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ABSTRACT 

The study focused on improving the teaching and learning of trigonol1JPtry 

with cooperative teaching and learning approach (eTLA) to promote student-

centred approach to learning in Senior High School (SHS) classroom context 

in Ghana. The research approach for the study was design-based research 

(DBR), using qualitative and quantitative methods. The DBR consisted of 

three stages; prototype, implementation and evaluation, and systematic 

reflection and documentation. At the prototype stage, two exemplary materials 

with the features of eTLA were designed by the researcher and validated by 

two experts in mathematics education. Based on the exemplary materials, 

professional development training was organised for eight 
. . 
lIl-serVlce 

mathematics teachers (lMTs) who were sampled on purpose to develop and 

enact eTLA-Iessons. Questionnaires, observations, semi -structured 

interviews, focus group discussions, student tests and designed lesson 

documents were the data sources employed in this study. The data were 

analysed using descriptive statistics, data reduction technique, paired sample t-

test, and document analysis respectively. The results of the study revealed that 

the IMTs improved their pedagogical strategies as a result of enacting lessons 

anchored on the eTLA. Further, there was significant improvement in lhe 

students' achievement test after their participation in the eTLA-Iessons. In 

addition, design guidelines were delineated to serve as a guide in the future 

developments of IMTs experiences in using eTLA as a pedagogical approach 

in the Ghanaian classroom context. Implications of the study for policy, 

practice and fmiher research have been discussed. 
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CHAPTER ONE 

INTRODUCTION 

This chapter brings to the fore the statements in respect of this study's 

problem, the purpose and the background of the research study. In addition, 

the research questions, significance of the study, delimitation, and limitations 

of the study are presented. The chapter ends with processes involved in putting 

the entire study together. 

Background to the Study 

Trigonometry has varied applications in life and in its specific sense in 

mathematics entails geometric, graphical , and algebraic reasoning. In respect 

of this, its teaching and learning has been conducted since its inception in a 

piecemeal fashion by prioritizing computation and procedures as a mear;s or 

instruction in modern times (Thompson, 2008). As a result of the pedagogical 

complexities associated with the instruction, variety of strategies are adopled 

by students to make meaning of trigonometric concept and also find possible 

solutions to the questions related to the concept. Strategies such as memoris ing 

definitions and theories, manipulating trigonometric expressions, and graphing 

functions are mainly employed in respect of this subject matter. Consequently, 

many rich opportunities for reasoning and sense making in the field of 

trigonometry are lost. It ' s against this background that quite a number of 

researchers (Bressoud, 2010; Blackett & Tall, 1991; Breidenbach, Dubinsky. 

Hawk, & Nichols, 1992; Weber, 2005) have called for more meaninsrul 

pedagogical strategy in supporting students on the concept of trigonometry 

while taking into considerations the student's sense making of the concept at 

the end of the instructional period. The conceptual difficulty students face in 

1 
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understanding trigonometry could be as result of lack of the appropriate 

instructional approach in the classroom context, the students development of 

insufficient conceptual understanding after instruction, students inabi lity to 

provide critical analysis of problems associated with trigonometry and the 

confirmation of the wrong processes involved in finding solution to 

trigonometric problems coupled with its attendant explanation of the results 

obtained. It is in the light of these observations that the teaching and learning 

of trigonometry if not taught properly, creates a vacuum of doubt and 

abstractness in the concept of trigonometry. Moreover, the inappropriate 

approach to the teaching of trigonometry leads students to drift away from 

their sense of creativity in the trigonometric classroom context and as a result, 

memorisation of facts takes precedence over conceptual understanding of the 

concept. I-Ience, students are bound to develop a disjointed form of 

understanding associated with functions in trigonometry (Brown, 2005). For 

this reason, several studies in literature aimed at teachers' use of the 

appropriate instructional approach in teaching trigonometry have been 

conducted (Barnes, 1999; Kendal & Stacey 2003; Miller, 200 I; Searl , 20 14). 

It is against this background that, this study takes cognizance of the matrix 

combination of the ideas obtained from the literature as well as the instruction 

with which the teacher adapts in achieving realistic teaching in trigonometry. 

For instance, Weber, (2005); Challenger (2009) have catalogued a numbC'r of 

misunderstandings and misrepresentations on the concept of trigonometry 

largely from the perspective of the students. In particular, student' s inability to 

relate conceptually, meanings associated with the concept of the three main 

trigonometric ratios of sine, cosine and tangent of an angle in trigonometry. 

2 
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Ross et a!. (2011) identified in their study that, there was over reliance 

on conunitting to memory as the short cut for learning the three trigonometric 

ratios sine, cosine and tangent of angles. They pointed out the deficienc~' in 

using text books definitions and the mnemonics as an attributable function in 

the students' inability to understanding the concept of trigonometry. The study 

fllliher posited that, the teaching and learning in respect of trigonometry is 

limited to obtaining only the final product (answer) of the question (task') to 

the disregard of the processes leading to the answer. It is in this regard that, 

Gillman (1991) asserts that, the development of the tlu'ee main basic 

trigonometric ratios is based on some analysis of the concept for a meaningful 

learning to occur to aid the individual ' s ability to appreciate the concept of 

trigonometry. 

In futiherance to the problems of the inability on the part of students to 

learn trigonometry as revealed in literature, Jong and Brinkman (1997) 

indicates instructional as well as methodological issues as the bane of teachers 

in ensuring proper understanding of trigonometry. As a result, inappropriate 

instructional and methodological methods are employed by teachers in the 

learning environment, thus, putting students in a restricted situation that causes 

them to misrepresent basic concepts in trigonometry. Hence, the correct 

conceptual representation which ought to be acquired cognitively in the 

learning environment in respect of trigonometry is missed. However, the 

importance of the knowledge acquisition in respect of trigonometry 1S a 

course and its consequent application in day-to-day activities cannot be 

overemphasized (Weber, 2005). As a result, it has become indispensable in the 

mathematics cUlTiculum of SHS (Ministry of Education [MOE], 20 I 0) in the 

3 
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sUb-region. It is in this regard that, SI-IS students are examined on this 

discipline of study by a governing board of examination councils called West 

African Examination Council (W AEC). Trigonometry therefore occupies a 

critical part of the syllabus used by the member countries (sub-region) ~hat 

constitute the council. 

In the WAEC mathematics syllabus, trigonometry is highlighted as an 

area of concern for countries that are signatory to the council to concentrate. 

As a result, in Ghana, the pla1U1ers of the SI-IS mathematics Sy1l81) US 

incorporate the concept of trigonometry for students to be taught. In 

patiicular, the units 2.11 and 3.40 of the second- and third-year mathematics 

syllabus at'e dedicated to the concept of trigonometry (MOE, 2010). In this 

syllabus, there at'e seven objectives in the SHS mathematics curriculum which 

stipulates what are to be achieved after instruction, such as the under listed. 

(1 ) calculate the values of trigonometric ratios of 30°, 45° and 60° (2) 

find the inverse of trigonometric ratios (3) calculate angles in respect 

of their elevation and depression in a given right angled triangle (4) 

calculate at1gles of elevation and angles of depression specifically for 

the second-year students (MOE, 2010, pp. 43-53). Again, the third­

year outline of the syllabus indicates the following objectives: (1) the 

application of the three main basic ratios in trigonometry to calculate 

distances and heights (2) find trigonometric functions and identify 

maximum and minimum values (3) draw the graphs of trigonometric 

functions and use them to solve trigonometric equations (MOE, 2010, 

p.53). 

4 
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The necessity in the student's conceptualisation of trigonometry is implied in 

the second- and third-year statement of the general objective. This purposed to 

enable learners find practical solution to problems in real life situations. 

To this end, seven general objectives, to be specific, the units 2.11 and 3.40 of 

the second and third year aspects of the mathematics syllabus are structured 

with eight content sections sequenced as: tangent, sine and cosine of acute 

angles; the t1u·ee main ratios in trigonometry in respect of 30°, 45° and 60°; the 

use of calculators to read sine, cosine and tangent of angles between 0° and 

360°; inverse of trigonometric ratios; angles in respect of their elevation ~lI1d 

depression in a given right angled triangle; application of the concept of ratios 

of trigonometry; graphs of trigonometric equations (MOE, 2010, pp. 43 -53). 

Trigonometry as a course of study, takes an unparalleled place in 

mathematics curriculum in different learning institutions in many count'·ies 

although various nomenclatures attributed to it may differ from one country to 

the other (Delice & Roper, 2006). It is in continuance to this vital role the 

concept of trigonometry plays in schools of study that, this study views the 

students understanding of trigonometry as crucial as remarked in literatme 

"learning trigonometry involves understanding: the definition of triangle; 

right-angles; recognising them in different orientations; what angle means and 

how it is measured; typical units for measuring lines; what ratio means; 

similarity of triangles; how ratio is written as a fraction; how to manipulate a 

multiplicative relationship; what sin (etc.) means as a symbolic function and 

so on." (Ross et a!., 2011, p. 5). Thus, the current study sough to overcome 

these conceptual difficulties as a result of which an instructional approach 

meant to improve students learning of trigonometry was developed. Moreover, 

5 
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the student's inability to comprehend basic concepts in trigonometric and 

teachers lack of the appropriate instructional strategy to teaching trigonometry 

is compounded by the SHS mathematics syllabus, which mandates instructions 

on tLigonometry as a course be skipped at the first year of the students ' 

academic cycle at the SHS level (MOE, 2010). 

Hence, it can be inferred that, this transition from SHS 1 to SI-I..:; 2 

requires students to possess a sound grasp of a variety of conceptual ideas in 

order to appreciate the theoretical and practical complexities in trigonometry. 

It is in response to these gaps of understanding the concepts of trigonometry 

that varied pedagogical strategies have been researched to have effect on Ihe 

improvement of students learning. (For example, Brown, 2005; Delice & 

Roper, 2006; Kendal & Stacey, 2003; Weber, 2005). 

Moreover, Hammond, Austin, Orcutt, and Rosso (2001) acknowledged 

that, all modern approaches to teaching are linked by constructs. For inst31 ce, 

in order to develop ideas and skills, experience and reflection play a major 

part. Hence, such instructional approach takes into consideration an effect of 

cultural tendencies and other construct that have impact of experience 111 

relation to how learners make meaning of the subject matter. 

Cooperative teaching and learning approach IS part of the 

recommendations offered by the planners of the Ghanaian Mathematics 

Syllabus for the senior high schools approach (MOE, 2010). This is because 

characteristically, cooperative learning IS practically oriented and 

collaboratively and participatory inclined, reflexive ll1 process, and 

purposefully constructed in bridging the loophole created in literature in 

relation to theory and practice in a classroom (Trauth-Nare & Buck, 20 i 1). 

6 
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TIle choice of this instructional approach is appropriate since previous stue'ies 

affirms the difficulties accompanying the methods of instructions and as well 

as student's appreciation of the concept of trigonometry in a learn ing 

environment (Burke & Olley 2008; Ergin, Onsal, & Tan, 2006; Slavin, 2014; 

Weiner, 1980). 

There was therefore the need to develop a more integrative 

instructional approach anchored on an effective, culturally inclined an~: a 

learner centred model that seeks to improve, consolidate and promote deeper 

understanding of the concept of ttigonometry. Whilst making it easy for 

students to overcome the difficulty that obstruct their conception of 

trigonometry through the provision of hands-on activities in such an 

instructional approach. Hence, an instructional approach premised on a 

cooperative learning model could lead to the improvement of students learning 

of trigonometry. 

Statement of the Problem 

There are conceptual difficulties surrounding the teaching of the 

concept of trigonometry, pieces of evidence of which have been adduced in 

literature by many researchers to this effect (Ross, Bruce, & Sibbald, 20] ] ; 

Pritchard & Simpson, 1999; Watson, 2013; Weber, 2005). Trigonometry was 

described as "the confluence of a number of streams of mathematical 

difficulty" (Pritchard & Simpson, 1999 p.1246). The conceptual difficulty of 

trigonometry from the pedagogical perspective was further asserted that "Deep 

understanding of trigonometry requires the ability to flip between abstract. 

visual and concrete representations of mathematical objects. In addition, the 

subject is confounded by inter-relationship between functions" (Ross et aL 

7 
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2011, p. 121). It could be argued, there are problems with the appropriate 

pedagogy with which to improve students understanding of trigonometry as 

inferred from (Pritchard & Simpson, 1999; Ross et al., 2011; Watson, 2013) 

coupled with the difficulties students encounter with concepts such as angles 

measured in radians, negative angles and angles greater than 3600 which are 

sometimes unfamiliar to the learners an observation made by Weber (2005). 

Furthermore, the conceptual difficulty students face in learning trigonometry 

can be narrowed to pedagogy as Gur (2009) contended that, pedagogically. lhe 

mediums of instruction are fraught with teacher-centered when it come to the 

teaching of trigonometry. The problems associated with the teaching of 

concepts in trigonometry as identified in literature cannot be different in the 

Ghanaian context. This is because it continues to be a major weakness in the 

Chief Examiner' s report (WAEC, 2011; 2012; 2013 ; 2018; 2020) on the 

performance of students in trigonometry as a unit topic in the teaching 

syllabus for core mathematics in the second cycled institutions (SHS). The 

W AEC Chief Examiners' Report on mathematics has incessa ntly 

acknowledged the concept of trigonometry as part of difficult topics for most 

learners . For instance, in 2011 , the report decried the poor performance of 

candidates in answering question on tligonometry. Thus , the student's 

inability to conceptualise and apply their understanding of the vari ous 

concepts (topics) under trigonometry to answer questions posed to them at the 

end of their two-year learning of trigonometry at the SHS level. For example, 

in 2011, the Chief Examiner's Report delineated the pedagogical problems in 

teaching trigonometry as a result of which almost all the candidates who 

attempted the trigonometric question below got it wrong: 

8 
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Given that sin x = 0.6 and 0° < x <90°, find i-tan x, leaving your 

answer in the form ~ where 'a' and 'b' are integers. In (a) 

candidates were to find 1 - tan x in form !!. where a and bore 
b 

integers given that Sin x = 0.6 and 0° < x <90°. 

Similarly, in 2012, the Chief Examiner's Report indicated students' inabil ity 

to diagrammatically represent the trigonometric questions in right-angled 

triangle and thereby failed to apply the appropriate trigonometric ratios of 

sine, cosine and tangent of an angle in solving the question. As such, the 

question was left unanswered by most candidates and those who attempted it. 

15 
(a) If tan x = "8' 0° < x <find the value of Cos x. 

(b) Two vertical poles, 3m and 7m long are on the same 

straight line with a point P on the ground. The shorter pole is 20 

m from P and is between P and the longer pole. The angle of 

elevation of the top T of the longer pole from the top R of the 

shorter one is 30°. 

Calculate 

(i) IRTI; 

(ii) the horizontal distance from P to the longer pole, correct 

to three significant figures; 

(iii) the angle of the elevation of T from P, correct to the 

nearest degree. 

Again, the report indicated that, "The part (b) was challenging and 

demanded very good knowledge in trigonometry since it involved sketching 

before the question could be answered correctly. Most of the candidates did 

not make any attempt to answer it but those who attempted it could not draw 

any meaningful diagram to help them solve the problem" (Chief Exan1iner's 

report WASSCE, 2012, p. 335). 

9 
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Moreover, in 2020, the Candidates exhibited a rather grave and 

intricately a gloomy approach in their attempt to deduce a theoretic[llly 

inclined trigonometric concept. They struggled to apply trigonometric concept 

to real life related task. 

Two points X, Y and Z meters apart are on the horizontal ground. The angle of 

elevation of a point P from X and Yare 50 0and 70° respectively. Q is a point 

.A7 produced such that angle = 90° 

(i) lllustrate the information on a Venn diagram 

(ii) Calculate, correct to t:Yvo decimal places, the length 

a. Xy 

b. YO 

The performance of the students as was remarked by Chief Examiner's 

RepOli indicated that "most candidates could not illustrate the information on 

the appropriate diagram. Q is a point on XY produced such that an angle l :QP 

of 90° was misunderstood or ignored by some instead Q was located between 

X and Y resulting in wrong and subsequently incorrect answers" (W ASSCE, 

2020 p. 332). These reports are suggestive of the conceptual difficulty 

student 's face paliicularly in responding to examination questions that deJ11 ,ll1c\ 

the application of concepts in trigonometry at the SHS level. Blackett and Tall 

(1991) fUliher suggested that, the teaching of trigonometry is fraught with 

some difficulty as a result of which some form of misunderstanding exist from 

the perspective of the students. Hence, students find it difficult to st1ldy 

advance courses in mathematics such as pre-calculus and calculus which have 

their roots in trigonometry (Weber, 2005). 
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In the Ghanaian context, Farouq (2017) explored students' en·(11' in 

learning trigonometry among final year SHS mathematics students. Tile 

findings of the study disclosed quite a number of errors in process skill and 

transformation processes committed by the students regardless of the 

methodology employed in solving trigonometry problems. Subsequently the 

study recommended a pedagogical approach meant to improve students 

learning on the concepts of trigonometry. 

It is in the light of the different pedagogical strategies employed in 

other studies to improve students learning of trigonometry that yielded 

different results (Kendal & Stacey, 2003) that, the need for a pedagogical 

approach to teaching trigonometry devoid of conditions where student 

memorise the content of the subject matter, aims at the end result (product) 

instead of the processes leading to that result, but rather, a kind of instructiollal 

approach where opportunities are afforded the students to make meaning of 

the subject matter. (National Council of Teachers of Mathematics (NCl M:], 

2000; Skemp, 1987). In particular, a type of pedagogy that accommodates 

student's ability to rationalise why concepts related to mathematics exh ibit 

some properties and provide cogent reasons as to its appropriateness in the 

procedures used. (Skemp, 1987). 

The conduct of gradual research into the mediums of instruction 

relating to trigonometry using DBR approach has been rare. However, mflny 

researchers in this field (Kendal & Stacey 2003; Miller, 200 I; Searl, 2014) 

argue that, the current teaching practices of trigonometric concepts in the 

learning environments do not enhance the student's learning outcomes in 

trigonometry. 
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It is against this background of pieces of evidence of pedagogical 

difficulties associated with the teaching of trigonometry elsewhere and in the 

Ghanaian mathematics classroom context using the DBR as a research 

approach, that a new methodological outlook that improves students 

understanding of the concept of trigonometry in the learning environment 

cannot be overstretched. Hence, the study sought to design pedagor,icaJ 

approach that improves students learning of trigonometry using cooperative 

learning teaching and learning approach (CTLA). This is because the gnins 

that inure to the benefit of students when instructed with CTLA cannot be over 

emphasized as opportunities are afforded them to interact freely and achi eve 

collective goals. Moreover, it incorporates interactivity as part of its 

components, students in the learning environment question issues, share 

knowledge on concepts, clarify variances in respect of concepts and build new 

meanings in relation to the subject matter (Mercer, Wegerif, & Dawcs,1999: 

Webb & Mastergeorge, 2003). 

In Ghana, however, literatures on the use of CTLA as a pedagogI cal 

approach to teaching trigonometry in the SHS classroom context have been 

rare. However, the studies conducted by Assan-Donkoh, Susuoroka. Baah­

Duodu and Puotie (2019); Edekor and Agbornu (2020); Bosson-Amedenu, 

Teku, Vivian and Osei-Asibey (2021) using the CTLA focussed on ihe 

teaching and learning of circle theorem at the SHS and a topic in mathematics 

at the Junior High School (JHS) and College of Education (CoE) respective-Iy. 

This adds to the inadequacy in the attempts of reviewing literature from the 

Ghanaian context on the prospects of CTLA in improving students learninr; on 

the concepts of trigonometry in the Ghanaian SHS mathematics classroom 
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context. Additionally, none of the studies considered the development of a 

pedagogy anchored on the design-based research (DBR) approach mostly 

employed in studies that involved the development of an intervention to h:ach 

mathematics and other academic courses in Ghana. Thus , a pedagogical 

approach anchored on the CTLA tlu·ough the DBR could be the solution to the 

conceptual difficulty associated with the teaching and learning of trigonometry 

Purpose of the Study 

The study generally sought to enhance the pedagogical strategies of 

IMTs through the effective utilisation of CTLA as an instructional approach to 

improve students learning on the concept of trigonometry in the classroom 

context particularly, at the SHS in Ghana. Specifically, the study determined: 

1. The effectiveness of the CTLA intervention in developing in-service 

mathematics teachers' (lMTs) pedagogical strategies to imp]'(lve 

teaching and learning of concepts in trigonometry. 

2. How the improvements in teaching using pedagogical strategies that 

are anchored on cooperative teaching and learning approach be 

understood and or explained. 

3. How the improvements in students' learning of concepts m 

trigonometry usmg cooperative teaching and learning approach be 

understood and or explained. 
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Research Questions 

The following questions were therefore formulated to guide the conduct of the 

study: 

1. I-low effective is the CTLA intervention in developing INlTs 

pedagogical strategies to improve teaching and learning of concepts in 

trigonometry? 

2. How can the improvements in teaching using pedagogical strategies 

that are anchored on cooperative teaching and learning approacil be 

understood and or explained? 

3. How can the improvements 111 students' learning of concepts III 

trigonometry usmg cooperative teaching and learning approach be 

understood and or explained? 

Significance of the Study 

The study, sought to Improve students' conceptions and overcome 

difficulties mathematics students encounter in learning the concept of 

trigonometry. This instructional approach will help mathematics educato"s in 

general and those who teach trigonometry particularly to understand the nature 

of the difficulty students come across in learning tligonometry . Hent.:e, 

creating conditions in the learning environment for students to improve their 

understanding. 

The study will further offer educators, planners of the curriculum, and 

researchers in the area of mathematics education with rich quantitative ill1d 

qualitative knowledge about the suitable pedagogical approach for teaching 

tligonometry. It suggests a new medium of instruction that is premised on a 

cooperative learning model in learning trigonometry with the ultimate aim of 
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remOVIng the bottlenecks that hinder the teaching of trigonometTY. This is 

because literature on the pedagogy that is anchored on the DBR approach in 

respect of trigonometry is scant and quite inadequate. Again, in reviewing 

literature only a handful sheds light on the vital findings related to students' 

levels of understanding in respect of the functions in trigonometry (Brown, 

2005; Weber, 2005) even though literature attest to its difficulty as a concept 

for students (Watson, Jones, & Pratt, 2013). This will help mathematics 

educators to use suitable teaching strategies for the purposes of improving 

learners understanding. 

In urging continual studies in the area of trigonometry, the findings of 

the cunent study will challenge researchers in mathematics education to be 

abreast of the current pedagogical approach to improve learners understanding 

of trigonometry. Thus, the procedures in relation to the methodology espoLlsed 

in the design, the development, and implementation of the instructional 

approach might be extended by other researchers in other settings working 

under similar or different context to that of Ghana. 

Delimitation 

In respect of the area covered, this study sought the services of in­

service mathematics teachers in the Central Region of Ghana. The study 

concentrated on the use of cooperative teaching and learning approach to teach 

trigonometry. The subject, mathematics as used in the study makes references 

to the concept of trigonometry at the grade levels of SHS 2 and SHS 3 classes 

since the teaching and learning of trigonometry exclude SHS 1. The study 

prioritsed this class since the teaching and learning of trigonometry has been 

problematic according to literature. 
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Limitations 

The complementary advantages of quantitative and qualitative 

evidence were employed to collect data for the study. The main rese8 1'ch 

design used was a case study. The findings and conclusions drawn from this 

study cannot be absolved from the inherent errors and limitations of the tools 

used in collecting the data, however the diverse methods were complementary 

when triangulated; thereby improving confidence in the findings. The c;'\se 

study design allowed for only a limited number of participants (the use of 

eight IMTs in the development of the intervention) to be used in the current 

study. Thereby, making generalisation of the findings in this study to a larger 

population not possible. In particular, a descriptive case study was used with 

the view to making generalisations and analysis that are crucial for the 

formulation of design guidelines in this study. Hence, the iterative process. as 

induced by the DBR, was upheld to ensure that explanations given in the slLldy 

were "independent of any methodological biases" (Harder, 2012, p. 3). The 

study was context-bound in that, IMTs considered for the study were selected 

fi'om only one region of Ghana. This could limit the transfer of the study to 

another region in Ghana. This placed limitation on the extent to which daLl, as 

well as outcomes of the study, could be applied to other areas in the field of 

study. 

16 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

Definition of Terms 

Trigonometry: It is branch of mathematics that studies relationships betwren 

side lengths and angles of triangles. 

In-service mathematics Teachers (IMTs): Teachers with requ: .:; itc 

qualification to teach mathematics at the SI-1S 

Cooperative Teaching and Learning Approach (CTLA): It is an 

instructional intervention anchored on cooperative learning model for the 

teaching and learning of mathematics. 

Organisation of the Study 

The study is structured into five main chapters. The overview of the 

current study, an introduction which highlights on the background to the 

study, statement of the problem, the purpose of the study, research questi0l1s, 

significance of the study, delimitation, and limitations of the study are detailed 

in Chapter One. Chapter Two deals with the review of related theoretical, 

conceptual framework and empirical literature on the instructional use of 

cooperative learning model into teaching. The methodology employed in the 

study is presented in Chapter Tlu·ee. This highlights the research design, 

research approach (DBR), population, sample and sampling procedure. 

instrumentation, data collection, and data analysis procedures. Chapter Four 

presents the analysis of the results and discussions of the findings . The 

discussions on the findings in relation to the research questions raised in this 

study are also presented in this chapter. Chapter Five is the final chapter. It 

offers a summary of the key findings, conclusions, and recommendations. 
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CHAPTER TWO 

LITERATURE REVIEW 

This chapter aims at reviewing literature related to this study. It 

reviews literature on the study's overarching theory of constructivism, the 

concept of Trigonometry and cooperative learning. The review also co vers 

concepts on professional development training (PDT) and design-based 

research as an intervention to support teachers to develop pedagogi cal 

competence in teaching trigonometric concepts. 

The Difficulties in the Teaching and Learning of Trigonometry 

Trigonometry is split into two thus, trigonometry r and II in the core 

mathematics syllabus and as a major component of the elective mathematic~ in 

the SHS mathematics syllabus (MOE, 20 I 0). As such 

Learning trigonometry involves understanding: the definition of 

triangle; right-angles; recognising them in different orientations; what 

angle means and how it is measured; typical units for measurin g lines; 

what ratio means; similarity of triangles; how ratio is written as a 

fraction ; how to manipulate a mUltiplicative relationship; what sin 

(etc.) means as a symbolic function and so on. (Watson, 2009, p. 5). 

Watson (2009) attributes the conceptual difficulty students face in learning 

trigonometric ratios of sine, cosine and tangent of angles as contingent on the 

child ' s pre-existing knowledge of the concept of ratios as sharing. Wat~on 

(2009) therefore argues that the gap in transitioning from the student's prior 

knowledge of ratios to the concept of trigonometry accounts for the student's 

difficulty. Moreover, the research conducted by Byers (2010) also attributed 

the inability of students to understand the concept of trigonometry to the 
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amount of time teachers spend during the introductory stages of the lesson. As 

result, students are unable to relate conceptually to the content of the lesson as 

little time is dedicated to the main part of the lesson. Again, Byers (2010) 

further reported, that quite a number of classrooms learning environment 

mediums of instruction follows a pattern , similarly, a number of textbooks 

also exhibited pedagogical practice in a learning environment in respect of 

trigonometry. Byers found loopholes in the textbook trails as students graduate 

from one cycled institution to the other especially from secondary to the 

college level. In respect of the gaps, Byers observed that, textbooks were 

fixated on ratios, right triangles, and functions in second cycled schools 

whereas textbooks used vectors, right triangles, tables, and sinusoidal waves at 

the college level. Clearly, the inconsistencies identified make the learning 

difficult for students, particularly when such students have not been exposed 

to the vector approach and ratios as relationship of lengths or sizes of I he 

right-angled triangle as evidenced in the works of Byers (2010); Watson 

(2009). As a result, problems abound 111 the instructional output of 

trigonometry (Chauke, 2013; De Villiers & Jugmohan, 2012). There is 

therefore the need for instructional intervention that specifies that succes:., rul 

mathematics teaching is a function of teacher content knowledge, pedagogical 

knowledge as well as pedagogical content knowledge (Shulman, 1986). In this 

way, such an intervention with the above embedded traits will narrow the gap 

of understanding mostly experienced by students in the learning environme'lt. 

In reviewing Ii terature therefore, one of the research approaches that 

guarantees the development of a pedagogical intervention meant to overcome 

the deficit in the teaching of trigonometry is the concept of design-based 
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approach (DBR). This is because in a design-based study, one of the main 

aims is to develop an intervention. The main critical area to ensure the quality 

and results of research work is the prioritisation of the design of an 

intervention in the research project. It is against this background that Brown 

(1992) asserts that, an intervention that if effective should enable teachers 

transform their learning environment to be reflective of an average class in 

terms of students' performance supported by realistic technological and 

personal support. From the above detailed analogy created, an appropriate 

pedagogical intervention strategy anchored on the DBR process to improve 

senior high school mathematics students' conception of trigonometry cannot 

be overlooked. 

Concept of Design-Based Research 

A comprehensive definition of design-based research was givcn as "a 

systematic but flexible methodology aimed to improve educational practices 

through iterative analysis, design, development, and implementation, based on 

collaboration among researchers and practitioners in real-world settings, and 

leading to contextually-sensitive design principles and theories" (Wang & 

Hatmafin, 2005, p. 6). Again, DBR was defined as "a systematic study of 

designing, developing, and evaluating educational interventions (programmes, 

teaching-learning strategies and materials, products, and systems) as solutions 

for complex problems in educational practice" Plomp (2010, p. 4). These 

definitions were aimed at advancing one's knowledge about the characteristics 

of these interventions and the processes to design and develop them. As a 

result, DBR can therefore be inferred from the narratives as a methodological 

approach to research. 
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Design-based research has been gIven different names by various 

researchers. For instance, design-based research is sometimes referred to as 

Design Studies, Design Experiments, Design Research, Development 

Research, Developmental Research, Formative Research, and Engineering 

Research (Andriessen, 2006; Plomp, 2010; Wang & HaJmafin, 2005). 

However, notwithstaJlding the varied forms of the nomenclatures associated 

with the DBR, the fundamental principles are synonymous (WaJlg & 

Halmafin, 2005). 

The DBR process uses qUaJltitative and qualitative as part of its 

methods (Cohen, Manion, & Morrison, 2007; Creswell , 1994; Wan:; & 

Hannafin, 2005) specifically a case study and quasi -experimental designs at 

diverse stages (Andriessen, 2006; Kelly, 2010; Mejia, 2009; Richey & Klein, 

2005) to study the process (Richey & Nelson, 1996) of developing an 

intervention to improving mathematic students' conception of the concept of 

trigonometry at the SHS level. DBR has certain key features. The DBR can be 

classified as developmental. The progressive aspect of the DBR proc~ss 

involves the continuous tryout of intervention material with the active 

participation of IMTs working in collaboration with the researcher. van den 

Akker (2010) elucidated that the qualitative aspect of an intervention in its 

practical sense is derived from its content and construct validity. 

Literature attest to the various paradigms a particular DBR approach 

can be situated. In conducting the DBR process, Visscher-Voerman, and 

Gustafson (2004) list four paradigms that are synonymous to each other. Thus, 

instrumental, communicative, pragmatic, and artistic. In relation to 

instrumental paradigm, designers specify their goals and outcomes of the 
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product to be designed at the beginning of the process. Thus, there should 

exist some form of uniformity in the connections among the goals, learning 

situations and processes as weII as the outcomes of the design. Again, in using 

the instrumental paradigm, one explores and formulates the intended 

outcomes; this ultimately, translates into tangible goals and objectives that are 

measurable. In instrumental paradigm, priority is given to the later stages of 

the processes involved in the choice and design as the medium through which 

the goals and objectives that are tangible will serve as a blueprint for the 

product. It employs quite a number of activities that are subjective to 

evaluations in the design process in relation to other paradigms (Visscher­

Voerman & Gustafson, 2004). 

For communicative paradigm, in this paradigm agreement is reached 

between the designers and other stakeholders in order for s designs to be 

considered as good enough. Consultations among the stakeholders involved in 

the project marks the initiation of the design unlike other paradigms where 

there is a review of needs and context analysis (Visscher-Voerman & 

Gustafson, 2004). Thus, they formulate a pool of ideas for consensus to be 

reached by the stakeholders through dialogue as to the problem, material 

constraints, basic pedagogical or psychological premises, and tentative 

concept of product. Design guidelines are deduced through views of 

stakeholders on the product, process, and successive versions of the product 

(Visscher-Voerman & Gustafson, 2004). 

Pragmatic paradigm involves processes of designing, try-outs, and 

revisiting a number of prototypes. In the prototyping stage, a number of try­

outs are performed by the end users. In this paradigm, effectiveness of the 
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products is obtained through the efficacy of the try-outs by the end u~,:rs. 

Again, it is worthy to note that, evaluation that are formative in nature, 

iterations and a number of revisions of prototypes are characteristic of this 

paradigm (Visscher-Voerman & Gustafson, 2004). 

In the artistic paradigm, the process involved 1I1 the design of I'he 

product is contingent on the experiences and expertise of the designers. It is 

therefore implied that the guidelines for the design are as result of the insight 

of the designer. The designers operate under the assumption that their 

subjective evaluation is the anchor on which products are judged as good. 

Thus, reality is constructed by the individuals (Visscher-Voerman & 

Gustafson, 2004). They further argue that, the selection of any of these 

paradigms is at the convenience of the designers. 

Mingfong, Yam, San, and Ek Ming (2010) assert the following 

qualities that must be characteristic with an effective intervention. Thus, 

"frameworks for learning, the affordances of the chosen instructional tools, 

domain knowledge presentation and contextual limitations" (Mingfong e ' aI. , 

2010, p. 470). In DBR, emphasis is placed on the time, commitment, and 

contingencies in the design and development of an intervention. They are 

consequently documented as part of the research process to afford other 

researchers the 0PPoliunity to achieve a similar result in their context 

(Mingfong et aI., 2010). 

A design-based approach is steered through stages as result of which 

Easterday, Lewis and Gerber (2014) identified the following thus, focus the 

problem, understand the problem, define goals, conceive the outline of a 

solution, build the solution, and test the solution as six stages tlu'ough the 
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which the DBR process should be conducted as far as the development of an 

intervention is concerned in a study. In 20 10, Plomp consequently, deline ·.:ed 

the preliminary research phase, prototyping phase, and assessment phase as 

the stages of conducting a DBR. Plomp (2010) outlined the variolls steps 

involved in the conduct of the DBR process. Thus, preliminary research phase 

which entails needs and context analysis, review of related literature, :md 

analysis of curriculum materials as its first phase . The second phase of 

prototyping which is also constructed fundamentally on formative and 

evaluation and reflection. These processes are necessary as it ensures the 

success of the intervention in the likelihood of its failure in the first try rut. 

TI1is warrants some reVISions of the intervention in its continual 

implementation (Antwi, 2013). The third phase is the assessment phase. 

Summative evaluation activities are undertaken to guarantee qualitative aspect 

of the intervention. Nieveen et al. (2006) corroborated the assertion of the 

phases of preliminary, prototyping, and assessment as the requisite steps 

involved in the conduct of DBR in addition to systematic reflection and 

documentation stage. The addition of systematic reflection and documentation 

stage is regarded as a continual activity that takes place throughout the study. 
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Figure 1 depicts diagrammatic representation of the three phases of clesign-

based research (Plomp, 2010). 

Figure j : Processes involved in the three phases of the design-based research. 
Source: (P lomp, 20 I 0). 

The usage of the DBR approach in research is suitable in conditions 

that necessitate an evaluation of the processes leading to the attainment of lhe 

intervention (Antwi, 2013). Again, when it warrants an accurate solution to 

research questions (Agyei , 2012). Most importantly, when there is the need to 

come out with challenging educational reforms (plomp, 2010). 

The rationale behind the conduct of DBR, giving the well documented 

benefits is to develop an instructional approach to teach the concept of 

trigonometry in part is to bridge the gap in theoretical research and practice 

(Romme, 2003); make practical and scientific contributions (van den Akker, 

2010) to Mathematics education; offer researchers no constraints of the basic 

research/applied research dichotomy (Keppell et al., 2005); and enhance the 

professional development of the in-service teachers involved in the study 
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(Andriessen, 2006; Plomp, 2010; Romme, 2003) in the area of mathematics 

education. Again, an equally important reason for adopting DBR for this study 

is to integrate conceptions of the participating teachers into the developmcnt 

of the instructional approach or products which would be tested in lhe 

classroom settings (van den Akker, 2010). Moreover, the rationale for the use 

of DBR was to provide intervention as result of the application of thee ry; 

interpretation of the findings and the development of a class of theories as far 

as the process of learning are concerned. (Mishra & Koehler, 2006). 

The determination of the impact of the intervention should be informed 

by theory since the theory provides the framework and serves as a guide to 

measure the impact of the intervention (Mishra & Koehler, 2006). As a result, 

the current study was informed by the theory of constructivism as its 

overarching theory. This is because; the study was theorized on an assumption 

that, the acquisition of knowledge and understanding of trigonometry would 

be evidenced on the active participation of individual students in the learning 

enviromnent. This is purposed to make room for the student to make meaning 

of the subject matter individually and collectively as a group (Prawatt & 

Floden, 1994). These motives provide a stage for considering theory of 

constructivism in overcoming the conceptual difficulties students face 111 

learning trigonometry. Hence, the development of an instructional apprO'1ch 

informed by the constructivist learning theories in this study through the 

design-based approach to make the teaching and learning of trigonometry 

understandable cannot be over-emphasised. 
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Theory of Constructivism 

Constructivism is a learning theory that involves a learning 

environment where learners make meaning of the content themselves. It also 

means that teachers do not directly involve themselves in the learning process 

but rather guide students to construct their own understanding of the subjcct 

matter. In this way learners are the fulcrum around which the teaching and 

learning process revol ves (Bonk & Cunningham, 1998), and teacher's 

teaching strategies focus on student-centred pedagogical strategies and 

cognitive learning (Ormrod, 2004). 

Constructivism is 'an approach to learning that holds that people 

actively construct or make their own knowledge and that reality is determined 

by the experiences ofthe learner ' (Elliot, KratochwiIl, Cook, & Travers, 2000, 

p. 256). Again, Arends (1998) positions the theory of constructivism as a 

belief in the individual creation of sense making of the subject matter by the 

student as consequence of experience, and that meaning is influenced by the 

interaction of prior knowledge and new events. 

Constructivism's main idea is that new knowledge is built by lear;,crs 

anchored on their plior learning. Thus Phillips (1995) asselis that, this 

previous information is what new or revised information of an individual IS 

built from, thus obtaining fresh learning experiences. 

There is underlying notion that, the theory of constructivism ens' ;res 

that, the acquisition of knowledge and understanding is as a result of the active 

pruiicipation of the learner in the learning environment. However, in a 

passively taught way, the student in the learning environment is viewed as ' an 

empty vessel' to be occupied with information, whereas it is opposite in the 
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constructivist learning enviroJUnent. Infom1ation may be umeceptivcly 

established, but lmderstanding caJU10t take place under such circumstances 

since it must emanate from the construction of meaningful associations 

between prior knowledge, new knowledge, and the procedures involved ill the 

learning. As such learning is viewed as the social construction of knowledge 

and that it is something we do together, in interaction with each other, rather 

than an abstract concept (Dewey, 1938). The constructivist positions 

knowledge as existing only within the human brains, and as such it UJU11atched 

in the world of reality (Driscoll , 2000). Consequently, the individual 

picturesque description of his or her world of reality will evolve from their 

constant development of their innate perception of that world. It must be noted 

that, the theory of constructivism reinforces a variety of student-centered 

pedagogical strategies that are directly opposite the conventional system of 

education, where the sense making of the subject matter is imparted to the 

learners. Hence, the role of the classroom teacher plays a critical role in 

facilitation such acquisition of knowledge and understanding. In a typical 

constructivist classroom learning environment, the teacher serves as the as the 

coach, guide or a facilitator during instruction as opposed to the instructor role 

in the conventional learning environment. Again, the teacher creates an 

enabling environment where students interact with the readily available 

teaching and learning materials as well cooperative learning-based atmosphere 

during the teaching and learning process. The teacher ensures that, ~he 

students comprehend their previous conceptions, and attends to the activity for 

the purposes of addressing them and then build on them (Oliver, 2000). 

