures and provided a platform for researchers 

on relationship between the five Mathematical communication skills and 

Mathematics performance of secondary school students. 

5.4 Suggestions for further studies 

Future researchers can also find out: 

1. the relationship between Mathematical communication skills, interest, attitude and 

mathematics performance of secondary school students; 

2. related study can be conducted among primary school students; 

3. similar study should be conducted in other parts of the country; and 

4. similar study should also be conducted in other field of studies.   
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APPENDIX A 

WAEC percentage results of students who obtained credit and above in 

Mathematics 

Year Percentages (%) 

2015 

2016 

2017 

2018 

2019 

2020 

38.68 

52.97 

59.22 

49.98 

64.18 

39.82 

 

Source: WAEC Head of National Office report, 2015 - 2020 

  



ciii 

 

APPENDIX B 

Table showing the distribution of the Population of the study 

   S/No             Name of Schools                                               Number of Students         

                                                                                                 Male       Female        Total 

MOKWA LOCAL GOVERNMENT 

1 Day Secondary School Kudu                                            138           81                219 

2 Government Secondary School Bokani                            176           223              399 

3 Government Secondary School Kpaki                               105           33               138 

4 Day Secondary School Kpege-Mokwa                              310           114             424 

5 Government Secondary School Gbara                               324           67               391 

6 Hakimi Aliyu Day Secondary School Mokwa                   368          190             558 

7 Mungo Park Secondary School Jebba North                      93            38               131 

8 Day Secondary School Wuya-Kede                                    132          30              162 

9 Day Secondary School Rabba                                              75           50               125 

10 Day Secondary School Muwo                                              34           09               43 

11 Government Girls Secondary School Mokwa                      -             150             150 

12 College of Arts and Islamic Study Mokwa                           53           41               94 

13 Day Secondary School Takuma                                            57           38               95 

14 Government Day Science College Ja’agi                              53           20               73 

15 Government Science College Mokwa                                 177           70             247 

16 Day Secondary School Dumi                                               140          47              187 

17 Government Science and Vocational College Jebba North  68           37              105 

18 Day Secondary School Muregi                                              69           38             107 

19 Women Day College Mokwa         00         33  33 

LAVUN LOCAL GOVERNMENT 

20 Government Science College Doko                                       00           00              00 

21 Army Day Secondary School Bida       150        103 253 

22 Day Secondary School Gaba        168        26  194 

23 Day Secondary School Dabban        180       200 380 

24 Day Secondary School Kutigi        301       70  371 

25 Government Senior Secondary School Jima      200       55  255 

26 Day Secondary School Batati        120       50  170 

27 Women Day College Kutigi        00      129  129 

28 Day Secondary School Busu        99      86  185 

29 Day Secondary School Jipan        68      22  90 

30 Day Secondary School Mambe        17      06  23 

31 Day Secondary School Sosa        00      00  00 

32 Day Secondary School Yeti        00      00  00 

33 Day Secondary School Panti        63      32  95 
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      Source: Ministry of Education Minna, Niger State 2021. 

 

  

34 Day Secondary School Lanle        23      53  76 

35 Day Secondary School Egbako        00       00  00 

36 Idris Legbo Science College Kutigi       174      00  174 

37 Shaba Mahmud CAIS Shabafu        98      47  145 

38 College of Art and Islamic Studies Santali      38      04  42 

39 A. A. Kure CAIS Ndaloke         77      27  104 

40 Com. Tech. & Comm. College Vunchi       77      77  154 

41 Day Secondary School Charati        00      00  00 

42 Day Secondary School Eyagi Sodangi       00      00  00 

EDATI LOCAL GOVERNMENT 

43 Day Secondary School Enagi       79      30  109 

44 Day Secondary School Sakpe       37      28  65 

45 Day Secondary School Gonagi       260      223  483 

46 Day Secondary School Gbodoti       80      53  133 

47 Day Secondary School Gbangban       176      32  208 

48 Day Secondary School Etsu Tasha      100      60  160 

49 Day Secondary School Katamba Bologi      45      55  100 

50 Government Day Secondary School Diko-Enagi     34      24  58 

51 Day Secondary School Edati Bafo       101      66  167 

52 Day Secondary School Rokota       26      07  33 

53 College of Art and Islamic Studies Enagi      45      66  111 

54 Day Secondary School Emigi Kwale      00      00  00 

55 Day Secondary School Lenfa Bororo      00      00  00 

56 Day Secondary School Fazhi       00      00  00 

Total                                                                                             5208         2940         8148 
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APPENDIX C 

Table showing the distribution of the target population of the study 

            Source: Ministry of Education Minna, Niger State 2021.           

  

S/No             Name of Schools                                         Number of Students       

                                                                                 Male         Female     Total 

1 Government Day Secondary School Kudu           131             17              148 

2 Hakimi Aliyu Secondary School Mokwa         140        47           187 

3 College of Art and Islamic Studies Enagi          45        66           111 

4 Day Secondary School Enagi          79        30           109 

5 Idris Legbo Science College Kutigi           174        00           174 

6 Women Day College Kutigi    00       129 129 

Total                                                                          569           289             858 
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APPENDIX D 

Table showing the distribution of the sample of the study 

Source: Ministry of Education Minna, Niger State 2021. 

  

S/No             Name of Schools                                          Number of Students       

                                                                                            Male      Female      Total 

1 Government Day Secondary School Kudu               41            05             46 

2 Hakimi Aliyu Secondary School Mokwa                 44             15             59 

3 College of Art and Islamic Studies Enagi                 14             21             35 

4 Day Secondary School Enagi                         25             09             34 

5 Idris Legbo Science College Kutigi                           55            00             55 

6 Women Day College Kutigi                         00           40             40 

Total                                                                                         179         90            269 
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APPENDIX E 

MATHEMATICAL COMMUNICATION SKILLS TEST (MCST) FOR SS 

TWO (2) 

Dear Respondent, 

This test is designed to find relationship between Mathematical Communication Skills 

and Mathematics Performance of Senior Secondary School Students. The test is purely 

for academic research purposes hence, any information supplied will be treated as strictly 

confidential. Your co-operation is highly appreciated, please complete the following. 

SECTION A 

Sex: Male [ ] Female [ ]          

School Type:  All Boys [ ]  All Girls [ ]  Co-Education [ ] 

SECTION B 

Please answer all questions. 

Problem solving skills 

1. Express 0.003597 correct to three significant figures. 

2. Evaluate (0.064)-1/3. 

3. If T = {prime numbers} and M = {odd numbers} are subsets of µ = {x : 0 < x ≤ 10, 

and x is an integer}, find ( TI n MI ).   

4. Evaluate  
log3 9− log2 8

 log3 9
 

5. The fourth term of an Arithmetic Progression (A. P.) is 37 and the first term is -20. 

Find the common difference?    

Reasoning and proof skills 

6. The total surface area of a solid cylinder is 165 cm2. If the base diameter is 7 cm, 

calculate the height. [Take 𝜋 = 22/7].  

7. The interior angles of a polygon are 3x0, 2x0, 4x0, 3x0 and 6x0. Find size of the smallest 

angle of the polygon. 
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8. The foot of a ladder is 6 m from the base of an electric pole. The top of the ladder rest 

against the pole at a point 8 m above the ground. How long is the ladder?  

9. If tan x = 
3

4
, 0 < x < 900, evaluate 

cos 𝑥

2sin 𝑥
 

 

10. In ∆XYZ above, |YZ| = 32cm, <YXZ = 520 and XYZ = 900. Find correct to nearest 

centimetre, |XZ|. 

Communication skills 

11. Solve  
𝑦+1

2
 - 

2𝑦−1

3
 = 4. 