Scaffolding is an important feature of ensuring an effective teaching, where 
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states knowledge is something that is actively constructed by learners based on 

their existing cognitive structures. Therefore, learning is relative to their stage 

of cognitive development" (GSI Teaching and Resource Center, 2015 , p. 5) 

Thus, pedagogical strategies associated with cognitivist theory helps 

students in adapting new material of a subject matter to existing information, 

and empowering them to affect the suitable adjustments to their current 

knowledgeable framework to make room for such information in the mind of 

the individual. 

Moreover, the social aspect of the theory of constructivism was 

defined as" learning is a collaborative process, and knowledge develops from 

individuals' interactions with their culture and society" (Lev Vygotsky, 1978, 

p. 57). This assertion therefore suggests that, the development of the cultural 

function of every child seems to occur twice: first, from the child's social level 

and, later on, at the level of the individual; first, between people 

(interpsychological) and then inside the child (intrapsychological). 

The idea of radical constructivism was advanced by Ernst '.on 

Glasersfeld (1974) and avers that, rather than perceiving knowledge through 

senses, it results from the individual's construction. Students build new 

knowledge anchored on their existing knowledge. However, radical 

constructivism stipulates that the knowledge individuals gener:1te 

communicates nothing about reality to us, but only assist us to adapt to our 

environment. Thus, knowledge is conceived not exposed. As such, the rea: ity 

is conceived by the individual is constantly undergoing changes in a space of 

time to suit ontological reality, even though it can never give a 'true picture' 

of it (Ernest, 1994, p. 8) 
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The tenants of social constructivist theory are achieved through 

Cooperative, collaborative and participatory forms of teaching and learning. 

Nonetheless, the cmrent study focusses on cooperative learning as a means of 

achieving constructivist oriented pedagogical approach to teach trigonometry. 

According to the Johnson & Johnson model (1998), cooperative learning is an 

instruction that involves student working in teams to accomplish a common 

goal , conditioned on the inclusion of the following constructs: Positive 

interdependence, Individual accountability, Face-to-face promotive 

interaction, Appropriate use of collaborative skills, Group processing. Again, 

Slavin and Karweit (1981) averred that cooperative learning can be referenced 

as pedagogical approach where students conduct their work in small groups or 

teams purposed to master academic materials and consequently are rewarded 

for doing well in their groups. 

Again, Roger, Olsen, and Kagan (1992) noted to the effect that, the 

term Cooperative learning is a group learning activity arranged in a manner 

that allows learning to be reliant on social interactions among students. [n this 

way, group members are held into account and motivated, individually whiles 

collectively assisting one another in the group in mastering the content of the 

subject matter. Hence, the concept of cooperative learning cannot he a 

substitute to a situation where students are merely allocated in group for the 

purposes of working in activity. Although this methodology is reliably 

recognized for its efficiency in improving social, motivational and cognitive 

outcomes of students (Kyndt et ai., 2013; Rohrbeck et ai., 2003; Slavin, 2014), 

its application in the learning environment remains a challenge (Sharan, 2010) 

that needs robust pedagogical strategies (Gillies, 2008). Thus, the study sought 
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to Improve the instructional approach of teachers in the teaching of 

trigonometry using the cooperative learning as a medium of instruction. 

Again, there is the need for students to appreciate the appropriate usc 

of language to explicate new knowledge and realities which, ultimately affords 

learners new ways to make meaning of the subject matter in the learning 

environment (Barnes, 1969; Mercer, 1996). Moreover, when students are 

engaged in a task in the learning environment, there is the tendency of an 

increased participation in group discussions, demonstration of more 

sophisticated level of discourse, fewer interruptions when others speak, and 

provision of more intellectually valuable contributions (Gillies, 2008; Webb & 

Farivar, 1999). By encouraging learners to work cooperatively, it leads to the 

development of the need to consider reaching out to the individual group 

members to have an ultimate goal of finding solution to the task. Thus, by 

supporting and motivating one another towards the goal, those who need 

special assistance are catered for during such interactions in the group (Gillies 

& Ashman, 1998). Indeed, cooperative learning environments are more 

relaxed and enjoyable in comparison with traditional classes. This is because, 

it generates a positive learning environment in the classroom (Roger, Olsen, & 

Kagan, 1992). 

In reviewing the literature therefore, it has been established that a 

learning environment is said to be cooperative learning-based if and only if 

such pedagogical technique is anchored on the five main constructs (J ohl.l~on 

& Johnson, 1998). Thus, positive interdependence, face to face promotive 

interaction, social skills, individual accountability and group processing. 
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Positive Interdependence lends credence to the effect that, the student 

in the learning environment is said to be successful if such students is reJ ;(111t 

on the ideas, involvement, and accomplishment of the others in the group. As 

such, students with sense of positive interdependence exhibit the tendency of 

reliance on the ideas and contributions of group members and that either they 

all succeed together or fail (Johnson, Jolmson, & Smith, 1991). In this wayan 

opportunity is created in the learning environment where there is dependence 

on the collective support of the individual group members in the attainment of 

success in the learning environment. In effect, team members are expected to 

rely on one another to achieve the set goals of the group. Consequently. a 

failure on the pali of any member III the team leads to an overall reduction in 

marks scored for the group. 

This is one of the pillars which ensure that individual team members in 

a group are held accountable for their participation in the task assigned to the 

group and for the purposes of mastery of all of the material to be learned. 

Individual accountability ensures that students learn together, but perform 

alone (Jolmson et a!. , 1991). According to them, there are two levels or 

accountability must be structured into cooperative lessons. This is purposcd to 

strengthen the individual capacities in mastering the subject matter during 

learning activities in class. 

According to Johnson et al. (1991) promotive face-to-face interaction 

serves as a basic constituent to cooperative learning. It occurs is said to occur 

in the learning environments where students are afforded the opportunity (time 

in class) to discuss, ask questions and offer the needed support to each other in 

the completion of the task assigned to the group. Promotive face to face 
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interaction is an important step to establishing cooperative learning in the 

learning environment. This is because of the provision of feedback via verbal 

and non-verbal which is a necessity in the success of the group (Johnson et .11. , 

1991 ). 

Under this auspIce of group processmg, provision IS made in the 

learning environment to afford students, the opportunity to reflect upon the 

correctness or otherwise of the work as was done by the group. This aids in the 

determination of the quality of work as executed by the group in respect of the 

successfulness or otherwise of cooperative learning teams (Johnson et aI. , 

1991). As such, allowing the individual students in the group and the group as 

a whole some time to reflect on the quality of the task assigned to them "'rill 

enhance intrapersonal and interpersonal competencies. 

Lastly on the tenant of social skills, Johnson et aI., (1991) recognises 

the need for students in the cooperative learning environment to exhibit some 

competencies for cooperative learning to be effective . They opine that student 

should be instructed on leadership, decision-making, trust-building, 

communication, and conflict-management skills. Hence for a successful 

learning to take place, teachers need to apply the same self-motivated and 

premeditated teaching of social skills to enhance such competencies in the 

learning environment (Optiz, 2008). 

As a result, of the various scholarly definitions ascribed to the features 

of the cooperative teaching and learning approach as reviewed above, the 

study conceptualised these five features for the purposes of developing an 

intervention that sought to improve the teaching of trigonometry. 
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Conceptual Review 

To this end, the study reviews the features of cooperative teaching <md 

learning approach-CTLA from the perspectives of the various scholars and as 

such conceptualises them for the purposes achieving the set objectives in :his 

study. 

In deploying positive interdependence, an atmosphere was created to enable 

the individual students contribute ideas, actively participate and succeed as a 

group. This was purposed to achieve maximum means of making meanin f'" of 

the content of the material through the guidance of the facilitator (Johnson et 

aI., 1991). As such, positi ve interdependence was infused into group activities 

to ensure that team members have the same objectives and support each other 

on order to succeed (Johnson et aI. , 1991). It was in this direction that, 

members in each grouping elected some of their own colleagues to positions 

with its accompanying functions. The duties and functions as well as sanctions 

of these positions were communicated to the entire class before being split into 

the various groups. The following positions (Team leader, Team recorder and 

a Team checker) were made elective by each group and the names of sllch 

students presented to the facilitator. As such, there was a deliberate effort in 

the study to elect these positions without the facilitator's involvement in order 

to inculcate a sense of belonging, responsibility and ownership to the 

individuals in the group. Again, during the implementation of this feature in 

the classroom context, instructor's feedback was in the form of a quick follow­

up questions to a randomly picked individual member of the group during in­

class discussions on the subject matter. This ascertained the level of 

inclusiveness and the participatory roles individual members in the team 
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played towards the resolution of task assigned to a particular group (Johnson 

et al., 1991). This quick follow-up questions were randomly done to afford 

members of the group equal chances to respond to questions after group's 

presentation in class. A randomly picked individual member's correct or 

incorrect responses to questions, acknowledges the shared responsibility Jlld 

shared ownership as far as the internal deliberations leading to the completion 

of the task was concerned. For the purpose of this study, the IMTs use of 

positive interdependence to teaching was measured in terms of their ability to 

prepare a lesson in a manner that put students into groups of specific assig-led 

responsibilities on a task. 

Apart from, satisfying the condition of inclusivity in completing the 

task as an indication of the group's collective effort, an individual 

accountability was employed as a means of awakening non-participating 

members in the team to sit up and contribute to the internal discussions that 

ultimately produced the con·ect solution to the task assigned to the group 

(Jolmson et al., 1991). This was effective since individual team members 

wanted to avoid being caught unprepared and embarrassed as a result of their 

non-participation during the group activities. As such, it eliminated if not 

totally reduced the number of individual team members who ordinarily would 

have disassociated themselves from the group work and have the task done by 

the few (Johnson et aI., 1991). These activities inexplicably set the tone in 

demonstrating the power of individual accountability which was a pre­

requisite for successful cooperative learning activities throughout the lessons. 

Moreover, classroom facilitators created a learning environment Vv here 

activities in the lessons were structured and assigned to elicit responses in two 
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levels; first as a group and second at the individual level. In this way, solutions 

were an1ved at the individual level before critiquing each other's work to 

come up with the final solution reflective of the entire group. This was to 

enable team members who have superior argument to share ideas with treir 

colleagues so as to reach consensus before a final solution was proffered to the 

task. This peer review mechanism at the group level were effective since 

individual members in the group after their participation in the lessons 

accomplished by themselves tasks which were similar in form and structure 

assigned them by the instructor. In this way, they learned to do something 

together so they could do it more easily when they were alone (Johnson et aI., 

1991). The Individual accountability as a featme of cooperative teaching and 

learning approach was given a priority in this study, since it was the structural 

feature needed to daunt and lessen the prospect of free riders or social loafing 

(Johnson et aI. , 1991). Since the presence of such individuals inhibits lhe 

progress and the individual accountabilities of the group. For the purpose of 

this study, the in-service mathematics teachers' use of individual 

accountability to teaching was measmed in terms of their ability to prepare a 

lesson in a manner that ensures students learn together but performs alone. 

FUliher in this study, promotive face to face interaction feature of the 

eTLA afforded teachers the opportunity to create a platform where students 

interacted with the readily available teaching and learning materials/resomces, 

tasks and activities in the real classroom context (Johnson et a!., 1991). With 

the group members interactively, providing one another with feedback, 

challenging reasoning and conclusions, and most importantly, teaching and 

encouraging one another during the conduct of the lesson enhanced the 
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students understanding of the subject matter (Johnson et al. , 1991). Hence. 

reasonable time within the instructional period were allotted for the purposes 

of creating that enabling environment where individual team men1l1~rs 

negotiate with the intention of reaching consensus on the correctness or 

otherwise of a solution to the task. For the purpose of this study, the in-service 

mathematics teachers ' use of face-to-face promotive interaction to teaching 

was measured in terms of their ability to prepare a lesson in a manner lhat 

engages students to share ideas on a subject matter. 

In employing the social skill feature of the CTLA in the current study, 

measures were put in place to inculcate a sense of discipline in the students 

and ultimately provide good classroom management practices during the 

teaching and learning process (Johnson et al. , 1991). In using this feature , the 

classroom facilitator positioned students to provide on their own the pre­

requisite guidelines (dos and don ' ts) needed to facilitate an atmosphere 

conducive for interactivity on the subject matter during the conduct of the jnler 

and intra group activities in the lesson (Johnson et al., 1991). This ensured 

proper channel of communication and orderliness in the group. Issues were 

resolved hierarchically along the chain of these portfolios of elected leadership 

within the group with the ultimate responsibility resting with the facilitator. 

For the purpose of this study, the in-service mathematics teachers' use of 

social skills to teaching was measured in tenns of their ability to prepare a 

lesson in a manner that enable students brainstorm on the Dos and Don'ts 

(guidelines) prerequisite for successful group discussions/activities 

Finally, this study stresses on the processes leading to the resolution of 

the mathematics problem assigned to the team rather than the final product 
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(answer). In this way clarity to the subject matter was sought from two 

perspectives 1) teacher- where the he/she summarily highlights the core poi nts 

of the subject matter and offers the explanation in order for the learners to 

w1derstand and identify the weaknesses in the learners' presentations in the 

learning environment and 2) students-where the group's solution were 

presented on the chalkboard for whole class discussions, inputs, alternative 

superior solution and recommendations if any from the entire class (Johnson et 

aI. , 1991). The non-group members (the rest of the students other than those 

doing the presentation) were encouraged to ask questions in which each of the 

members of the presenting group was required to be in readiness to respC'l1d 

(Johnson et aI. , 1991). For the purpose of this study, the IMTs use of group 

processing to teaching was measured in terms of their ability to prepare a 

lesson in a manner that promote evaluation of students understanding of the 

subject matter. 

In conclusion, this study was anchored on the social aspect of the 

theory of constructivism as an approach to teaching. Cooperative learnin:., as 

an instructional approach (cooperative teaching and learning approach-CTLA) 

is one of the means through which the theory of constructivism could be 

achieved. The CTLA has been operationalised in this study as promotive face 

to face interaction, individual accountability, group processing, social skills 

and positive interdependence (Johnson & Johnson, 1998). For the purpose of 

the study, the following operationalisations were made with respect to 

promotive face to face interaction, individual accountability, group processing, 

social skills and positive interdependence. Promotive Face-to-face interaction: 

is characterised by a lesson activity that engages students to share ideas on a 
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subject matter. Individual accountability: is characterised by a lesson activity 

that ensures students learn together but performs alone. Positive 

interdependence: is characterised by a lesson activity that puts students into 

groups of specific assigned responsibilities on a task. Social skills: is 

characterised by a lesson activity that enable students brainstOlm on the Dos 

and Don'ts (guidelines) prerequisite for successful group 

discussions/activit ies. Group Processing: is characterised as lesson activity 

that promote evaluation of students understanding of the subject matter. As 

result of the detailed description of the features, this study summarily 

incorporates them from the literature perspectives in an operationalized form 

as outlined in this study. Thus, in cooperative teaching and learning approach­

CTLA, students are placed into groups of assigned responsibilities in respect 

of the subject matter. They share ideas in a meaningful way in their assigned 

teams on the concept taught through the activities on the student work sheet, 

ensuring an active participation of each and every member of the team thrOl~gh 

the observation of certain agreed dos and don'ts (guidelines) in the team. The 

result of the group's effort on a task is demonstrated on the chalkboard f01 the 

purposes of feedback and consequent modification in respect of errors and 

misrepresentations committed where necessary. 

The responsibility of the teacher in the classroom context 111 a 

cooperative environment is that of facilitation. It is important t:mt, 

mathematics teachers prioritise the holistic development of students during 

instruction. Therefore, the development of the intellectual capacity of students 

should not be the overriding goal of mathematics teachers but engaging them 

in a cooperative learning-based manner to become life-long learners 1nd 
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admirers in the knowledge acquisition especially in the area of mathematics is 

keen. This will ensure that students become independent problems solvers and 

active team players. literature asserts that cooperative learning advances high­

order thinking skills, motivation and improve interpersonal relations as we 11 as 

the enhancement of motivation and peer relation (Slavin, 1985). 

Cooperative teaching and learning approach-CTLA was the pivot on 

which the lesson was built to provide student centred learning in the classroom 

context. Hence, this study designed an integrative instructional strategy with 

the active involvement and contribution of the in-service mathematics teachers 

and students at the SHS who are the main actors in the implementation of lhis 

teaching strategy. Through rigorous analysis of their views and feedback, the 

administration of research instrument, observation and intervie \Vs, the 

intervention (CTLA) improved the learning outcomes of the students. Thus, a 

learning experience in this study was said to be cooperative learning-based 

only when these five features are present. The incorporation of these features 

in an instructional approach leads to an improvement in learning outcome. [or 

the purposes of this study, an improvement in learning outcome have been 

conceptualised as one that elucidates its purpose and prioritizes the studen t ~ in 

their learning environment and can be thought of as performance-oriented. Its 

outcome beckons an anticipated level of performance. Thus, a learning 

outcome in this study can be characterised as an explicit accolmt of what the 

student is likely to accomplish and the means through which sLich 

accomplishment is established. 
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Towards the Conceptualization of the Study 

Figure 2 presents the conceptual framework for the study. It highlights 

the study's overarching theory of constructivism specifically, its social aspect 

of which cooperative learning is a tenant to produce an increased learning 

outcome in mathematics. 

SOCLAL 
CONSTRUCTIVISM 

Positive 
Interdependen 

Group 
Process· 

Promotive 
face to face 

Individual 
'/\ccountabilit 

Social skills 

Figure 2: The Conceptual Framework of the Study. 
Source: (Author's Own Construct, 2021). 

From figure 2, the overarching theory that underpinned the conduct of 

this study was constructivism. Specifics is made on the social constructivism, 

which according to Prawatt and Floden (1994) maintain that, the social nature 

of knowledge, the belief that knowledge is the result of social interaction and 

language usage, and thus is a shared, rather than an individual experience is 

what informed the study. As result, a meaningful learning occurs when 

individuals engage in social activities. Cooperative learning is one of the types 

of social constructivism which serves as the fulcrum around which this study 

revolves. Cooperative learning has therefore been operationalised in this study 

as an instruction that involves student working in teams to accomplish a 
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common goal , conditioned on the inclusion of the following features: Posilive 

interdependence, Individual accountability, Promotive face-to-face interaction, 

social skills and Group processing according to the 10lmson et a!. (1998) 

model of cooperative learning. As such, a learning is said to be cooperative 

learning-based to the extent that the five listed features are present. The 

framework above illustrates fUliher that, if mathematics teacher's use 

cooperative learning as an instructional approach (cooperative teaching and 

learning approach-CTLA) effectively in teaching mathematics concepts, the 

teaching of mathematics lessons will be more student-centred. 

Thus, the study conceptualised that an improvement l!1 learning 

outcomes would be evidenced from mathematics lessons where teachers 

design lessons based on cooperative teaching and learning approach-CTLA in 

such a manner that students make meaning of the materials. It is to achi eve 

this aim that, the CUlTent study conceptually discusses these five features of 

cooperative teaching and learning approach as the anchor on which Ihe 

intervention was built. 

Empirical Evidence 

This section highlights the empirical evidence of research findings that 

are considered relevant to this study. It helps put the current study into 

perspectives to aid comparison and conclusions of the findings of this study in 

relation to earlier researches conducted elsewhere. In particular, the review 

covers topics such as efficacy of the cooperating learning as an instructional 

approach in the classroom context. In this regard the review was done from rhe 

perspectives of both the teachers and students. Finally, the impact of 

professional development training (PDT) on teacher education was (llso 
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reviewed to ascertain its effect in literature in relation to its initiation in the 

current study. These were done to aid in the discussion of findings from this 

study. 

Yousef and Youllis (2021) conducted their study on the effect of using 

the cooperative learning method on students 'academic achievement in 

mathematics for elementary school students. The results of their sludy 

depicted an improvement in the learners' academic capabilities in comparison 

with the conventional method of teaching being used by the regular teachers in 

the learning enviromnent. Consequently, the study concluded that the use of 

cooperative learning is superior to the conventional method of teaching. 

Akhsanul and Eko (2020) in their study sought to analyse students' 

self-efficacy reinforcement and their motivation in learning mathematics using 

the cooperative learning model with the Teams Games Tournament type. The 

study indicated that a particular type of instructional activity under cooperntive 

learning (Teams Games Tournament) led to the improvement in the learner' s 

abilities by enhancing their understanding of lessons taught in mathematics. 

This was attributed to the inherent motivation factors of this particular type of 

the instructional approach employed. As a result , they posited that this 

patiicular instructional approach be used in teaching mathematics related 

courses. 

Zakaria, Chin, and Daud (2010) concentrated on Malaysian secondary 

school students on the effects of cooperative learning on students' 

mathematics achievement and attitude towards mathematics. The results of the 

study displayed a rather improved learning on the part of the students in the 

experimental groups' achievement in mathematics as well as their attitude 
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towards studying mathematics. The study also recommended the need for the 

mastery of the content especially in the areas of mathematics by instructors in 

their quest to plan and implement cooperative learning well in class. 

Shafiuddin (2010) also examined cooperative learning as instructional 

approach in teaching mathematics. The study was purposed to determine the 

efficacy of the two pedagogical strategies of cooperative learning and 

conventional method in learning mathematics at high school level and 

compare the achievement of the high, average, and low achievers when taught 

using the cooperative learning method as an instructional approach. The 

results showed a significant difference between the post-test scores of students 

in cooperative learning method group and conventional method group. Thus, 

students perform well when taught through cooperative learning approach. 

Also, the results communicated that the performance of high, average and low 

achievers were equal when taught through cooperative learning approach. The 

study recommended that school curricula should be altered to suit the 

cooperative teaching and learning approach and as such teachers should be 

given proper training for the purposes of using cooperative learning as an 

instructional approach. 

Oloyede, Adebowale, and Ojo (2012) conducted a study to determine 

the efficacy of instructional strategies of competitive, cooperative, and 

individualistic methods of teaching in the senior high school mathematics 

classroom context in Nigeria. The findings of their study highlighted a 

superiority of cooperative pedagogical approach as compared with the re'lt of 

the instructions implemented. This is because cooperative teaching and 

learning strategy was most effective since it facilitated the achievement of 
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academic goals and was highly effective at ensuring harmony among studr,lts. 

Consequently, the study recommended for implementation the cooperative 

teaching and learning strategy as the means tlu·ough which mathematics could 

be effectively taught to the understanding and appreciation of the students 

(Oloyede et aI., 2012). 

Like Oloyede et a1. (2012) and Bukunola and Idowu (2012) also 

studied the effectiveness of cooperative learning strategies on Nigerian junior 

secondary students' academic achievement; however, Bukunola and Idowu 

(2012) concentrated on the basic science. The results revealed that cooperative 

learning had significant effects on students' post-test academic achievement 

scores in basic science. Again, the results revealed that the cooperative 

learning had a significant effect on students' retention of basic science 

concepts taught. Thus, as student performance improved, their retention also 

improved. Bukunola and Idowu (2012) recommended that in-sen·ice 

professional development, seminars and workshops should be organised for 

teachers in order to implement cooperative teaching strategy in schools a( all 

levels. 

Whicker et a1. (1997) investigated the effects of cooperative learning 

on students ' achievement and attitudes in a secondary mathematics classroom. 

They averred in their result of the study that, after instructing the students with 

cooperative learning there were improvement in the students' performance 

using the pre-test and post-test approach. They therefore contended that, lhe 

use of cooperative learning as an instructional approach enhances learners 

learning outcomes. 
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Another study by Javed, Saif, and Kundi (2013) in Pakistan sought to 

investigate the effectiveness of cooperative teaching and learning approach as 

an instructional strategy in the teaching of mathematics at secondary school 

level. The findings showed that, students in the experimental group who 

studied mathematics tlu'ough cooperative approach had performed better and 

obtained greater average than students in control group on the post-tr: :-i ts. 

Moreover, the effectiveness of the traditional method of teaching and 

cooperative learning differed significantly in favour of the cooperative 

learning approach. As a result, the researchers recommended that, cooperative 

learning approach was the most effective way of teaching mathematico at 

secondary level since it enables students practically oriented in the learning 

environment. Javed et a1. (2013) insisted that cooperative method is an easy 

method of teaching and as such should be used often to enhance students sense 

making of academic materials. 

Again, a study by Nurhuda, Lukito, and Masriyah (2018) concentrated 

on lmderstanding the effectiveness of cooperative teaching and learning 

approach as a pedagogical strategy on the topic of cuboid and cube volume in 

mathematics classroom context. From the results cooperative learning as an 

instructional tool was effective as a result of the appropriateness activities and 

activeness of the students in the learning environment. Therefore, it was 

reconunended that the cooperative learning as an instructional approach can be 

used as an alternative to teach various topics in different subjects. 

Again, Molla and Muche (2018) focused their study on assessing the 

impact of cooperative learning approaches on students' academic achievement 

and laboratory proficiency in biology subject in selected rural schuols, 
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Ethiopia. Thus, students taught by cooperative learning approach performed 

better than those who were not as indicated in their results of the study. They 

contend that, in enhancing students ' performance in mathematics rel .lled 

lessons, cooperative learning used as a medium of instruction is critical III 

achieving such high students' competencies in mathematics. 

A study conducted by Ahmadi (2000) assessed the impact of 

cooperative learning among university students. The researcher investig1ted 

the effect cooperative learning has on students' performance, interest, 

motivation, conceptual understanding, and their attitudes toward mathematics. 

The results of this study indicated a better superiority of the cooperative 

learning as an instructional approach in mathematics courses to a more 

traditional method of instruction. Ahmadi (2000) averred that cooperative 

learning approach is very dynamic, thus students are more actively involved in 

the exploration of mathematical concepts and ideas as well as the resolution of 

specific task. 

Finally, in a study conducted by Udu (2018) had findings similar to 

that ofNurhuda et ai. (2018) and Molla and Muche (2018). Udu (2018) aimed 

at examining the effectiveness of cooperative teaching technique as an 

instructional approach to enhancing students' academic retention in chemis1ry. 

The findings in the study revealed that cooperative promoted better 

performance and retention than both learning activity package and the lecture 

method of teaching. This shows the superiority of cooperative learning to 

promoting students understanding of the subject matter when employed as a 

pedagogical approach in the classroom context. 
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A series of studies (In 'run et aI., 2010; Oloyede, et aI., 2012; 

Shafiuddin, 2010; Yousef et aI. , 2021) on the effectiveness of cooperative 

learning in improving students' academic performance have been reviewed. It 

is obvious that all the studies reviewed have some form of coherence, 

agreement and similarity. This is because all the studies reviewed emphasized 

the important effect cooperative leaming has and its advantage over traditio Ilal 

methods of teaching. Nevertheless, the studies as reviewed (Ahmadi, 2000; 

Javed et aI. , 2013 ; In 'am et aI. , 2010; Nurhuda et aI. , 2018; Oloyede, el ai., 

2012; Shafiuddin, 2010; Yousef et aI. , 2021; Zakaria et aI. , 2010) failed to 

identifY the features of the cooperative learning that support content specific 

pedagogies in their studies. This is because much of the review focused on the 

effectiveness of CTLA on different subject areas. For instance, on ,he 

effectiveness of cooperative learning in teaching English language 

(Gomleksiz, 2007; Khan & Alunad, 2013), basic science (Bukunola & fdowu, 

2012), biology (Molla & Muche, 2018) and chemistry (Udu, 2018) . Tran 

(2014) also exrunined the impact of cooperative leaming in impro' :ng 

performance in psychology. Although these studies. were in different subject 

areas and cultural context, the findings were consistent. 

In the Ghanaian context, Assan-Donkoh et ai. (2019) investigated the 

impact of cooperative learning strategy on mathematics achievement~ of 

students. In employing as a medium of instruction to teach the concept of 

circle theorems, cooperative learning method was used. As a result, they 

recorded a significant difference in the performances of students taught with 

and without the cooperative learning. They therefore proposed that 

cooperative learning be used as a medium of instruction in bridging the 
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loophole created among the learners who fall into the categories of high, 

medium and low achieving capabilities in the learning environment. 

Again, Edekor and Agbornu (2020) investigated the effect of 

cooperative learning strategy on student's performance in mathematics at 

selected Junior High School in Volta Region of Ghana. In applying 

cooperative learning as a medium of instruction in the classroom context of 

their studies, some mathematics lessons were conducted among the junior high 

school pupils in the municipality. The result of which showed improvement in 

the students learning abilities in mathematics as opposed to the conventio1lal 

means of instruction used to enact same lessons. Hence, their recommendation 

of cooperative learning as the medium of instruction at the basic kvel of 

teaching mathematics. 

In a more recent study, Bosson-Amedenu et al. (2021) in their anal ysis 

of teaching mathematics with the three levels of Jig-Saw, Think-Pair-Share, 

and Brainstorming, confirmed that when students use Jig-saw learning strategy 

in Mathematics, their individual academic potentials are enhanced well than 

when Think-Pair-Share or Brainstorming is used. It was there[clre 

recommended for Jig-saw strategy to be the preferred strategy for learning 

when mathematics teachers seek to improve deep learning and problem 

solving among students. 

Also, it is significant to note that quite a number of the reviews focused 

on senior and junior high school students (Like Bukunola & Idowu, 2012; 

Edekor & Agbornu, 2020; Oloyede et aI., 2012), colleges of education 

(Bosson-Amedenu et aI., 2021) while others studied SHS (Assan-Donkoh et 

ai., 2019; Javed et aI., 2013; Oloyede et ai., 2012; Shafiuddin, 2010) lnd 
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tertiary students (AIU11adi, 2000; Zakaria et al., 2010). Furthermore, majority 

of the research focused on mathematics, the topics in mathematics studied 

included algebra and volumes, theorems of circle with little or no attention 

paid to trigonometry. In relation to context, it is clear that majority of the 

studies were done in Asian counties such like Malaysia (Zakaria et al., 20 10) 

and Indonesia (In 'am et al., 2010; Yousef et al., 2021) among other countries. 

There were studies in the African context, for instance in Nigeria (Bukunola & 

Idowu, 2012; Oloyede et al. , 2012; Udu, 2018). Ethiopia (Molla & Ml'che, 

2018) cmd Ghana (Assan-Donkoh et al. , 2019; Edekor & Agbornu, 2020; 

Bosson-Amedenu et al. , 2021). It is apparent that empirical evidence is scant 

in relation to the design, identification and development of pedagogical 

approach built on the features of cooperative learning to improve students 

learning in some content specific areas in mathematics especially in the area of 

trigonometry. Again, the use of design-based research as a methodologically 

inclined approach to develop such pedagogies in African contexts particularly 

from the Ghanaian perspective have been rare if not none existent particularly 

in designing an intervention anchored on cooperative learning as pedagogical 

strategy in the classroom context. These denote noteworthy gaps in literature 

that need to be looked at with empirical research. The study also reviews some 

research in literature from the perspective of the students on the effectiven('!ss 

of the cooperative learning as a pedagogical approach in the classroom 

context. 

In a related study Cavanagh (2011) examined students' experiences of 

active engagement through cooperative learning activities in lectures. The 

study indicated that cooperative learning used as medium of instruction 
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afforded students an opportunity to actively engage the students in a focused 

I11ruUler during learning experiences. As result, the instructional appro(lch 

positioned the students to enhance their appreciation and understanding of the 

content of the subject matter assigned to them. 

Reseru·ch conducted by Chen and Chen (2015) also revealed similar 

findings in relation to the positive perceptions as a result of the 

implementation of the cooperative learning as an instructional approach in the 

learning enviromnent. Chen et al. (2015) sought to identify and categorise 

students ' opinion of the use of cooperative learning strategies and the flipped 

classroom model in an Introductory Statistics course at a university in Taiwan. 

The findings of the study revealed that all groups identified cooperative 

learning as an effective instlUctional strategy in flipped statistics classrooms. 

Students expressed interest in cooperative learning and saw it as a reliable way 

of learning. It also identified some impediments, important issues and initial 

interventions to consider in applying the cooperative learning as a medium of 

instruction. 

Again, Vaughan (2002) examined the effects of cooperative learning 

on the achievement and attitudes towards mathematics of a group of fi fth 

graders. The students were engaged in 12- week cooperative learning in 

mathematics. The analysis of pre- and post-test scores revealed positive 

changes in attitudes and achievement this further underscores the CUlTent 

study's position on SHS students improved scores registered post introduction 

of the CTLS-based lesson. 

It is equally important that other related studies on cooperative learning 

conducted elsewhere also obtained similar results of favourable learning 
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outcomes and improved students' attitudes towards mathematics (Davidson, 

1990; Faizah, 1999; Jolmson & Jolmson, 1994; Ozsoy & Yildiz, 2004; Zakaria 

et aI., 2010). These findings of the studies above, therefore, are congruent '''' 'ith 

the results of the study as reported by Effandi (2003), Vaughan (2002). 

In contrast, Ismail , (2000) found no significant difference in attitudes 

towards mathematics between experimental and control groups. However, 

these results could be attributable to the limited duration of three and a half 

weeks with which the experimental group was subjected to the treatment 

during the conduct of the study as possible reason for no significant difference 

between the two groups. 

The studies reviewed examined students' perception (Chen el aI. , 

2015) and attitudes (Zakaria et aI., 2010; Yousef et aI., 2021; In ' am et aI. , 

2010) towards cooperative learning strategies. It is obvious that majOlity of 

students have a positive attitude in relation to using cooperative learning and 

would rather prefer that that their teachers will apply cooperative learning 

methods in teaching new concepts. The studies reviewed concentrated on 

management and health science (Phipps et aI., 2001), mathematics (Othman et 

aI. , 2012), agriculture (Akhtar et aI., 2012), English language and English 

proficiency (Farzaneh & Nejadansari, 2014; Stepanoviene, 2017), and 

psychology (Reda, 2015). The findings from the studies are mostly convergent 

although they are from different subject areas and disciplines. Almost all the 

studies reviewed concentrated on the students' attitudes and percertion 

towards cooperative learning students at the tertiary level and only a few at the 

second cycled intuitions. It appears that there is a gap in literature in the 

perception of senior high school students in relation to cooperative learning 
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particularly from the Ghanaian perspective, as all the studies reviewed were in 

relation to achievement test and comparative studies on cooperative learnine. 

In furtherance to entrenching this instructional approach's efficacy 

from the perspective of the teachers, the study further reviewed various stu ~li es 

that have also concentrated on the perceptions and attitudes teachers have 

towards the implementation and use of cooperative learning strategies in the 

classroom context as a pedagogical approach. This is considered imperative 

because teachers are regarded by way of the role, they play in the learni ng 

environment as facilitators when using cooperative learning as medium of 

instruction. Hence, their views and attitudes in its implementation in the 

classroom setting is very valuable in the currents study. 

To this end, a study by Jenkins, Antil , Wayne, and Vadasy (2003) 

which examined how cooperative learning is effective for special education 

and remedial student. The study further assessed the application of cooperative 

teaching technique from the perception of teachers. Results from the content 

analyses of data indicated that teachers . were generally positive about 

cooperative learning' s efficacy for students with learning problems, while 

acknowledging that it worked better for some students than others. 

Another study by Ding, Li, Piccolo, and Kulm (2007) studied the effect 

of intervention in the development of students thinking in mathematics and 

investigated the perception of teachers towards cooperative teaching and 

learning. They interviewed six mathematics teachers on their perception of 

cooperative learning. Participants were drawn from two states in the Ullited 

States. The results of interviews showed that teachers have a relatively 

positive view about the effectiveness of cooperative learning. Although the 
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number of interview participants was few, it communicates the idea that 

teachers prefer using cooperative learning to other methods of teaching. They 

reconunend that since teachers have preference for cooperative learning, it 

needs to be applied more often for the benefit of students. 

Koutselini (2008) also applied an intervention study to undersiand 

teachers' misconception, understanding and view of cooperative learning. The 

main aim of the study was to change the understanding and attitude of teachers 

towards cooperative learning. As part of the specific objectives of the study, 

the researcher explored participants' attitudes towards cooperative learning, 

their understanding and why they are hesitant is using it in the classroom. 

Also, it focused on investigating possible misconceptions of teachers on 

cooperative learning. A total of ninety-four secondary school teachers in 

Cyprus were divided into four groups participated in the study. --:-he 

patiicipants were made up of a total of fifty-eight female and thirty-four male 

teachers who had two to five-year teaching experience in secondary schools. 

The intervention initiated in the study succeeded in shifting the secondary 

school teachers' attitudes and beliefs about cooperative learning fram 

primat"ily negative to positive. Action research and reflection on experiences 

and ideas facilitated a dialectic construction of knowledge and a change of 

attitudes without the threat of imposed theories that cannot be implemented in 

the actual school environment- a fear that proved to restrict teachers ' 

willingness to try cooperative learning. Along with this fear the lack of 

experience regarding the differences between cooperative learning and pseudo 

learning of traditional groups contributed to a number of misconceptions that 
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prevent teachers from using cooperative learning as a learning approach with 

valuable results (Koutselini, 2008). 

However, Koutselini (2008) further revealed a negative perception of 

teachers in relation to applying cooperative learning approach, although this 

negative perception seemed to get better after intensive training in the 

application of cooperative teaching and learning approach. An issue that 

cannot be overlooked is the fact that majority of these studies (Ding et aI., 

2007; Jenkins et aI., 2003; Koutselini, 2008) did not examine the views of 

teachers in content specific subject. It can therefore be inferred that in overall, 

there seem to be some inadequacy in terms of empirical evidence from the 

Ghanaian perspective as evidenced in the review. Particularly, in relation to 

the design, development and implementation of an intervention anchored on 

cooperative learning meant to improve students learning on the concept of 

trigonometry. These constitute significant gaps in the literature that need:, to 

be addressed in order to provide more in-depth information about the use of 

cooperative learning as a pedagogical approach in the Ghanaian classroom 

context. 

The study conducted by (Johnson, Johnson, & Holubec, 2015; Sis \' in, 

2010; Slavin, 2014) elucidates that, could be employed for the purposes of 

providing assistance and support to learners who are active cognitive\y in a 

direct medium of instruction in fonnal lessons. ll1e verification of the efficacy 

in the application of cooperative learning as a medium of instructior is 

evidenced in research. Cooperative learning is an attributable factor in the 

fundamental changes in terms of structure from a competitive-individualistic 

"mass manufacturing" model of organizing to a high-performance team-based 
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organizational structure. The activities of cooperative learning coule' be 

utilised could be used in all circumstances (i.e., school and school district as 

well as in the classroom). Moreover, it is the corrective measure for lhe 

elimination of individual differences that has inhibited the progress of the 

students in the learning envirorunent for decades in literature (Slavin, 1991 ). 

Cooperative teaching and learning approach, the implementation of 

which helps in the exploration of varied abilities of students to enable 

instructors add to the cognitive base of the students (Johnson, & Johnson, 

1998). The competencies of these teachers contribute to the successful 

implementation of this instructional approach in the classroom context. Hence, 

the involvement of IMTs in the professional development arrangement (PDA) 

to effectively implement this pedagogical strategy. This is because authors 

such as Borko (2004) and Desimone, Garet, Porter, Birman, and Yoon (2002) 

found out that teacher PDA is an essential mechanism for enhancing teachers' 

knowledge and instructional practices. In this way, problems that inh i bit 

students ' performances psychologically and socially was dealt with through 

the effective implementation of the PDA and this ultimately increased the 

wealth of knowledge of the students. 

Teacher Professional Development Arrangement (PDA) 

The PDA aimed at enhancing teacher's proficiencies in content specific 

subjects. As such: 

Professional development is about teachers learning, learning how to 

learn, and transforming their knowledge into practice for the benefi l of 

their students' growth. Teacher professional learning is a complex 

process, which requires cognitive and emotional involvement of 

57 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

teachers individually and collectively, the capacity and willingness to 

examine where each one stands in terms of convictions and beliefs and 

the perusal and enactment of appropriate alternatives for improvement 

or change (Avalos, 2010, p. 10). 

With regard to the focus and main goals of PDA, Guskey (2002) study 

revealed that PDA brings about changes in teachers ' attitudes and beliefs. In 

recent times, Kazemi and Hubbard (2008) and Opfer and Peder (2011) have 

stressed the need for PDA since it has the potential to impact many aspects of 

teachers ' professional and personal lives, impacting on teachers' knowledge, 

competences, and values. 

In an extensive survey conducted in the United States with participants 

(mostly teachers) in respect of other academic disciplines mathematics <1 nd 

science have acknowledged a series of components related to the content and 

design of PDA progran1s that teachers tend to value positively . Authors have 

referred to these features as "features of high-quality PO A" (Bautista , 

Cafiadas, Brizuela, & Schliemann, 2015; Borko, 2004; Desimone, 2009; 

Darling-Hammond & McLaughlin, 2011; Garet, Porter, Desimone, Birman, & 

Yoon, 2001). In reference to teachers' self-reported data, PDT activities 

embedded in these features have positive influence on their acquisition of 

knowledge and pedagogical practices. 

In relation to content of the subject matter, high-quality PDA focuses 

on the specifics needed for effective implementation of subject matter in the 

classroom context by the teacher (e .g., mathematics, science, history), thereby 

equipping the teacher with deeper understanding and appreciation of :he 

subject matter (content knowledge) of pedagogical approach to instruct that 
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specific content to students (pedagogical knowledge) and of how students 

cogitate and make meaning content (knowledge of student thinking) 

(Carpenter, Felmema, Peterson, Chiang, & Loef, 1989; Penuel, Fishman, 

Yamaguchi, & Gallagher, 2007). 

Chapter Summary 

This chapter catalogued the vanous concepts and theories that 

grounded the study. It starts with the difiiculties in the teaching and leaming 

of trigonometry as a teaching unit in the SHS mathematics curriculum of 

Ghana. Where literature contextualise its teaching and learning as problematic, 

with various scholars such as (Farouq, 2017; Gm, 2009; WAEC, 2020) 

suggesting in literature that the teaching of the concept of trigonometry is 

fraught with some of di fficu lty as a result of which there are errors in students 

understanding. Thus, the pedagogical difficulty that impedes students' 

conceptual development of the concepts of trigonometry were reviewed. 

The study also reviews literature on the concept of design-based 

research as the research approach to the study. The study adopts the concept of 

design-based research approach with the view to designing, developing 8l1d 

testing an alternative instructional technique to lmprove students' 

understanding of Trigonometry using the cooperative teaching and learning 

approach-CTLA. It therefore adapts the two stages of prototype phase and 

assessment phase of Plomp's three phase approach of DBR as the guided 

approach in the study. 

In addition, is the study's overarching theory of constructivism as an 

approach to teaching. From Phillips (1995) the constructivism theory affords 

students to be staged at the centre of the learning activity where they can make 

59 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

sense of the learning material. Thus, learners are encouraged during 

instructions to be actively in making meaning of the subject matter in the 

learning environment. 

The study again, reviewed literature on cooperative learning since it is 

one of the tenants of constructivism. The benefits, its empirical use from the 

perspectives of the teachers and the students as a methodological approach to 

teaching were reviewed. In furtherance to this, the study discussed the features 

of cooperative teaching and learning approach from the perspectives of the 

various scholars and as such operationalises them for the purposes achieving 

the set objectives of the study. It ends with a review on the impact of 

professional development arrangements initiated in similar studies conducted 

elsewhere. 

60 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

CHAPTER THREE 

RESEARCH METHODS 

Tllis chapter presents the research method that was used in carrying out 

this study. It specifies the rationale for the methodological approaches used in 

the research. In particular, the concepts of research design, research paradigm 

and the professional development structures that the study adapted. The 

methodology was constructed on design-based research approach. The design­

based research approach consisted of prototype stage, implementation and 

evaluation stage as well as systematic reflection and documentation stage. rhe 

study highlights the population, research instruments developed and ho\v 

reliabilities and validity of the design-based research approach adopted for the 

study were ensured. The data collection and its analysis procedures under the 

three stages of the design-based approach were discussed. 

Research Approach 

The research approach for this study was anchored on the designed 

based research (DBR). In particular, the DBR serve as receptacles to generate 

and test theory (Cobb et aI., 2003). Hence its use as a methodological 

approach to establish design principles and theories of a pedagogical strategy 

aimed at improving the conceptual difficulties students faces in learning 

trigonometry. DBR is used in many contextualised fields of discipline; 

however, this study is situated in the context of in-service teacher development 

in which researcher collaborates with the managers (teachers) of the classroom 

learning environment to help in the development of a professional community 

(Lehrer & Schauble, 2000; Stein, Silver, & Smith, 1998). It is against this 

background that, the study incorporates in-service mathematics teachers at the 
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SHS as participants to collaborate the effort of the researcher to develop an 

intervention purposed to improve the teaching and learning of trigonometry. 

Thus, making designed based research, highly interventionist in nature (Cnbb 

et aI. , 2003). The current study, however, adopted two phases of DBR 

identified by Plomp (2010), as prototyping phase and Assessment phase . Thus, 

these two phases as identified by Plomp (20 I 0) were modified into a three­

staged research approach during the conduct of the study. As a result , these 

stages were coined in the current study as stage one (prototype stage), stage 

two (implementation and evaluation stage) and stage three (systematic 

reflection and documentation stage). Consequently, the preliminary phase of 

Plomp (2010) was skipped in favour of the last two stages since the current 

study begun with the proof-of-concept where the problem identification and 

setting of goals were based on the previous researches and in-depth review of 

literature (Agyei, 2012; Nihuka, 2011). This seems to suggest that, the 

preliminary phase of Plomp (2010) was covered through literature review and 

proof of concept study thus the adaption of the last two phases. In addition, 

Plomp (2009), "informed by prior researches and review of relevant literature, 

researchers in collaboration with practitioners can design and devdop 

workable and effective interventions by carefully studying successive version 

(or prototypes) of interventions in their target contexts, ... " (p. 13). As a 

result, Plomp (2010) approach of D BR was adopted and modified to include 

prototype stage, implementation and evaluation stage and systematic reflec tion 

and documentation stage in the conduct of the current study. The DBR process 

that was used for the study is presented in Figure 3 below 
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Figure 3: Diagrammatic representation of design-based research process for 
the study. 

Source: (Author' s Own Construct, 2021). 

Figure 3 shows the diagrammatic representation of the stages involved 

in the conduct of the study. From the figure 3, the initial process (stage one) 

started from the prototype stage where through review of related literature, the 

first two prototypes (exemplary materials- CTLA intervention) were 

developed by the researcher for expert appraisal, this was purposed to attest to 

the intervention's relevance and consistency in tenns of the scope of the 

content and the curricular practices in the SHS syllabus in respect of the 

subject matter (mathematics). The essence of which was to validate the 

intervention. Thus, initial design guidelines obtained from literature helped in 

designing the exemplary materials at this stage of the study. The second stage 

of the study was the implementation and evaluation stage. This stage of the 

study entails a professional development arrangement (PDA). The rationale 
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for the conduct of the PDA was to train and equIp eight in-services 

mathematics teachers to with cooperative teaching and learning approach 

(CTLA) competencies in the teaching of SHS mathematics. Specifically, the 

PDA comprised two phases of: 1) first study- namely, Phase 1; and 2) secl'nd 

study-namely, Phase 2. The two phases served as the pivot on which the 

iterative cycle of formative and summative evaluations as well as rcdesian 
'" 

revolved. Tlus was done in order to accommodate a systematic refinement of 

the intervention developed and ascertained. This was to test the effectivel' css 

of the intervention through peer-teaching activities as well as the practicability 

and utility of the intervention in real SHS classroom. Finally, at the third stage 

of the study, thus at the systematic reflection and documentation stage. I 

reflected on all the two stages involved in the study to document the useful 

design guidelines for possible replication. 

Prototype Stage 

The first stage (prototype stage) of the study involved three distinct 

patis of: (1) the review of literature relevant to the study, (2) the design of two 

prototypes which were first developed by the researcher (exemplary material-

CTLA intervention), and (3) the appraisal of the draft prototypes by expelis. 

The researcher was able to come up with the initial design guidelines of the 

study as a result of the review of related literature . As a result, the researcher 

developed the first two drafts prototypes as the exemplary material for the 

study. The draft prototypes were developed based on the theoretical and 

conceptual framework of the study (features of cooperative teaching and 

learning approach) (Johnson & Johnson model, 1998) and the design 

guidelines. The application of the cooperative teaching and learning approach 
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(CTLA) was ap . t . I . . propna e In t lat, the CTLA lS a correctIve measure for the 

elimination of individual differences, advances thinking skills that are high 

and improves social relations (See Appendix T-Tl&T2). The draft prototypes 

took into consideration the scope of the content of the Ghanaian mathematics 

curriculum for SHS. The intervention (draft prototypes) was denoted in ~he 

cutTent study as cooperative teaching and learning approach (CTLA) and 

served as the exemplary material for the participants. For the purposes of 

enhancing the validity, practice and the quality of the of the two draft 

prototypes developed by the researcher, they were given to two expertc to 

appraise in the areas of instructional design and mathematics education. These 

were aimed at improving the quality of the CTLA and inform the construction 

of the initial design guidelines for the study, the views and suggestions from 

the experts were relied 011 . Thus, the appraisal fi:om the two experts ' vas 

crucial in improving the exemplary material and the initial guidelines of the 

study. Two lessons that were activity-based on the topics of the trigonometric 

ratios of sine, cosine and tangent of angles and angles of elevation and 

depression from the Ghanaian core mathematics syllabus for SHS were 

developed at the prototype stage. 

Implementation and Evaluation Stage 

The rationale for the second stage of the study was to provide a 

description of the extent to which the intervention that was designed by the in-

service mathematics teachers was delivered as intended. Thus, there was 

iterative stages of formative and summative evaluation (thus, a formative 

evaluation of two rounds of peer teaching at phase one as well as one round at 
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phase two and a sUl11mative evaluation at the real classroom context) and re­

design of the intervention. 

Under tIlis stage, a professional development arrangement (PDA) (see 

Table 1) was initiated for the in-service mathematics teachers who wcre 

involved in the study. The rationale for the conduct of the PDA were partly to 

train the participants (IMTs) and partly to afford them the opportunit:-. to 

acquire the competencies needed to use the CTLA in teaching trigonometry at 

the SHS level. The PDA initiated at the second stage of the study consisted of 

two phases: 1) Phase I (nan1ely first study); and 2) Phase 2 (namely second 

study). These two phases of 1 and 2 were used as the platform to establish an 

iterative cycle of formative and summative evaluations as well as redesign 

purposed to refine the intervention gradually in the study. An introductory 

training workshop served as the first medium of engagement with the IMTs in 

all of the two phases. There were two aspects of the PDA that was organi , ed 

for the two cohorts of the IMTs involved in the study. Thus, the first aspect 

requires the IMTs to participate in an initial training workshop and the second 

aspect demands that, as a result of the participants' experiences with the 

exemplary materials, they enact their own CTLA-interventions. Figure 4 gives 

an account of the activities at each phase of the PDA. 
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Training workshop 

Presentation/discussions on framework thus the five features of , • 
CTLA as an approach to teaching by researcher. 

• Introduction to student-centred approach to learning 
• Sample demonstration of CTLAs (exemplary materials) by resea rcher. 

Phase 1 

First study 

1. First cohort of IMTs design CTLA 
in terms of two. 

2. First cohort of In-service 
mathematics enacted CTLAs among 
themselves and peers in two rounds 
of Peer-teaching 

Phase 2 

Second study 

r----------~-.---~ 

1. Second cohort of IMTs designed 
CTLAs in design team of two 

2. Second cohort of IMTs enacted 
the CTLAs among lhemselves 
and peers in one round of peer 
teaching and finally at the rea l 
classroom context 

Figure 4: Professional development arrangement adapted for the study. 
Source: (Author's Own Construct, 2021). 

It is imperative to remark that, the two cohorts of IMTs worked III 

teams to explore the scope and content of the Ghanaian SHS mathemJtics 

syllabus (MOE, 2010) pcu1icularly in the area of trigonometry. The 

pcu1icipants also worked in teams oftwo in the design and development of the 

CTLA intervention. In the first study, the first cohort of four IMTs was split 

into teams of two: in-service mathematics teachers' team one (IMTTl) ann in-

service mathematics teachers' team two (IMTT2). The groupings of the IMTs 

into the two teams were not as a result of any criteria but in the manner lhe 

participants sat at the first introductory stage of the PDA. Hence, such 

arrangements of their first seating arrangements were made permanent 
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tlu'oughout the entire PDA. Similarly, the last cohort of four IMTs were put 

into two teams thus, in-service mathematics teachers' team three ([MID) (lnd 

in-service mathematics teachers' team four (IMTT4). In particular, both 

IMTTl and IMTT2 had two males in each of the two teams whereas !MIT3 

and IMTT4 consisted of a female and three males. In all , eight IMTs were 

actively engaged in the study. The comprehensive account of the PDA as 

deployed in the study is presented. 

Overview of the Training Workshop 

In order to get the IMTs to develop insight into the underlying theories 

of eTLA-intervention, an initial training workshop was organized for each of 

the two cohorts of the IMTs involved in the study. Moreover, the initial 

training workshop was also used to expose to the IMTs the pedagogical 

approaches that put the learner at the center of the medium of the of 

instruction and as such could be adopted for teaching SHS with CTLA­

intervention in order to make the mathematics learning environment activity­

oriented. An overview of the PDA activities for the eight IMTs involved in the 

cun-ent study is presented in Table I. 
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Table 1: Professional Development Training Activities 
Week Facilitator Topic Stage 
Week 1 Researcher 

Week I Researcher 

Week 2 Researcher 

Week 2 Researcher 

Week 3 Researcher 

Week 4 IMTs 

Week S 

WeekS 

IMTs 

Researcher! 
IMTs 

Week 6 IMTs 

Overview /rationale of the training Wk. 

Exposing the IMTs to the conceptual Wk. 
framework of the study 
Introduction to Cooperative learning Wk. 
approaches 

Introduction of the five features of CTLA Wk. 

Introduction/demonstration (first teaching) Wk. 
and analysis of the intervention for teaching 
mathematics 
Design of CTLA (intervention) mathematics D 
lessons for selected topics in Trigonometry. 

First teaching try-outs by two IMTs among Wk.!e. 
their colleagueslresearcher 
Revision of designed lessons by IMTs based 
on feedback Wk.!d/e 

Second Teaching try-out by the next two 
IMTs afier possible modifications of the Wk.!e 
first teaching try-outs to peers/researcher 

Week 7 Researcher! Revision of designed lessons by IMTs based 
IMTs on feedback 

Note: Wk. = workshop, d = design, e = execution, IMTs= In-service 
mathematics teachers. 
Source: Fieldwork, 2021. 

In preparing the IMTs, presentations and discussions were used as 

means of interaction to get the participants to appreciate the diverse ways 

through which these theories underpinned : a) the design of CTLA-

interventions with particular emphasis on the concept of trigonometry at the 

SHS, b) the preparations in relation to pre-lessons with CTLA and c) the 

pedagogical approach to adopt in deploying CTLA-intervention. Most 

importantly, the introduction of the five features of the CTLA to the IMTs 

largely served as the theory that underpinned a teaching strategy that was 

constructivist oriented. Since, the study's objectives were aimed at exploring 

IMTs experiences in developing and enacting CTLA-Iessons (intervention 
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implementation) in a constructivist learning environment. Hence, the theory of 

constructivism informed this pedagogical approach (CTLA) to teaching. Thus, 

the IMTs at the PDA were exposed to "Positive Interdependence, Individual 

Accountability, Promotive face-Io-face interaction, Social Skills and Group 

Processing" features of CTLA as the key ingredients that characterised the 

pedagogical strategy adopted in this study. This was necessary in developing 

the CTLA-intervention. Additionally, the introduction and discussion of 

conceptual framework served as the knowledge needed to practicinG an 

activity-oriented teaching with CTLA. 

Thus, discussions in relation to every single feature of the conceptual 

framework and the relationship between them were extensively exhausted at 

the initial training workshop. This was aimed to ensure understanding of the 

features and how they are applied in the learning environment. Again, the 

workshop facilitated the IMTs appreciation of how the relationships that 

existed between the features of the CTLA work in other disciplines and ought 

to inform their teaching in trigonometry. Thus, develop the competencies to 

advance their pedagogical approach in using an activity based CTLA as a 

medium of instruction in the mathematics classroom learning environment. 

Moreover, in achieving the practical effect of using the CTLA, 

additional activities were initiated at the workshop stage to get the IMTs to 

design and develop a comprehensive lesson plans and activity sheets based on 

the five features of the CTLA. This was aimed at getting the TMTs to 

familiarise themselves with the operational effect of the five features of the 

CTLA to achieve maximum lesson presentation in a manner that is student 

centred and meaningful to the students in the learning environment. As sut:h, 
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the participants invol vement at this stage of the activities were all geared at 

ensuring that the IMTs will be able to design on their own a lesson that is 

activity-oriented using student worksheet sheet and other lesson resources 1 hat 

prioritise the leamer as the main focus of the lesson. This was envisaged to get 

IMTs in connecting ideas from one lesson to another informed by: 1) the 

selected instructional learning objectives, and 2) the mathematics content as 

prescribed in the SHS core mathematics syllabus. 

Finally, the researcher enacted a sample demonstration of the 

exemplary intervention (thus, CTLA lessons) in each cohort of IMTs at the 

initial training workshop. Thus, the two drafts designed at the prototype slage 

(see Appendix T -Tl and T2). Further , to obtain a practical effect of model ing 

and demonstrating the application of the features of CTLA as a medium of 

instruction in the real classroom situation. The researcher taught the two 

cohorts of four IMTs in two sessions with the exemplary intervention. Thus, 

the researcher conducted two rounds of teaching tryouts with the first and 

second cohort of IMTs in phases one and two respectively in the current study. 

The IMTs appreciation of the underpinning principles and conditions for the 

application of the CTLA were facilitated by the teaching try-outs conducted 

by the researcher. 

Additionally, the teaching tryouts conducted by the researcher were 

purposed to achieve a practical insight on how the relationships that exists in 

the study's theories and concepts as well as the ideas discussed characterised 

the development of CTLA- intervention at the initial training workshop. The 

deployment of CTLA intervention was prefaced on the idea that it has the 
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ability to inform IMTs as to the practical implementation of the five features 

of CTLA to teaching constitutes in the study. 

Overview of the Design and Teaching Try-outs of the CTLA-intervention 

by IMTTs in the PDA 

TIle IMTs developed their version of the CTLA intervention as a result 

of the experiences with the exemplary materials. They then tried it out with 

their colleagues serving as students in two rounds. Thus, the intervention was 

tried out with their colleagues who served as students (teachers teaching SHS 

mathematics) in two rounds by the first cohort of IMTs in Phase 1, where a 

member each of the two IMTTs taught. 

Similarly, the second cohort of IMTs also had their intervention tried 

out in two rounds of teaching try-outs in phase two which were initiated Ii rst, 

among their colleagues (i.e., Team members and the student teachers) and 

secondly, in the real SHS mathematics classroom context. As result of the 

feedback received from each tryout, the CTLA intervention was improved 

and refined. These iterations were critical in the improvement of the 

intervention. Thus, the formative evaluation of the design was conducted fur 

all two rounds of peer-teaching at the first study and one round of another 

peer-teacrung tryout at the second study as well as the summative evaluation 

(the introduction of the CTLA-intervention at the SHS classroom) at the last 

teaching try-out in the second study. 

An opportunity afforded the researcher through the feedback obtained 

from the IMTs development of many detailed designs purposed for enactment 

of CTLA lessons at the first and second study to improve on the initial design 

guidelines of the study. The first and second study lasted for fifteen days each. 
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Since the studies were scheduled at the convenience of the respective IMT~ (in 

order not to interrupt the flow of their teaching periods), some of the days 

were postponed to make room for the presence of all the teachers involved in 

the study. This is because the IMTs were performing their duties at post in the 

various SHS where the study took place. For example, there were re-scheduled 

times of appointment with the IMTs since the study coincided with the 

admission of the first-year SHS students which had just begun and the services 

of the teachers were needed most of the times. As a result, proceedings in 

relation to the PDA were delayed with postponement of most of the agreed 

dates. However, the content deliberated in each of the cohorts in each session 

of the PDA was the same, although the timelines for the two phases were 

different. 

Reflection and Documentation Stage 

Under this last stage, a retrospective analysis was taken from the 

prototype stage where the intervention was drafted and at the peer teaching try 

outs activities as well as the introduction of the intervention in the real 

classroom context with the CTLA-intervention. In a manner that is student­

centred with the use of an activity-otiented worksheet (implementation and 

evaluation stage) of the study. This analysis was purposed to do a thorough 

review of the last two stages of the development of the intervention and 

document the final design guidelines for the study. 

Thus, the developed competencies of the IMTs in the design of CTLA 

lessons were instrumental in formulating final design guidelines (theory) that 

ensures the development of an effective pedagogical strategy (CTLA). Hence. 

they served as the yardstick for the explanations attributed to the 
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improvements in the students' appreciation of the concepts in mathematics 

especially in the area of trigonometry as well as the improvements in the Ii'- 1Ts 

pedagogical strategy. 

Research Paradigm 

The study was grounded in the interpretivist approach (naturalist) of 

social constructivism as the choice of research paradigm. This study 'vas 

theorised on the assumption that, the social construction of lmowledge is 

achieved when individuals interact with the readily available teaching and 

learning materials in their envirolID1ent and make sense of the environment in 

which they work and live (Creswell, 2007). The study' s epistemological 

position attributes one's acquisition of knowledge and understanding to the 

expetiences and the meanings they derive from and bring to such experiences. 

This position informed the current study. Consequently, such meanings would 

be multiple and varied. I-Ience, the suggestion that, the IMTs perceptions of 

the use of CTLA to teach trigonometry at the SHS level and students' 

experiences with this phenomenon as an attributable factor in this study. 

Since, there were differences and varied experiences which culminateJ in 

mUltiple realities after the study. 

Thus, the current study sought to understand and report same these 

mUltiple realities. To accomplish this, qualitative data gathering technique was 

employed in a cooperative teaching and learning-based context to provide the 

participants the chance to provide detailed description of their understandi ngs. 

This enabled the researcher report on the meanings and responses obtained 

from the in-depth interviews with the participants. 
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To this end, the qualitative approach, afforded the LMTs the enabling 

enviro1U11ent to offer a comprehensive analysis that makes room for a self­

retrospection into the maimer in which they conceived their methodolog: of 

teaching anchored on the cooperative-based teaching and learning approach as 

pedagogical strategy in teaching mathematics (trigonometry) at the SHS in 

Ghana. 

Research Design 

Descriptive case study design was employed since the study sought to 

explore and understand the meanings IMTs of the participating SHSs derived 

from their experience of using CTLA in teaching h·igonometry. Merriam 

(1998) asserts that a descriptive case study is one that presents a detailed 

account of the phenomenon under study and is useful for investigating 

i1U10vative programmes and practices. The study explored how IMTs of the 

participating SHS designed, developed and enacted lessons anchored on the 

CTLA-intervention as an instructional strategy in to improve students learning 

of concepts in trigonometry. Descriptive case studies are generally descriptive 

of culture or sub-culture, and also try to find out the key phenomena 

(Dudovskiy, n. d.) . Zainal (2007) account of descriptive case studies as a 

phenomenon in its natural setting occurring in a data in question is in line with 

the study's development of an instructional approach in the participants own 

enviro1U11ent. The aim was to analyze sequences of interpersonal events after a 

period of time (Dudovskiy, n. d.; Zainal, 2007) to help improve the 

intervention in overcoming the difficulties in the teaching of trigonometry. 

Thus, the development of the guidelines for this study was initiated. 
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Case study was considered appropriate since this study consolidates 

the views of students and incorporates valuable inputs from the participating 

IMTs at the various phases of the study to fine tune the instructional approach 

so as to yield an increase in learning outcomes. In addition, the main rese,".!'ch 

question for the study was coined in the form of a "how" question. According 

to Yin (2003; 2009), a case study is appropriate when the study is purposed to 

give answers to how, why and where questions. Hence the use of case study as 

the most appropriate research design in helping to explain both the process '1 nd 

outcome of a phenomenon of improving students learning of trigonometry 

through complete observation, reconstruction and analysis of the cases under 

investigation (Tellis, 1997). The current study was descriptive in nature since 

the purpose of the study was to design, develop and enact CTLA lessons a~ an 

instructional approach aimed at improving students learning of trigonometry. 

Moreover, the study sought to achieve this through generation of theories for 

possible replication by other scholars. 

According to Dyer and Wilkins (199\) the employment of case study 

in research helps researchers to come out with new theoretical relationships 

and be able to question old ones leading to deeper and better understanding of 

the phenomenon under study. Further, the study included professional 

development training as result of which the IMTs from the two different SHS 

(school X and school Y) were put into two teams for the purposes of 

developing cooperative teaching and learning-based lessons as an intervention. 

This is in line with case study with embedded units since the IMTs served as 

units of analysis in the study. According to (Yin, 2003), the descriptive case 

study gives the researcher the ability to look at subunits that are located within 
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a laroer case as it was tl . h' d h . . 
b 1e case ll1 t IS stu Y were vanous teachll1g try Ollts 

under the iterative phases were analysed within a larger case of developing an 

intervention aimed at improving students understanding of trigonometry. In 

this regard, the study adopted an Interpretivist approach (naturalist) as the 

choice of research paradigm owing to the qualitatively inclined nahlre of the 

research. 

Population 

The study engaged two cohorts of four IMTs (thus, professional 

mathematics teachers who teach mathematics at the SHS) in four out of the len 

SHS in the Cape Coast metropolis. Thus, professional mathematic teachers 

who were credited with Bachelor ' s education degree in mathematics from 

recognised tertiary awarding institutions (university level) were used in the 

study. This is because, they could be said to possess the pre-requisite cop'cnt 

knowledge of the subject matter and can bring to bear critical and reflective 

thinking in their analysis of educational issues in general as well as curricular 

and pedagogical issues in the study. 

This, in a way, can help to improve the teaching of mathematics at the 

SHS in Ghana. Finally, teachers who met the criteria were known as in-service 

mathematics teachers (IMTs) thus, those identified as currently teaching core 

mathematics and elective mathematics at the SHS two and three were given a 

priority to participate in the study. The gender distribution of the IMTs in the 

study is shown in Table 2. 
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Table 2: Gender Distribution of IMTs Involved in the Study 
Gender N % 

Male 7 87.5 

Female 1 12.5 

Total 8 100.0 

Source: Fieldwork, 2021. 

From Table 2, it is evident that majority of the IMTs involved in this 

study were males with only one of IMTs being a female. The age of IMTs was 

thought to be relevant to the study therefore the researcher sought to ascertrlin 

the mean age of the IMTs. The average age of IMTs in this study was 37 years 

(SD = 6.33). The minimum age was observed to be 27 years while the 

maximum age was 42 years. It was found that the IMTs in the study had an 

average teaching experience of approximately 10 years (SD = 3.85). This goes 

to show the extent to which IMTs involved in the study had ample experience 

in teaching mathematics at the SHS level. The SHS based distribution of IMT 

is displayed shown in Table 3. 

Table 3: SHS-based Distribution of IMTs Involved in the Study 

School N 0/0 

School X 4 50 

School Y 4 50 

Total 8 100.0 

Source: Fieldwork, 2021. 

Mathematics students in SHS 2 were also involved in the study at the 

implementation and evaluation stage where the interventions were 

implemented in a real olassroom context to assess the effectiveness and utility 
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of the interventions The d d' 'b . . , . gen er Istn uhon of the students In the stud y IS 

shown in Table 4. 

Table 4: Gender Distribution of Respondents (Students) 

Gender Frequency Percentage (%) 

Male 45 81.8 

Female 10 18.2 

Total 55 100.0 

Source: Fieldwork, 2021 . 

Table shows that more than half of the respondents were males, 

representing 81 .8% of the total sample size. The average age of students in 

this study was 17 years (SD = 1.50). The minimum age was observed to be 15 

years while the maximum age was 24 years. From the test of frequencies and 

percentages, all 55 (100%) of the respondents were SHS 2 students. This is so 

because the teaching and learning of trigonometry starts from the second year 

at the SHS (MOE, 2010). Hence, the focus of the study on the second year 

SHS students. The two SHS, thus, School A and School B are presented in 

Table 5. 

Table 5: Student's Frequency Distribution Based on School Type (School 
A&B) 
School N % 

School A 

School B 

Total 

Source: Fieldwork, 2021. 

29 

26 

55 

52.7 

47.3 

100.0 

I used the IMTs because I believed that their involvement in the study c0111d 

enhance their ability to use CTLA and augment their pedagogical strategies in 

teaching mathematics in senior high schools upon completion of the study. 
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Sampling Procedure 

Convenience sampling tecimique was employed to select four out of 

the ten SHSs in the Cape Coast Metropolis in the Central Region of Ghana ~or 

the conduct of this study. In particular, the convenience sampling was used in 

the selection of two SHSs (senior high schools X and Y) for the first study and 

the last two selected SHS (senior high schools A and B) for the second study 

at the implementation and evaluation stage of the study. This was because Ihe 

convenience sampling technique allowed the researcher to select SHS whose 

infrastructural as well as human resources (both administrative authorities, 

IMTs and students at the selected SHS) was at the disposal of the researcher 

for an uninterrupted conduct of the study . This decision is line with Rose, 

Spinks and Canhoto's (2015) whose opinion was synonymous to the one 

shared in the current study. Thus, a vital ingredient in a case study design is 

the researcher's capacity in accessing his/her case easily. Hence, the 

employment of convenience sampling technique in this study was vital in the 

acquisition of the rich evidence which led to an improvement in interpreting 

the phenomenon studied. Again, eight and six professional mathematics 

teachers from two senior high schools X (N=8) and Y (N=6) respectively were 

selected by convenience to serve as students (coined in the study as studcnt 

teachers) during the peer-teaching try-outs stages at the implementation and 

evaluation stage of the study. 

Whereas, purposive sampling technique was used in the selection of 

the eight IMTs (teachers who were taken through the PDA for the purposes 

teaching with the intervention) from SHS X (N=4) and Y (N=4) as well as 
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fifty-five SHS mathematics students (from SHS A (N=29) and B (N=26)) as 

participants in this study. In particular, the first four (4) IMTs were 

purposively selected out of the seventeen professional mathematics at SI-IS X 

whiles , the last cohort four IMTs were selected out of fifteen professional 

mathematics at SHS Y. Additionally, the fifty-five SHS mathematics students 

were also selected on purpose. This is because the teaching and learning of 

trigonometry starts from SHS two (MOE, 2012). Hence, IMTs in such cl8sses 

(SHS 2 and 3) were of interest during the selection process. In addition. 

purposive sampling technique was considered in the current study since it 

afforded the researcher the opportunity to tap into the rich information at the 

disposal of the IMTs. This was a necessity in responding to the research 

questions (Fraenkel & Wallen, 2006). Again, this technique was employed as 

result of the "researcher' s experience and knowledge "of the fMTs as 

participants in the study (Kothari , 2004). Thus, the researcher took into 

considerations certain traits of accessibility, commitment and seriousness as 

the main criteria for selecting the participants (IMTs) . In Ghana, in-service 

mathematics teachers teach both elective mathematics (elective subject) and 

core mathematics (general core subject) or any of the two depending on the 

modalities at the school. Hence, the selection on purpose of the in-service 

mathematics teachers teaching at SHS 2 was meaningful in the study. This is 

because the conceptual understanding of trigonometry begins at the secund 

year. 

Data Collection Instruments 

The instrument (i.e., IMTs Semi-structured Interview Guide) was 

adapted from Agyei (2012) and administered to the IMTs. The items \\ ere 
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structured along the foil . I d' " . OWIng 1ea Ings: Personal InformatIon, PlannIng and 

Preparation prior to tl I d' 1e esson, unng the lesson, lesson activities, and post-

review of the lesson from the perspectives of the IMTs at the end of 

instructional period during the conduct of the study (see Appendix A). The 

instrument was administered to all the eight IMTs who taught lessons with the 

CTLA-intervention. In patticular, after each round of the peer-teaching tryout 

and at the real classroom implementation of the CTLA lessons at the 

implementation and evaluation stage of the study. This was to enable the 

researcher know the extent to which the [MTs improved in their knowledge 

and skills of the features of the CTLA in the design, development and 

enactment of the CTLA lessons. 

The SHS Mathematics Students Semi-Structured Interview Guide (see 

Appendix B) was developed by the researcher and for the purposes of 

appraisal were given to the supervisors who are experts in mathematics 

education at the Department of Mathematics and ICT Education, University of 

Cape Coast. The inputs received were incorporated in the design of the 

instrwnent. The essence of which was to improve on the validity of the 

interview guide. The instrwnent was administered to the SHS students a ner 

participating in the CTLA lessons enacted by the IMTs at SHS A and B. This 

afforded the researcher an opportunity to know the extent of the SHS students 

experience and views on the new methodology of teaching (CTLA-

intervention) they were introduced to in the classroom context. 

The IMTs Pre- and Post-CTLA Self-Assessment Questionnaire was 

adopted Agyei (2012) and administered to the first and last cohort of the four 

IMTs prior to and post introduction of the PDA (see Appendix C). This 
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instrument was d t use 0 track the changes in the IMTs development of 

knowledge of the five features of the CTLA. This helped in the determination 

of the IMTs development of knowledge in relation to the CTLA-intervention's 

utility and practicability in the learning envirolmlent. 

The SHS Mathematics Students Perceived Effectiveness of the 

Intervention Questiomlaire of the CTLA-Iessons designed by the IMTs (see 

Appendix D) was also measured from the perspectives of SHS students who 

pruticipated in the lessons. Thus, the instrument (an adaptation from Agyei, 

2012) was used to measure the perceived effectiveness of the lessons in the 

areas of the five features underpilming CTLA-intervention. This questionnaire 

comprised 20 items grouped under the subscales of positive interdependence 

(p.I) , promotive face to face interaction (F.F) , individual accountability (LA), 

group processing (G.P) and social skills (S .S). The Cronbach' s alpha 

reliability estimates for all the subscales: 1. A (3 items, a = .62), P.I (5 items, a 

= .80), F.F (4 items, a = .75), G.P (3 items, a = .53) and S.S (5 items, a = .53) 

were considered to be reliable; According to Hinton, McMurray and 

Brownlow (2014) Cronbach's alpha reliability estimates of 0.5-0.75 is 

moderately reliable for the conduct of a study. Hence, Cronbach's alpha 

reliability estimates of 0.53 for subscales of group processing and social ski lis 

with was considered to be reliable in the conduct if this study. 

The SHS Mathematics Students Experience with Interven1ion 

Questionnaire (see Appendix E) used in this study, prioritised the student's 

experiences with the intervention. Hence, the adaption of item from Ag:'ei 

(2012); Koh (2013) in designing the instrument. The essence of adapting these 

items were to accomplish two things; (1) to know the extent to which lhe 
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intervention llsed as th d' . " . e me lum of ltlstl'UctIon 1l11proved and contrIbllted to 

the student ' s appreciatio f th I . . n 0 e mat lematIcal concepts taught especIally !l1 

the areas of trigonometry. (2) to ascertain the extent to which the intervention 

was perceived to be cooperative based by the students . This questionnaire also 

comprised 24 items which were grouped under three (3) sub-scales about 

students' experiences with the cooperative teaching and learning approach-

CTLA lessons. The sub-scales were: 1) Interest (3 items, a = .83)-this was 

aimed at finding out if the lessons engaged the learners ' attention; 2) 

Comprehension (6 items a = .81 )- this was used to determine how clear and 

understanding the lessons were, and 7) DelivelY (9 items a = .88 -this was 

used to determine whether the content was well explained during the use of 

the CTLA as the medium of instruction. With a reliability estimate of 

Cronbach alpha ranging from 0.81 to 0.88 the items have relatively high 

internal consistency and as such were deemed reliable. 

The discussions that took place at the focal groups interactions also 

served as a source of data collection during the teaching try-outs stages of the 

study. Thus, the peer-teaching activities at the first and second studies of the 

implementation and evaluation stage of this study were guided by the I\Us 

Semi-structured Interview Guide (see Appendix F). Discussions were held 

after each session of the teaching try-outs . These sessions were meant to 

solicit ideas from the IMTs for the purposes of improving the intervention. 

Thus, to check the appropriateness of the CTLA-intervention and the extent to 

which it promoted the teaching of trigonometry. In this way, the weaknesses 

associated with the intervention were identified and minimised while making 
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efforts to maximise its strth TI . eng s. lese comments and suggestIOns were used 

as usef"ul feedback which augmented the improvement of the intervention. 

Observations were employed to collect data particularly in the course 

of the implementation of the intervention. The cooperative learni ng 

observation protocol (CLOP) was used in the observation of the CTLA lessons 

and the teacher's instructional strategy (see Appendix G). Hence, its 

adaptation and consequent modification in the cm-rent study in recording and 

measuring the occurrences of the features of the CTLA-intervention. The 

instrument has inter-rater reliability agreement of 1C = 0.67. Thus, this is 

"substantial agreement," which is only second to "almost perfect agreement." 

(Landis & Koch, 1997, p. 23) 

Finally, an achievement test In the form of pre-test and post-tests 

designed by the IMTs were administered to the students at SI-IS A and SHS B 

in their real classroom learning environment. The pre-test and post-test were 

used to explore the students' conceptual understanding of Trigonometry. The 

items were constructed based on the learning objectives of trigonometry 

outlined in the mathematics curriculum for senior high school (MOE, 20J 0). 

The items were reviewed by the researcher before its administration for the 

purposes of ensuring that, the post-test items were similar to those in the pre­

test the structure of the items was different. Thus, providing uniformity in the , 

difficulty levels of the test items constructed by the IMTs. As result, a simple 

random sampling technique was employed to reach out to 10 students from 

school (i.e ., SHS A and SHS B) to be interviewed after being instructed with 

the CTLA intervention. 
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The instruments used in the collection of data for the purposes of lilis 

study were used to address research questions one (RQ 1), research question 

two (RQ2), and research question three (RQ3) as required. 

Table 6 presents a summary of the data collection instruments discussed above 

and their links to addressing RQ I , RQ2 and RQ3 . 

Table 6: Sunm1al), of Data Collection Instruments for Research Questions 
(RQ)- RQl , RQ2 and RQ3 

Research Instruments 

question 

RQ 1 IMTs Pre- and Post-CTLA Self-Assessment QuestiOlmaire (For 

Pre and Post Instructional Assessment) 

IMTs Enacted Lessons (e.g. , lesson plan documents and activity 

sheets) 

Cooperative Learning Observation Protocol (CLOP) (For During 

Instructional Assessment) 

RQ2 SHS Mathematics Students Perceived Effectiveness of the 

Intervention Questionnaire (For Post Assessment) 

IMTs Semi-structured interview Guide (For Pre-During and Post 

Instructional Assessment) 

Cooperative Learning Observation Protocol (CLOP) (For During 

Instructional Assessment) 

IMTs Focus Group Discussion Guide (For Post Instructional 

Assessment) 

RQ3 SHS Mathematics Students Pre- and Post-tests (Achievement 

test) 

SHS Mathematics Students Semi-Structured Interview Guide 

(For Post Instructional Assessment) 

SHS Mathematics Students Experience with Intervention 

Questionnaire (For Post Instructional Assessment) 

Source: Fielc;lwork, 2021. 
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Data Collection Procedure 

Data collected in this study lasted for five weeks for Phase 1 (i .e. , from 

the 22
nd 

of February, 2021 to the 29th of March 2021) and six weeks for Phase 

2 (from the 1 i h 
of April , 2021 to the 25 th of May, 2021). Data were collected 

from the diverse phases as delineated in the research approach. In particular, 

data were collected from the design stage of the intervention as result of the 

review of the related literature, professional development training and 

implementation of the intervention via the peer-teaching try-outs init iatcc! at 

the implementation and evaluation stage (and where the intervention was used 

as a medium of instruction in the real class room learning environment) nner 

which a retrospective analysis was taken at the systematic reflection and 

documentation stage The research instruments employed in the current stlldy 

such as interviews, participatory observations, and document analyses were 

premised on the asseltions made by Andriessen (2006). 

Hence, in this study, data were collected tlu-ough interview, 

observation, focused group discussion and questionnaires. An intervie'vv guide 

was designed by the researcher after which it was given to the study's 

supervisors for their input before its administration. The inputs received were 

incorporated to improve the validity of the instrument designated as Appendix 

A (see Appendix A and B). The IMTs and SHS interview guides were 

administered to the eight IMTs and ten SHS mathematics students from SHS 

A and B at the end of the teaching tryouts stages and post introduction of 

CTLA-lessons respectively in the study. 
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In order to augment the data received from the interview. an 

observation guide, cooperative learning observation protocol (CLOP) was 

adapted in the study. The CLOP used as an observation tool tlu'ouohout the 
'" 

second stage (phases one and two) of the study (see Appendices G). This 

instrument (CLOP) evaluates the overall effectiveness of CTLA used by 

teachers as they engage students in cooperative tasks in the classroom. For the 

purpose of this study, the instrument was adapted to evaluate students' 

engagement in the features of CTLA for effective group and individual student 

learning of higonometry. It was used to take a comprehensive note from the 

field thus; the CTLA features were rated and recorded in the classroom by the 

researcher. In the column next to the CTLA features , is the rating of the 

observed indicators that inform the features of the CTLA in a given time 

interval as, 3- high, 2-medium, or I-low and O-non-existent. In the nOle's 

column, observational characteristics such as evidence of group discourse, 

task activity andlor objectives were also recorded. Hence, the use of this lool 

in rating (high, medium, low, or not existent) the various indicators that 

informed the presence or absence of the features of cooperative learning 

(Johnson et aI., 2007) at the introduction of the intervention in a real 

classroom and the peer teaching tryout stages of the study. 