12. Solve 4x2 -16x + 15 = 0 

13. If 2a = √64 and 
𝑏

𝑎
 = 3, evaluate a2 + b2. 

14. Make b the subject of the relation 𝑙𝑏 = 
1

2 
(a +b)h. 

15. Simplify: 
𝑋2− 5𝑋−14

𝑋2−9𝑋+14
   

Connection skills 

16. H varies directly as p and inversely as the square of y. If H = 1, p = 8 and y = 2, find 

H in term of p and y. 

17. Find the equations of a straight line passing through the point (1, -5) and having 

gradient of 
3

4
.    

18. Bala sold an article for # 6,900.00 and made a profit of 15%. Calculate his percentage 

profit if he sold it for # 6,600.00.  

19. If 3p = 4q and 9p = 8q -12, find the value of pq. 

20. Eric sold his house through an agent who charged 8% commission on the selling price. 

If Eric received $ 117,760.00 after the sale, what was the selling price of the house?           
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Representation skills 

21. A box contains 2 white and 3 blue identical balls. If two balls are picked at random 

from the box, one after the other with replacement, what is the probability that they 

are of different colours?   

22. calculate the variance of 2, 4, 7, 8 and 9 

The following scores are obtained by students in a test: 8 18 10 14 

18 11 13 14 13 17 15 8 16 13 

Use this to answer questions 23 to 25. 

23. Find the mode of the distribution.  

24. What is the median score?   

25.  How many students scored above the mean score?   
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ANSWERS TO MCST 

1. 0.003597 = 0.00360 to 3 significant figures 

2. (0.064)−1/3 = (
64

100
)−1/3 = 

1

( (
64

100
)1/3

  

= 
1

 (
43

103)1/3
 = 

1

 (
4

10
)3/3

 = 
1

 (
4

10
)
 = 

10

4
 = 

5

2
 

 

3.  

μ = {1,2,3,4,5,6,7,8,9,10}     T = {2,3,5,7}     M = {1,3,5,7,9}   T′ = 

{1,4,6,8,9,10} 

M′ = {2,4,6,8,10}  T’∩M′ = {4,6,8,10} 

4. First, simplify log3 9 = log3 32 = 2 log3 3  since, log𝑎 𝑏 = 
log10 𝑏

log10 𝑎
     

similarly, log𝑎 𝑎 =   
log10 𝑎

log10 𝑎
  = 1    Therefore, log3 3 =  

log10 3

log10 3
  = 1  then, 2 log3 3 =2(1) 

= 2 

log2 8 = log2 23 = 3 log2 2  =  3(1) = 3     hence, 
log3 9− log2 8

 log3 9
 =  

2−3

2
 = 

−1

2
 

5. The nth term of an A.P is given by:   

Tn = a + (n - 1)d  ;a = -20, n = 4 (4th term), Tn = 37 

       Therefore, 37 = -20 + (4 - 1)d   

       37 + 20 = 3d  

3d = 57  

d = 
57

3
 

 d = 19 

6. Area of a cylinder (A) = 2πrh + 2π𝑟2;   

A = 2πr(r + h) ------- eqn(1) But 

A = 165c𝑚2,  

2,3,5,7 1,3,5,7,9
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r = radius = 
diameter

2
 =  

7

2
 = 3.5,  

h = height from eqn(1), h =
𝐴

2𝜋𝑟
 - r -----eqn(2)  Substituting  the values into 

equation(2), h = 
165

2(
22

7 
  × 3.5)

 - 3.5 = 4  then, h = 4cm 

7. The sum of the nth side of an interior angle of a polygon, p is given by:  

P = (n - 2) x 180 

For 5-sided figure, the sum of the interior angle p = (5 − 2) ×180° = 540° 

3x° + 2x° + 4x° + 3x° + 6x° =540°  

18x° = 540°   

 x = 540/18 = 30 

But, the smallest angle is 2x°  

therefore = 2(30°) =60° 

8.  