In addition to the data received at the implementation and evaluation 

stage, the IMTs intervention such as lesson plans, teaching and learning 

resources as well as student's worksheet were collected for the purposes of 

authenticating the information from the other participants in the st\ l cly. 

Questionnaires, reviewed from literature, were adopted and modified to suit 

the Ghanaian socio-cultural context of the study. This minimised ambiguities 
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and ensured clarity of expressions in eliciting appropriate responses to the sets 

of statements on the questionnaires. This enabled the researcher to collect data 

that measured attitudes of the in-service mathematics teachers and perceptions 

of the SHS mathematics students about such sets of statements on the 

questiOlmaire (Wilkinson & Birmingham, 2003). 

Data Processing and Analysis 

The study adopted qualitative and quantitative methods. The aim was 

to draw on the strengths of qualitative and quantitative data gathering 

techniques to analyse the data received at the diverse phases (prototype stage 

and implementation and evaluation stage) of the study. This augmented the 

explanations the study sought to generate in finding a possible solution or new 

understandings to the conceptual difficulty students face in learn i ng 

Trigonometry. Hence, making these methods attractive because of the multiple 

point of integration (Teddie & Tashakkori, 2006). 

The study employed the Statistical Package for Social Sciences (SPSS) 

as a tool in analysing the quantitative data in the research. In analyzing the 

data, first, scale construction was done to determine the sub-scales (and their 

reliabilities) on the data collected using the effectiveness of intervention 

questionnaire and Students' Experiences with the intervention questiOlmaire. 

Furthermore, descriptive statistics specifically, means and standard deviat Ic'ns 

were employed to provide summary of the results. The pre and post-tests 

adapted in the study were also analysed using descriptive statistics. 

The achievement test employed in the study was in the form of pre-test 

and repeated as post-test in the areas of trigonometry taught. Essay typ...: of 

questions were set from application three ratios of sine, cosine and tangent of 
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an angle in SHS A and compound angles in SHS B. As such, a total mark of 5 

was awarded to the items for which marks above 2.5 and below 2.5 were 

interpreted as favourable (positive) score imd unfavourable (negative) score 

respectively in SHS A, whiles a total mark of 10 was scored with the score of 

above and below 5 interpreted as favourable (positive) score and unfavourable 

(negative) score respectively in SHS B. The paired sample [-test was used in 

determining the mean difference between the two sets of observations in -:ach 

of the SHS. The use of this tool of analysis was employed since observations 

in the pre-test and post-test conducted in S1-1S A and B were independent of 

one another with insignificant outliers in terms of the scores and in addition 

were found to be approximately normally distributed. Hence the use of pCl irec1 

sample [-test to determine the improvement (if any) in the students' pre-test 

and post-test scores in two SHS A and B who participated in the CTLA 

lessons. 

In observing the lesson, cooperative learning observation protocol 

(CLOP) was used. In using the CLOP to observe the CTLA lesson, the various 

indicators that informed the features of the CTLA were rated as high (II), 

medium (M), low (L) and Non-existent (N). These indicators were coded as 3-

H, 2-M, l-L and O-N. Subsequently, an average mean of 1.5 was sued to 

describe a particular feature of the CTLA as above average, while a score 

below 1.5 indicated below average. The observed data on the CLOP was ,l lso 

in the form of a text, these texts which accounted for the observed features of 

the CTLA were tabulated and analysed in terms of its frequency of occurrence 

in the teaching and learning process. 
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The data reduction technique was employed in analysing the clata 

received from the IMT semi-structured interview Guide SHS mathematics t::> , 

students semi-structured interview guide and the IMTs focus group discussion 

guide after being transcribed from audio to text (Miles & Huberman 1994). 

The themes were identified in relation to the conceptual framework of the 

study. To this end, IMTs perspectives as themed from interviews and focus 

group discussions were grouped in line with the research questions. Again. the 

SI-IS students' perspectives as themed from the interview were also analysed 

along the students' experiences with the CTLA intervention. In order to 

appreciate and understand the processes of development in the conduct of the 

study, the views of the IMTs and SHS students which were contradictory to 

the research questions were equally treated as separate information vital to the 

understanding of the current study. For the purpose of refining, coding and 

recoding, as well as the identification of opinions contradictory to the study: 

the groupings of such views from the IMTs were explored. As a result, 

interpretations to the last groupings of the themes were made. In order to 

explain the: 1) the pre-and post-tests responses from the students and 2) dala 

accumulated fi'om the IMTs CTLA-lessons (i.e., activity sheets and lesson 

plans) with particular attention on the CTLA lesson activities developed by the 

IMTs, document analysis was employed. Tables and graphs were used to 

present quantitative evidence while themes, verbatim quotations, non-verbal 

expressions, pictures as well as excerpts from the qualitative data sources were 

used where necessary to present evidence. 
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Validity and Reliability of the Interview Guide 

In ensuring the content validity of the questions on the interview guide, 

the first draft of the guide was given to two experts in Mathematics and JCT 

education depaJiment. The quality of the items in the interview guide was 

improved upon by the recommendations from the experts. Again, the IMTs 

were afforded credible 0ppoliunity to add where necessary pieces of 

information they deem relevant to the already given information, this was 

purposed to ensure internal validity of IMTs interviews granted in the study. 

Owing to the qualitative nature of the current study, trustworthiness of the 

study was ensured based on criteria of' credibility", "transferability" , 

"dependability" and "confirmability" (Lincoln & Guba, 1985). 

Credibility 

In facilitating a deeper understanding of the processes involved in :he 

development of the CTLA intervention, the evidences from the qualitative and 

quantitative at different stages of the study were analysed for such inference. It 

is against this background that, data sources at diverse stages and analysis of 

procedures in the current study were adopted to establ ish triangulation (AL ei, 

2012). Moreover, in ensuring honesty on the part of the IMTs, options were 

given to the participants be part or otherwise during the selection process. In 

this way, only those IMTs who were willing participated in the study. 

Again, I established a very good relationship with the students and the 

IMTs involved in the study. This was purposed to make them feel comfOliable 

and appreciated for being part of the study. The IMTs were also encouraged to 

be honest and impartial during the PDA. Additionally, the researcher adopted 

an approach of rephrasing the questions posed during the interview segment 
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aimed at erasing statements that were inconsistent and unreflective of the 

views of the IMTs and the SHS mathematics students. The dialogues that \",ere 

tTanscribed from audio to text were given to respondents to cross-check for the 

purposes of confirming if their responses to the questions asked were 

reflective of their views during the interview sessions, and that, they were tIle 

tme representations as captured by the researcher. 

Transferability 

Fundamental to the asseliions made on transferability by Lincoln and 

Guba (1985) is to afford readers a comprehensive overview of the 

phenomenon under study. This is to allow readers judge for themselves the 

possibility replicating this study in another context. Although, the current 

study was time and context-bound, the generalizations of its findings canllot 

be extended beyond its scope, however, adequate descriptions have been made 

in relation to the study's settings, the methods applied, and findings so 8S to 

afford other researchers the details of this study for the purposes of 

contextual ising similar studies in their settings. 

Dependability 

A criterion sought in the cun-ent study to achieve dependability was 

sourced from the multiple data collections from the diverse stages in the DBR 

process adopted for the study (triangulation of data). Thus, there were repeated 

observed data from in-service mathematics teachers' CTLA lessons and the 

techniques of coding and recoding employed in the data analysis were all 

instrumental in realisng the dependability criterion. Moreover, the weaknesses 

associated with the techniques in collecting mUltiple sources of data were 

strengthened. Again, verifications in relation to the consistency of the 
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methodology and procedures applied during the conduct the study "'ere 

checked to be an acceptable process of inquiry by the two supervisors assigned 

to the study. 

In order to achieve a standardised document from this research, the 

reports were thoroughly reviewed through the entire study. The feedb::1cks 

received were used to improve and shape the current document (reports) into 

the required standard. Again, for the purposes of facilitating fUlther research 

work, a detailed description of the processes within the study was outlined. 

Finally, in validating and ensuring the utility of the CTLA intervention. lhe 

appraisal from the 2 experts in the areas of instructional design and 

mathematics education contributed in the validation of the exemplary 

interventions. Thus, their views and suggestions were incorporated to improve 

the quality of the CTLA interventions. 

Confirmability 

In qualitative research, Shenton explains confirmability a') a 

researchers ' "comparable concern to objectivity" Shenton (2004, p. 72). 

Moreover, Guba (1981) also avers that, confirmability is to ensure an unbia:.ed 

interpretation of the data fi'om the analytical perspectives of the researcher. 

Thus, in this study, confirmability was guaranteed through the triangulatioll of 

the data in order to reduce researcher bias; and as such credit is given where 

necessary, ideas from other researchers whose works shaped the decisions and 

the methodology applied in the current study are duly acknowledged and that 

the findings of the study are reflections of the responses (thus, devoid of my 

personal impressions) ofIMTs and the SHS students involved in the study. 
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Ethical Considerations 

In observing ethical Issues 111 this study, the study prioritised some 

precautionary measures in the collection of the data. Amongst them is lhc 

clearance sought from the Institutional Review Board, University of Cape 

Coast (see Appendix K). The views initiated by the board were incorporated in 

the study which helped in shaping the study. Permission was obtained fro m 

the I-lead of Department of Mathematics and rCT Education, DCC. 

Consequently, a letter authorising this researcher to embark on the data 

collection exercises was issued. As a result, the researcher selected the IMTs 

who participated in the study. In fllliherance to this, consent forms were given 

to the patiicipants with the notion of deciding or otherwise as far as the 

participation in this study is concerned (see Appendix L). The participallts 

were given the opportunity to be part of the study or opt out after the 

researcher had briefed them about the rationale of the current study. A.s such 

none of the participants was pressured or intimidated to respond to the issues 

raised in the study. In addition, the participants were immune from the open 

display of their names, phone numbers or anything that might connect the 

completed form to the responding IMTs. 

Summary of the Chapter 

The discussions and explanations in connection with the methodol ogy 

applied during the conduct of the study have been detailed in this section of 

the study. The philosophical basis that anchored this study was interpretivism 

paradigm; as a result, the current study was to a large extent qualitative. In 

relation to interpretivism posture, inter-subjective approach was the dri\ ing 

force of this study. Thus, ideas that are interpretivist inclined were regarded as 
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vital for the development of knowledge and skills with particular attention on 

the appreciation of the processes delineated. Additionally, the ideas of the 

DBR approach adapted as well as case study design which is descripti\ c in 

nature were used to track for the purposes of understanding the processes of 

development of the IMTs as they incorporate CTLA as a meaningful and 

student-centred pedagogical tool for teaching mathematics 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

An outline for the presentation of the results of the study is discussed 

in this chapter. It delineates the presentations in the form of tables and themes 

in response to the research questions in the study. Further, the findings are 

discussed. 

The main rationale for the conduct of this study was to enhance the 

pedagogical strategies of IMTs through the effective utilisation of CTLA as an 

instructional approach to improve students learning on the concept of 

trigonometry in the classroom context particularly, at the SI-IS in Ghana . This 

is purposed to make the teaching and learning of trigonometry student-centred 

and meaningful. For the purpose of the study, CTLA involves student working 

in teams to accomplish a common goal , conditioned on the inclusion of the 

following features: Positive Interdependence, Individual Accountability, 

Promotive face-lo-face Interaction, Social Skills, Group Processing (Johnson 

& J otU1son, 1998). 

Research Question One (RQl) 

The research question one (RQl) was "how effective is the CTLA 

intervention in developing IMTs pedagogical strategies to improve teaching 

and learning of concepts in mathematics?" The question sought to establish 

the effectiveness of the CTLA intervention in developing IMTs pedagogical 

strategies to improve teaching and learning of concepts in mathematics. 

The effectiveness of the CTLA-based intervention was conceptualised 

to mean the extent to which the five features of the intervention (i .e., Positive 

interdependence, Individual accountability, promotive Face-to-face 
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interaction social skills d G· . , an roup process1l1g) were reflected 111 the lessons 

taught. The following definitions ofthe features have been used: 

I . Promotive face-to-face interaction was characterised by a 

lesson activity that engaged students to share ideas on a subject 

matter. 

2. Individual Group accountability was characterised by a lesson 

activity that ensured students learn together but performs alone 

(independently). 

3. Positive interdependence was characterised by a lesson actl vity 

that put students into groups of specific assigned 

responsibilities on a task. 

4. Social skill was characterised by a lesson activity that enabled 

students to brainstorm on the dos and don'ts (guidelines) 

prerequisite for successful group discussions/activities, and 

5. Group Processing characterised a lesson activity that promote 

evaluation of students understanding of the subject matter. 

The research question was measured and reported from two perspectives: 1) 

IMTs developed pedagogical strategies as obtained from their reported lessons 

at the implementation and evaluation stage of the study and 2) Students' 

perceptions about the effectiveness of CTLA as experienced in classroom 

context of the study. The two perspectives are further discussed in detail in the 

next section. 

In-service Mathematics Teachers Developed Pedagogical Strategies 

To respond to how the two cohorts of four in-service mathematics 

teachers developed their pedagogical strategies on the eight lessons they 
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taught at both the peer teaching and the real classroom situation, data was 

collected from the IMTs reported lessons, observed data and semi-structured 

interview to verify whether they were reflective on the features of CTLA. -!""hc 

IMTs lessons (lesson plans and activity sheets) were analysed through 

document analysis. In USll1g the cooperative learning observation protocol 

(CLOP) to observe the CTLA lessons, the researcher took notes of the 

occurrences of the features of the CTLA during the teaching and learning 

process on the field . Additionally, the indicators that informed the occun·ences 

of the features of CTLA were rated as high (H), medium (M), low (L) and 

Non-existent (N) during the enactment of the CTLA lessons. Possible scores 

to the indicators on the CLOP were on a scale ranging from high (3) to non­

existent (0). Thus, a score of 1.5 (and above) was used to describe the feature 

of the CTLA as above average and below average (when the score is below or 

above 1.5). The field notes from the CLOP together with the text that was 

transcribed from the audios of IMTs interview were analysed by the 

identification of themes and patterns in relation to the research question one of 

this study. 

The result showed that the feature of positive interdependenc.: of 

CTLA-based teaching was realised in the interventions designed and enacted 

by the IMTs. The evidence gathered from the observed data in the course of 

the IMTs' implementation of the lesson showed that they were able to engage 

their students in groups with specifically assigned responsibilities on the task 

during the teaching and learning process. Table 7 shows evidence of the extent 

to which the IMTs lessons were perceived to be positive independent. 
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Table 7: Rating of Positive Interdependence in IMTs Taught Lessons 
Lesson Team Feature Observed Average 

The lesson includes a wide range of activities where students are 

Put into groups 

SCHOOL (X & Y) 

Angles of elevation TITI " .) 

Angles of depression TlT2 2 

Trigonometric ratios TIT 1 2 

Trigonometric identities TIT2 2 

Compound angles T3Tl 0 

Trigonometric identities T3T2 
.., 
.) 

SCHOOL (A & B) 

Compound Angles T4Tl " .) 

Application of trigonometric ratios T4T2 " .) 

(angles of elevation) 

High-3, Medium-2, Low-I, Non-existent-O, SD-standard deviation 
Source: Fieldwork, 2021. 

Elected into positions 

3 

2 

2 

1 

1 

3 

2 

3 

100 

Assigned specific task Mean SD 

2 

" .) 

.., 
.) 

3 

" .) 

2 

2.67 0.34 

2.33 0.41 

2.00 0.62 

2.00 059 

0.67 0.31 

3.00 0.72 

2.67 0.49 

2.67 0.58 

.,lM JONAS ll"B~ t R~ 
UNNEi'SlTY OF CAPE ~ j MJ 
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From Table 7, an overall mean (M = 2.25, SD = 0.51) for positive 

interdependence was registered at the peer teaching phases in schools X and Y 

as well as real classroom situation at schools A and B at the implementation 

and evaluation stage depicting an above average score for the indicators that 

informed this feature during the teaching and learning process. Thus, IMTs 

use of this feature was rated high during the lessons on angles of elevation, 

and trigonometric identities which depicted a complete observation of the 

indicators on the CLOP. For instance, at school A, the IMT created the 

platfoml for students to elect themselves into the positions of a leader, 

recorder and time keeper after the students had been put into groups of five as 

displayed on the CLOP. Figure 5 shows excerpts of positive interdependence 

on the CLOP. 

P.I The lesson prO\'ides students Ilith the 

o cd roles 

Bleader 

D'rune keeper 

Figure 5: Excerpt of positive interdependence on the CLOP. 
Source: Fieldwork, 2021. 

However, a "medium" and "non-existent" implementation of some of 

the indicators of this feature was observed during the lessons on angles of 

depression, trigonometric identities and compound angles. From the above 

analysis on the frequency of occurrence of positive interdependence in the 

lessons taught, it was observed that all the four teams of IMTs planned their 

lessons to be reflective of this particular feature of positive interdependence in 

such a way that students were put into groups of specifically assigned 
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responsibilities on a task according to the total number of students in the 

classroom. For instance . t I' I , ll1 eac llng a esson on compound angles at school B, 

an assigmnent of students into groups of four (as a result of fewer number of 

students in the class -26) were observed. This translated into six groups of four 

students with two out of the six groups having a total number of five stud e. llts 

each during the conduct of the lesson on the compound angles . Again, at 

school A, it was observed at the introductory part of the lessons on angles of 

elevation that the students had been re-aligned into groups of five after the 

IMT shared the lesson's instructional objectives with the students. There were 

five groups of five students each with the sixth group recording four students 

in that group to make up for the students ' numerical strength of 29 in the 

classroom. Consequently , in each of the lessons observed, the students elected 

themselves to the roles of a leader, the group recorder and time keeper. This 

division of labour in the group was observed to have kept the respective 

members of the group focused on the task as was assigned to the group by the 

IMTs. I also observed that adequate time was allowed to enable the group 

members think through the questions and tasks before the teacher called on the 

group leader to respond to the question on behalf of the group. This ensured an 

evenly distribution of task within group members. For example, on a particular 

task on angles oj elevation during the lesson at school A, students \Nere 

observed to be engaged in a series of activities in the group. While, the inverse 

functions of the trigonometric ratios as well as the ratios of the sides of 

adjacent, hypotenuse and opposite to the angles were computed with a 

calculator by a student in the group, another student in the same group was 

observed representing the concept of angle of elevation in a right-angle 
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triangle form . I further observed that another group member was assigned to 

record the final correct solution after consensus on the alternate ideas shawJ in 

the group had been reached and finally the leader of the group was tasked to 

explain to the entire class the basis of their solution to the angle of elevat ;on 

when the group was called to present their work on the chalkboard by the 

IMT. As such, the individual task led to the mastery of the content of the 

concept in applying trigonometric ratios to find angles of elevation. In this 

way, difficult task which could not be answered individually was solved (md 

eloquently articulated during the real classroom teaching experience after thc 

students were put into groups. Figure 5 provides evidence of students work il1g 

in groups on task. 

Figure 6: Pictures of students working in groups on a task. 
Source: Fieldwork, 2021. 

Analysis of the activity sheets (component of the lesson plan 

document) also revealed that the lessons promoted the placement of students 

into groups of assigned responsibilities in the teaching and learning of 

trigonometric identities and angles of elevation respectively in SHS X and 

SHS A where the intervention was introduced. For instance, the activity shcet 

component of the lesson plan on trigonometric identities and angles of 
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elevation were designed purposefully to be reflective on positive 

interdependence feature of the CTLA. This was to afford students in the 

groups the opportunity to brainstonn on the topics introduced by the IMTs 

with the view to finding solution to the task. Figure 7 shows the potions of the 

activity sheet that promoted positive interdependence in the lesson of 

trigonometric identities and angles of elevation respectively. 

ACTIV1"'JY 11 

In yOUi" ll.t"Oups pt.:TConn the ,"0110",1"8 uct5vUJes und pn:Jvlde un.sVo"cn-4 to the qucHtJonN thut (,olin 

I n y(1 ~'~ p,n:l!lP h o..u....vJOll l.d Y..~ns .o; lc.::fi nc 
It.h.~I!'''l'U.!!'. ·l •• ••••.•• . •• •• •••• •••• . •••••• •••• ••••••••• •••• •.• ~~ ••• .RI'.;::llSrl""l:-V~_.~.I~ERDEl'ENDANCE 

: : :::: : ::: :::: :: :: ::: :: ::: :: :::: :::: :: :::: : ::::: :::::: :::::::::::::::: :: : ::: :::: ::::: : ~S : :::: ::: : ::: : ::::::: :: 
h't Y 'lell!· bt"O--,,~ nnw '4-':"1\,'!r~ YIO,oJJ c:{;,.'!"' .... ht1.: ~.: UIf,J,'f ;If~ ... • ~ .. :;u~tl"(..' (;':-:.\,e {I-!y~ t:~d!i I.- cqu u J ..... ... ...... .. ... ............. .... ............ ... ... ...... ..... ............ .. ...... .............. ...... ... ....... ... .. .... ... ......... .. .... ....... ............... ...... .. .. .. .. ... .. .... .... .. .... ..... ............... .. ...... ... ..... 

n(oc) = ~ 

lS(OC) = T 
y = sl n (oc) 

~ = co~) 

D educe senne identities J"ronl t.he: ubovc 

soc:.nt 

dlugrurn • . •• • • .• • . . ••.•• ...••.. •• ..• •• .•. •• .. .•. •.• • ..• • ..••..•• .. ••......• . ••••••... . •.•••..•••• . •• •• .•• . ••••.. 

Instruction 

CASE I 

A rnBn·s eye level is 1.7m above the horizontal around and 131Tl fi"olTl a vertical pole. If't.he pole is 
8.31Tl high. calculate COrTed. to the nearest. degree the ansle of' elev.don of'the top of" his eye? ............... .. .... .. .. ... ... ......................... ...... .. .. ........ .. .. ..... .. .... .. .......................... ................ ............... .. ..... .. ............ .. ...... ..... ..... .. ............... .............. .. ... .. ...... .... 
........ ....... ..... .. ........... .. .. ... .... .......... .. .... ....... ................ .. ..... ....... .... .. .. .......... ... 
......... ... ... ...... .. ..... .... ... .... ..... ... ... .... ····cAsii2 ·· ·· ····· ···· ···· ···· ·· ····· ···· ·· ············ 

A tnan"s eye level is I. 7m above the horizont.al around and 13tn f"rotn a vertical. If"the pole is 8.3m 
hiah. calculate COrTect. to the nearest dearee" the ana1e oE' elevation of" the top of'the pole? 
...... .............. ......... ..... ...... ....... ............ .. ........ ..... ..... .. .. .. .. ... ......... .. .. ... ...... ... ..... 
. .. . . . . . . . .. . . . . .. ... .. . . ..... . . . ... ... . . . .. . ... . ... . . .. . ... . .. ...... .... ... . .... .. .... ........ ... .... ..... . . . . .. . . . . 

Figure 7: Excerpt of activity sheets showing positive interdependence in the 
lessons of trigonometric identities and angles of elevation. 

Source: Fieldwork, 2021 

Similar observations were made from the interview data. The IMTs 

responses in respect of the question: "Describe how the placement of students 

into groups facilitated the lesson in teaching mathematics" confinned this. The 

results are reported in Table 8. 
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Table 8: Excerpt of Positive Interdependence on the CLOP 
IMTs 

TIT1 

T2T2 

T3T1 

T4Tl 

Responses 

This made the students realise the need to engage one 

another and learn new ways of solving questions from their 

friends through explanation. 

Grouping the students brought about the sharing of ideas 

and knowledge acquisition to promote effective learning 

among students. 

Those assigned roles were focused on the roles assigne:l 

them, this made the work of the group organised and 

smooth. 

They learned from each other. The brilliant ones helped the 

weak ones in each group. 

Source: Fieldwork, 2021 

From Table 8, it was revealed that the IMTs employed this feature in 

their lessons to afford students the opportunity to independently make sense of 

the new materials as a result of the shared experiences in learning new 

approaches from their colleagues through explanations in relation to the task 

assigned to the group . As a result, this feature enabled the IMTs to get Lhe 

students who understood a particular concept to assist those who could not in 

the group. 

The results from observation, interview, and analysis of activity sheets 

all attest to IMTs placement of students into groups of assigned responsibility 

during the conduct of lessons in the study . Thus, an application of positive 

interdependence in the study created a platform that allowed students to bring 

to bear their collective prior knowledge on the subject matter and 

consequently, positioned teachers to provide opportunities to students to offer 

complementary ideas on the task assigned to the group in order to make sense 

of the subject matter. This is because assigning students to groups in the 
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teaching and learning process promotes students understanding of the subject 

matter taught. 

In the case of the promotive face-to-face interaction feature of CTLA-

intervention, the design and implementation of all the two cohort of J(lLlr 

CTLA lessons for mathematics showed that the IMTs were able to ensure in 

their lessons that students engaged themselves in a divergent knowledge 

expression on the concepts taught. Thus , students shared ideas by constructing 

their own meaning on various concepts in mathematics during the teaclll ng 

and learning process in the study. For instance, in enacting lessons on angles 

of depression in school Y the IMT was observed to have engaged students in 

the groups to develop the correct diagrammatic representation of the of case 

scenarios on angles of depression presented to groups in a form of task. 

As a result of the ideas shared, multiple representations in the fOlm of 

right-angle triangle were deduced as the representation of angle of depress ion 

:fi:om the case scenarios and different trigonometric ratios were applied in 

findina solution to the task. Thus, the students were observed in their various 
b 

groups reasoning, challenging, piecing their individual thoughts on the 

processes (calculations) leading to the correct solution to the task. Table 9 

shows evidence of the extent to which the IMTs CTLA-lessons were 

perceived to be reflective of promotive face-to-face interaction feature in lhe 

conduct of the lessons. 
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Table 9: Rating of Promotive Face to Face Interaction in IMTs Taught Lessons 
Lesson Team Feature Observed Average 

The lesson provides students with the opportunity to 
Share ideas on the Interact with Stimulate each other Mean SD 
task student 's worksheet to draw out new ideas 

SCHOOL (X & Y) 

Angles of elevation TlTl 2 2 1.67 0.45 

Angles of depression TlT2 2 2 2 2.00 0.52 

Trigonometric ratios TITl 
..., ..., 

2 2.67 0.62 .) .) 

TrigonometTic identities TIT2 2 
..., ..., 

2.67 071 .) .) 

Compound angles TITl 1 0 1 0.67 0.49 

Trigonometric identities TIT2 
..., ..., 

2 2.67 0.84 .) .) 

SCHOOL (A & B) 

Compound Angles T4Tl 3 2 
..., 

2.67 0.62 .) 

Application of trigonometric T4T2 
..., ..., 

3 2.67 074 .) .) 

ratios (angles of elevation) 

High-3, Medium-2, Low-I, Non-existent-O, SD-standard deviation 
Source: Fieldwork, 2021. 
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From Table 9, an overall mean eM = 2.13, SD = 0.62) for promotive face to 

face interaction was registered at the peer teaching in schools X and Y as well 

as real classroom situation at schools A and B during the implementation and 

evaluation stage. Thus, lMTs use of this feature was rated high during the 

lessons on trigonometric identities, trigonometric ratios and compound angles 

which depicted a complete observation of the items on the rubric. Figure 8 

shows excerpts of this high rated observation of promotive face to face 

interaction as noted on the CLOP . 

.... . ' . i:i ;.;...; .. ~,,";i . ..::(.<~ .• ;·!,·,;;;"·:2: ,? .; 

. 5, ; .:J::?~\~! " ,~.;: ~ ; 

Nevertheless, a" medium" and "non-existent" observation of some of 

the indicators of thls feature was realised during the lessons of angles of 

elevation and depression as well as compound angles. For instance, at the peer 

teachlng stage at school X in the lessons on angles of elevation and depression 

the IMTs did not fully engage the students on the need for consensus building 

on the concept taught after the students had been put onto groups during the 

conduct of the lesson. An analysis from the above indicates that, the lessons 

enacted by the IMTs were reflective on the promotive face to face interaction 

feature of the CTLA. Thus, teachers observed in the various lessons provided 

sufficient time and opportunities for students to share ideas on the various 

concepts taught. For instance, it was observed at school X during the teaching 
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and learnina process 0 tl .... " 
b 11 le concept of tngonometnc ldentitles that the 1M r 

tlu'ouah the applicaf f thO ~ 
b Ion 0 IS leature engaged students to use the concept of 

Pythagoras theorem to deduce the trigonometric identity of Sin2x + cos2x = 1. 

Figure 8 shows images of students from school A and school B sharing ideas 

on angle of depression and trigonometric identities together in groups. 

Figure 9: Pictures of students sharing ideas in teams on task. 

Source: Fieldwork, 2021. 

Similarly, from the interview conducted for the IMTs, it was revealed 

by the respective IMTs that the CTLA-lesson promoted face-to-face 

promotive interaction feature during the teaching and learning process among 

the students. This opinion was elicited in response to the question: " In what 

way did the lesson activities encourage leamers to share ideas by construc ti ng 

their understanding of the concept taught?" 

The collective decision was that the CTLA-lesson provided 

opportunity for students to share ideas on the concepts taught. Some speci fic 

responses gathered from the IMTs have been summarised as; 

Tl Tl: The students in the group were able to correct each other 's 

errors and it helped each of them to improve. 

109 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

T2T2: Learner 's coope,·at·z·on and d· . I d . ISCUSSlon c eare some 

mathematical misconceptions formed by their colleagues 

during group activities. 

T3T2: Students with misconceptions about certain aspects of the 

topic got support from their colleagues and upon 

consensus building came out with the best. 

T4Tl: It was made easier for one to acknowledge his strengths 

and weaknesses since one's fault could be easily identified 

and corrected by his fellow countelpart in a group. 

In the same way, an analysis of the activity sheets (component of the 

lesson plan) used by the IMTs in their lessons show clearly that the CTLA 

interventions for teaching mathematics projected more of the promotive face-

to-face interaction feature in comparison with other features of cooperl1tive 

teaching and learning-based activities in a lesson . This is because the teachers 

designed most of the activities in such a way that show students w\.!re 

motivated to brainstorm on the concepts before responding to task on the 

activity sheet. Students working in groups in the classroom were afforded the 

0ppOltunity in the lesson to share ideas on a task. A further analysis of the 

activity sheet anchored on the promotive face to face interaction feature of the 

CTLA created conducive atmosphere in the learning environment where 

students challenged each other's opinion, interacted with the readily available 

teaching and learning materials as well as their colleagues during the teaching 

and learning process. This motivated students to accept each other's stren1,!ths 

and weaknesses in the learning environment and collectively assisted each 

other to improve on their weaknesses as team members. Figure 9 shows some 
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excerpts of the IMTs designed CTLA-interventions that portrayed activity-

sheet through face-to-f: ". . ace promotive mteractlon efforts among students m the 

learning environment in all the four lessons taught. 

Activitv I: 
I nstru ction 

CORE MATHEMATICS (SHS 2) 
THE ANGLES OF ELEVATION 

Student's Activity worksheet sheet 
Determ ining the appropriate trigonometric ratio in a right-angle triangle. 

In this activity, ~ou ar: presented with the diagrams to enable you share ideas in your groups 
as to the appropnate trigonometric ratio needed in finding the missing parameters in the angles 
b" ow Z~OTlVE fACE TO fACE INTERACTION 

~ 

x 4 

.. . ............. ... .... .... ..................................... ....... ... ........ ....... .......... .... ........ 

. .. ..... . ...... ..... .. ... .... .... .... .... . .. ... ................... ...................... .... .. ..... ......... 

Figure 10: Excerpt of activity sheets showing promotive face to face 
interaction in lesson. 

Source: Fieldwork, 2021. 

Based on the evidence from observation, interview, and analysis of 

activity sheets as a component of the lesson plan point to a projected feature of 

the promotive face-to-face interaction in a manner that allowed divergent 

views of the students to be shared for the purposes of reaching consensus on 

the appropriate solution to the task in the lessons taught. This is because, 

promotive face to face interaction provides the platform for teachers to situate 

the learner as the focus of the activities that are purposed to enhance 

understanding of the subject matter in lessons. 
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The Social skills fean f th . . . . Ire 0 e cooperative leanmg-based 1l1terventlon 

focused on how th" . e ll1-SerVlce mathematics teachers designed CTLA-

interventions to connect tl I '. le esson to a conducive learmng environment. Thus. 

a learning envirolUl1ent wller'e do' th' . . 'd . 1l1g ma ematlcs was not ll1tlml atll1g, 

contrary ideas were respected and mathematics classroom teachers facilitated 

concept development under instruction. For instance, during the teaching and 

learning on the concepts of angles of elevation, the IMT was observed to have 

fostered a whole discussion on the guidelines from the perspective of the 

students that facilitated and promoted successful group discussions in the 

lesson. As a result of the student adherence to these guidelines in the lesson, it 

was observed during the teaching and learning process on angles of elevation 

that an enabling environment had been created where students contributed 

freely to the group discussions and such provoked their innovative and 

creative skills in leaning the concept of angle of elevation. Moreover, as r.;sult 

of the application of social skills feature in the classroom context of school A. 

It was observed that students were able to abstract, generalize and apply lhe 

three trigonometric ratios sine, cosine and tangent to find solution to the 

angles on elevation in the case scenarios (activity-sheet bearing question~ on 

angles of elevation) provided in class. This implies that lessons that are social-

skills-oriented equip students to respect the views of their colleague in lhe 

group, share ideas in a harmonious environment and apply the concepts learnt 

in the classroom to solve real-life problems. Table 10 shows evidence of the 

extent to which the In-service mathematics teachers' lessons were observed to 

be reflective of social skills feature during the teaching and learning process. 
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Table 10: Rating of Social Skills Feature in the Lessons Taught by IMTs 
Lesson Team Feature Observed Average 

The lesson includes a wide range of activities where students 

Manage Conflict Respect the views of Harmonize the Ensure Mean SD 

during group the other students in dos and don ' ts in 
orderliness 
in the group 

activities the group class discussion 

SCHOOL (X & Y) 
Angles of elevation TlTI 3 2 3 '"' 2.75 0.54 .J 

Angles of depression TlT2 2 3 3 '"' 2.75 0.61 .J 

Trigonometric ratios TITI 2 2 2 2 2.00 0.42 
Trigonometric identities TIT2 2 3 '"' 3 2.75 0.54 .J 

Compound angles 
Trigonometric identities T3TI 1 1 2 1.67 0.48 
SCHOOL (A & B) T3T2 3 '"' 3 2 2.75 0.59 .J 

Compound Angles 
Application of trigonometric T4Tl 3 2 '"' '"' 2.75 0.64 .J .J 

ratios (angles of elevation) T4T2 3 3 2 
.., 

2.75 0.73 .J 

High-3, Medium-2, Low-i, Non-existent-O, SD-standard deviation 
Source: Fieldwork, 2021. 
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From Table 10, an overall mean eM = 2.52, SD = 0.57) for social 

skill was registered at the peer teaching phases in schools X and Y as well as 

real classroom situation at schools A and B at the implementation and 

evaluation stage depicting an above average score for the indicators that 

informed this feature during the teaching and learning process. Thus, IMTs 

use of social skills feature was rated high during the lessons on angles of 

elevation and depression, trigonometric ratios and identities which depicted a 

complete observation of the indicators on the CLOP. For instance, at the real 

classroom implementation of this feature at schools A and B, the IMTs 

fostered whole discussions on the guideline's pre-requisite for the conduct of 

the lessons especially during the intra group and inter-group discussions on the 

concepts taught. Figure 11 shows excerpts of this high rated observation of 

social skills as noted on the CLOP. 

Figure 11: Excerpt of social skills on the CLOP. 
Source: Fieldwork, 2021. 

Nonetheless, "medium" and "non-existent" implementation levels of 

some of the indicators of this feature were observed during the lessons on 

trigonometric ratios and compound angles respectively at schools X and Y. 

For example, at school X, the application of the social skills feature was 

implied in the learning environment. Thus, the IMT cautioned the students to 
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respect the contributions of their colleagues and report any act of 

insubordination in the group to him. 

From Table 10, it was observed that the LMTs planned their respective 

lessons to be reflective of this feature (thus, with an overall mean of 2.52). As 

such students were observed to be focused on the (ask assigned to them by lhe 

IMTs. Thus, as a result of the application of positive interdependence (thus, 

placement of students into groups of assigned responsibilities) in the lessons 

of angles of elevation in the two senior high schools. The IMTs were able to 

ensure successful inter and intra relationships between the groups. ror 

instance, in the absence of the teacher, the students were observed busily 

interacting fruitfully among themselves in their various groups towards the 

resolution of the task assigned to them by the teacher. This feature therefore 

ensured minimal or no interference in the group activities by the teacher. The 

images in Figure 12 were excerpts of the learning environment even in the 

absence of the direct supervision from the class teacher. 

Figure J 2: Excerpts of the learning environment in the absence of the direct 
supervision from the class teacher. 

Source: Fieldwork, 2021 . 
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From Figure 12, the images are suggestive of a serene atmosphere that 

was created with no minimal interference from the teacher in the classroom as 

students were busily attending to the task throughout the entire lesson. The 

students understanding of the concepts involved in the topics were enhanced 

through their adherence to the guidelines fostered in the class. This made it 

possible for the IMTs to push the students into mathematical abstraction, 

generalisation and application of concepts which otherwise would have been 

lost in the traditional learning environment. 

Moreover, an analysis of the iesson plan document also shows 

evidence of the social skiils of the lesson taught by the IMTs. The IMTs 

designed some of the tasks on the activity sheets to imply the need for a sound 

learning environment in order for the students to reflect, think through and 

conjecture to aid in the conceptualisation of the topics under instruction. 

Figure 13 below shows excerpt of the lesson plan document that projected 

social skills feature of the CTLA in the lessons taught by the IMTs. 

La.on Plan 

Tl!ach~ Activity Student Activity 

Task at •• e In order for students to 
(40mu.) apply their own 

understanding of activity 1 
to find solution to practical 
questions in trigonometry f 
the teacher 

. guides students to . Students reminiscent of think pair share 
establish rules needed model c:o-devclop guidelines for group 
for a small group d iscussions to ensure interactions within 
interaction each sroup . fosters whole 

group discussions 
Students assist in hannonizing tho on the construction . 

of the list of item s guidelines collectiv -.y developed in c:lass 
as a (X)mmon 

standard pra~ 
expected orea 

~~ member in the 
groups KILLS 

Figure 13: Excerpt ofthe lesson plan that shows SOCIal skills 
Source: Fieldwork, 2021. 
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Likewise the IMTs . . , [esponses 111 respect of the question: "Describe 

how the guidelines in the I .c: ·1· esson laCl ltated the teaching of mathematics" have 

been reported in the study. The collective decision was that the lessons 

provided an enabling envirolUnent pre-requisite for successful group 

discussions and sound learning practices. Some specific responses gathered 

from the IMTs have been summarised as · , 

Tl Tl : It ensured that each student in the group stayed focus and 

participated fully because the class was under control. 

T2T2 : The students were put on their toes and as such were 

disciplined, this facilitated teaching and learning of the 

angles of depression I taught in class 

T3T2: It actually guides student's conscience about what to do 

and what not to do in the activity process in order to attain 

the set goals in the lesson. 

T4Tl: It created an environment where students spoke their minds 

on issues being discussed without any fear or being 

mocked by their colleagues as I go round monitoring 

discussions in the groups. 

The results from observation, interview, and analysis of activity sheets 

as components of the lesson plan all point to an implemented feature of social 

skills during the conduct of the lesson. Thus, an application of social skills 

positioned IMTs to create an atmosphere where the learning of mathematics 

was not intimidating, students' expressions were devoid of being mocked and 

instead respected by all the students in the learning envirolUnent especially 

during inter and intra group discussions in the lesson. The social skills feature 
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of the CTLA created a sen fd" I' . se o ' ISClP me m the teaching and learning process 

and yielded good class' . loom management practices during the conduct of the 

lesson. 

Group processing was conceptualised in the study as teaching and 

learning process where teachers act purposefully to evaluate students 

understanding of the subject matter. The lessons enacted in this study were 

reflective of the group processing feature of the CTLA. For instance, during 

the enactment of a lesson on compound angle in school B, groups of students 

upon completion of their assigned task were called to the chalkboard to 

explain the processes leading to their solution to the task. Consequently, 

multiple solutions to the task on the compound angles from different gro ups 

were displayed in the classroom on the compound angle . This afforded 

students the opportunity to choose from the multiplicity of the solutions (thus, 

the use of sine (A+B), tan (A+B), and cos (A+B)) in resolving the task as 

displayed on the chalkboard from various presentations made in class by [he 

groups. For instance, in school A, the IMT instructed lesson on the concept of 

angles of elevation. I observed that the students employed multiple techniques 

to find the angle of elevation during the teaching and learning process as a 

way of providing constructive feedback to colleagues in the groups when the 

oPPOliunity was afforded them to present their solution on the chalkboard. 

Table 11 shows evidence of the extent to which the In-service mathematics 

teachers' lessons were perceived to be reflective of group processing feature. 
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Table 11: Frequency of Occurrence of Group Processing in IMTs Lesson Taught 
Lesson Team Feature Observed Average 

The lesson provides students with the opportunity to 
Critique each Do group Make inputs 
group's presentation into other's 
solution on the Chalkboard work 

SCHOOL (X & Y) 
Angles of elevation TlT! 1 0 0 
Angles of depression TlT2 2 2 
Trigonometric ratios TITI 2 2 2 
Trigonometric identities TIT2 1 " 0 .J 

Compound angles T3TI 1 0 2 
Trigonometric identities T3T2 3 " 3 .J 

SCHOOL (A & B) 
Compound Angles T4TI 3 1 2 
Application of trigonometric T4T2 " " 2 .J .J 

ratios (angles of elevation) 
High-3, Medium-2, Low-I, Non-exislenl-O, SD-standard deviation 
Source: Fieldwork, 2021. 

119 

Do summary of the 
lesson's key 
highlights by the 
IMT 

2 
3 
2 
3 
0 
2 

3 
" .J 

Mean SD 

0.75 0.51 
2.00 0.47 
2.00 0.61 
2.00 0.45 
1.00 0.31 
2.75 0.58 

2.25 0.64 
2.75 0.71 
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From Table, an overall mean eM = 2.00, SD = 0.54) was registered 

for group processing which depicts a fairly utilisation of this feature during the 

teaching and learning process. The IMTs use of group processing feature was 

rated high during the lessons on angles of elevation and trigonometric 

identities which depicted a complete observation of the indicators on the 

CLOP. For instance, at the real classroom implementation of this feature at 

school A and X, the IMTs evaluated students understanding of the concepts 

taught. Figure 14 shows excerpts of this high rated observation of group 

processing feature as noted on the CLOP. 

t , 

i 

Figure 14: Excerpt of group processing feature on the CLOP. 
Source: Fieldwork, 2021. 

Nonetheless, a "medium" and "non-existent" observation of some of 

the indicators of IMTs evaluation of the students understanding of lessons on 

angles of depression, trigonometric ratios and identities were recorded on the 

CLOP mostly from schools X, Y and B. Again, on this feature of group 

processing Figure 15 shows pictures of the group's work on the chalkboard, 

monitoring and evaluation exercises of students during the implementation of 

the CTLA-lessons. 
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Figure 15: Pictures of group presentation by students on the chalkboard 
Source: Fieldwork, 2021. 

An analysis of the IMTs prepared lesson also projected the feature of 

group processing In its construction. This was evidenced during the 

implementation of the CTLA lessons in the real classroom learning 

experience. Figure 16 shows the feahlre of group processing as used in the 

IMTs lesson plan . 

• t.ee (t.5 min) and correct ClTOrs '-Vilh the 
aim of" helping students to 
grasp concept taught. the 
tcacher 

• coIls to the boord, the 
group's recorder to 
present solutions on 
behoJf'ofthc group 

• rosters whole group 
discussions on the 
various presentations 
on the solutions to the 
problem 
solicits 

,'m'w"y. swns up the 
whole lesson by 
highlighting the key 
concepts discussed us 

Teacher then brings closure 
GROUP to the lesson by 
PEOCESSING 

in viting q u estions 
frOl1l s tudents hosed 
on the set 
instruction a l 
obJec:t.ives of the 
Ic~son giv ing 
BSsigrune n l sheets 

Figure 16: Excerpt of the IMTs lesson plan projecting group processing 
fearure 

Source: Fieldwork, 2021. 
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In SUPpOlt of the gro .' . . . up plOcessmg observation, the mtervlew revealed 

that the intervention p t d . 
romo e group processll1g. These comments were 

obtained 111 1 
'esponse to the question: In what way did the lesson acti, ities 

promote group processing? The responses elicited from the IMTs have been 

sUl11111arised as' , 

T2Tl: It helped to clarify and summarise the individual 

contributions together. 

T3T2: 11 helped raise the confidence level of the students since 

they got the solution right. 

T4T 2: This activity helped the teacher to getfeedback, know what 

to develop in the minds of the students and clear any 

misconception. 

T4Tl: It made the students to be part and parcel of the teaching 

and learning process. 

From the observations, interviews, and analysis of the lesson pian 

shows that the lessons enacted by the IMTs were reflective of the group 

processing feature of the cooperative teaching and learning environment. This 

is because, an application of the group processing feature provided teachers 

with defined processes to facilitate the evaluation of students understanding of 

the subj ect matter. Thus, teachers were positioned to afford students the 

platform to think through the quali ty of their group work during the cond lIct 

of the lessons. 

Finally, the features of eTLA-intervention that was implemented 

during the teaching and learning process also had evidence of individual 

accountability. This is because at school X, the IMT engaged their peers (\\"ho 
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served as students in the classroom) on the concept of angles of depression at 

the individual level thus, these peers were engaged at the personal level to 

provide diagranU11atic representation of the case scenario (questions bearing 

angles of depression on the students work sheets) on angles of depression 

before finally asking the individual students in the groups to put their separate 

work output together as the group 's solution to the task. In school B, the 

students were observed providing solutions to questions on compound angles, 

a subject matter they had difficulty answering prior to the introduction of the 

CTLA-intervention. For instance, the students had no clue to the concept of 

compound angles in respect of the three trigonometric ratios of sine, cosine 

tangent of angles SHS A and SHS B. Consequently, after the students were 

engaged at the individual level and received support from team members in 

the group by way of clarifications and discussions on the concept of compound 

angles in the group, the individual students were observed to have proviJed 

accurate solutions to the questions. Table 12 shows evidence of the extent to 

which the IMTs lessons were observed to be reflective on the feature of 

individual accountability in the learning environment. 
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Table 12: Rating oflndividual Accountability in Lessons Taught by IMTs 
Lesson Team Feature Observed 

The lesson includes a wide range of activities where students 
Participate in 
the lesson 

SCHOOL (X & Y) 

Angles of elevation IlTl 1 

Angles of depression TIT2 

Trigonometric ratios T2Tl 1 

Trigonometric identities T2T2 2 

Compound angles TITI 

Trigonometric identities T3T2 " .) 

SCHOOL (A & B) 

Compound Angles T4Tl 1 

Application of trigonometric 

ratios (angles of elevation) T4T2 " .) 

High-3, Medium-2, Low-I, Non-existent-O, SD-slandard deviation 

Source: Fieldwork, 2021. 

Contribute ideas Engage Piece together 
in the lesson themselves in individual work 

the lesson to form one group 
work 

2 1 1 

0 1 

2 2 1 

1 

0 0 

2 3 2 

2 " 2 .) 

" 2 " .) .) 
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Average 

Mean SO 

1.25 0.42 

0.75 0.53 

1.50 0.48 

1.25 0.51 

0.50 0.45 

2.50 0.63 

2.00 0.52 

2.75 0.71 
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From the Table, an overall mean eM = 1.56, SD = 0.53)for 

individual accountabTty b d ., 
1 1 was 0 serve at the peer teachmg phases m schools 

X and Y as well as real classroom situation at schools A and S at the 

implementation and evaluation stage depicting an above average score for the 

indicators that informed this feature during the teaching and learning process. 

Thus, IMTs use of this feature was rated high during the lessons on the 

application of trigonometric ratios (angle of elevation). For instance, at the 

real classroom implementation of this feature at school A, the IMT created an 

avenue for students to share ideas at the group and individual levels, actively 

participating in the teaching and learning process and contributing ideas in 

their respective groups on the concept taught. These observations depicted a 

complete observation of the feature of individual accountability on the CLOP. 

However, an observation of "medium" and "non-existent" implementation of 

this feature was observed during the lessons of angles of elevation and 

depression, trigonometric identities as well as compound angles which 

depicted some low rated and non-existent indicators on the CLOP. For 

example, at the peer teaching implementation of this feature at schools S, X 

and Y, the IMT partially implemented the indicators on the CLOP. Figure 17: 

shows excerpts of individual accountability on the CLOP. 

{3' l'urticipa\t: 
[3l'on"i\lule 

Q kn~lI· . ._ .• 1 nf 

Figure 17: Excerpt of individual accountability on the CLOP. 
Source: Fieldwork, 2021. 
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Analysis of the observation data dming the teaching and learning 

process showed that all the four teams of IMTs organised their lessons in a 

manner that engaged students in lessons independently on tasks in lhe 

construction of knowledge. It was also observed that the IMTs prioritised this 

feature by engaging individualistic group members to find solution to a task 

before piecing the respective individual solutions together as the group's 

solution. This form of engagement (individual accountability) in the les~ ') ns 

provided the opportunity for the teachers to evaluate each student's learning 

ability. As such, students' weaknesses were identified by the IMTs. 

Consequently, such weak students identified were attended to by the 

respective teachers in the class. The presence of individual accountability 

(especially, where students work on task individually) during the lesson also 

afforded the IMTs the opportunity to assess each student's performance on 

activities rather than groups' performance. Figure 18 below provides evidence 

of students working individually on task. 

-
.. ' .~. .. .. ,- . , .. ,...-::; .... 

~-. 

Figure 18: Pictures of students wo~~ing on a task during the implementation 
of the individual accountabIhty feature. 

Source: Fieldwork, 2021. 
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The IMTs were int . ' d fi I elVlewe or t 1e purposes of eliciting responses as 

to whether their lessons engaged students individually in the lesson, the 

teachers ' responses ha b d . ve een quote 111 Table 13. The responses were In 

respect of the question' "D 'b h . .. . escn e ow you engaged the learners lI1dlvldually 

in teaching mathematics". 

Table 13: IMTs Responses to the Question of How They Engaged Students 
Individually in the Lessons 

IMTs IMTs responses (quote responses) 

TlTl The student shared ideas in the group and the most 

convincing concept or explanation were adopted by all 

members in the group. 

T2T2 They shared ideas in the group and it helped them to avoid 

mistakes and it did boost their confidence to approach 

mathematical problems. 

T3Tl Through group activities student learnt from each other 

and they were also guided by contributions made from 

sharing of strategies and methods in solving questions. 

T4Tl Student learnt in groups, new ideas were conjured as well 

as new methods and ,vhen students were asked questions 

independently, they used the methods they got from these 

groups to improve the ones they knew already. 

Source: Fieldwork, 2021. 

Analysis of the activity sheets (component of the lesson plan) also 

revealed that the CTLA- intervention promoted the individual accountability 

of students in the teaching and learning of mathematics. Even though majority 

of activities were done in groups, there were some activities that required the 
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students to work individ II· d· ua y In pro UCIng the answers to the questions on the 

activity. Figure 19 shows the portions of the activity sheet that promoted 

individual accountability of students in the lesson. 

Instruction 

CORE MATH.EMATICS (SHS 2) 
THE ANGL.ES OF ELEVATION 
StUdent·" Astlyity ""prk:!bH' ,heet 

Actiyity 2-
Calculate anales of' elevAtion 

In this a ctivity. you are presented "",ith ~ 11 . . 
othe r in the gTO U p ...as to th . 0 ovv.n~ case s cenArtOS 'oNi!J-. the v ie", of' c o n s ulting cnch 
of' e l e v otion in each ~~propnfttc: cornputB!IOn and d~~sr~rriRtic representation of'the angle 

~e-scenn 10 os prov ided belo~ 

. • ': - ." •• 't~"( -'t" -, 

C ASIE I 

A man·5 eye !e-val is ! 7 m c..bov th h· I 8 3 h"Bh . .e e o nzonta gro und nnd 13 m from n vertical pole. If'the pole is 
. in.l • C3fcuJete CO'l"i'ec:: to the nearest degree the angle o f' e levation of'the t op of' his eye? 

...... ..... _ .. .. .... ...... .. ....... _ ... .. ... .... ... ...... _ .. .. ... ... ....... .. ........... .... .. ..... -..... .. .... ... .. . 

. . ....... .. . . .. .. . .. ..... ... . ... .. . 

: :::: :: :::: :::::::: : ::: :: ::: : ::::: :::::::::: :: :: :: ::::::::::::::::::::::::::: ::::::::: :: :::: :: ::::::::: :::::::::::::: 
CASIE.2 

~ rn~~ ' s €.:y~ !ceve' i:;: 1 .7m aoove dle hOi'h:.cnw.l SS"O'llnd and i3:-n f"rcn T.ll e vert ical. If'the po1e is 8.3.n 
h lg.-"'. ccl.cutat6 CG1"l:'ect 110 the neD.:"oI!st de~e. the Engle of" clc:v et:on o f' 'the top o f' the pole ? 
..... ..... .. .. ... ... ... ........ .... .... .. ... ... .. .. .. ..... .. ..... ... ... ...... ..... .. .. .. ....... ...... ............ .... 

CORlE 1¥.!A1l1HIJEMATICS (SlHlS:2) 
T HE ANG ILES O F lElLEVATlIO N 
Str,ugent"p Actiy!W work~nC!'ll!t 9h~et 

,...,ylY!ty 3 ; 

lippi/cat/on oftrigonomJetTic yatitA~ 10 c OI/c u/ene di.~tan~s and heJghu 

IOllt ruc t lon 

In this activity. the fo1Jowing case scenarios affords you an opportunity to assess the extent to 
which the three basic trigonometric ratios could be applied in detennining the distances and heights 
in problems of trigonometry as provided in each case scenario below. 

You are kindly requested to 
solutions together as a group. INDIV1DUAL ACCOUNTABILITY"--

QUESTION 

and put your 

The question below details the lengths of two poles whose angles of elevation and distance from 
the observer·s position have been given as function of the trigonometrica1 ratios. 

(a) If"tan x = ': • O· S x S find the value of" Cos x . 

... ..... .... .. ....... .. ......... .. ... ...... .. .... ...... .......... ..... ..... .. ..... ..... ........... .... ... ............ 

...... .. .. ... ........... ........ .................. ... ........... ..... ...... ... .. ............ .... ........ ............. 

Figure 19: Excerpt of activity sheets showing Individual Accountability of 
students in the lesson on angles elevation 

Source: Fieldwork, 2021. 

The results from the observation, interview and analysis of activity 

sheets are suggestive of the fact that IMTs engaged students individually in 

their lessons by way of ensuring mastery of the content of the subject matter in 

the lesson. Thus, the results seem to suggest that an implementation of 

Individual accountability gives room to teachers to position students as active 

participants in the group activities and provides them with the requisite 
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knowledge to discomage a d I " 
n ower the hkehhood of "free riders" or "social 

loafing" (students who w Id . . 
ou Sit Idle and allow the few brilliant students to 

perform the task) in grou f" T-I . pac IVlhes. renee, Its application created an enabling 

environment where grou b . p mem ers accomplIshed the same kinds of tasks by 

themselves in the group. 

In conclusion evidence adduced from observation, interview and 

component analysis of the lesson plans suggest that, all the eight enac ted 

lessons on the concepts of trigonometry were reflective of the five features of 

the CTLA. Thus, the study has revealed that, with the application of the 

positive interdependence in the lesson, questions which could not be answered 

by the individual students were responded to correctly when the students were 

put into groups. Again, with the employment of promotive face to face 

interaction, it was realized that, multitudes of methodologies to finding a 

solution to a task within the groups were realised in the learning enviromnent. 

Most importantly, a minimal or no interference was observed in the lessons of 

the IMTs as a result of conducive atmosphere created by the dos and don ' ts 

(guidelines) during the conduct of the lessons (social skills). The group 

processing served as the vehicle through which students taught and received 

feedback from colleagues by way of the groups' interactions and presentations 

as well the teacher' s support in understanding the subject matter. Finally. an 

opportunity afforded IMTs to evaluate each student's ability (individual 

accountability) in the learning environment during the conduct of their lessons 

led to the weaknesses on the part of students that were identified to be 

addressed. Hence, it can be concluded that the lessons taught in the study by 
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the IMTs were effective as they projected the five features of the CTLA at the 

different phases of the implementation and evaluation stage. 

Students' Perceptions About the Effectiveness of the CTLA-Lessons 

The effectiveness of the CTLA intervention for mathematics lessons 

was also measured quantitatively by administering a 5-point Likert scale 

questiormaire (SHS mathematics student perceived effectiveness 

questiormaire) to 55 students at two SHS (School A and B) during real 

classroom implementation of the lessons designed by the IMTs. This 

questiormaire comprised 20 items grouped under the five subscales (see Table 

14) of the CTLA. The students were to indicate the extent to which they agree 

or disagree to the items after they had been exposed to the CTLA lesson. 

Possible responses to the items on the five-subscale questionnaire were on a 

scale ranging from strongly disagree (1) to strongly agree (5). Thus, for the 

subscales, a score below and above 3 depicts favourable and unfavourable 

opinions of the respondents . Table 14 shows the results Students' Perceived 

Effectiveness of the CTLA intervention for mathematics lessons based on 

school-type. 

Table 14: Students' Perceived Effectiveness of the CTLA Lessons Based on 
School-type (N=55) 

CTLA Subscale School-type n Mean SD 

Positive School A 29 4.23 0.52 

Interdependence School B 26 3.56 0.94 

Face-to-Face School A 29 4.31 0.55 

Interaction SchoolB 26 4.19 0.78 

Social Skills School A 29 4.23 0.37 

SchoolB 26 3.96 0.74 

Group Processing School A 29 4.33 0.46 

School B 26 3.98 0.76 

Individual School A 29 4.28 0.49 

Accountability SchoolB 26 3.87 0.97 

Source: Fieldwork, 2021. 
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From Table 14, it can be inferred that positive interdependence 

eM = 4.23, SD = 0 52) and eM 356 SD . =. = 0.94) and social skills 

eM = 4.23, SD = 0.37) and eM = 3.96, SD = 0.74) were the subscales that 

recorded the lowest means with differences in standard deviation for schools 

A and B respectively. This means, it appears the IMTs had difficulty placing 

their respective students (class sizes of 29 and 26 for schools A and B 

respectively) into groups of proportionate sizes and most importantly 

organizing the learning environment with strict adherence to the dictates 0 [ the 

guidelines as was set out by the students for the purposes of creating a 

conducive learning environment during the teaching and learning process from 

the perspective of the students in the classroom. Group processing recorded 

the highest means and standard deviations of eM = 4.33, SD = 0.64) and 

eM = 3.98, SD = 0.76) for schools A and B respectively, depicting the IMTs 

effective evaluation of students' understanding of the concepts of 

trigonometric ratios and compound angles taught in the real classroom 

situation in schools A and B respectively. 

However, in general, an overall mean of eM = 4.28, SD = 0.43) and 

eM = 3.91, SD = 0.84) for schools A and B respectively were recorded 

indicating that the respondents agreed that the CTLA-intervention was 

effective although the standard deviation suggests that the responses were not 

clustered around the mean value. The overall picture as presented in the above 

analysis indicates that the CTLA lessons designed by the IMTs were effective 

(i.e., projected all the five features of CTLA). This seems to suggest that the 

CTLA -intervention for trigonometric lessons was effective in developing 
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IMTs pedagogical strateg' t '. . 
les 0 Improve teachmg and learning of concepts 111 

trigonometry. 

In concluding, it can be observed that the analyses of the lWO 

perspectives measured as presented in the above by both the qualitative and 

quantitative pieces of evidence indicate that the CTLA-based lessons desi"ned 
b 

by the in-service mathematics teachers were effective and consequently 

projected all the five features of CTLA as conceptualised in the study. The 

results seem to suggest that by developing and enacting the CTLA-

mathematics lessons the IMTs teachers developed their pedagogical strategies 

to improve their teaching of concepts in the mathematics they taught. 

Research Question Two 

Research question two was "how can the improvements in teaching 

using pedagogical strategies that are anchored on cooperative teaching and 

learning approach be understood and or explained?". Thus, the question 

sought to explain how the improvements in teaching using CTLA as a medium 

of instruction in the learning environment could be understood and or 

explained. 

Based on the data obtained from the study, the improvements in 

teaching using CTLA as a pedagogical strategy to teach mathematics can be 

understood and or explained from two main perspectives; 1) IMTs developed 

knowledge and skills in enacting cooperative teaching and learning approach 

lessons (thus, lessons reflective of the five features of cooperative teaching 

and learning approach) at the implementation and evaluation stage antI 2) 

IMTs improved content knowledge in the subject matter. The two perspectives 

are further explained below. 
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In-service Mathematics Teachers' Developed Knowledge and Skills in 

Enacting CTLA Lessons. 

In d' respon mg to research question two the IMTs develoned , . 

knowledge and skills . . C m enactmg TLA lessons, data was measured 

quantitatively by administering a 5-point Likert scale questiOlmaire (IMTs 

Pre- and Post-CTLA Self-Assessment Questiolmaire) prior to and post 

introduction of the PDT to the two cohorts of four IMTs who were involved in 

phases one and two at the implementation and evaluation stage as mentioned 

in chapter 3 of the study. Thus, data was collected from IMTs at the two senior 

high schools (school X and Y) in Cape Coast. This questionnaire comprised 

20 items grouped under the five subscales (see Table 14) of the CTLA. IMTs 

were to indicate the extent to which they agree or disagree to the items after 

they had been introduced to the enactment of CTLA lesson. Possible responses 

to the items on the five-subscale questionnaire were on a scale ranging from 

strongly disagree (1) to strongly agree (5). Thus, for the subscales, a score 

below and above 3 depicts favourable and unfavourable opinions of the 

respondents. 

The purpose of the CTLA self-assessment questionnaire (pre and post) 

was to track the IMTs knowledge of the features of the CTLA intervention 

before and after the PDT to ascertain the extent of their developed knowledge 

and skills in enacting CTLA lesson. The results of the Pre and Post CTLA 

self-assessment questionnaire of eight IMTs are presented. Thus, the results of 

first batch of four IMTs form School X and last batch of four IMTs from 

School Yare presented in Tables 15 and 16 respectively. 
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Table 15: IMTs Pre and P t PDT . 
CTLA os on CTLA In the First Study 

Pre test Post test 
Subscale Mean SD Mean SD Gains 

PI 2.13 .29 5.00 .00 2.87 
FF 2.58 .32 4.63 .24 2.05 
SS 2.54 .37 4.88 .16 2.34 
GP 2.35 .33 4044 .17 2.05 
IA 2.74 .32 4.14 .17 lAO 

PI- .Posit~ve Interdependence, FF- Promotive Face to Face Interaction, SS-
Soczal Skills, GP- Group Processing, IA- Individual Accountability 
Source: Fieldwork, 2021. 

Generally, the results depicted an improvement in all the CTLA 

subscales (positive interdependence, promotive face to face interaction, social 

skills, group processing and Individual accountability). This is because the 

mean scores for the IMTs' CTLA self-assessment before the profess ional 

development training are lower than the mean scores after the professional 

development training. For example, for the first cohort of IMTs, it can be 

observed from Table 15 that positive interdependence (P.I) was rated a~ the 

highest with mean gain of (P.I, Gain = 2.87) followed by social skills (S .S, 

Gain = 2.34) face to face interaction (F.F, Gain = 2.05), group processing and 

Individual accountability recording equal gains (G.P, Gain = 2.05) and (l.A, 

Gain = 1.40) respectively. Table 16 presents the mean scores for pre and post 

CTLA self-assessment for the last cohort of IMTs who were involved in 

second study at the implementation and evaluation stage . 
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Table 16: IMTs Pre and P t PD . 
CTLA os T on CTLA in Second Study 

SD Mean SD Gains 
Subscale Mean 

Pre test Post test 

;~ 2.34 .29 4.92 .67 2.58 

SS 2.48 .32 4.73 .55 2.25 
G 2.35 .37 4.85 .72 2.50 

P 2.33 .33 4.15 .54 1.82 
IA 2.31 .32 3.81 .67 1.50 

PI- ~ositi.ve Interdependence, FF- Promotive Face to Face Interaction, SS­
Soczal Skl.lls, GP- Group Processing, IA- Individual Accountability 
Source: FIeldwork, 2021. 

Similarly, analysis from Table 16 reiterates an improvement in ali the 

CTLA self-assessment for the second cohort ofIMTs. For example, before the 

PDT, the IMTs indicated that they had less or no knowledge in relation to any 

form of activity where during the teaching and learning process deliberate 

effort ought to be made for the group's mastery of the subject matter to reflect 

on the individual student mastery of that subject matter. Again, the IMTs 

indicated that they had inadequate knowledge in relation to any form of 

activity during lessons where students project their work (solution to a task) on 

the chalkboard purposed to elicit alternate ideas (different approach to the 

resolution of the question) from other students in the learning enviromnenl. 

The lowest recorded mean values of Individual Accountability-l.A eM = 2.:31, 

SD = 0.32) and GP- Group Processing eM = 2.33, SD = 0.33) affirm these 

assertions. However, the Post-PDT revealed that IMTs seem to have improved 

not only on the subscales ofl.A eM = 3.B, 1 SD = 0.67) and G.P eM = 4.15, 

SD = 0.54) with gains of 1.50 and 1.82 respectively over their pre-PDT but in 

all domains relating to CTLA. For instance, FF - Promotive Face to Face 

Interaction eM = 4.73, SD = 0.55) an increment of 2.25 means gain from 
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the Pre-PDT mean with a higher standard deviation. Also, PJ and S.S 

recorded mean values of 492 (SD - 0 . . - .67) and 4.85, (SD = 0.71) respectivel y. 

It is obvious from T bl 15 d T b a e an a Ie 16 that, both first and second 

cohorts of IMTs had rttl 1.. I d . . 
I e 1\J10W e ge about the use of CTLA 111 teach l11g 

mathematics plior to the p. fi . I d I . . . 
10 eSSlOna eve opment trall1l11g conducted 111 the 

study. However, the results seem suggestive of IMTs being knowledge '"Ne 

about the grouping of students with some assigned roles (P.l) and organising 

the learning envirom11ent to be accommodative of the views of other studcnt 

dllling the teaching and learning process (S.S). This is not surprising since it 

lends credence to the misconceived definition attributed to the use of CTLA as 

just the organisation of students into groups with some assigned tasks to the 

detriment of the other features which corroborate to ensure a cooperati ve-

based learning environment (with all of the five features at play in the 

classroom). The responses given by the IMTs (first cohort and second cohort) 

suggest that as a result of their developed knowledge and skills in designing 

and enacting CTLA-Iessons, they gained deeper understanding and 

appreciation of CTLA as an instructional approach in the learning 

enviromnent, identified weaknesses in the CTLA intervention for mathematics 

lessons (as observed under focus group discussions) and in addition, became 

more informed about the features of the CTLA to adopt in order to maximise 

learners understanding and conceptualisation of mathematical concept. 

Further, the IMTs were interviewed and their lessons observed to 

provide the qualitative data to explain improvements in teaching using CTLA. 

Thus, data was collected from the IMTs reported lessons, observed data, focus 

group discussions and interview. The IMTs lessons (lesson plans and acfvity 
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sheets) were analysed tl· h d . 
llOUg ocument analysIs. Also, data f!"(lm the 

interview and focus group discussions were analysed by the identification of 

themes as well as pattel11s in relation to the research question two. 

For instance, the lesson plan designed by team 4 (T4Tl and T4T2) and 

team 3 (T3Tl and T3T2) for teaching of the topics: Compound Angles c1l1d 

three ratios of trigonometry respectively showed evidence of IMTs 

development of their competencies in teaching SHS trigonometry with CTT ,A 

through a series of teaching tryouts with an improved lesson plan document. 

This is because the first lesson plan document designed by team 4 (T4Tl and 

T4T2) and team 3 (T3Tl and T3T2) depicted an incomplete reflection on all 

the features of the CTLA (thus, there was an omission of the features of f('ce-

to-face promotive interaction and individual accountability). Figure 20 shows 

excerpt of illustrations of IMTs developed lesson plan on compound angles 

team 4 
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Main Lesson 

(30 lTlinutes) 

ACTIVITY 
I 

Conclu=-io n 
s tag e 

(20 nli n1.t'Z:co) 

I...csson Plan 
Teacher Activity 

in order to prep h d in th I are t c s tu ents Cor 'the main concept 
cssOn~theleacher 

• apu. students into groups of' five (5). 
sSlgn tudents into roles of'responsibilities. 
As~s stu Q!s to mention the trigonometrical 
~t10S and deN e them base on the diagrams 

I
g~V-~~: 

...... -~ 

sin 
n 

----...A 
GROUP PROCIESSJlNG 

Student Activity 

• st udents are random Iy 
assigned into groups of' fiv 

• students elect themselves 
into the following roles 

• J.....c .. dc ... - leads all 
discussions 

... oup, Recorde ... - rccord 
I proceedings and prcsen 

olutions on bchalfofthc 
roup 
inu:r- keeps the group in 

c eck.s of'timc during 
8 oup discussion. 

ents v.rrite the ratios 
e on the acronyzns 
HCAHTOA. 

I n groups 5t udents try 
question "b· and present theh 
301ution nicely on board and 
shared it with class. 

Figure 20: Excerpt of IMTs developed lesson plan on compound angles by 
team 4. 

Source: Fieldwork, 2021. 

Similarly, the design of the first lesson plan on the concept of 

trigonometric ratios by team 3 showed evidence of absence of face-to-face 

promotive interaction and social skills features of the eTLA although they 

were implied during the teaching and learning process. Figure 21 shows 

excerpts of the first lesson designed by team 3. 
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Main lesson 
stage 
(50 minutes) 

<C~161<::!~:O!)~:G9D 

~t!iig~ {l 5 min) 

students are random Iy assigned into groups 
of three 
students elect themselves into the following 
roles 
Leader- leads all discussions in 
Groups Recorder- records all proceedings 
and present solutions on behalfofthe group 

• Timer- keeps the group in checks of time 
group discussion. 

Some discussion points expectedfrom students: 
[(x) = Sinx = opposite 

hypotenuse 

[() C 
adjacent 

x = osx = 
hypotenuse 

[(x ) = Tanx = opposite 

Figure 21: Excerpt ofIMTs developed lesson plan on trigonometric ratios by 
team 3. 

Source: Fieldwork, 2021. 

However, after a series of teaching try outs, focal group discussions 

and cooperation among team members, teams 3 and 4 improved in their 

competencies in the design of lessons reflective on all the features of the 

cooperative teaching and learning approach on the concepts of trigonometric 

ratios and compound angles respectively. In particular, the IMTs in team 4 

(T4Tl and T4T2) and team 3 (T3Tl and T3T2) used their knowledge of the 

affordances of the features of CTLA to I) guide learners in the acquisition of 

knowledge through the use of the students worksheet of activities to 

conceptualise compound angles and the three trigonometric ratios of sine, 

cosine and tangent of angles taught at the real classroom context at the two 
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SHS (schools A & B) 2) stimulate learners' thinking abilities and enhance 

their understanding of concepts in mathematics and 3) enhance their 

pedagogical approach in student-centred manner (i.e. making use of an 

activity-oriented based lesson reflective on the features of CTLA). 

Figures 21 and 22 show evidence of an improvement in the design of lessons 

that are reflective on the five features of CTLA over their first developed 

lesson. Thus, an illustration of how the in-service teachers in team 3 (T3Tl 

and T3T2) improved in their lesson plan document to be reflective on all the 

five features of the CTLA as seen in their n;!-designed lesson plan informed 

their teaching of trigonometric ratios in the senior high school (schools A). 

(60 minule$) 
SI",.. Tallec"71lnlJd Cod, ,..,. cY 
nil A C"IIA7 augl,. I" n rIS"'· 
allg/e trloltgl« (:to IlIlnlll,:.) 

In order ("ex .rude"t. to 
acquire tbelr owu p"'ctical 
\U~andin(l orrhe 
concept orSine. T.ll(lCUI 
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Figure 22: Excerpt .ofth~ IMTs (in Team 3) developed CTLA lesson on 
trigonometnc ratios. 

Source: Fieldwork, 2021. 
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Similarly, the IMTs in t 
eam 4 (T4TI and T4T2) made use of their improved 

lesson plan document reflective on the all the features of the CL T A in a way 

that enhanced their teaching strategies as evidenced in Figure 22. Figure 23 

below illustrates how the IMTs in team 4 (T4TI and T4T2) developed CTLA 

as seen in their lesson plan informed their teaching of compound angles in the 

senior high school (schools B) . 

o : .. tu.kn; t. r;~~',: ,,;.. !;;Jy;J;:;:·hYi'l"M,~.c :;~ t ~·.-- -1--------1 
1~ ' · ~ j' \'~\1 ! . jJy - iJ">lTJIVU')'UA1 . 
A ~~~Ur-7T",-"JGLET'~' 

( ~)G4n!Itu.Qe9 

~ 

(:~:.h:nh.r.Jite D) 

(20 milll"" •• )1 

o St"de nt. follow 
i1uidcd flc tivitic. 
Ute . uden. o. 
w OI'kabcct ou 
a ct ivity II 

IlfOUP· 
que.lion ·b" and 
pre.ent Ibelr 1101"110&1 
nicely ... boArd aud 
.bared II wid. cl ••. 

SlUuple que .. ion,,: 

• Flod. wllh",,1 
,.blea. tbe value. 
coa(JJ - 9). If 
tanS -
-~.co.P - i 
whcre 
8 15 In quadrant 
lo ..... draul I. 

Figure 23: Excerpt of the IMTs (in Team 4) developed CTLA lesson on 
compound angles. 

Source: Fieldwork, 2021 . 

The IMTs also confirmed during an interview session after the 

enactment of the CTLA-based interventions that there had been considerable 

improvement in the teaching and learning process because of their enhanced 

appreciation of the CTLA. According to the IMTs, the incorporation of the 

features of CTLA in teaching and learning of mathematics with particular 
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reference to the concept of tr" . 
Igonometry m SHS improved their pedagogical 

approach to the teaching f th . o rna emattcs as whole. This is because concept~ in 

tri aonometry. for example tl tl· .' . . 
b . ' , le uee I atlOs of Sll1e, cosme and tangent of acute 

angles in a light-angle triangle, the compound angles, the angles of elevation 

and depression as well as the trigonometric identities which they had always 

taught in abstraction in a typical traditional classroom context was taught with 

ease through the affordances of the features of the CTLA. Thus, with the 

application of the CTLA, the IMTs used well -defined sets of activities relevant 

to the subject matter, readily available teaching learning material and the 

student ' s worksheet that was tailored towards the achievement of the 

instructional learning objectives of the lesson to guide students in their 

conceptualisation of the subject matter. This approach of teaching 

mathematics helped the IMTs to guide students to make meaning of the 

concepts taught in the study. 

The following are some of the responses given by the IMTs in 

response to the question: Was the integration of the activitY-OJier ied 

worksheets helpful in teaching mathematics with the CTLA in this lesson? 

Tl Tl: Indeed, I have always taught my lessons without any form 

of activity especially in the area of trigonometry over the 

years of teaching at the SHS level, but the inclusion of 

activity-oriented worksheets in teaching angles of elevation 

ensured an orderly and systematic presentation of the 

concept during the teaching and learning process, so it was 

helpful. 
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Tl T2: Personally, J think it was hI," I e PJU and ought to be 

encouraged th ' . b 
IS IS ecause the materials helped to mobilize 

all the knowledge base needed to guide the teaching and 

learning process an -' h ' , expellence w lch f acilitated concept 

f ormation in class I'm, therefore, of the view that, the use of 

{he activity sheets should be replicated in other topics. 

T2Tl: The inclusion of activity-oriented worksheet provoked the 

students' interest in the concept taught and mot ivated me to 

develop a good understanding of some topics in 

trigonometry which J have always taught in abstraction. 

T2T2: As a result of its activity-oriented nature, students 

understood the concept taught, they made sense of the 

concept themselves with little or no input Fom me 

(teacher). 1 only guided them as compared to my usual 

method of feeding them with formulae of sine cosine and 

the rest. 

T3Tl : Yes, it helped me to engage the students and sustain their 

attention throughout the lesson. Hence, its use in 

mathematics related courses (trigonometry) should be 

encouraged 

The focus group discussion also reiterated that the IMTs improve~ in 

the development of knowledge and skills in enacting CTLA-lessons. For 

example, in one of the focus group discussions, the group demonstrated that 

the PDA helped them to develop competencies and skills (CTLA) needed to 

design CTLA-lessons for mathematics lessons. This implies an improvement 
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III the competencies of th IMT . . 
e s In the design of CTLA lessons. The quotes 

represent the specific views of some of the in-service mathematics teachers in 

the focus oroup discuss' T" . . . 
b IOn. le lesponses were In respect of the question: 

"How did tl ..., " 
le InltJa traInll1g workshop (a component of the PDA) intlu~ llcc 

your preparation to teach concepts in trigonometry?" 

TI TI: I never knew all along my lessons were premised on the 

wrong notion oj organising cooperative learning, well after 

the workshop (PDT) I was able to design an activity-based 

worksheet in an area like trigonometry to teach, it has 

made my lesson very rich. 

TI T2: It's an eye opener to me since the idea oj getting students to 

project their group work on the board so as to elicit 

alternate ideas Jrom other students was completely missing 

'when using group related work in my class but after the 

PDT, the use oj this approach in particular led 10 the 

understanding oJthe students. Something I hardly do in my 

usual lessons. 

T2TI: J had a little or no knowledge on the integration oj CTLA 

in teaching. However, after the PDT it prompted me to re-

strategise my teaching plans in order to make it more 

participatory from the perspective oj the side oj the 

students since during the teaching and learning process I 

only served as a guide instead oj my usual role J used to 

play in the class. 
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T2T2: The training has b· d 
. loa ened my knowledge about the use of 

CTLA . . 
1I7 teaching mathematics; this enabled me to gel 

students to const· t th . 
. I uc . elr own understanding of the 

concepts taught. Hence, my lessons were student centred a , 

silualion in the class opposite to what I'm used to, thus 

feeding the students with the formulas for them to 

memorise. 

As a result of the improvement in the CTLA, the . . 
ll1-SerVlce 

mathematics teachers were given the opportunity to scrutinise and offer 

constructive criticism on the teaching approach of their colleagues (peers). 

These discussions were held after each of the peer-teaching tryouts at the Ii rst 

study of the implementation and evaluation stage for the purposes of fine 

tuning the intervention in the next peer-teaching tryout of the study. In this 

way, opportunities were afforded the IMTs as to what could be done to 

improve the intervention. Some of the responses to the question: "What call be 

done to improve the CTLA- intervention designed and enacted by your 

colleagues?" The following suggestions were given to team 2 (T2T1 and 

T2T2) after their first lesson on the topic of: Identities of trigonometric 

function . 

Tl Tl: Well, I'm of the opinion Ihat, in as much as the lesson 

captured the attention and achieved the set objectives of the 

lesson, the time allotted to each group to explore with the 

aim of making sense of the concept was very minimal. 1 

think much could have been achieved if the time for each 

group had been extended. 
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Tl T2: I think a critical look h I s au d be taken at how the various 

roles assigned to the t, d . s u ents in the group could be 

enforced. This will shift the attention of the students to be 

more [ocused as there . d' " f I . ' " IS IVlSlOn q abour where each 

plays his or her role for optimal benefit of the entire group. 

Similarly, the IMTs whose lessons had been critiqued during the 

implementation of the,',· les . I f'C' .. sons we,e a so a lorded an opportul1lty to proVide 

feedback to their colleagues after they had enacted their lesson. Thus, team 

two (Tl Tl and Tl T2) taught their lesson on the topic of: angles of elevation 

and depression. 