The diagram above is a right angle triangle, therefore Pythagoras theorem can be used 

to find the length, L of the ladder. From Pythagoras theorem, hypotenus2 = 

opposite2 + adjacent2;   hypotenuse = L, opposite = 8m adjacent = 6m therefore, 

Length of the ladder,  

L2 =  82 + 62    → L = √100 = 10m 

 

9. tan(x) = 
3

4
 , and tan(x) =  

sin(x)

cos(x)
  =  

3

4
   

then, 
cos(x)

sin(x)
 = 

4

3
  

therefore 
cos(x)

2 sin(x)
 =  

4

2×3
 = 

4

6
 = 

2

3
 

 

10. From trigonometry,  

tan(x) = opposite/adjacent ;opposite = 32cm,  adjacent = |XZ| and x = 52°.  

Then, tan(52) = 
32

|XZ|
 therefore,  

|XZ| = 
32

tan(52)|
 = 

32

1.28
 = 25cm 

11. 
𝑦+1

2
 - 

2𝑦−1

3
 = 4 Find the LCM of the denominator ( that is, 2 and 3 which is 6). 
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6(𝑦+1)

2
 - 

(2𝑦−1)

3
 = 24  

3(y + 1) - 2(2y - 1) = 24  

3y + 3 - 4y + 2 = 24  

3y - 4y + 3 + 2 = 24  

-y + 5 = 24 Subtract 5 from both sides  

-y = 24 – 5  

-y = 19 Multiply both sides by -1,  

y = -19 

12. From factorization method of solving quadratic equation: 

4x2 -16x + 15 = 0  

4x2 - 10x - 6x + 15 = 0  

2x (2x - 5) - 3(2x - 5) = 0  

(2x - 3) (2x - 5) = 0  

2x - 3 = 0 or 2x - 5 = 0  

x = 
3

2
 or 

5

2
  

x = 1 
1

2
  or 2 

1

2
 

13. 2a = √64  

2a = 8 From indices, 8 = 23  

Therefore, 2a = 23 base are equal, so power is equal.   a = 3.  

From the question  
𝑏

𝑎
 = 3 → b = 3a  

b = 3(3) → b = 9.  

Therefore, a2 + b2 = 32 + 92 = 9 + 81 = 90 

14. 𝑙𝑏 = 
1

2 
(a +b)h. multiply both sides by 2 2lb = (a + b)h, open up the bracket on the right 

hand side with h 

2lb = ah + bh, subtract bh from both sides 2lb - bh = ah, factorising out b,   

b(2l-h) = ah, divide both sides by (2l - h) 

b = 
𝑎ℎ

2𝑙−ℎ 
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15. From the methods of solving quadratic equation (I will be using factorisation method 

because it is easier and faster but it does not work all the time) 

 
𝑋2− 5𝑋−14

𝑋2−9𝑋+14
  

𝑋2 −  5𝑋 − 14 = 𝑋2 - 7x + 2x – 14 = x (x - 7) + 2(x - 7) = (x - 7) (x + 2) 

𝑋2 - 9x + 14 =  𝑋2 - 7x - 2x + 14 = x (x - 7) - 2(x - 7) = (x - 7) (x - 2) 

Therefore, 
𝑋2− 5𝑋−14

𝑋2−9𝑋+14
 = 

(x − 7)(x + 2)

(x − 7)(x − 2)
  = 

(x + 2)

(x − 2)
 

16. H ∝ 
𝑝

𝑦²
 ; H = 

𝑘𝑝

𝑦²
  (k is the proportionality constant), if H = 1, P =8, y = 2  

then 1 = 
𝑘 x 8 

2²
 → 1 = 

8𝑘

4
 → 1 = 2k → k = 

1

2 
  Substituting k = 

1

2 
 in H = 

𝑘𝑝

𝑦²
  yield 

H = 
𝑝

2𝑦²
 

17. From the point-slope form of straight line equation, y - 𝑦1 = m(x - 𝑥1), m =  
3

4
,  

𝑦1 = -5, 𝑥1= 1. Then, y - (-5) =  
3

4
 (x - 1)  

y + 5 = 
3𝑥

4
 - 

3

4
 ; multiply through by 4   

4y + 20 = 3x – 3 rearrange    

3x - 4y - 3 - 20 = 0 hence, 3x - 4y -23 = 0 

18. To calculate the percentage profit at N6,600, we need to first calculate the cost price. 

This can be calculated at N6,900 and 15% profit percentage. 