T2Tl: In my own opinion, the lesson was student-centred 

approach which was full of activities by the students 

themselves. Again, it was an effective and efficient way to 

teach the concept of angles of elevation and depression 

owing to its conceptual difficulty in nature, 

T2T2: Their lesson was on point, in that; it did encourage full 

class participation in the lesson, the concept of angles of 

elevation and depression was to a large extent in my view 

understood. Finally, it's a good method of teaching since it 

does encourage peer-teaching among the students as well. 

The analysis as obtained from the IMTs pre and post self-assessment 

quantitative questionnaire, interview, focus group discussions and lesson plan 

document attest to IMTs improvement in the knowledge and skills in the 

enactment of CTLA lessons (thus, lessons reflective of the five features of 

cooperative teaching and learning approach) in the study 
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In-sen/ice Mathematics T h ' 
eac ers Improved Content Knowledge in their 

Subject Matter 

In tracking the in- .' "h' . service mat ematlcs teachers ' Improved knowledge 

in the content of the sub' t tt I' . . ~ec ma er, t 1e llnplementatlOn and evaluatIon stage 

of the study served as the gateway to respond to IMTs improvement in the 

content knowledge of the concepts taught. Thus, at the begiru1ing of the 

workshop, it was observed that some of the IMTs had difficulties in explaining 

and responding to certain questions on some aspects of the concepts in 

trigonometry. For instance, I observed that some of the IMTs were relying on 

the mnemonics (memorised versions) such as the "SOHCAHTOA" and the 

trigonometric identities of " Sinx2 + Cox 2 = 1" in teaching whiles others 

could not provide the diagrammatic representation of concepts of angles of 

elevation and depression in the form of right-angled triangle to enable them 

apply the appropriate trigonometric ratios (sine, cosine and tangent of angles) 

to find solution to the questions asked during the researcher's sample 

demonstration of the CTLA lesson to the IMTs. 

However, after a series of teaching and learning processes with lhe 

CTLA, the IMTs exuded confidence and mastery of the same concepts (angles 

of elevation and depression as well as the trigonometric identities) they had 

difficulty with prior to the PDA. Consequently, the interview data gathered 

were also supportive of this observation made. For example, some of the IMTs 

disclosed in an interview that they have personally benefited a lot as a result of 

their involvement in the study. Thus, it has helped them to gain a better 

appreciation and understanding of some concepts in mathematics especially in 

the area of trigonometry which they had difficulty prior to the study. I"he 
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following were some of th 1M 
e Ts remarks after the implementation of the 

eTLA-Iesson. These respo . . . 
nses weI e U1 respect of the questIon: "What general 

comment can you make b . 
a out USIl1g CTLA-intervention in teaching 

trigonometry in Sl-IS?" 

Tl Tl: I have been using n" . h · .. ,nemomcs to teac tngonomelly but the 

use of the student worksheet of activities has added another 

dimension of understanding in getting the students to 

appreciate the processes involved in trig ratios as the 

relationships of the lengths of the right-angled triangle. 

T2Tl: J had difficulty in teaching some concepts in trigonomefly 

especially using diagram to distinguish between the 

upward and downward movement of the eye in locating 

objects using the eyes level, but J think J was able to 

overcome such anxiety. My lesson today was the best as 

compared to my classroom style afteaching. 

Analysis of lesson plan documents (activitY-OIiented student 

worksheet) also cOIToborated this fact that the lMTs improved their knowledge 

of the content in the subject matter. This assertion is made on the basis of two 

main criteria that were used to measure the IMTs knowledge of the content in 

the subject matter. The first criterion was the quality of the informa1ion 

provided in the lesson plan documents and the second criterion was the quality 

of delivery (i.e., clarity in explanation of concepts). Figure 24 shows excerpt 

of the activity sheet that was used to engage students in their various groups to 

make meaning of the concept of the three trigonometric ratios of sine, cosine 

and tangent of angles in trigonometry during the implementation of the 
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CTLA- lesson designed b 
y team 3 (T3T1 and T3T2) for the teaching of the 

topic: ratios of sine, cosine and tangent of angles. 

CORE MATHEMATICS (SHS 2) 

Artiylty Sheet on com PQynd anglCI 

Attached are the d ta'led . . . , e I step by step activities on worksheet A 
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Figure 23: Excerpt of the activity sheet used in the lesson of ratios of sine, 
cosine and tangent of angles by team 3. 

Source: Fieldwork, 2021. 

Likewise, Team 4 (T4Tl and T4T2) used the activity-oriented 

worksheet in Figure 24 to engage students to construct their own 

understanding of the concept of compound angles in relation to sine, cosine 

and the tangent of angles. For example, the IMTs employed the affordances of 

the features of CTLA to teach compound angles at school B. In the remarks of 

the Head of Department of Mathematics at school B, when he was informed of 

the topic the students were going to instructed on (compound angles). He 

remarked. 

"eeeiii (an exclamation of shock) are you going to teach 

trigonometry? These students haven '( even completed the SHS one 

course in mathematics although they are in SHS2 " 

149 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

The above remarks show tl ' 
1e extent to which the students in school B were 

percei ved to be' bl ' , mcapa e of appI'eclatll1g " any concept 111 tngonomclry, 

Moreover the Head f M I ' 
, 0 at 1ematlcs Department was emphatic in their 

inability to complete the previous semester's mathematics scheme of work, 

Hence found the students b'l't t h ' , a I I Y 0 compre end the concepts In tngonometry 

virtually impossible or a 11 I t k d k " " ercu ean as to un erta e takmg Into considera1'Ion 

the limited time (2 hours as observed of the CLOP) granted us by the school 

authorities , 

However, the IMTs succeeded in harnessing the features of the 

cooperative teaching and learning approach to get the students to underst<1I1d 

the concept of compound angles and ultimately improved their performance at 

both the group and individual post-test. This could be attributed to an 

improved content knowledge of the concept of compound angle by the IMTs, 

The two cohorts of IMTs did not only provide quality information in their 

lesson plan documents but also provided good explanations of concepts in the 

subject matter as a result of their improved content knowledge, The IMTs 

were able to use appropriate annotated diagrams to support the exploratory 

activities on the student's worksheet of the concepts taught. The clarity in their 

expression and their ability to handle students' questions in the learning 

environment as observed on the CLOP all proved that their content knowledge 

improved with the use of the CTLA as a pedagogical strategy for 

trigonometric lessons in mathematics, Figure 25 shows excerpts of the detailed 

activities on the student's worksheet designed by the IMTs in the lesson on 

compound angles, 
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1' lgure 24: Excerpt of activity sheet designed by the IMTs in their lesson on 
compound angles. 

Source: Fieldwork, 2021. 

Again, with particular reference to team 1 (Tl T1 and TIT2) who 

instructed their peers on the teaching of topic: trigonometric identities, the 

IMTs used an activity in the form of right-angled triangle to explain how 

trigonometric identities were derived using the unit circle method. He 

explained to the students that with a pair of compasses and a rule, the students 

were to construct a unit circle of a centimeter (radius) using the origin as the 

center and pick any arbitrary point say T (x, y)in the first quadrant. From their 

knowledge of tangent of an angle as the ratio of the opposite side to the 

adjacent side, they were asked to find tan a from the diagram as shown on the 

students' worksheet (see Figure 26). In addition, the IMTs tasked the students 

to find the relation that connects all three sides of the right-angled triangle 

(applying the Pythagoras theorem). Finally, a student each from the different 

groups was asked to write down the Pythagoras theorem (Students write the 

Pythagoras theorem mathematically as: x2 + y2 = 1). The IMTs then guided 
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the students to substitute the expression for the vertical and horizontal sides of 

the diagram above into the mathematical form of the Pythagoras theorem 

(thus, students obtainedSinx2 + Cox 2 = 1). Finally, the IMTs guided 

students to write equivalent forms of the relation above by dividing the 

equation by sin
2
x, then with cos2x to obtain other forms of trigonometric 

identities. The clarity of explanations oftered by the IMTs attests to their 

improved content knowledge of the subject matter with the CTLA 

intervention. Figure 26: Excerpt of activity sheet used by Team I (Tl Tl and 

TI T2) for the teaching of trigonometric identities. 
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Figure 25: Excerpt of activity sheet used by Team I (TITl and TlT2) for the 
lesson on trigonometric identities. 

Source: Fieldwork, 2021 . 

Even though there was a balance (equilibrium) in the assimilation and 

accommodation processes in the minds of the in-service mathematics teachers 

developed CTLA, they encountered some challenges with the use of CTLA-

intervention for mathematics lessons especially in the area of trigonometry. 

Some of the challenges they faced during the initial stages of the peer-teaching 
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try-outs were the difficulty" . 
In integrating the new method of teaching into their 

existing (old method of te h' ) . 
ac Ing one. For mstance, after introducing to them 

to the new method of te hi (CTL ac ng A) an IMT (T3Tl) was observed in one of 

the peer-teaching sessions using his usual old method of teaching where he did 

all the teachino without a . I' I . . 
t:> . sll1g e ll1VO vement of the student-teachers (dur1no 

t:> 

the one of the pee' t I' . . . 
1- eac 1mg actIvIties-where other teachers served as students 

in the class at the implantation and evaluation stage of the study) in any fvrm 

of class activity, grouping etc. (thus, the said IMT could not assimilate) 

however most of the teachers corrected this by broadening their hori7.on 

(schemas) to be reflective of the new method of instruction-CTLA 

(accommodation). 

It can be inferred that, the IMTs lessons were student centred as a 

result of the application of the affordances of the five features of the CTLA in 

the construction of IMTs lesson plans. Thus , the lessons plan and it 

consequent uses in the real classroom situation were reflective of the featlll'es 

of the eTLA. Added to the above observation was an admission through an 

interview with the IMTs that they improved in the enactment of the CTLA-

lessons post PDT introduction. In the focal group discussions, the IMTs 

mentioned that the PDA helped them to develop the pre-requisite 

competencies and skills needed to design the CTLA intervention. Lastly on the 

issue of an improved content knowledge of the subject matter, it was observed 

that, some of the IMTs who prior to the PDT had misconceived notions on 

some aspects of the concept trigonometry (angles of elevation and depression) 

performed creditably post PDT in teaching with the CTLA. 
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The overall effect in . 
answenng research question two (2) was that, the 

IMTs showed improvement in the post self-assessment on the usc of lhe 

CL T A as a pedagogical a . I ' I pploac 1 In t le classroom context as was measured 

quantitatively in the stud Tl' . y. liS assertion was qualitatively supported through 

the IMTs interviews, lesson plan document analysis and focal group 

discussions. Thus, the IMTs developed the competencies in the affordances of 

the five features of CTLA to enact CTLA-based lessons in the classroom 

context. As a result of which, an improved content knowledge of the UvlTs 

prior to and post introduction of the PDT was observed in the study. 

Research Question Three 

The research question three was "how can the improvements in 

students ' learning of concepts in mathematics using CTLA be understood .1l1d 

or explained?" Thus, the question sought to establish how the improvements 

in students ' learning of concepts in mathematics using cooperative teaching 

and learning approach could be understood and or explained. 

The improvements in students' learning of concepts 111 mathel118:ics 

were explained from two perspectives; (1) the positive perceived students' 

experiences with the CTLA lessons and (2) enhanced students ' learning 

outcomes as a result of the exposure of SHS students to the intervention 

(CTLA) during the implementation and evaluation stage. The two perspecti ves 

are explained in details in the next section. 

The Perceived Positive Students' Experiences with the CTLA-Lessons 

The students' dispositions towards the CTLA-lessons were determined 

by the use of students' experiences questionnaire that was administered to 55 

students in the two SHS (School A and School B) immediately after each of 
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the lessons. Possible res onse h· p s to t e Items on the five-subscale questionnaire 

were on a scale ranrring ft· 
b rom s rongly dIsagree (1) to strongly agree (5). Thus, 

for the subscales a score below d b , an a ove 3 depicts favourable and 

unfavourable opinio f I ns 0 t le respondents. The results of the school-based 

analysis of the students in school A and School B are shown in Table 18 . 

Table 17: Students' Ex· . h CT . penences WIt LA -InterventIon Based on School-
type 

Experience Subscales School-type N Mean SD 

Delivery School A 29 4.12 0.47 

School B 26 3.91 0.58 

Interest School A 29 4.34 0.58 

School B 26 3.77 l.00 

Comprehension School A 29 4.16 0.47 

School B 26 3.69 0.83 

Source: Fieldwork, 2021. 

The three subscales from the analysis indicated that generally, the 

students from both schools expressed positive dispositions towards the CTLA 

lessons. With students in school A rating their experiences with the 

intervention highly in respect of the interest (M = 4.34, SD = 0.58) as 

against School B(M = 3.77, SD = 1.00). School B recorded the subscale of 

delivery (M = 3.91, SD = 0.58) as the highest rated experience with the 

intervention as against school A(M = 4.12, SD = 0.47). The comprehension 

subscale also recorded means of (M = 4.16, SD = 0.47) and (M = 3.69, 

SD = 0.83)for school A and school B respectively. 

Although there were perceived differences 111 the dispositions of 

students' attitude towards the CTLA-intervention in the two senior high 

schools involved in the study, the IMTs pedagogical strategy improved the 

students learning of concepts in trigonometry taught, as evidenced on the 

155 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

above average mean Scores of (M = 4.20, SD = 0.50) ( and M = 3.79, 

SD = 0.80) reoistered on II th b 
'" a e su scales (see Table 17) post introduction of 

the intervention in schools A and B . I respective y at the real classroom 

situation. It can further be b . d I I . . o serve t lat, t le students expenence with the 

intervention was favourable irrespective of the school type it was deployed . 

Thus, the IMTs use of the intervention improved students lmderstanding and 

ultimately yielded enhanced learning outcomes as a consequence of which the 

students in the two schools registered higher mean scores on the subscales of 

interests, comprehension and delivery in the study. 

Similarly, the information gathered through the interview seems 

suggestive of the student's improvement in their learning outcomes in 

trigonometry as a direct consequence of their perceived positive experiences 

with the CTLA- intervention. This assertion is based upon the fact that all five 

students who were interviewed immediately after the implementation of the 

two lessons designed by the IMTs expressed positive experiences with the 

intervention. Below are some of the sentiments expressed by the students. 

Student 1: This new method of teaching is vefY different but 

effective and more engaging way of teaching mathematics. 

Infact, I really admired the way and manner in which the 

lessons were delivered. {Delivery} Now I understand the 

topic and can teach my friends in class {Comprehension}. 

Student 2: It is very effective and should be adopted for the next 

generation this is because the activity sheet made the 

lesson more practical and understandable to our group. we 
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were able to solve our question as a group (Delivery, 

Comprehension) 

Student 3: It is a very g d 7 h d ..r . 00 met 0 OJ teachll1g because when J 

saw the questions, I thought we won't be able to do it but 

after the go' . I r upll1gs 111 c ass we shared ideas on the topic 

and was able to do that same question I had no idea about, 

so it should be encouraged. There was good teacher and 

student relationship and this helped me to open up when I 

didn't understand anything during the group activities. 

(Delivery) 

Student 4: It was quite interesting and not boring. The teacher 

gave us more examples on the topic for us to tryon the 

activity worksheet. This new method of teaching has 

brought many ideas and concepts on the same topic I 

couldn 't understand, but I'm now able to answer questions 

and I think it should be introduced in other schools well. 

(Interest, Delivery, Comprehension) . 

Student 5: My overall impression of this new method of teaching 

is a good one. This is because; this new method helps to 

promote both group work and individual work when it 

comes to studying. The teacher motivated us to solve the 

task at our personal level before putting our answers 

together as a group. I was able to answer the questions I 

found as difficult in the textbook. (Delivery, 

Comprehension) 
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These reports reiterate th t d ' " 
e s u ents pOsItIve experiences (See Table 17) with 

the CTLA lessons and . 
serve aa a possible reason for the improvements in 

students' learning of mathematics concepts that were taught. 

Enhanced Students' Learning Outcomes in Trigonometry 

As part of research question 3, the improvement in students' learning 

using the CTLA was further understood and explained from the perspective or 

the students improved learning outcomes. Data collected particularly during 

the implementation and evaluation stage of the study in which the second 

cohort of IMTs taught CTLA lessons in two SHS in Cape Coast were used in 

addressing this question. During the process, the two groups of IMTs: TenIn 3 

(T3Tl and T3T2) and team 4 (T4T1 and T4T2) conducted pre-and post-tests 

consisting of the same items on the topics: angle of elevation (application of 

trigonometric ratios) and compound angles respectively before and 

immediately after implementing each of their lessons. The test required 

students to detail the processes involved in arriving at the answers to the 

questions (thus, show working- proof of the steps involved in the resolution of 

the question). The test was scored out of five in school A and out of ten in 

school B. Tables 18 and 19 show the results of the paired sample I-test that 

was used to determine if the mean differences in the pre-test and post-test of 

the scores obtained by the students in prior to and post introduction of the 

CTLA in the respective lessons were significant in both schools. 
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Table18: Paired Sample T-test for SHS A 

Paired differences 

M SD Md T d[ jJ 

School A Post-test scores 4.38 .677 3.03 24.014 28 .000 

School A Pre-test scores 1.34 .897 

Source: Fieldwork, 2021. 

From table 18, there was a significant mean difference in the pre and 

post test scores of the students (M = 5.54, SD = .761; t (25) = 37.13, p = 

.000). In addition, eta squared was calculated to determine the effect size 

statistic of the eTLA-intervention. Thus, an eta squared statistic of 0.95 was 

obtained from the analysis which depicts a 'large ' effect size in the differences 

in the student's pre-test and post-test scores obtained before and after the 

introduction of the eTLA lessons. This shows the students ' imprc)\ 'ed 

performance in the post-test after the introduction of the eTLA intervention in 

the real classroom situation in SHS A. 

Again, the evidence of the improvement in the performance of students 

in school A before and after the introduction to the intervention is showll in 

Fiaures 27A to 27B. Thus, Figures 27A to 27B show excerpts of the 
'" 

performances of individual student's pre-test and post-test administered in the 

study. It can be observed that the students showed improvement in their test 

scores after the introduction of the intervention. This evidence follows thrm'gh 

all the questions as the student provided clarity to the various steps (show 

working-proof of the method employed in answering the question) in solving 

the questions and demonstrating conceptual understanding through the 

construction of appropriate diagrams in their respecti ve sol utions. 
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Figure 26A: Excerpt of student 1 individual post-test score 
Source: Fieldwork, 2021. . 
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Figure 27B: Excerpt of Student 1 individual pre-test score. 
Source: Fieldwork, 2021. 
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For example, from Figure 27 A and 27B, student I pre-test score 

increased from 2 out of 5 to 5 out of 5 on the individual pre-test and post-test 

respectively. As observed from the excerpts, the student 1 could not account 

for the processes leading to the answer that was asked on the three 

trigonometric ratios of sine, cosine and the tangent of the angle given during 

the pre-test. In particular, the question (with the help of the diagram find the 

sine, cosine and the tangent of an angle of27 degree) could not be established 
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by way of drawing the ' "I ' propel ng It-angle tnangle diagram to illustrate the 

concept of question coupled wI'th h' , bOlo I IS ma I Ity to app y the appropriate 

trigonometric ratio to solve the question in the pre-test. 

However, in the post-test, after the IMTs through their enhanced 

competencies in enacting CTLA lesson (thus, grouped the students with S0me 

assigned roles, provided them with the opportlmity to discuss at length their 

ideas on sine, cosine and the tangent of an angle through the provision of 

related activities on the students work sheet individually and collectively as a 

group as well as the provision of platform for the groups to project their 

solution on the chalkboard for the purposes soliciting alternate ideas and views 

from non-group members during the teaching and processes) the students were 

able to account for the processes that led to the solution of pre-test item, As 

such, student 1 was able to answer the questions with the correct methodology 

and the appropriate diagram to represent the concept of the question he could 

not answer in the pre-test. Hence, it can be asserted that, the effective utility of 

the CTLA in the lesson might have accounted for the improvement in the 

student 1 individual pre-test score, 

Similar findings were observed in the results in SHS B. Thus, students ' 

performance improved post introduction of the CTLA intervention by the 

IMTs, Table 19 shows the results of the paired sample t-test of the scores 

obtained prior to and post introduction of the CTLA lessons to students in 

school B, 
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Table J 9: Paired Sample T-test for SHS B 

Paired differences 

M SD Md T df p 
School B Post-test scores 7.92 1.093 5.54 37.131 25 .000 
School B Pre-test scores 2.38 1.169 

Source: Fieldwork, 2021. 

The Table shows the paired sample t-test with a significant (mean 

difference = 5.538, 95% CJ: 5.231 to 5.846) mean difference. A very large eta 

squared (eta squared = 0.98) was obtained from the analysis which depicts 

that, there was significant difference in the student' s pre-test and post-test 

scores obtained prior to and post introduction of the CTLA lessons. Thus, 

students' performance improved after they were introduced to the CTLA 

lesson on the concepts taught. This assertion was confirmed by analysis of 

how students answered the questions as demonstrated by Figure 28. 

\\.()I~!)S!l "'· (··T-INH'VIt)(IA' . PO'OT.f'·ST / ..-... ._ 

"u .... ·.c:'.'?t'""h· .. ~:.,t>. .... ~ ..... rno •. ~.. .. .. .. ...... . .. ( ~ "\. , 

0 .. ';'" ~ ludC'n'. \ \ ". .. ) X' 
'ou ar," rl'quc.· ••• ·d 'ft un:.,,'C"r Ihe- fluc-"Un ..... bu",w un "tlur .. ndl:r'Uan"'ln~t.:>~ 
nf lriJ,tonnnu:'"" 

If s. n A .... ~ . ens II = +; '~h"'re ~XJ~ ··: ., .... 1 NO'" 0 · ... U .... 'II(J .... lind '" IIhoul u"'"1Il •.• hle- • Iho: ""IUI: .... r 

Figure 28A: Student 2 individual post-test performance. 
Source: Fieldwork, 2021. 
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Fig'.Are 28B: Student 2 individual pre-test perfonnance. 

Source: Fieldwork, 2021. 

It ca,'1 be observed from Figures 27 A and 27B that, student 2 pre-test 

score increased from 0 out of 10 to 10 out of 10 form the pre-test to the post-

test. As can be inferred from the Excerpts, student 2 could not answer the 

question (thus, if sin A = ~,cos B = ~~ where 900<A<180° 00<B<90°, find 

without using tables. the value of sin(A + B) ) that was asked on the concept 

of compound angle in the pre-test. Thus, student 2 failed to provide any form 

of diagrammatic representation of the concepts of sine and cosine needed to 

find solution to the question. Again, he/she could not recall the appropriate 

sum of angles for the trigonometric ratios although such references were 

provided prior to the pre-test. 

However, in the post-test, after the IMTs enacted CTLA-lesson on 

compound angles in the real classroom situation, student 2 was able to answer 

the question with the score of 10 out of 10. Thus, student 2 filled the gap by 

detailing the systematic approach as demanded by the question (see Figure 

28B). Hence, the use of CTLA in the lesson might have accounted for the 

increase in the student 2 pre-test score. The analysis from the paired sample t-
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test and excerpts from the' . , 
pi e-test and post-test II1dicates that irrespective of 

the school the CTLA was de I d 
p oye , the performance of the students impro', cd. 

Qualitative data g tl . d d . . a 1ere unng the Implementation of the CTLA 

lessons were also suggest" f nI . Ive 0 e 1anced students learnmg outcomes. Thus, 

responses from the intel'v' d t . d' d' . lew a a m \Cate unproved lear'rung outcomes by 

students after participating in CTLA -enacted lessons in the real classrrom 

situation. In furtherance to the confirmation of the results obtained from the 

pre-test and post-test conducted at the school, some of the students I 

interviewed attributed their improved learning outcomes to the implementation 

of the CTLA-enacted lessons. For instance, in relation to the topic: the 

application of three trigonometric ratios of sine, cosine and the tangent of 

angles, the students selected using the simple random sampling teclmique at 

SHS A indicated that, they had a better appreciation of the concept taught as a 

result of the new pedagogical approach (CTLA) they were introduced to in 

class. Some of the responses obtained from the students in relation to the 

question: "How will you assess today's lesson?" were captured as: 

Student 1: Today 's lesson was a success; this is because I have 

always struggled to understand anything in trigonometry, 

but J understood the topic easily due to the method of 

teaching introduced. This method of teaching allowed me 

to think deeply and improved my understanding and 

appreciation of the trigonometric ratios taught. 

Student 2: Very successful because when they came, J wasn't 

getting what they were doing but at the end, J got to 

understand and even know about the relevance of the 
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trigonometric ratios Y; . . . ou see tngonometry is one difficult 

topic I don't know ·h · anyt zng about it but today Haal I I Hal 

(a sigh of relief of happiness) I have understood. 

Student 3: It was a su I ccess. was able to solve most questions I 

had difficulty with especially in "trig ratios ". In fact, sir, I 

have not come across any of their (lMTs) 

process/techniques of solving trigonometry question and 

their technique was much easier than that I see in the 

textbook. All their questions on the trigonometric ratios 

were solved using their method of teaching and all the 

solutions were correct. This was really a good experience if 

I am to compare it with my core mathematics teacher way 

of teaching us in class. 

Student 4: Success: my reason of choosing success is that; the 

teacher made us know the various ways of solving 

questions under trigonometry through the group 

presentations we had in class, this enabled me in particular 

to understand the lesson. Finally, I am able to solve 

questions under this trig ratio I could not do before. 

Student 5: It was successful. This is because before the lesson I 

had no knowledge about trigonometry so from my 

perspective I thought it was difficult but at the end of it all, 

by God's Grace am able to do trigonometry. so, it was 

successful. 
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Student6: To be honest, before today 's lesson, I had almost little 

knowledge about trigonometry although we have had 

lessons on th t . b . . eopzc ut during the course of the lesson, I 

have learnt much e h I noug so yes, was able to answer the 

teacher 's questions with the understanding I got from my 

group members, the lesson was a success. 

Similar observations were recorded during the interview seSSlOn with the 

students who were selected at random (thus, using simple random sampling 

technique) after the IMTs instruction on Compound Angles in SHS B. The 

responses obtained from some of the students in relation to the question: How 

will you assess today's Jesson? Recorded as: 

Student 1: Today's lesson was a good one. How ideas were 

shared in the group made it less difficult for our group to 

find solution to task assigned to us by the teacher, so now I 

can say it was easy because I can do it alone. I like the 

manner of teaching even if nothing at all by the discussions 

we had on the topic you could get something inside (head) 

if there is nothing in your mind. 

Student 2: Today's lesson was very great. It went successfully 

because 1 think from the individual contributions during the 

group presentation, some of the students who don 't speak 

in class were seen contributing to the group activities in my 

group on the compound angles identities and its 

applications which is under trigonometry and I understood 

it very well too since I got my question correct. 
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Student 3: Today 's lesson h . 
as bl oadened my mind about certain 

aspects of the identities in compound I d anges un er 

trigonometry in I t" . e ec lve mathematics and partly physics. 

This is because my vi I . el1 s were Improved upon as a result of 

the group activities on the task. So, I Crln 
c, say Today's 

lesson was velY sLice .{:, I t· . , essJLI 0 me since I In able to answer 

questions I found it difficult to solve. 

The sentiments expressed by students above concerning the CTLA-enacted 

lessons corroborate the student-centred assertive nature of the intervention. As 

such, students learning outcomes during the implementation of the CTLA­

lesson improved as a result of the IMTs exposure of the students to the 

cooperative teaching and learning approach as the medium of instruction in 

the learning environment. 

Thus, based on the evidence gathered from the student's pre-test and 

post-test and interview data it can be asserted that, the enhanced learning 

outcome in the performance of the students in the two SHS was as a result of 

the implementation of the CTLA-intervention as a pedagogical approach in the 

real classroom situation. 

Discussion of Results 

This section highlights and discusses the main key findings as emerged 

based on the three research questions that guided the study. This is purposed to 

evaluate whether the CTLA intervention introduced in the study was effective 

in promoting SHS students understanding of the subject matter (trigonometry) , 

improved teachers' pedagogical strategies as an instructional approach in the 

context of the SHS classroom and finally whether the intervention enhanced 
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learning outcomes of the SHS t d 
s u ents especially in the area of trigonometry. 

Thus, the key findings are delineated' 'h . . 
In t emes 111 relatIOn to the research 

questions as well as the rei t d I' 
a e Iterature reviewed in Chapter 2 of this study. 

The Effectiveness of the CTLA 
Intervention in Developing IMT1' 

Pedagogical Strategies to Teaching. 

The research question one sought to establish the efficacy of the CTI,A 

intervention in developino IMT d . I . . 
b S pe agoglca strategIes to Improve teaching 

and learning of concepts in mathematics. For the purpose of till s study, 

effectiveness of the cooperative teaching and learning-approach was 

conceptualised to mean the extent to which the five features of Cl I-A 

(Positive interdependence, Individual accountability, promotive Face-to-face 

interaction, social skills and Group processing) were reflected in the design 

and implementation of the lessons. Both qualitative and quantitative data were 

collected in order to determine the effectiveness of the CTLA-interventioil in 

developing IMTs pedagogical approach to improve the teaching and learning 

of concepts in mathematics. Generally, findings emerged from the results of 

the study revealed that the CTLA-Iessons designed and implemented in the 

study were effective in developing the IMTs pedagogical strategies to impr,lve 

the teaching and learning of mathematics. This is because the CTLA-Iessons 

promoted student-centred teaching and learning process in a constructivist 

manner which yielded improved students ' learning outcomes. Both qualitative 

and quantitative results from the perspective of the in-service mathem(ltics 

teachers and the 55 students from the two senior high schools showed that all 

the five features of CTLA-intervention were fully applied during the teaching 

and learning process and hence, effective as conceptualised in the study. 
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TIle qualitative results ( F' 
e.g., Igures 4-18 and Table 7-14) showed tl1at 

the IMTs used the CTLA I 
- esson to I) group their learners with some assirrnccl 

t> 

roles in each group in learn in h . 
g t e subject matter (Positive Interdependence); 

2) engage learners to share id' . eas 111 groups In order to access divergent 

knowledge expressions ~ . th . . . 
01 e plllposes of conceptuahs111g the mathematical 

concepts taught in the lesso (' .' " n promotive face to face 111teractlOn); 3) organisc 

the mathematics classro I' . . om earnll1g environment 111 such a way that, studcnts' 

personal experiences and views were respected in order to contribute to the 

solution of the assigned task (social skills); 4) measure students' performances 

on activities tlu'ough monitoring, evaluation and feedback (thus, students 

project their solution to the assigned task on the chalkboard for the purposes 

soliciting for alternate methods of solving that same task-(group processing); 

5) put together alternate ideas (solutions) from individual students for the 

purposes of reaching consensus on a solution reflective of the group's 

individual effort (individual accountability). 

Similarly, the quantitative results confirmed that the CTLA-Iessons 

promoted student-centred teaching (social skills, group processing, individual 

accountability, face to face promotive interaction and Positive 

Interdependence) in teaching SHS mathematics (see Table 15 and Table 1 (-y. It 

is clear from Table 15 and Table 16 that, the overall mean values recorded for 

the five features of CTLA for school A (M = 4.28, SD = 0.43) and school 

B(M = 3.91, SD = 0.84)indicated student-centred teaching. This implies 

that the CTLA-Iessons designed and implemented in the study was effectiv,' in 

developing IMTs pedagogical strategies to improve the teaching of 

trigonometry in SHS in Ghana. These findings from the current study are 

169 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

consistent with the find' f . 
mgs 0 studIes cond t d . uc e 111 the Ghanaian context by 

Assan-Donkoh et al., 2019' Edekor 
, , & Agbornu, 2020; Bosson-Amederu el 

al. , 2021 who sought to conduct a . 
comparahve study on cooperative learning 

in relation to the traditional meth d f . o 0 teachlI1g. 

Again, the findings of tl t d . 1e s u yare unswerv1I1g to that of Mehta and 

Kulshrestha (2014) who m . I h am y soug t to develop and implement instructi onal 

material anchored on coo . t' I . pera Ive earn1l1g approach as well as the effect of 

cooperative teachin o and Ie .' t I . . . 
b atl11ng ec 1111que on the socIal and cooperat ive 

skills of students. The results of the study indicated that, they developed 

positive interdependence, face-to-face interaction skills, and feeling of 

individual accountabi lity as compared by MaIm Whitney U test as a result of 

which the study concJ uded that, there was an effective utility of 1he 

cooperative teaching tecJmique on the topics taught. Thus, as result of 

cooperative teaching technique, the students developed the features of 

cooperative skills which is consistent with the 55 senior high school students ' 

development of the features of CTLA post introduction of the CTLA lessnns 

in their real classroom learning environment in the current study (see Table 7 

and IS-overall mean values recorded for the five features of CTLA for school 

A eM = 4.28, SD = 0.43) and school B eM = 3.91, SD = 0.84). 

Again, the studies (Johnson, Johnson, & Holubec, 2015; Johnson, 

Johnson & Smith 1991; Johnson et al., 1998) posited that a lesson designed 

and anchored on the five main features of cooperative learning has the 

prerequisite potential to turn such an environment into one where the 

individuals respect (social skills), rely (positive interdependence), sl.are 

(promotive face to face interaction), account to each other (individual 
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accountability) in an atmos here .. 
P promlsll1g of students' accomplishment of 

task and learning (grOUP processin . . 
g). Agam, they contended that a learnmg 

environment is said to b . 
e cooperatIve based if and only if such pedagogical 

technique is anchored on th fi . 
e Ive mam constructs (Johnson et al., 1998). Thus. 

positive interdependence face to C • , lace promotIve interaction, social skills, 

individual accountabilit . d . . y an glOup processl11g. These findings are consistent 

with the current study as II tl C • a 1e Jeatures descrIbed above were found tl) be 

relevant in the Ghana' SI-IS I' . Ian mat lematIcs classroom learmng environment. 

Thus, IMTs pedagogical strategies developed in the current were observed to 

be reflecti ve of the five features of the CTLA during the teaching and learning 

process as well as in their lesson plans (see IMTs document analysis fTom 

figures 4-18) used in the lesson. Hence in the current study, lessons that were 

deemed effective reflected on the five main features of the CTLA as \\'as 

found in the studies of (Johnson et aI., 1998). 

However, the current study, is in contrast with the study conducted by 

Lopata, Miller and Miller (2003) on self-reported relative use of cooperative 

learning among exemplar teachers. The findings from their study indicated a 

significant disparity between overall reported actual and preferred use, as well 

as a significant discrepancy between actual and preferred use on each of the 

four features of cooperative learning. It was further noted in their study that, 

the use of individual accountability accounted for a greater development of lhe 

staff in terms of the use of the features. In the current study, individual 

accowltability accounted for the least development of the IMTs competencies 

in the use of the five features of the CTLA initiated at the implementation and 

evaluation stage of the study. This was observed to be the least applied du~ ing 
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the conduct of the lessons d 
an was subsequently perceived as the lowest on the 

mean ratino by the IMT fr 
t:> S om the perspective of the students (Individual 

Accountability-M == 2.3, SD == 0.32). 

Based on the findinos d· 
t:> Iscussed above, the study concludes that the 

CTLA-intervention that was designed and implemented in this study was 

effective in developing IMT d· .. s pe agoglcal strategies to Improve the teaching of 

concepts in mathematics. 

Improvements in the CTLA as Pedagogical Strategy in Teaching 

Mathematics 

1l1e research question two of the study sought to understand the 

improvements in the CTLA as an instructional strategy in the real classroom 

context (SHS classroom) of the study. In answering this research question, two 

perspectives were used to explain the improvements in teaching using CTLA 

as pedagogical strategy in teaching mathematics. The improvements in 

teaching were explained from the perspective of; 1) IMTs developed 

knowledge and skills in enacting CTLA-Iessons and 2) IMTs improved 

content knowledge in the subject matter. In overall, results from both 

qualitative and quantitative data showed that, the improvements in the In-

service mathematics teachers' knowledge and skills were reflective of their 

developed utility of the features of CTLA as an instructional approach in the 

classroom context (see- Figures 21-23 and Tables 15-16) of the study. 

There were two cohorts of IMTs for the first study and second s1udy 

who were taken through PDA arrangement to acquaint themselves with the 

pre-requisite knowledge and skills needed to advance their pedagogical 

strategy with the CTLA, especially in the area of trigonometry in mathematics. 
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The results obtained fr h 
om t e analysis of their lesson plan documents, 

interviews and focus gr d' . 
oup ISCUSSlon data indicated that the IMTs developed 

their knowledge of CTLA d' I 
unng t le PDA conducted in the study. This is 

because prior to the PDA tl IMT' 
,1e s knowledge of CTLA was measured and 

the results revealed that most o'f them had inadequate knowledge and 

misconceived notions abo ttl I" u le app !Catron of CTLA in the classroom context. 

For instance majority of th IMT f . . . , e s were 0 the opllllon that groupmg students 

(positive interdependence) in an organized environment (social skills) and 

assigning students to task in order to get them to find solution to that task 

(promotive face to face interaction) constituted the use of cooperative teaching 

and learning approach in the classroom context. 

However, the lesson plan documents designed by the IMTs and 

implemented during the conduct of the study, for instance, disclosed that IMTs 

did not only develop in relation to CTLA as a unique body of knowledge but 

also sought to bring to bear a matrix combination of the five features of CTLA 

as instructional strategy in the classroom context during their enactment of the 

CTLA lessons (see Figure 21-23). This finding clearly shows that, the Il'vlTs 

views about the nature of the CTLA (Johnson & Jolmson, 1998) are 

fundamental in the appreciation of the improvement in the pedagof,k al 

approach (CTLA) employed by the IMTs in the context of this study. This 

ostensibly led to a positive change in the in-service mathematics teachers' 

views on teaching mathematics with cooperative teaching and learning 

approach. 

The results from the study (see Table 15 and Table 16) further proved 

that there were improvements in the IMTs knowledge and skills for using 
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CTLA as pedagogical strategy . 
In teaching the subject matter. The overall 

results for both Phases sh . 
ow an Improvement in all the features of CTLA with 

lara-est areas of cl · , 
b 1ange OCCulTIng' CTLA m -related sub-scales: Positive 

Interdependence (gain=2 87) F 
. , ace to Face promotive interaction (gain = 

2.25), Individual AccountabTty ( '_ -
1 1 gam - 2.0)), and Group Processing (gain = 

2.05). This indicates IMTs d I '. eve opment 111 their knowledge and skills in the 

features of Positive Interde d d F . pen ence an ace to Face promotive interaction 

related sub-scales much better as they might have perceived them as familiar 

knowledge. The results from the interview data also confirmed that , the PDA 

was critical in the IMTs acquisition of knowledge and skills needed to design 

and enact CTLA-Iessons. 

The outcome of the current study aligns with similar studies whose 

employment of PDA helped in enhancing teachers incorporation of new 

pedagogical strategies in education (Ho, Watkins & Kelly, 200 I; He\\ & 

Brush, 2007). Professional development training and its components played a 

significant role in the current study. One of the reasons for the teachers' 

developed CTLA was the nature of the effective PDA initiated in the study. 

The PDA for this study was in three stages: I) an introductory workshop for 

the IMTs 2) design of CTLA- lessons by the IMTs in teams of two and 3) 

implementation of the lessons designed by the IMTs (see Table 2). During the 

implementation, there was an iteration of teaching try-outs by the IMTs in 

peer teaching sessions. 

With regard to the focus and main goals of PDA, authors such as 

Borko (2004) and Desimone, Garet, Porter, Birman and Yoon, (2002) fCllnd 

out that teacher's PDT is an indispensable tool to enhance teachers' 
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knowledge and . .. 
practices 111 1t1structio T h· 

n. 0 t IS effect the study employed the 

PDA as the main tool in sh . 
apmg the IMTs knowledge on the features of the 

eTLA. As a result, changes beca . . 
me eVident m the pedagogical strategies of 

the IMTs during the im I . 
P ementahon and evaluation stage of the study. This 

affirms the study conducted b G k 
y us ey (2002) where he asserts PDA blings 

about changes in teachers' tft d d . a 1 u es an belIefs. In recent times, Kazemi and 

Hubbard (2008) ; Opfer and Peder (2011) have stressed the need for PDA as a 

result of its t I f'c . . po ency 0 a lect positively areas of the teacher' s competences , 

knowledge, values as well as their personal and professional lives. 

Notwithstanding the positive change in the IMTs developed knowledge 

in the features of what constitute a eTLA; they encountered some challenges 

v,rith the use of eTLA intervention for trigonometric lessons. Some of the 

challenges they faced during the initial stages of the peer-teaching try-outs 

were the unwillingness to let go of the old pedagogical strategy on the part of 

some of the IMTs in order to make room for this new method of teaching. ror 

instance, one of the IMTs (T3Tl to be specific) was observed combining the 

old method of teaching with the new one during the teaching try-outs phases at 

the implementation and evaluation of the study. This is consistent with the 

studies of Blatchford, Kutnick, Baines, and Galton (2003) that delineatec1 the 

problems that teachers face in the introduction of eTLA as pedagogical tool in 

the classroom context. They postulated on the conditions that necessitate the 

application of intervention such as the eTLA in the teaching and learning 

environment. 

The IMTs inability to teach from the learner perspective was a 

challenge encountered during the observation of the eTLA lessons. Thus, post 
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PDA interview with the IMT . d' 
s 111 Icated that, they were deeply rooted in Ihe 

teacher-centred pedagogical approach 
in teaching the subject matter. 'The 

IMTs viewed the methodoloay of t I ' 
b eac 11l1g as teacher centred. This finding 

seems to al ign wi th Ag)fei' (2012) . . s who asserted that, the trall1lDg 0 f 

prospective teachers in GI ' '. lana IS preoccupIed with teacher-centred pedagog; cal 

approach. 

According to Westbrook et al (2013), since there has been a shift from 

teacher dominated pedagogies as result of curricular refom1s to instructions 

that learners are central to the teaching process, there is the need for teachers 

to lise constructivist pedagogical strategies to enhance teaching and learning. 

It is, however, important to mention that with the series of teaching try-outs, 

the IMTs were able to improve on these challenges mentioned above and 

successfully incorporated CTLA as a pedagogical strategy to enhance lheir 

CTLA lessons in the study. Moreover, the IMTs exhibited an enhanced 

content knowledge of the subject matter as a result of this improvement in 

IMTs knowledge and skills in enacting CTLA-Iessons. 

Improvements in Students' Learning Outcomes Using CTLA as 

Instructional Strategy to Teach Trigonometry 

The research question three sought to explain the improvements 11l 

students ' leaming using CTLA particularly in the area of trigonometry. The 

discussions in connection with this research question were presented from two 

t
· s as reported in the results section as; enhanced students' learning 

perspec lve 

d percel'ved students' experiences with the CTLA-based lessons. 
outcomes an 

Enhanced students' learning of concepts in trigonometry with CTLA-

intervention can be explained based on the improvements that occurred in 
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students ' learning out 
comes as depicted' F' 

1\1 Igure 27 and Figure 28, Analysis 
of the results (27 A 27B d 2 

' an 8A, 28B) at the individual pre-test and post-lcst 

scores of the students showed that ' 
, the CTLA-mtervention enhanced students' 

learning of concepts in th b' e su ~ect matter. Th' , IS Improvement in studen[s' 

leaming outcomes seem to I 
lave resulted from the use of student's worksheet 

of activities the student c t, d 
' en Ie approach to learning and the IMTs knowledge 

of the features of the CTLA' I ' m t le teachmg of the topics such as: the three 

trigonometric ratios of sine, cosine and tangent of angle as well as the 

compound angles, the trigonometric identities and angles of elevation and 

depression, The results of this study are consistent with the studies (Ahm~di, 

2000; In ' am et aI. , 2010; Oloyede et aI. , 2012; Shafiuddin, 2010; Yousef et 

aI. , 2021) who assessed the impact of cooperative teaching and learning 

strategy in teaching mathematics students, The study affirmed the efJect 

cooperative learning has on students' performance, interest, motivation, 

conceptual understanding, and their attitudes toward mathematics, The results 

established that, students under the tuition of cooperative disposition towards 

mathematics improved as well as their performance as was the case in the 

cl.ment study where there were improvements in the performance of students 

in the two schools the IMTs taught (see Tables 18-19), They indicated a better 

superiority of the CTLA as an instructional approach in mathematics courses 

to a more traditional method of instruction, This observation was also implied 

in the CUlTent study although the cl.tn'ent study did not compare the CTLA 

, . d' ectly with the conventional method of teaching, The results 
mterventton II' 

al
' ' h th' tudy because the views of the students on the new teaching 
Ign Wit IS S 

method (CTLA) agree with sentiments as expressed in the study of Ahmadi 
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(2000) (see qualitative anal' f 
YSls 0 shldents' responses to the researcher 

interview) Aga' , h ' , 
, 111 , In t e said studies of (Ahmadi, 2000; In 'am et aI., 2010; 

Oloyede, et al 2012' Sh fi dd' " ,a III In, 2010; Yousef et aI. , 2021), they avel red 

that, CTLA is very dy , h namlC, t us students are more actively involved in the 

exploration of mathematical concepts and ideas as well as the resolution of 

specific task, This was also observed in the current study as the introduction of 

the activity-oriented worksheet made the students active participant:. in 

constructing their own understanding of the subject matter. 

In a related study, Zakaria, Chin, and Daud (2010) also researched on 

the effects of cooperative learning on students ' mathematics achievement and 

attitude towards mathematics, However, Zakaria et al. (2010) concentrated on 

Malaysian secondary school students, The results displayed a rather improved 

learning outcome on the part of the students in the experimental groups ' 

achievement in mathematics as well as their attitude towards studying 

mathematics, This further confinns the improved learning outcomes of the 

students (see Figures 27 A, 27B, 28A, 278B) post introduction of the CTLA 

intervention in the two SHS involved in the study, 

Again, Shafiuddin (20 I 0) also examined CTLA 111 learning 

mathematics, The rationale behind the conduct of their study was to assess the 

efficacy of the cooperative learning employed as a pedagogical approach in 

the classroom context. Thus, comparing the two pedagogical approaches of 

conventional method of teaching and cooperative learning, Subsequently, it 

was revealed that on the pre-test and post-test analysis that, the achievement 

levels amongst the high, average, and low learners were higher when 

cooperative learning was used as the medium of instruction as opposed to the 
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conventional method f' . o instructIOn Th ' . e current study s student's performance 

on the pre-test and post-test b corro orates thO t d . IS S U Y as IMTs after exposmg 

students to the CTLA I 
- essons registered much improved mathematics 

achievement in their post-test' .. 
111 comparIson with their pre-test scores. 

Moreover, Whicker et I (1997) . a . findmgs in their study further affirm 

similar observations in the current study. In their study, the effects of 

cooperative learning tud ' . on s ents achievement and attitudes in a secondary 

mathematics classroom w (.' d b ere toun to e favourable. They found that students 

who experienced CTLA lessons performed better on the test scores than 

students in the comparison group and as such, affirms the current studv's 

pretest and post-test scores where students improved on their pre-test scores as 

result of the introduction of the CTLA-intervention. 

Again, Vaughan (2002) observed the effects of cooperative learning on 

the students' performance and attitudes in relation to mathematics. The 

analysis of pre- and post-test scores showed favourable changes in the 

students ' attitudes and performance. This further affirms the current stucy's 

position on SHS students' disposition towards the intervention introduced and 

consequently the improved scores registered post introduction of the CTLA-

lesson. The students in an interview confirmed that, the use of worksheet of 

activities , the student centred approach to learning and the IMTs knowledgf' of 

the features of the CTLA helped them to advance their knowledge acquisition 

of the subject matter (trigonometry). During the implementation of the CTT.A­

lessons, it was observed that the IMTs were able to use worksheet of activities , 

the student centred approach to learning and the knowledge of the features of 

the CTLA in a well-coordinated manner to aid the students in their 
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conceptualisation of the t . . . 
OplCS In tngonometry such as the angles of elevation, 

the trigonometric ratios f . 
o Sine, cosine and tangent of angles, the compound 

angles as welI as the identities " . 
111 tngonometry In a real classroom context 

which would have been taught in abstr t" . . . ac Ion 111 a tradItIOnal mathematICs 

classroom context. 

The findings abo . ve seem to Imply that the CTLA- intervention 

provoked students ' underst d' of . .. . an lI1g 0 concepts 111 mathematIcs whIch IIldicates 

the extent to which the CTLA-Iessons improved the students understandino of 
I::' 

the trigonometric concepts taught. This explanation is consistent with the other 

studies advanced in this section of the discussion in view of the gains that 

inured to the benefit of SHS students when they were instructed with 

cooperative teaching and learning approach. This is because opportunities 

were afforded them to interact freely and achieve collective goals in the 

learning environment. Moreover, the CTLA incorporated activity oriented-

based worksheet as part of its components which enables students in the 

learning environment to question issues, share knowledge on concepts, clarify 

variances in respect of concepts, and build new understandings on lhe 

concepts taught (Mercer, Wegerif & Dawes, 1999; Webb & George, 2003). 

Another perspective from which the enhanced students' learning of 

concepts in mathematics with CTLA- intervention could be explained is from 

the point of view of students perceived positive experiences with the CTT.A­

lessons. The results from Table 18 showed that the students seem to express 

positive depositions after their encounter with the CTLA-lessons for 

mathematics lessons. For example, the students indicated that the CTLA-

I geIlerally interesting and enjoyable with a lot of activities which 
essons were 
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helped them to be eft! f .. 
ec Ive particIpants in the lesson. This observation in the 

current study is consistent 'th I . 
WI t le assertion that cooperative learning classes 

are more relaxed and en' 0 able I .. 
J Y t lan tradItIOnal classes, because there is a 

positive environment in th I 
e c assroom (Roger, Olsen & Kagan, 1992; Slavin. 

2014). TIle students furth . er pOinted out that the use of students ' worksheet of 

activities in deducing the h . concepts t emselves 111 mathematics augmented the 

effort of the IMTs to make the content of the lesson clear and as such 

facilitated their understanding of subject matter. (See interview with S()Jl1e 

elected SHS students after the implementation of the CTLA lessons). 

In a further study of Akhtar, Perveen, Kiran, Rashid and Satti (20! 2). 

they studied students' attitude towards cooperative learning in the classroom. 

The results contended that cooperative learning makes learning intcresti I1g. 

provides fun , done in satisfactory situation and enhances their ability to 

socialise. This finding further aligns with the current study' s students' 

experiences towards the implementation of CTLA in the real SHS classroom 

context. This is because, the views of the students expressed after the 

introduction of the intervention were favourable on all the subscales measured 

in the current study. The results in the current study show that all the three 

components (Delivery, Comprehension and Interest) for both schools recorded 

high means with differences in their standard deviations to indicate the extent 

to which the students ' experiences and attitude toward the implementation of 

the CTLA intervention in the classroom context were deemed favourable ,lIld 

positive. Interest recorded the highest mean value(M = 4.34, SD = 0.58), 

Delivery (M = 4.12, SD = 0.47) and Comprehension (M = 4.16, SD = 

0.47) for school A while for School B, Delivery (M = 3.91, SD = 0.58) 
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recorded the highest 
mean, Interest (M = 3.77, SD = 1.00) and 

Comprehension(M = 3.69 SD - . . 
, - 0.83). The findIngs of this study are also 

consistent with studies of (A D 
ssan- onkoh et aI., 2019; Bosson-Amedenu et aI. , 

2021; Davidson 1990' Ed k & 
' ,e or Agbornu, 2020; Effandi, 2003 ; Faizah, 1999; 

Johnson & Jolmson 1994' 0 &., 
, zsoy YIldlz, 2004; Vaughan, 2002; Whick.:r et 

al.. 1997; Zakaria et al 2010) r·l 
' . " r owever, the current study contrasts with the 

findings by Ismail (2000) Isn1al'l c: d " fi d' " , , loun no slgm lcant lspanty In attlhldes of 

the srudents towards mathematics between experimental and control groups in 

his study, The limited time (three and a half weeks) for the conduct of this 

study might have influenced the researcher's observation of " no significant 

difference between the two groups" in the study, 

Even in other disciplines, the effectiveness of cooperative learning has 

proven to be effective like Oloyede et al, (2012) , Bukunola and Idowu (2012) 

also srudied the effectiveness of cooperative learning strategies on Nigerian 

junior secondary students ' academic achievement; however, Bukunola i1 l1d 

Idowu (2012) concentrated on the basic science, The sample for this study was 

the total number of students in the intact classes used in the selected ":0-

educational Junior Secondary Schools, The results revealed that cooperative 

learning had significant effects on students' post-test academic achievement 

scores in basic science, Again, the results revealed that the cooperative 

learning had a significant effect on students' retention of basic science 

t ht Thus as student performance improved, their retention also concepts aug , , 

improved. 

I the results indicated that srudent perceptions of the In genera, 

. and learning approach were favourable. Hen<.:e, fhe 
cooperative teachmg 
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Improvement in students' I . eanllng of co t' . ncep s 111 tngonometry using CTLA as 

a pedagogical strategy in the classroom context. 

Summary of the Chapter 

In this chapter, three research questions were formulated for the 

purposes of developing" . lI1-serVlce mathematics teachers ' knowledge and skills 

to incorporate CTLA to teach SHS mathematics in a manner that is stuclcnt­

centred . The results from the qualitative and quantitative evidence indicates 

that the exemplary materials designed for the conduct of study were 

characteristic of student-centred teaching with the incorporation of the five 

main features of and thus, signify the type of CTLA-intervention that fit~ the 

realities in the Ghanaian SHS mathematics classroom. The study further 

discloses the improvements in the knowledge and skills on the part of IMTs in 

construction lessons that were reflective of the five features of the CTLA. 

Thus, the CTLA-intervention developed in the study was found to be effective 

as conceptualised in the study. Additionally, the improvements in teaching 

using CTLA- pedagogical strategies can be explained from the IMTs 

developed knowledge and skills in enacting CTLA-lessons. 

In conclusion, the study revealed that the improvements in students' 

learning of concepts in trigonometry can be explained and or understoocl from 

their enhanced learning outcomes and their perceived positive experiences 

with CTLA- lessons. Hence, the findings in this study affirm empirically the 

I f t t dl'es conducted on CTLA elsewhere and in the Ghanaian 
resu ts 0 mos s u 

context as discussed above. 
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CHAPTER FIVE 

SUMMARY, CONCLUS 
ION AND RECOMMENDATIONS 

ntis chapter presents the 
summary of th k fi ' e ey 1I1dmgs of the study to provide 

conclusions based on wh.' h IC recommendaf C' ' , Ions lor practIce, polIcy and further 

research are made In add 't' .h ' I IOn t e proce ' I ' " , sses 1I1VO ved 111 valIdat1l1g the final 

design guidelines using the DBR ' 
applOach are presented, 

Summary 

The rationale for the conduct of this study was to enhance the 

pedagogical strategies of IMT through the effective utility of CTLA as an 

instructional strategy to improve students learning on the concept of 

trigonometry in the classroom context particularly, at SHS in Ghana, This is 

purposed to make the teaching and learning of mathematics student-centred 

and meaningful. 

In order to achieve this objective, purposive sampling teclUlique was 

employed to select two cohorts of four in-service mathematics teachers and 

convenience sampling teclUliques was also used in selecting four Senior High 

Schools involved in the study, A sample of eight in-service mathemalics 

teachers and 55 students from two senior high schools (where CTLA lessons 

were introduced in the real classroom learning environment) were selected for 

this study, Three research questions guided the study, The research questions 

that guided this study were; "how effective is the CTLA intervention in 

developing IMTs pedagogical strategies to improve teaching and learning of 

concepts in mathematics?", "how can the improvements in teaching using 

pedagogical strategies that are anchored on cooperative teaching and learning 

h b derstood and or explained?" and "how can the improvements in 
approac e un 
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students' learning of co . 
ncepts In mathel r . na ICS uSing cooperative teaching "1 nd 

learning approach be U! d 
1 erstood and or explained?". 

The research method employed 
was descriptive case study design 

(Men-iam, 1998). This means both ' . ' . . 
quantttative and qualttattve data techniques 

were employed to explor d d 
e an un erstand the meanings IMTs derived from 

their experiences of usino CTLA . 
'" to teach trigonometry. Data was collected at 

the various stages of the st d . I . u y as lesu t of the design-based approach (DBR) 

adapted in the study Thu t th . . s, a e prototype as well as the Implementation and 

evaluation stages of the study. 

In palticular data was collected through different instruments . Thus, 

questionnaires for both IMTs and SHS mathematics students, observation 

protocol for observing the teaching and learning process with the CTLA, st!mi-

structured interviews conducted for both SHS mathematics students and fMTs, 

focal group discussions conducted for the IMTs and the administration of pre-

test and post-test for students at SHS A and SHS B. The DBR process was 

employed as the research approach for the conduct of this study. In addilion, 

the descriptive case study was used as the research design in the current study. 

The quantitative research instruments (thus, students perceived 

effectiveness of the intervention questionnaires, IMTs CTLA pre and post 

self-assessment questionnaire and students ' experiences with the interver:lion 

questionnaire) in the study were analysed using descriptive statistics 

specifically, means and standard deviations as well as paired sample t-kst. 

Again, scale construction was employed to analyse the students' experiences 

. h th . t t1'on The achievement tests (i.e., pre-test and post-test) were 
Wit e III erven . 

d f (1) open ended mathematics question (essay-type) for each of 
rna e up a one 
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the lessons taught under tri 
gonometry. The question (test) was awarded a total 

mark of 5 to which marks b 
a ove or below 2.5 was interpreted as favourable 

(positive) score and um: bl ( . avoura e negative) score respectively in SHS A, 

whiles a total mark of 10 was scored with the mean score above and below 5 

interpreted as favourabl ( ..) d . e positive an unfavourable (negative) scores 

respectively in SHS B. In addition, a sample pair t-test was used to detern-.ine 

the significance in means of the students ' pre-test and post-test scores obtained 

in the test in the two SHS. The observed data on the CLOP was in the forl11 or 

field notes (text) and indicators that informed the features of CTLA. To this 

end, the indicators were rated and coded as a result of which the outcome ' \'as 

analysed using descriptive statistics (means and standard deviation). 

Additionally, the data obtained from the interview and the focus group 

discussions were transcribed from audio to text. Data reduction technique 

(Miles & Huberman 1994) was used in anlysing the observed data, interview. 

field notes (text) recorded in the CLOP and focus group discussions. 

Key Findings 

In view of the analysis of the results for the three (3) research 

questions fom1l1lated in this study, the following are the summary of the key 

. h . d The findings are presented in the order of the research findings t at emerge . 

t· . fr'om research question 1 to 3 respectively. ques IOns I.e" 

h question sought to establish the effectiveness of the 
The first researc 

eTLA intervention in developing IMTs pedagogical strategies to improve 

h
' d learning of concepts in mathematics, 

teac mg an 

The following were observed: 
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1. the study revealed that the CTLA I 
- essons was effective as conceptuali .;ed 

in the study in d I . 
eve 0pll1g the in-service mathematics teachers ' 

pedagogical strategies to 
Improve teaching and learning of conceph in 

mathematics. 

a. IMTs lessons devel d d . . ope an enacted, projected e\'ldences of high 

Positive interdependence, Ind'lvI'dllal accountabi Ii ty, Promotive 

Face-to-face interaction, Soc,'al skl'lls d an Group processinr. as 

reflective of the five features of a CTLA-Iesson; Individual 

Accountability however, was the least reported by the teachers. 

b. Students' who participated in CTLA-Iessons reported high 

perceptions about its ' effectiveness. They ranked all the 'i ve 

features they observed about the CTLA-Iesson: Positive 

interdependence, Individual accountability, Promotive Face-to-face 

interaction, Social skills and Group processing high. 

Second research question of the study sought to explain how ('he 

improvements in teaching using pedagogical strategies that are anchored on 

cooperative teaching and learning approach can be understood and or 

explained. The improvements in teaching US1l1g CTLA-lessons can be 

understood and explained as a result of the: 

1. IMTs developed knowledge and skills in enacting cooperative teaching 

and learning approach lessons as were reflected in both the qualitative 

and quantitative data collected, The mean gains of scores (before and 

after designing and enacting their CTLA- lessons) for all the five 

features were significant. 
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2. IMTs improved cont k.J . 
ent 10wledge In the subject matter. The study 

revealed an improved c I" 
ontent 1U10wledge of the IMTs post introduction 

of the PDT A I 
. s suc 1, same concepts the IMTs found difficulties in 

explaining before the study were explained better in a way that 

improved their teaching with the CTLA-Iessons. 

Finally the rese h . , arc question three of this study sought to establish how 

the improvement in students ' learning of concepts in mathematics usi ng 

cooperative teaching and learning approach could be understood and or 

explained. 

The following were observed: 

1. that, the enhanced learning outcomes in the performances of the 

students as repOlied in the study was one possible reason lhat 

explained the improvements in students' learning using the cooperative 

teaching and learning approach; 

2. the study further revealed improved and significant performance in 

students ' pre-post-tests scores after participating in the CTt A 

intervention in all the two senior high schools involved in the study. 

3. that the students' overall positive dispositions towards the CTLA-

lessons which were reflected in high means scores on the subscales -

interest, comprehension and delivery, depicted favourable experiences 

with the intervention is another reason that explained the 

. ts in students' learning using the cooperative teaching and Improvemen 

learning approach; 
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Conclusion 

This section reflects on th . 
e processes 1I1volved in the conduct of the 

study and subsequently hi hli h . . . 
g g ts the ImplicatIOns of the findings as discu<;sed 

on practice, policy and su e t d . " 
gg s e lesearch on semor hIgh school mathematics 

education. As evidenced' th 
111 e study, the DBR approach of the study wh ich 

consisted of the d ' d I eSlgn, eve opment, and the teaching try-outs of the 

intervention served an effi f he' . ec Ive approac lor equtppmg IMTs knowledge and 

skills in the development d t I . an enac ment essons 111 a manner that promoted the 

features of CTLA. In addition, the iterative nature of the DBR approach was 

essential as it allowed for systematic development and improvement of the 

IMTs skills in designing the CTLA-intervention. This was considered 

necessary as it also afforded the researcher the opportunity to gain vital 

information into how the IMTs developed their knowledge and skills for I he 

incorporation of the CTLA-interventions and also into their teaching practices. 

The three stages employed in the current study was crucial in 

facilitating the development of CTLA- intervention that was effective. This 

was crucial in the provision of a realistic solution to the teacher-cencred 

pedagogical approach currently in use for the teaching of mathematics. For 

example, the prototype stage provided opportunity for an innovative review of 

the literature. This was vital in the identification of the initial design 

guidelines of the study. The stage also afforded experts the opportunit; to 

. th act)'cability as well as the improvement in the validity of the 
ascertam e pr 

I t 
. als which were developed by the researcher; hence, the 

exemp ary rna en 

. the study was considered as key for the production of a 
prototype stage 111 
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quality CTLA- intervention wit.ll fieatures 
that best fit the realities In the 

Ghanaian classroom learn 'lng . envIronment. 

Thus, the DBR approach has been instrumental In formulating the 

design guidelines that co Id · ·fi h . 
U 111 orm t eory. In thIs way, future development of 

IMTs competencies for tl· . . le I11corporatlOn of CTLA- lesson could be replicated. 

The implementation and evaluation stage of the DBR approach 

adapted for the study served as the pivot around the entire research revolves. 

The iteration of the features of the CTLA was emphasised as result of the PDA 

conducted at this stage of the study. The formative evaluation and redesign as 

completed in the professional development training arrangements through the 

iterative cycle afforded the researcher the platform to provide comprehensive 

description of the intended implementation of the designed intervention. As 

such, the peer-teaching try-outs and the feedbacks that were given after each 

try-out became essential to ascertain the effectiveness of the CTLA-

intervention. 

The final stage of the DBR process provided a reflective account of the 

entire research. Thus, the reflection and documentation of the whole research 

. olved in the study enabled theory fonnulation (i.e. , the refined processes mv 

and final design guideline) in the design of an effective CTLA-lesson. Hence, 

. , . 1 t th t the last stage of the current study was fundamenta I in the It IS vIta to no e a , 

. f 1 the improvements in both the teaching of trigonometry 
explanatIOn 0 lOW 

d h t dents' appreciation of trigonometric concepts happelled 
wi th CTLA an t e s u 

. of implementing the CTLA-Iessons. 
dunng the processes 
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Recommendations 

The recommendations 
are made to provide useful information to 

informed policy improved . 
, practIce and for further research. Based on the 

findings of the study rec d . 
, ommen atlOns are made to respond to the various 

actions to be taken by ke ' t k I ld . ) sa e 10 ers 111 mathematics education. The study, 

therefore, recommends the fi II . fi . . o oWll1g or practice, polIcy and fmther research. 

Recommendation for Practice 

Based on the results of the implementation of the CTLA-Iesson 

teaching teclmique through the three stages of the DBR framework, the design 

principles for developing SHS Mathematics teachers' competencies to teach 

the concept of trigonometry were formulated . The study has proposed design 

guidelines to guide practice and training of in-service and pre-service teachers 

in enacting and implementing CTLA- lessons. The following are the design 

guidelines that emerged from the study: 

1. It is very critical to develop initial CTLA-based material in the form of 

exemplary lesson in any design and professional development training 

for in-service and pre-service teachers. The exemplary material 

provides practical samples for participants of the study to gain an in­

depth understanding of what a CTLA- intervention constitutes. 

2. It is important to adopt an activity-based lesson as a means of 

maximising the affordances of the features of the CTLA in teaching 

the subject matter. They are essential for the development of CTLA -

oriented competencies. 

I t f in service and pre-service teachers in teams of assigned 
3. P acemen 0 -

'b'I'ty in the design development and enactment of the CTLA-
respons) 1 1 ' 

191 



© University of Cape Coast     https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

based intervention is a 
means of ensuring cooperation among thc 

participants in the stud t 
y 0 work together, learn from each other and 

ultimately improve the int . 
erventlOn as weaknesses identified are shflred 

and improved Upon. 

4 . The conduct of an initial t .. 
raInIng workshop is a vital tool for the 

deployment of eTLA-: d· . Ollente teachIng and learnmg competencies for 

the paJticipants of the study. This approach of professional 

development training arrangement is theory-induced and content­

focused. Hence, it is considered essential for preparing both in-service 

and pre-service teachers to effectively incorporate eTLA into their 

pedagogy. 

5. Scaffolds and student-centred experiences such as hands-on activities 

in relation to the subject matter, deliberations in respect of eTLA-

oriented instructional strategies, and teaching try-outs with peers 

should be incorporated in both pre-service and in-service teacher" s 

professional development training. 

6. Adoption of constructivist pedagogical approaches is key to a 

successful implementation process with eTLA- intervention. The 

constlUctivist pedagogies provide opportunities for more student-

centred and cooperative learning-based environment among student:; in 

the implementation process. 

7. Provision of enabling conditions such as grouping of students with 

. ed roles (positive interdependence), engagement of 
some assIgn 

d t th I·ndividual and group level to master the subject maller 
stu ents a e 

. ..d I untability) the creation of platforms for sharing of 
(mdlvl ua acco ' 
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ideas (promotive face . 
to face I11teraction), organising the learning 

environment to b e accommodative f t d ,. . o s u ents vIews (SOCIal skills) 

and evaluating th d e stu ents understa d' f n I11g 0 the subject matter (group 

processing) on the b' su ~ect matter are key to the effec tive 

implementation of a CTLA I - esson. 

The study further indicates that students' disposition toward the CTLA 

was positive on all subsc I (. a es I11terest, comprehension and delivery) depicting 

a favourable experience f th . . o e mtervent\on. As a result of which an enhanred 

learning outcome in the performances of tIle students were reported 

irrespective of the type of the two SHS involved in the study. In order to 

replicate this success in other mathematics classroom context, the Stlldy 

therefore recommends that 

a. SHS could consider prioritising professional development training to 

sharpen SHS teacher's competencies in using the CTLA in subject specific 

content pedagogies. 

b. SHS mathematics teachers are admonished to make conscious efforts 

to adapt the CTLA in order to increase the proficiency of SHS students in the 

area of mathematics. 

In addition, the study has identified from both the quantitative and 

qualitative analysis from the perspectives of the IMTs prior to and post 

introduction of the PDA that the features of positive interdependence (P.l), 

social skills (S.S) and promotive face to face interactions (F.F) was effectively 

used by the IMTs. However, the features of individual accountability (I.A) and 

. g (0 P) were minimally applied, creating a gap in the teaching 
group process1l1 . 

d I
· ss with the CTLA. As such, there is the need for curriculum 

an earnmg proce 
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planners, in-service t .. 
rall1mg providers teach , er educators to be well infoflHcd 

and updated on th 
ese featw-es of . d' . d 

• 111 IVI uaI accountability and group 

processmg in addition to th . . 
e POSItIve interdependence (P.I), social skills (S.S) 

and promotive face to face interactions F 
( .F). The study therefore recommends 

that: 

a. In-service train' 'd I11g ProVI ers especially at the SHS level should 

lay emphasis on the f, t· f'" ea ules 0 I11dlvldual accountability (LA) 

and group processing (G.P) in addition to rest of the features of 

CTLA to equip mathematics teachers to realise to the fullesl the 

potentials of CTLA as pedagogical approach in the classroom 

context. 

Recommendation for Policy 

a. Teacher education institutions are urged to consider training 

prospective teachers on how to enact mathematics lessons using 

CTLA. 

Suggestion for Further Research 

The study focused on the features of CTLA-intervention that can be 

designed to fit the realities in the SHS classroom in Ghana in a manner that 

makes the teaching of mathematics cooperative learning-based. Even thollgh 

the study focused on these features of CTLA-based intervention to improve 

the teaching of trigonometry in Ghana especially at the SHS level, the 

application of CTLA in the classroom context was operationalised to cover the 

five features of cooperative learning (Johnson & Johnson, 1998) in the study. 

In view of this, I recommend that further studies be conducted to find out the 
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impact of other features of th ' 
e cooperatIve teaching and learning approach as 

advanced in literature to t h ' 
eac mathematIcs, 

Again, the study also showed that h 
t e mathematics students' 

disposition towards the CTLA d'ffl 
I . ered on some of the subscales measured in 

SHS A and SHS B during th ' 'd ' . 
e 111t1O uctlOn of the CTLA-mtervention to thcm 

in the real classroom co t t B d n ex, ase on the results, only three feature ~ of 

promotive face to face inte f ' I k' ", rac Ion, socia s ills and positive mterdependence 

appear to be employed regularly whiles the remainino two individual 
b 

accountability and group processing were least experienced during the 

teaching and learrung process with the CTLA by the IMTs, The rationale ror 

the IMTs preference for the application of only three out of five features of the 

CTLA in a lesson could not be established since it was beyond the scope of 

this study, Some reasons might have accounted for this, Hence a further study 

meant to understand these reasons could unlock the realisation of the fu ll 

potential of all five features of CTLA when applied simultaneously in teaching 

and learning process in the classroom context. 

Finally, the study was limited to the development of IMTs 

competencies for the incorporation of CTLA intervention into the teaching and 

learillng of mathematics at the SHS level. Thus, it would be worthy to note of 

I
, ' f th's study in other subject disciplines such as biology, physics a rep lcatlOn 0 1 

, II as art related subjects at the SHS level; since the 
and chemistry as we 

f CTLA a pedagogical strategy is not limited to mathematics, 
deployment 0 as 
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APPENDIX A 

IMTs Semi St - ructured Interview Guide 

(For Pre-During and P 

A: Background information 

1. Name: 

ost Instructional Assessment) 

--------
2 . Gender ----------------------------

3. Number of years teachino 0 ____________________ __ 

4. Topic taught: -----------------

Planning and Preparation of Lesson 

1. What motivated you to use these instructional learning materials in the 

lesson you taught? 

2. Where did you obtain the instructional learning materials used in the 

lesson? 

3. How did the instructional learning materials support your preparation 

of the lesson? 

4 . How did the training workshop influence your preparation to teach the 

content of the lesson? 

5. Which aspects of the training workshop helped in preparing the lesson? 

During the lesson 

6. Do you think the learners liked this new method of teaching (CTLIA)? 

Why or why not? 

7. What aspects of this new method of teaching (CTLIA) went well and 

supported student learning? Please explain. 

8. What aspects of this new method of teaching (CTLIA) needed 

improvement? 
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9. Did you experience an d'ff! . 
Y I Iculty 111 using this new method of teaching 

(CTLIA) during the lesson? PI · ' . . 
. ease If yes explal11 and If no expla111 

10. Did you observe any cha . 
nges 111 the behavior of your students when 

you used this new method f t I . o eac 1111g (CILIA)? If yes explain and it' 

no explain. 

11 . What were the diffic If' 'd ' u les 111 glll I11g learners to learn trigonometric 

concepts with this new method of teaching (CILIA)? 

12. What was your role in using this new method of teaching (CILIA)? 

l3 . Describe the learners ' attention in this lesson? Were they engaged? Did 

they act differently than in regular lessons? 

14. Describe how you engaged the learners using this new method of 

teaching (CILIA) 

15. What did you observe about the mood of the students in the lesson? 

Lesson Activities 

16. Was the activity sheet useful? Why and why not? Please explain. 

17. How will you describe the lesson activities? Learner-centred or 

teacher-centred? Please explain. 

18. Which of the elements (positive interdependence, face to face, 

individual accountability, group processing and social skills) was more 

prevalent in your lesson? Why and how? 

h dl'd the lesson activities encourage learners to construct 
19. In w at way 

I .? 
the concept they were earnmg. 

I ts I
'n your lesson activities do you think promoted 

20. What e emen 

. ? 
cooperative based learn mg. 
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Post - review of teaching 

21. Was the incorporation of this new method of teaching (CTLlA) helpful 

in teaching the trigo t' . . 
nome ry 111 a cooperative based manner 111 the 

lesson? Please explain. 

22 . What preparation do you think would be needed to teach another 

lesson that incorporates this new method of teaching (CTLlA)? 

23 . Will you teach other trigonometric concepts using this new method of 

teaching (CTLIA)? If yes why? And if no why? 

24. Is it feasible in using this new method of teaching (CTLlA) to teach 

other contents in mathematics at the SHS? 

25. Would you recommend more cooperative based-oriented professional 

development programmes for the teaching and learn ing of 

mathematics? 

26. What general comment can you make about this new method of 

teaching (CTLIA) as a medium of instruction in the SHS mathemat ics 

class? 
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APPENDIX B 

SHS Mathematics Stude t S . 
n semI-Structured Interview Guide (For Post 

1. 

2. 

Instructional Assessment) 

How will you assess today's lessons? 

How different is today's lessons from your usual math lesson? 

How did the sharing of ideas with your colleagues help you to 

understand the topic during the lesson? 

4. How did the learning together in a group help you to solve questions by 

yourself? 

5. How did the idea of putting you into groups with some assigned duties 

help you to understand the topic at the end of the lesson? 

6. How did the Dos and Don' ts observed during the group activities help 

you to understand the topic at the end of the lesson? 

7. How did the group presentation on the chalkboard promote your 

understanding of the topic at the end of the lesson? 

8. What is your general impression of the method of teaching you were 

introduced to in class today? 
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APPENDIX C 

IMTs Pre- and Post-CTLA S 
elf-Assessment Questionnaire 

(pre and Post Instructional Assessment) 

Introduction 

Dear Respondent, 

This questionnaire seeks to s I"t .' . o ICI YOUl views on the method of teachll1g : ·ou 

introduced in class. Kindly complete the sets of questions in the table below 

by indicating against each set of question the response you deem appropriate. 

The questionnaire is divided into two parts. The first part seeks to obtain your 

background infomlation and the second part is a list of statements for wJ'ich 

you are required to indicate whether you agree or disagree by circling in the 

appropriate box . Your participation is totally voluntary and that you may 

withdraw from this study at any time without penalty. Further, your responses 

will be kept strictly confidential. Under no circumstances will your individual 

responses be released to the school authorities. 

Thank you for taking time to participate. 

Demographic instrument 

Part I: Background Information 

1. Gender: Male { } Female { } 

2. Age: Between 16-20 {} Between 21-25 { } 

Other (please, specify): ..... ...... .. ...... ... ................ .... .......... ..... . 

3. Form: SHSI { } SHS 2 { } SHS 3 { } 

. ts carefully and indicate whether you agree or 
Read the followlllg statemen 

. . . he a propriate box. Note: Strongly Disagree (SD) = 
disagree by clrchng III t P 
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1, Disagree (D) == 2 N 
, ot Sure (NS) == 3 

== 5 ' Agree (A) == 4, Strongly Agree (SA) 
, 

SIN 
Statements ---

In .my class, specific responsibilities are 
SD D NS A SA 

1 assigned to st d . u . ents III groups to enable 1 2 3 4 5 
them find solutIOn to questions during 
lessons 

2 
In my.lesson, students are encouracred to 
share d . h b I eas Wit their team mates on the 1 2 3 4 5 
concept under instruction. 

My lessons are participatory enough. 
3 1 2 3 4 5 

I provide opportunities for students to 
4 interact with their group members 1 2 3 4 5 

throughout the teaching period 

Tlu-ough the use students ' worksheet and 
5 cooperation of group members realistic I 2 3 4 5 

problems are solved during the task stage 

of the lesson 

I involve students in activities that enable 

6 them to share ideas on the topic during the 1 2 3 4 5 

lesson. 

My role in the lesson is more of offering 

7 support and guidance to the students. 1 2 3 4 5 

I put in place disciplinary measures during 

8 group activities to enable the students solve 1 2 3 4 5 

problems in teams in the classroom. -
Students are abJe to understand some 

9 mathematical concepts through feedback 1 2 3 4 5 

from peers in my lesson. l-

In my Jesson, students are encouraged to 
-

10 see their group members as helpful mates 1 2 3 4 5 

in the learning process rather than 

competitors in class -1--. 

In my class I put measures in place to 

11 enable students understand better when I 2 3 4 5 

questions are solved together as a group 

rather than as individuals. 
My fairness in applying the ~u~~s to ensure 

1 2 3 4 
12 

orderliness during group activIties serves 5 
--
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as. motivation for students to work together 
Wlt~ one another in Solving questions 
dunng lessons. 

13 
I pr?mote respect for each other's opinion 
dunng group work activities in class. 

Through the group's activities students 
14 learn to solve questions on their own 1 2 3 4 5 

without relying on other team mates 

always during individual evaluations. 

In order for students to develop problem-
15 solving skilIs groups are requested to 1 2 " 4 5 J 

present their solutions on the chalkboard at 

the end of group activities in class. 

In my lessons the dos and don'ts for a r----

16 successful group activity are formulated by 1 2 3 4 5 
the students in class. 

I ensure students views/contributions were 
17 respected by their mates during group 1 2 3 4 5 

discussions in the lesson. 

I clearly define the lesson' s learning 

18 objectives to guide students during the 1 2 3 4 5 
teaching in the lesson 

In my class, I assess continually individual 
" 4 5 19 students' contributions during the group ' s I 2 .) 

activities tlu·oughout the lesson 

In class, I provide clarity to students' 
1 2 3 4 15 20 questions as a means of helpi~g them .to 

understand the concept under lI1structlon 

during lesson. 
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APPENDIX D 

SHS Mathematics Stud t P . 
en s ercelved Effectiveness of the Intervention 

Questionnaire (For Post Assessment) 

Dear student, 

This is to seek your views on the lessons taught today. Kindly complete the 

sets of questions in the table below by indicating against each set of question 

the response you deem appropriate. The questionnaire is divided into two 

parts. The first part seeks to obtain your background information and the 

second part is a list of statements for which you are required to indi..:ate 

whether you agree or disagree by circling in the appropriate box. Your 

pru1icipation is totally voluntary and that you may withdraw from this study at 

any time without penalty. Further, your responses will be kept strictly 

contidential. Under no circumstances will your individual responses be 

released to the school authorities. 

Thank you for taking time to participate. 

Part I: Background Information 

1. Sex: Male { } Female { } 

2. Age: .. .. ... .. .................... .... ... ..... ..... .. .... .... .. 

3. Fonn .... .... · ···· ·· · .... · · ··· .. ·· · · .... ···· .. .. 
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For each statement i d' 
n lcate whether S . you trongly Disagree (SD) = 1, 

Disagree (D) == 2 Not S , ure (NS) == 3 A . . ' gree (A) == 4, Strongly Agree (SA) == 

5, by circlIng in the appropriate b ox. 

Statements 
SIN 

SD D NS A SA 
The specific responsibilities assigned to 

1 me in the group helped me to find 1 2 3 4 5 
solution to the question in class. 

The lesson allowed me to share ideas 

2 with my colleagues in the group on the 1 2 
., 

4 5 j 

concept taught in class. 