Percentage profit= 
selling price − cost price

cost price
 ; percentage profit at N6,900 =15%, 

selling price = N6,900 cost price (cp) = ? 

       Then, 
15

100
 = 

6900−𝐶𝑃

𝐶𝑃
 Cross multiply 0.15cp = 6900 – cp collecting like terms 0.15cp 

+ cp = 6,900 → 1.15cp = 6,900  

 cp = 
6900

1.15
 = 6,000. Therefore, the cost price = N6,000  

 Percentage profit at N6,600 = 
6600−6000

6000
 = 0.1 → 0.1 x 100 (we are multiplying by 100 

since we want the answer as percentage) = 10% 

19. 3p = 4q --- equation (1),  

9p = 8q - 12 -----equation (2) from equation(1), p = 
4𝑞

3
------- equation(3) 

Substituting equation(3) into equation(2), 

9(
4𝑞

3
) = 8q – 12 → 

36𝑞

3
 = 8q – 12  
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12q = 8q – 12  

12q - 8q = -12 → 4q = -12 → q = -3  

Now, we substitute q = -3 into equation(3) we have p = 
4(−3)

3
 = -4 Therefore 

pq = -3 x -4 = 12 

20. Selling price = Price received by Eric + Agent's commission 

Price received by Eric = $117, 760.00.  Agent's commission = 8% of selling 

price 

selling price is unknown, so let's call it x 

Since we know that the agent collected 8% of the selling price, the agent's 

commission will simply be 
8

100
  × X = 

8𝑋

100
. Then selling price (x) = 117, 760.00 + 

8𝑋

100
 

x - 
8𝑋

100
 = 117, 760.00. Multiply through by 100: 100x - 8x = 11, 776, 000  

92x = 11, 776, 000 → x = 
11,776,000

92
  

 = 128, 000. Therefore, the selling price of the house is $128,000 

21. Probability of picking a white ball = Pr(W) and Probability of picking a blue ball = 

Pr(B) Probability of picking a white and a blue ball (picking white ball first) = Pr(WB)  

Probability of picking a blue and a white ball (picking blue ball first) = Pr(BW) 

Pr(W)  = 
2

5
 , Pr(B) = 

3

5
  

then Pr(WB) = Pr(W) x Pr(B) = 
2

5
 x 

3

5
 = 

6

25
. 

Pr(BW) = Pr(B) x Pr(W) = 
3

5
 x 

2

5
 = 

6

25
. Then,  Pr(WB) + Pr(BW) = 

6

25
 + 

6

25
 = 

12

25
 

22. Variance =  
Σ|(x − x′)|2

𝑛
 where x represent each term, x' is the mean, n is the number of 

terms and || represent absolute value (ignoring negative sign). Then, n = 5 

mean, x' = 
Σx

𝑛
  = 

 2+ 4 + 7 + 8 + 9

5
  = 

30

5
 = 6 

variance  

= 
 |2 − 6|2+|4 − 6|2 + |7 − 6|2 + |8 − 6|2 + |9 − 6|2

5
  = 

 |−4|2+| − 2 |2 + | 1 |2 + | 2 |2 + | 3 |2

5
  

since we are ignoring negative sign,  

=  
42+22+12+22+32

5
 = 

16 + 4 + 1 + 4 + 9

5
 = 

34

6
  = 6.8 
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Marks 8 10 11 13 14 15 16 17 18 

Frequency 2 1 1 3 2 1 1 1 2 

The above table can be used to answer questions 23 to 25 

23. Mode is simply the number that appears the most. Therefore, the mode of the dataset 

is 13 

24. The median is the middle number in a sorted, ascending or descending, list of 

numbers. 

Arranging in ascending order: 8, 8, 10, 11, 13, 13, 13, 14, 14, 15, 16, 17, 18, 

18 

There are two middle numbers (13 and 14). Thus, the median will just simply 

be the sum of the two numbers divided by 2. That is, 
13 + 14

2
 = 

27

2
 = 13.5 

25. Mean = 
Σx

𝑛
  

=
 8 + 8 + 10 + 11 + 13 + 13 + 13 + 14 + 14 + 15 + 16 + 17 + 18 + 18

14
 = 

288

14
 = 13.4 

Only scores 14, 14, 15, 16, 17, 18 and 18 are above 13.4 

Thus, there are 7 students that scored above the mean. 
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APPENDIX F 

Reliability Index on Mathematical Communication Skills Test (MCST) 

Correlations 

 Problem solving skills Problem solving 

skills Retest 

Problem solving skills 

Pearson 

Correlation 

1 .816** 

Sig. (2-tailed)  .000 

N 40 40 

Problem solving skills 

Retest 

Pearson 

Correlation 

.816** 1 

Sig. (2-tailed) .000  

N 40 40 

 

Correlations 

 Reasoning and Proof 

skill 

Reasoning and Proof 

skills Retest 

Reasoning and Proof 

skills 

Pearson 

Correlation 

1 .740** 

Sig. (2-tailed)  .000 

N 40 40 

Reasoning and Proof 

skills Retest 

   

Pearson 

Correlation 

.740** 1 

Sig. (2-

tailed) 

.000  

N 40 40 

 

Correlations 

 Communication 

skills 

Communication 

skills Retest 

 Communication skills 

Pearson Correlation 1 .808** 

Sig. (2-tailed) 
 .000 

N 40 40 

Communication skills 

Retest 

Pearson Correlation .808** 1 

Sig. (2-tailed) 
.000  

N 

40 40 
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Correlations 

 Connection/Re

lation skill 

Connection/Relation 

skill Retest 

Connection/Relation skills 

Pearson Correlation 1 .700** 

Sig. (2-tailed)  .000 

N 40 40 

Connection/Relation skills 

Retest 

Pearson Correlation .700** 1 

Sig. (2-tailed) .000  

N 40 40 

 

 

 

 

Correlations 

 Representation 

skill 

Representation skill 

Retest 

Representation skills 

Pearson Correlation 1 .706** 

Sig. (2-tailed)  .000 

N 40 40 

Representation skills 

Retest 

Pearson Correlation .706** 1 

Sig. (2-tailed) .000  

N 40 40 
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 APPENDIX G 

Secondary Schools Mathematics Performance 



cxix 

 



cxx 

 



cxxi 

 



cxxii 

 



cxxiii 

 



cxxiv 

 



cxxv 

 



cxxvi 

 



cxxvii 

 



cxxviii 

 



cxxix 

 



cxxx 

 



cxxxi 

 



cxxxii 

 



cxxxiii 

 



cxxxiv 

 



cxxxv 

 



cxxxvi 

 



cxxxvii 

 



cxxxviii 

 



cxxxix 

 



cxl 

 



cxli 

 



cxlii 

 



cxliii 

 



cxliv 

 



cxlv 

 



cxlvi 

 



cxlvii 

 



cxlviii 

 



cxlix 

 



cl 

 



cli 

 



clii 

 



cliii 

 



cliv 

 

  

  



clv 

 

APPENDIX H 

Research Instrument Validation Form A  
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APPENDIX I 

Research Instrument Validation Form B 
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APPENDIX J 

Research Instrument Validation Form C 

 



clx 

 

 

  



clxi 

 

APPENDIX K 

Research Instrument Validation Form D   
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