The lesson was participatory enough in 
-

., 
class. j 1 2 

., 
j 4 5 

In this lesson, I got the chance to interact 

4 with my group members on the topic I 2 3 4 5 

throughout the teaching period 

Through the use of students' worksheet 

5 and cooperation received from my group 1 2 3 4 5 

members, I was able to solve realistic 

problems during the task stage of the 
, 

lesson 

I was involved in activities that enabled 

6 me to share ideas on the topic during the 1 2 3 4 5 

lesson. 

The teacher 'S role in the lesson was more 

7 of offering support and guidance to me. I 2 3 4 5 

The disciplinary measures that were put 

8 in place during group activities helped I 2 3 4 , 
~ 

me to solve problems with my group 

~ members in the classroom. 

I understood some mathematical concepts [ 

through feedback from my colleagues in I 2 3 4 5 I 
9 ....J 
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the lesson. 

I see my or 
I 

10 
. '" oup members as helpful 

mates 111 the I . ' emnll1g process rather than I 2 3 4 c: , 
competitors in class 

I 

I understood better in the questions we 

11 solved together as a group. 1 2 3 4 :\ 
My teacher's fairness in applying the 1-

12 rules in the lesson motivated me to work 1 2 3 4 5 
together with my group members in 

solving questions. 

13 There was respect for each other's 

opinion during group work activities. 1 2 '" 4 5 ,) 

Tlu'ough the group ' s activities I have 

14 learnt to solve questions on my own 1 2 3 4 J 

without relying on my colleagues in the 
, 

gTOUp always 

The group presentation experiences in the 

15 Jesson helped me to develop problem- I 2 3 4 5 

solving skills. ~ The rules for a successful group activity 

16 were formulated by myseJf and 1 2 3 4 5 

colleagues during the lessons. 

my views and contributions were 

17 respected by my mates during group 1 2 3 4 5 

discussions in the lesson. .-
The teacher clearly defined the lesson's 

18 objectives to guide me during the lesson 1 2 3 4 5 

Teacher continually assesses my 

19 individual contributions during the 1 2 3 4 5 

group's activities throughout the lesson J 
The teacher provides clarity to my 

I 

20 questions which helped me to understand 1 2 3 4 5 I 
the Jesson. _I 
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APPENDIX E 

SHS Mathematic St d . 
s u ents Expenence with Intervention (CTLA) 

Questionnaire 

(For Post Instructional Assessment) 

Introduction 

Dear student, 

This is to seek your views on the lessons taught today. Kindly complete the 

sets of questions in the table below by indicating against each set of ques t;on 

the response you deem appropriate. The questiOlmaire is divided into two 

parts. The first part seeks to obtain your background information and the 

second part is a list of statements for which you are required to indicate 

whether you agree or disagree by circling in the appropriate box. Y'lur 

participation is totally voluntary and that you may withdraw from this study at 

any time without penalty. Further, your responses will be kept strictly 

confidential. Under no circumstances will your individual responses be 

released to the school authorities. 

Thank you for taking time to participate. 

Part I: Background Information 

1. Sex: Male { } Female { } 

2. Age: ........................... ... ............. ....... ...... .. 

3. Form ... . .. . .. · ··· · ······ · ·· · · .... · · ...... ·· .. .. 
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For each statement indicat h 
e wether you Strongly Disagree (SD) = 1 

Disagree (D) == 2, Not Sure NS == ' 
( ) 3, Agree (A) = 4, Strongly Agree (SA) = 

5, by circling in the appropriate box. 

Expel'iences with the intervention 
SD D NS A I SA-; 

1 With th f' . . e ac IVltles I experienced in the lesson I I ----l , 
now need little assistance to learn mathematics. 1 2 3 4 S 
2. The friendly atmosphere created b y my group 

members has enhanced my participation in class 1 2 3 4 l activities. 

3.The sharing of ideas with my group has 
I 

motivated me to learn 1 2 3 4 IS 

4. The reliance on one another in for a solution to 

a trigonometric task during group activities 1 2 3 4 S 

improved my thinking skills 
--

S. Inviting students from a group to justify their 
I 

solution on the chalkboard improved my 1 2 3 4 I S 

understanding on the concepts. 

6. The teacher' s use of personal and group scores 

in grading students in the lesson has enabled me to 1 2 3 4 S 

become independent in classroom. 

7. The ideas I shared with my group members I 

during the lesson has increased my passion to 1 2 3 4 IS 

learn mathematics. 

8. The IUles and regulations regarding the conduct 

of group activities in the lesson made the lesson 1 2 
.., 

4 S ,) 

sociable. J._._ 

9. The opportunity for students to make an input in I 

the presentations offered by other groupS made the 1 2 3 4 S 

, 
lesson interesting. I --
10. I understood concepts during the activities in 

the lesson that I found difficulty to understand 1 2 3 4 5 I 
I J before. I 
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11. The activities in the lesson helped me to 
I 

-
understand the concept better. 

i 

I 2 3 4 ' 5 
12. The use of the worksheet made the lesson 

, 

interesting. 
I 2 3 4 5 

13 . With the SUpport of the g roup members and 

under the guidance of the teacher I can relate the I 2 3 4 5 I 
concepts in the lesson to real life application. 

I 

14. ll1e assistance or support received from my 
, 

mates made the content of the lesson 1 2 3 4 5 
understandable 

, 

15 . The group interactions enJ1anced my I 
understanding of the lesson in class. 1 2 3 4 5 ' 

16. ll1e respect for each other's opinion 
J~ 

contributed to the group's motivation to find 1 2 ... 4 5 J 

solution to the task in class. 

17. The examples on the student worksheet ~, enhanced my understanding of the lesson. I 2 3 4 

18. My friends in the team helped me to r---l 

understand better 1 2 3 4 5 

19. ll1e various contributions from the groups 

made the lesson exciting. I 2 3 4 5 

20. There was clarification of some difficult 

concepts. 1 2 3 4 , 5 

21. Due to clarity received from my mates in the [ group I can do my assignment with ease. I 2 3 4 

22. The guidance from the rules in the group 

helped me to learn better. 1 2 3 4 5 

23. The feedback from the teacher motivated my 
I 2 3 4 

I 

learning. 
,5 

24. Group presentations on the chalkboard were 
I 2 3 4 5 

exciting. ,-
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APPENDIX F 

IMTs Focus Group D' . 
ISCusslon Guid (F 

e . or Post Instructional Assessment) 

1. How will you assess toda ' I . 
y s esson; was It a success or failure? 

Were the instructional mat .' I . 
cella S used 11l the lessons appropriate for the 

2. 

topics? 

3. To what extent did theD II' . . . 
o owmg actIvItIes promote cooperative based 

teaching and learning approach in the lessons? 

-engaging students to share ideas on a subject matter. 

ensuring students learn together and independently. 

putting students into groups of specific assigned responsibilities. 

urging students to brainstorm on the norms in the lesson. 

promoting evaluation in respect of the subject matter. 

4. What were the weaknesses perceived in using the lInderlisted acti\'ilies 

in promoting cooperative based teaching and learning approach in the lessons? 

-engaging students to share ideas on a subject matter. 

ensuring students learn together but performs alone. 

putting students into groups of specific assigned responsibilities. 

urging students to brainstorm on the Dos and Don' ts (norms and 

ethics) in the lesson. 

promoting evaluation in respect of the subject matter. 

5. What strengths in the cooperative based teaching approach lessons do 

you think should be maximized for effective teaching of mathematics? 

6. 
What can be done to improve the cooperative based teaching 

approach? 
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APPENDIX G 

Cooperative Learning Observation Protocol (CLOP) 

(For During Instructional Assessment) 

Introduction 

The instrument (CLOP) is designed to evaluate the overall effectiveness of 

cooperative learning skills (intervention) used by students as they engage in 

cooperative tasks in the classroom. For the purpose of this study, the 

instrument was adapted to evaluate students' engagement in the skills 

necessary for effective group and individual student learning in a mathematics 

classroom learning environment. 
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TIME ELEMENTS 
INTERVAL CHECKLIST H M L N NOT-

P. I ES 
The lesson provides - - [-

students with the 
oPPOItunity to be • 

V' Assigned 
specific task 

V' Put into groups 
V' Elected into 

positions 
Leader 
Recorder 
Time keeper I 

The lesson includes a 
LA wide range of activities 

where students 
V' Participate 
V' Contribute 
V' Engage 
V' Put together 

individual work to I 
form one group 
work 

G. P The lesson provides 
students with the 
0ppOitunity to 

V' Critique each 
group ' s solution 

V' Do group I 

presentation I· I 

on the Chalkboard 
V' Make inputs into 

other's work 
I ' V' Do summary of 

the lesson ' s key 
highlights by the 
IMT I 

F.F The lesson provides 
students with the 
opportunity to 

./ Share ideas on the 
task 

./ Do appropriate 
interruption during 
group activities 

• 
V' Stimulate each I 

other to draw out 

1 1 new ideas -.-
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S.S - -- . The lesson includes a I 

wide range of activities 
where students 

v" Manage Conflict 
during group 
activities 

v" Respect the views 
of the other 
students in the 
group 

v" Harmonize the dos 
and don ' ts in class 

v" Ensure orderliness 
in the group 
discllssion 

H - High (3), M - Medium (2), H - High (1), N - Non-existent (0), Adaptcd 

from Kern, Moore, and Akillioglu (2007) 
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APPENDIXH 

, UNIVERSITY OF CAPE COAST 
lNSTlTUTIONAL HEVrf\:! ' '~EL: U';XIl', .qLl/II,-Ii~h 7XJu', ~ ~ N. BOA H 0 S£ eRE TAR I AT 
I>~L\II..: lI"il., th, ~" ,'tl u. t!h 
Otl l! REF: (lCC/lJlIJ/AnOtr.!I 1 <, ~ 
\ OUll HEr:: . , ~ 

0!\1B (';0: 0990-02;9 ~ 
IOH C If: IOI{C00090% ~ 

Nlr. Richard Asamoah Kyere 
Department ~f Mathematics and leT Education 
Ulli versny of Cape Coast 

Dear Mr. K ycre. 

ETHICAL CLEARANCE -ID (UCClRll/CES/2021I7S) 

The Univers ity of Cap~ Coast Institutional Review Board (UCCIRB) has granted Provisional 
Approval for the Implementation of your rcsearch tiiled Us ing Cooperative Teachin~­
Learning Instructiona l Approach to Impro"c Students' Learning of the Concepl ' Ill 

Trigonometry. This approval is valid from II th November 202 1 to lOth November, 2022, You 
may apply for n renewal subjecl lO submission of all (he rc.quired documenls lhat will be 
prescribed by the UCCIRB. 

Please note that any modi fication to the project must be submillcd to thc UCCIRB for n:vit:w 
and approval before its implementation. You are required (0 subm it periodic revicw ot' the 
protocol to the Board and a flllal full review to the UCCIRB on complelion of the r~search. 
Th~ UCC IRB may observe or cause to be obscn'cd procedures and records of the r" sear~h 

during :tnd afte r impklll~nt3tio n . 

You arc also rcquin;d to n)por( all s~ri ou s adv~rse evenls re lated to this ;,tudy to the UCClld3 

within seven days \'\:rbally and foun~cn days in wril ing, 

Always quote the protocol identificatiollnullIbcr in all fUlurc correspondence with us in rci;lIi(\n 

to this protocol. 

Yours faithfully , 

- • ,i l I A ~ 
/-.Y f}.~j .. 'm' "j~ '- ~ l..{:-_ It 1f1-

Samuel Asiedu Owusu, PhD 
UCCIRB Administrator 

... .. . 
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--- - -- -
APPENDIX TI - -

(Intervention 1) 

Subject Core Mathematics Class/Form SI-IS 2 
Topic ll1e Sine, Cosine and Tangent of an acute angle Duration 120 mins (2 periods) 
Overview oftlte lesson: In this lesson, the fo llowing support materials: I. Lesson plan; a step-by-step organization of the content to be taught; II. 
Student worksheet- details a comprehensive student' activities and questions in relation to the lesson. Thus, the activity sheets are designed in line 
with the lesson objectives and aimed at promoting cooperative learning-instructional approach to teaching. III. Assignment sheet-provides feedback 
and consequently ensures modification of the students' grasp of the key concepts. 

Instructional By the end of the lesson, the student will: 
Objectives I define the three main trigonometric ratios 

tangent, sine and cosine of an acute angle of a right-angle triangle in degrees. 
Cooperative explore the three main basic trigonometric ratios (tangent, sine and cosine 0 f an acute angle) in degrees. 
learning Objectives define the tangent, sine and cosine of an acute angle in degrees. 
Skills Students will use analytical, critical and observation ski lls to explain the concept of the three main tr igonometric ra tios and 

apply them in real life situations 
Knowledge Students will learn how to: 

define the three main trigonometric ratios (tangent, sine and cosine of an acute angle) in degrees. 
Attitude critical thinking and active participation 

Corporation: students to interact, respect depend on each other with the ultin1ate aim of fi nding solution to j>I"oblems. 
Relevant Previous Students are able to: 
knowledge identify and construct tangles such as 30°, 45° and 60° using a protractor and a ru le. 

identify the sides of right-angled triangle; opposite, adjacent and hypotenuse 
Teaching and calculator 
Learning Materials Activity sheets for groups work 

four -figure table 
protractor, Rule . 
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, Lesson Plan 
Teacher Activity Student Activity 

Introduction • The teacher presents some test items (pre-test) on trigonometry to • Students answer the test items based on 
stage students at the begilming of the lesson. their prior knowledge on trigonometry. 
(15 minutes) 

In order to prepare the students for the main concept in the lesson, the • Students respond to the question by 
teacher identifying 30°, 45° and 60° in right angled 

• reviews students RPK on differences between the various angles of 30°, triangle 
45° and 60° in a right-angle triangle by chalkboard illustration • Students construct angles of 30°, 45° and 

60°011 the worksheet. 
• guides students to construct the angles of 30°, 45° and 60°. of an acute • Students describe the characteristics of 

angle with the help of the protractor and a rule lengths of a right-angle triangle as opposite 
• presents a right-angle triangle on the board and guides students to side, adjacent side and hypotenuse side to 

distinguish between the various lengths of the angles involved as the angle in the right-angle triangle 
opposite, adjacent and hypotenuse around which the three ratios revolve • Students write the lesson objectives in their 
and books. 

• shares the lesson objectives with the students . 
Main lesson stage Activity 1 Definition of Sine, Tangent and Cosine of an Acule angle in a 
(50 minutes) righI-angle triangle (20 minutes) • students are randomly assigned into groups 

In order for students to acquire their own practical understanding of the of three 
concept of Sine, Tangent and Cosine of an angle in a right-angle triangle, the • students elect themselves into the following 
teacher roles 
• puts students into groups of four • Leader- leads all discussions in 
• assigns students into roles of responsi bilities • Groups Recorder- records all proceedings 
• presents an activity of the processes leading to the exploration of the and present solutions on behalf of the 

comparison of the ratios of length in a right-angle triangle and guides group 
students to • Timer- keeps the group in checks of time 

• measure and record the lengths of adjacent (l (cm) to the angle group discussion. 
• measure and record the lengths of hypotenuse b (cm) to the angle 

I _. - • measure alili record [he lengths of c:> posite c (em) to the <"'gle of • Stl,dents e"plore the act! ~_ :t ies as guided by 
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Task stage (40min) 

measurement and finally, 
• with the help of the calculator find the ratios of the measured lengths as 

indicated in the respective tables in the activity sheet I. 

In order for students to apply their own understanding of activity 1 to find 
solution to practical questions in trigonometry, the teacher 

• guides students to establish rules needed for a small group interaction 

the teacher in groups and respond to the 
question on activity sheet (under activity I) 
based on their observations and newly 
constructed knowledge. 

Some discussion points e.xpected from 
students: 

opposite side to angle A 
SinA A 

hypotenuse side to angle A 
= 30Q 

adjacent length to angle A 
CosA A 

hypotenuse length to angle A 
= 30Q 

opposite length to angle A 
TanA A 

adjacent length to angle A 
= 30Q 

opposite 
[ex) = Sinx = h 

ypotenuse 
adjacent 

[ex) = Cosx = h 
ypotenuse 
opposite 

[ex) = Tanx = -d-. --
a lacent 

• Students reminiscent of think pair share 
model co-develop guidelines for group 
discussions to ensure interactions within 
each group 

• fosters whole group discussions on the construction of the list of I • Students assist in harmonizing the 
guidelines collectively developed in class items as a common standard practice expected of each member in the 

groups 
• d :CiWS the attention of lh-.: :;ludents to ,he gi"ading_ sy~em as a i ) 

238 
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Conclusion stage 
(15 min) 

composition of product score =40% and process scores =60% 
• presents the task (questions) as activity 2 to the students 

• attends to the various groupings in the class for the purposes of ensuring 
successful group activities 

In order to provide clarity and con-ect errors with the aim of helping students 

composition of the overall marks 
• Students in each group cooperate with each 

other in finding solutions to task by 
discussing their respective individual work 
out put/solutions with their colleagues in 
each group to the questions under activity 2 
(see activity sheet) 

• students' pieces together the most 
appropriate solution to the problem as a 
collective solution reflective of the groups 

to grasp concept taught, the teacher I • Group leaders lead discussions on the 
solutions to the problems after the group's 
recorder presentation of the solution on the 
board 

• calls to the board, the group's recorder to present solutions on behalf of 
the group 

• fosters whole group discussions on the various presentations on the 
solutions to the problem 

• solicits alternate methods/inputs of finding solution to the questions 
• students provide constructive feedback their 

peers on the solutions presented on the 
board 

• Finally, sums up the whole lesson by highlighting the key concepts I • 

discussed as follows: 
students provide alternate solutions to the 
solutions presented on the board 

opposite I • 

[ex) = Sinx = -'-'------ Students listen and take notes of the core 
points as the teacher provides clarity to 
some questions. 

hypotenuse 
adjacent 

[ex) = Cosx = 
hypotenuse 

opposite 
[ex) = Tanx = -d-. -­

a jacent 
The above statements of the three basic trigonometric ratios hold at the 
varying the values of the angle A (A=30v

, 45° and 60°). Hence [he defInitions 

• Students provide feedback responses to 
teacher's questions and then take 
assignment sheets to be solved as 
homework. 

L---- I of Si ;~A, Tan/i, (osA. I 
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Teacher then brings closure to the lesson by I 

• inviting questions from students based on the set instructional 
objectives of the lesson 

• giving assignment sheets to students 
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ASSIGNMENT: 

CORE MATHEMATICS (SHS 2) 

TRIGONOMETRIC RATIOS 

Assignment Sheet 

Trigonometric application demanding questions such as below: 

Given that sin x = 0.6 and 0° ::; x ::; 90°,find i-tan x, leaving your 

answer in the form ~ where 'a ' and 'b ' are integers. in (aJ 
b 

candidates were to find 1 - tan x in form ~ where a and bare 

integers given that Sin x = 0.6 and 0° ::; x ::; 90° . 

.......... .. .... . .... .... , ....... ................ .. ... ... .. ...... .. , ... .. ... ..... .... ...... . , 

...... . .. ............................................... ... . ...... , ............ .. ...... ... .. , 

.............. .. ......................... ... ............... .. ......... ... .. .... , .......... . " 

... ... . , . ...... , .. .. .. . , .......................... , . .. .. ......... . . , .. ..... .. ....... .... .. .. . 

• ••• ••••• • •••••• • •••• • •• , •• • •• , •••••••••••••• •••• •• 0 • •••• • •••• ••••••• •••• • ••••••••• • ••• •• • • , • 

... .... .... .... ... ....... ... ....... ... .... ... ... .. ... .... ......... .... ..... ... ... ... .. ...... . 

........... . ... ... ... .... . ..... ..... .... .. .. ... . .... ... ...... ..... ..... .... ...... . ..... .... . . 

.. ............ . ..... .. .. ......... .. .. ... ... .. . .. .. . ........ .... ... .. ..... .. ... .. .. . .. , .... . . . 

... .. ... ..... ........... .... .... ..... .. ... . ... .. ........ .... ........ ... .... ... .... ..... ..... . 
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Activity sheet 

Introduction 

THE TRIGONOMETRIC RATIOS 

In this activity sheet, you have been provided with two activities that is; 

activity 1 and activity 2. Activity 1 has further been sub divided into three 

different activities. These activities have been developed to equip you with 

the prerequisite skills and knowledge needed to define and compute the 

concept of the three mai n basic trigonometric ratios. You will also be abk to 

state the trigonometric equation cormecting the angles and their respective 

ratios of length as well as calculate the value of the missing parameters 111 

tri gonometric equations. 

Activity 1: Definition of sine, cosine and tangent of an acute angle. 

Instruction 

In this activity, measure and record on the activity sheets I , the lengths of the 

dimensions of the right-angle triangle - adjacent a(cm), - hypotenuse b( em) 

and - opposite c(cm) to the angle of measurement and finally, with the help 

of the calculator find the ratios of the measured lengths as indicated in the 

respective tables below as well as provide responses to the questions that 

follows . 

Note: these activities are to be done in groups. 
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Definition of sine of an angle SIN (A) 

B 

24cm 

Sub Activity 1: Consider the right-angle BCD from the above diagram and 

complete the table below. 

For < CDB For < DBC 

Length - c( cm) 

Length = b(cm) 

Ratio of Length (;) 

. -1 e) SID -
b 

Angle measured < CDB = 36.9° < DBC = 53° 

1.0 What is the relationship between the sine inverse of the ratios of the 

lengths as calculated in the table above to the angle CDB and angle DBC as 

measured in the diagram? 

... ....... .... ........ .... .. ,. , .. ..... .... ...... ............... .... ... ..... , .... .... ........ . 

............ ..... .. .... .. .... . .... ...... ..... ... ..... . .... ... ..... .... ... ..... ...... ... ..... . 

• •• ••••• • ••• •• _ ••• • ••••••• •• •• • •••• • 0 ••• , •• ••• •• ••• •••• •••• • •••• •• •• •• ••••••• •• •••••• • • • •• • • • 
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2.0 From the above activities how would you define the Sine of an acute angle 

in a right-angled triangle? 

.. . . .... .. . . .. , .. .. ... .... ....... .... ........... .... ...... .. ..... ..... ...... , ...... ... ... .. , . 

... .... .. ..... . . , ....... ... . , ...... ..... .. .. ...... .. .. .. , ......... .... ... .... ...... ...... ... . 

.. .... ... . .... . .. . . ........ .... .. .. ....... ... .. . .... .. ......... . .... . ...... .... . , ... ..... .. . . 

. . . . . . .. . ... . . . . . . .. . ... . .. . .. ....... .. .... .. .......... ... .. ......... ..... ... . .... .... ... . .. . 

.. . .. . .. . .. . .. .. .. .. . .. . .. , ...... . . . .. . .. . . . ... . .. ........ ... .. ... ..... . . 

Definition of cosine of an angle COS (A) 

Sub Activity 2: Consider the right-angle BCD from the above diagram and 

complete the table below. 

For < CDB For < DBC 

Length - a(cm) 

Length - b(cm) 

Ratio of Length GD 

cos-1 (~) 

Angle measured < CDB = 53° < DBC = 36.9° 

1.0 What is the relationship between the cosine inverse of the ratios of the 

lengths as calculated in the table above to the angle CDB and angle DBC as 

measured in the diagram? 

.. .... .... ..... .... ........ ... .... .. ............... ...... ....... .... .. .... ........ ..... .... . , 

...... ...... ......... ... .. ... ... .. .. ... ...... ..... .. ...... ...... .. ...... ........... .. ..... ... 

... ...... .... .. ..... .. ........ ......... ........... .... .. .......... .... ..... ..... . .... ... .... . 

2.0 From the above activities how would you define the Cosine of an acute 

angle in a right-angled triangle? 

••• ••• • • •••• •• • •••• • • • • •• •••••• •• • • • • • • • •• •• • •••• •••• ••••••• • • • ••• • • •••••• • •• 0 •• •• •• • • •• • • ••• 

........ .. .. .. ... . ... ...... ... .. , ... .. .. .. .... ...... ..... ... ....... ..... ... ......... .. . 

....... ........ ... .. ... ... .......... .... ..... ..... ... . ... . , ..... ....... .. ... .. ..... ... .... .. . 

•• , • • ••• •••• • • • ••• • • • 0 • ••• • •••• •• • •• • • • •• • • , • • • • •• • •• • •• • • ••• , ••••••• • • • • •••• • 0 ••••• • • • • •• • • • 

.. . .. ... 0.· .... •..... ..... ..... ... .. . , ...... ............ ... .. .. .... ..... . 
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Definition of tangent of an angle TAN (A) 

Sub Activity 3: Consider the right-angle BCD from the above diagram and 

complete the table below. 

For < CDB For < DBC 

Length - c(cm) 

Length - a(cm) 

Ratio of Length (~) 

tan-1 (~) 

Angle measured < CDB = 36.9° < DBC = 53° 

1.0 What is the relationship between the tan inverse of the ratios of the lengths 

as calculated in the table above to the angle CDB and angle DBC as measured 

in the diagram? 

.. .... ... ... .. .. .... ..... .......... ..... ... .. ....... ...... .... .... .. .......... ...... .. .. ..... 

•••• ••• •• ••••• ••• • • •• • .• •• ••••• • •••• • 0. , ••• •• •••• • •••••••• ••• • •••••• •••• , •• • • •••••• •••••• • • •• 

... .. .. .. .. ... ......... ........ .. ... .. . ........ ...... ... ..... ... . .. ... .. . ..... . ... .. , ..... , .. 

2.0 From the above activities how would you define the tangent of an acute 

angle in a right-angled triangle? 

... ... ... .............. ....... , ..... ..... .... .... ..... .. .. ..... , ... ...... .. .... .. .... ... .. .. . 

..... .... ..... .. ..... ... ... ... ... .... .. ..... .... .. . .... .... .. .. ... .. . ... . . .. . . ... .. .. .. . ... . . 

..... .... .... .... .. .......... . ... ..... .... ... .. .... .... ......... ... ... ..... .. ... .. . . .... .... . 

..... ... .... ... ... ..... ... . ...... ..... . ...... . .......... .. ................. .. . .. ..... ....... . 

. , .... ....... .. ... , .. .. ...... .... .. ... .. ...... ... , ... ... .... ........ .... . 
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~ubject Core Mathematics 
fopic The Sine, Cosine and Tangent of an acute angle 

APPENDIX T2 
Intervention 2 

Class/Form 
Duration 

SI-IS 2 
120 mins (2 periods) 

Overview o(tlle lesson: 1 - - -- -

worksheet- details a con 
objectives and aimed at _ 
ensures modificatIOn of the students grasp of the key concepts 
Instructional By the end of the lesson, the student will: 
Objectives 1. Detelmine the appropriate trigonometric ratio in right angle triangle 

• tangent, 
• sine and ! 

• cosine of an acute angle in degrees. 
• Calculate angles of elevation 
• apply trigonometric ratios to calculate distances and heights 

Cooperative Through the use of the cooperative learning-instructional approach in the lesson, students will be able to: 
learning • provide the appropriate diagrammatic representation of trigonometric ratio in right angle triangle 
Objectives • find angles of elevation in the right-angle triangle 

• apply trigonometric ratios to find angles of elevation in real life applications. 
Skills Students will use analytical, critical and observation skills to explain the angles of elevation and apply them in real life situation. 
Knowledge Students will learn how to: 

• Determine the appropriate trigonometric ratio in right angle triangle 
• Calculate angles of elevation. 
• apply the trigonometric ratios to find solution to angles of elevation in real life problems. 

Attitude • critical thinking and active participation 
• Corporation: students to interact, respect depend on each other with the ultimate aim of finding solution to problems. 

Relevant Students are able to: 
Previous • Determine the three trigonometric ratios in a given right angle triangle 
knowledge • Apply the Pythagoras theorem in a given right angle triangle . 
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Teaching 
and 
Learning 
Materials 
Lesson Plan 

Calculator 
Copies of activity sheets for each student or groups of students 
four -figure table 
Protractor, Rule . 

Teacher Activity Student Activity 

Introduction 
stage 
(15 minutes) 

Main lesson 
stage 
(50 minutes) 

• The teacher presents some test items (pre-test) on trigonometry to students at the beginning of I • 

the lesson. 
In order to prepare the students for the main concept in the lesson, the teacher 

• begins the lesson by asking students to determine the three basic trigonometric ratios in a 
given right angle triangle as projected on the chalkboard. 

• presents a right-angle triangle on the board and guides students to apply the Pythagoras 

• 

theorem to find the missing lengths (xcm) of the triangles involved as opposite, I • 

adjacent and hypotenuse around which the three ratios revolve. 

• 
xem 

3 em! 

4em 

• shares the lesson objectives with the students. 
Activity 1: Determining the appropriate trigonometric ratio in a right -angle triangle (20 
minutes) • 
In order for students to determine the appropriate trigonometric ratio to calculate angles of 

Students answer the test items 
based on their prior knowledge on 
trigonometry. 
Students strives for the solution to 
the question by sharing ideas on the 
appropriate trigonometric ratio to be 
used in the given angle 
Students apply Pythagoras theorem 
to find the missing lengths as 
projected on the board 
Students write the lesson objectives 
in their books. 

Students are randomly assigned into 
groups of three 

elevation and depression, the teacher • students elect into groups of 
· • pUeS students into groups of four assigned ru~ "!S 

~-------~ ~ 

241 



©
 U

niversity of C
ape C

oast     https://ir.ucc.edu.gh/xm
lui

D
igitized by S

am
 Jonah Library

• assigns students into roles of responsibilities ,. 
• presents activity I as the processes leading to the determination of the appropriate • 

trigonometric ratio in right-angle triangle and 

Leader- leads all discussions in 
Groups Recorder- records all 
proceedings and present solutions 
on behalf of the group • guides students to respond to the question on activity sheet (under activity 1) 

• 

y 

Activity 2: Calculate angles of eleva/ion (20 minutes) 
Teacher introduces the angle of elevation as depicted below for the purposes whole class 
discussion. 

Ob:,crve 

Angle of Elevation 

." .... 
,-

".­
, .. ", ; ' 

.-
~ , ." 

/ 

:{:f~-______ __ ________ _____ _ 
Eye level 

Tree 
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• 

• 

Timer- keeps the group in checks 
of time and conditions pe-requisite 
for a successful group discussion _ 

Students explore the activItIes as 
guided by the teacher in groups and 
respond to the question on activity 
sheet (under activity 1) based on 
their observations and newly 
constructed knowledge. 

Some discussion points expected from 
students: 
• The angle elevation of an object S, 

from an observer at A, who is 
below the level of S is the angle 
which AS makes with the 
horizontal line. 

• Students exhibit the Diagranunatic 
representation of the angles as 
presented in the case scenarios 
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• Through group discussion, teacher guides students to provide a diagrammatic representation 
of the case scenarios under activity 2 on the students' worksheet and consequently 

• Guide students to calculate angles of elevation in the right-angle triangle as presented on the 
student worksheet 2 

Task stage \ In order for students to use their own understanding of activities 1 and 2 to find solution to 
(40 min) practical questions in trigonometry, the teacher 

• guides students to establish norms and ground rules needed for a fruitful small group 
interaction 

• fosters whole group discussions on the construction of the list of items as a common 
standard practice expected of each member in the groups 

• draws the attention of the students to the grading system as a composition of product 

• 

score =40% and process scores =60% I • 

• attends to the various groupings in the class for the pw-poses of ensuring successful group 
activities. 

• Teacher guides students in each group to find solution to task after a successful group work I • 

on activity 3. 

• 

• 

under actiVity 2 on the students' 
worksheet. 

Students reminiscent of think palr 
share model co-develop guidelines 
for group discussions to ensure 
healthy interactions within each 
group 

Students assist in harmonizing the 
guidelines collectively developed in 
class 
Students are made aware of the 
composition of the overall marks 

students discuss their understanding 
of the materials (questions) and 
develop a solution to the problem 
Students in each group cooperate 
with each in finding solutions to 
task by discussing their respective 
individual work out put/solutions 
with their colleagues in each group 
to the questions under activity 2 

_ _ ----' _ _ i see activity sheet) 
---' .-
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Conclusion 
stage (IS 
min) 

In order to provide clarity and correct errors with the aim of helping students to grasp concept 
taught, the teacher 
• calls to the board, the group's recorder to present solutions on behalf of the group 

• fosters whole group discussions on the various presentations on the solutions to the problem 
• solicits alternate methods/inputs of finding solution to the questions 

• Finally, sums up the whole lesson by highlighting the key concepts discussed as follows: 
(G.P) 

opposite 
[ex) = Sinx = h 

ypotenuse 
adjacent 

[ex) = Cosx = -....:......--­
hypotenuse 

opposite 
[ex) = Tanx = d. 

a Jacent 
The above statements of the three basic trigonometric ratios hold at the varying the values of the 
angle A (A=300, 45° and 60°). Hence the definitions of SinA, TanA, CosA . 
Teacher then brings closure to the lesson by 

• inviting questions from students based on the set instructional objectives of the lesson 
• giving assignment sheets to students 
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• students piece together the most 
appropriate solution to the problem 
as a collective solution reflective of 
the groups 

• Group leaders lead discussions on 
the solutions to the problems after 
the group's recorder presentation of 
the solution on the board 

• sl11dents provide constructive 
feedback their peers on the 
solutions presented on the board 

• Students listen and take notes of the 
core points as the teacher provides 
clarity to some questions. 

• Students provide feedback 
responses to teacher's questions 
and then take assignment sheets to 
be solved as homework 
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ASSIGNMENT: students perform task as sanctioned on the assignment sheet 

and on the progress report sheet. 

CORE MATHEMATICS (SHS 2) 

TRIGONOMETRY (ANGLES OF ELEVATION) 

Assignment Sheet 

The angle of elevation of a bird in the air from a hunter standing on the g.round 

is 35°. If the hunter is l.4m tall and the bird is 81.7m away from the hunkr's 

line of sight, how high, correct to I decimal place is the bird from the ground? 

... .... ..... .. . , ...... . . .. . . .. .... ....... .. .. ......... . ... ............... , ........ .. . .. .. . 

6. A bird on a tree 15m high was observed at an angle of elevation of 75° from 

the same horizontal ground as the foot of the tree. Calculate, correct. to the 

nearest whole number, the distance of the observer from the foot of the tree 

... . . ........ . .. .. ........ . ... .. ... ... ... . ............. .. ......... ... .... .. .......... .. . , . 

. . ... . . . .... ........ .. . .. ..... . ... .. . ... , . . .. ............ . . . .... ..... .... , ..... . .... . , . .. . 

. . .... ... .. .. .. . . .. .. . ...... ... . . .... . .. .. . . .... . . . . . .. .... ..... . .. .. ... ...... .... . . ... .. . 
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Introduction 

CORE MATHEMATICS (SHS 2) 

THE ANGLES OF ELEVATION 

Student's Activity worksheet sheet 

In this activity sheet, you have been provided with four activities that is; 

activity 1,2,3 and 4. These activities have been developed in such a way that, 

after going through the activities, you will be equipped with the nccessdry 

prerequisite skills and knowledge needed to determine the appropriate 

trigonometric ratio to calculate angles of elevation and depression and apply 

the use of trigonometric ratios to calculate distances and heights. 

Note: all activities are to be done in groups. 

Activity 1: Determining the appropriate trigonometric ratio in a right-

angle triangle. 

Instruction 

In this activity, you are presented with following diagrams to enable you si1Rre 

ideas in your groups as to the appropriate trigonometric ratio needed in finding 

the missing parameters in the angles below. You are kindly requested to r~ad 

carefully and answer the question that follows. 

Note: all activities are to be done in groups 

• 1.0 Determine the appropriate trigonometric ratio in finding the missing 

parameters in the following diagrams below. 
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z 

4 

• • • • • • • • • •••••• • , ••• • •• , •••• •• • 0 ••••••• • ••• • 0 •• ••• • •• • • • ••••• • 0.0 •••• • •••• • 0 •• • •••• •• ••• • • , • • 

• • 0 • • •• • •• • • •• • 0 • ••• • • • • • ••• • • ,., • •• • ••• • •• • ••• • •••• , •• • • • •••• • •• • • • • • • •• •• • •• ••• • ••• ••• •• , ., 

Activitv 2: Calculate angles of elevation 

Instruction 

In this activity, you are presented with following case scenarios with the ,icw 

of consulting each other in the group as to the appropriate computation and 

diagrammatic representation of the angle of elevation in each of the case 

scenario as provided below. 
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CASE 1 

A man's eye level is 1.7m above the horizontal ground and 13m from a 

vertical pole. If the pole is 8.3m high, calculate correct to the nearest degree 

the angle of elevation of the top of his eye? 

•••••• •• ••••• • • •• •• • ••••••• • •• • •••••••••••• • • • , •••••• •• •• ••• • • ••••• ••••• ••••••••• •• • • • ••• • • • 0 

••• ••• • • • ••• • • 0 • •••••••••• , ••••••• , • • • , •••• •••• • ••• , •• • ••• • ••••••••••• • • • •••• •• • • •• • ••••• ••• • 

•••••• •••••••• ••••••• • •• •• ••• •••••••••• • ••••••• • ••••••••• •• , • •••• • •• , •• 0 ••••••• •• • ••••••••••• 

. .. ...... ... ... .. , .. ... ...... ..... .. ... ........... .......... ....... ................... , ..... . 

•••• • •• ••••• • 0 • •• •• 0 •• •• •••••• •• • , •• ••• • • •• • ••• •• ••• •• ••• •• ••••• •• •• •• ••• ••• ••• ••• •• , ••• • , ••• 

CASE 2 

A man ' s eye level is 1.7m above the horizontal ground and 13m from a 

vertical. If the pole is 8.3m high, calculate correct to the nearest degree, the 

angle of elevation of the top of the pole? 

.. ... ... ........ ... .... ....... ........ ..... ..... ........ .... ... ... ... ... .. ..... ..... .... ..... 

......... ........ .. ..... ... ... . ............. .............. .. . ............ ... ... .. .. .... .. .. . . 

... ...... ...... .... .... ... . ..... . ...... .... .. . .. ......... .... .... . ... . .. ... ...... ... ... ..... . 

.. . .... .. .. ...... .... ..... .... .. .. ... .... ..... .. ...... .. ...... ...... .. ..... ..... .. .......... . 

. ... .. . .... .... . .... .... ... ... ... .... ... ........ ... ... .. ... .... ..... .. ... .. ...... .... .... . 
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Activitv 3: application of trigonometric ratios to calculate distances and 

heights 

Instruction 

In this activity, the following case scenarios affords you an opportunity to 

assess the extent to which the three basic trigonometric ratios could be applied 

in determining the distances and heights in problems of trigonometry as 

provided in each case scenario below. You are kindly requested to carefully 

analyse and answer the questions for the purposes of electing a representalive 

from each group to present the group's solution on the chalkboard 

QUESTION 

Solve the question. 

15 0 (a) If tan x = - , 0 :::; x :::; find the value of Cos x. 
8 

.... ..... .. ..................................... ........ .... .. ..................... ..... ..... 

••••••• •• • •• ••• •••• • • •••• ••••• •••••• •• •••••••••• , •••• •• 0. , • •• " , ••••••••••••••• • •••• • •••• 

• •• ••••••••• •• • • ••• •• 0 ••••••••••••••••• • •• • , • ••••• •• •••• •••• •• • • ••••••••• • ••••••••••••••••••• 

.. .............................. ... .......... , ......... ......... .... ............... ... .... .. . 

.. ... . ........ . ... ...... ... ..... . ...... ... ............ .. ..... ..... ... .. .. ... .. ... ... . .... ... . 

..... . .............................. .. . .. . .... ....... .. ........ ... . ........ " ....... .. ...... . 

.. ... .. ........... .. ....... ... .. . .. .... ... ...... ...... .. . .... . ... . .... ........ .. . ...... ..... . 

.. ..... ...... ...... .. ........ . ...... .......... ... ... .. ... .. ....... ........... .... ... .... .... . 

.. .. ................. ... ...... ... ... .. ... .. .. ... ....... ... ..... ... ... . .. .... .. .. ... ...... . .. . 

... ...... . ........ ......... .... .... . .......... .. ... .... .... .. ... ... .. .... ..... ... .. . ........ . 

.. ... . .. . ............ .... .. .... ... ...... ........ ... ... ... .. .. .. ... ... .. ... . .... .. ...... .. . , .. 

. , ................... ...... ... .......... ....... , ........... .... ... .... ...... ... ... ........ .. . 

......... .. ........ .. .... ..... ... ... ...... ........ .... ... ...... ... ..... ... .. ........... .. ... . 
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