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Abstract 

 A mixed method research was conducted to: 1) examine the effect of using 

games incorporating manipulatives on learning achievement in geometry of grade six 

Bhutanese learners and 2) find out perception of grade six Bhutanese learners towards 

the use of games incorporating manipulatives in learning geometry. The data were 

collected through pretest and posttest (quantitative methods) and analyzed using 

Wilcoxon signed rank test. The other instruments used were structured interview and 

structured observation (qualitative methods) and analyzed using thematic analysis. A 

section was selected out of two sections (consisted of 28 learners in each section) of 

grade six as research participants using Intact sampling method. The sample group was 

taught using games incorporating manipulatives for a period of one month.  

 The mean score 6.33 in pretest and the mean score 12.78 in posttest making the 

mean difference of 6.45 unfurled significant improvement in learning achievement with 

the significant value of .01. The data analyzed from structured interview and structured 

observation confirmed that the learners had positive perception towards the use of 

games incorporating manipulatives in learning geometry.  
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CHAPTER 1 

 

INTRODUCTION 

 

 This chapter describes the background and rationale of the study; research 

objectives; research questions; scope of the study; limitations of the study; operational 

definitions; and the significance of the study. 

 

1.1      BACKGROUND AND RATIONALE OF THE STUDY 

 

 The seed of modern education system was sowed since from 1914 when the First 

king of Bhutan Gongar Ugyen Wangchuck sent forty-six Bhutanese boys to India in 

pursue of western education (Tobgay, 2014, p. 2). In the same year the schools were 

established in Haa and Bumthang districts in 1915 (Dorji, 2005, p.10). According 

Takehiro (2015) those schools were educating crowned prince and children of royal 

attendants by then. The significant roles of western education was felt for country’s 

development by the farsighted monarchs. Hence, during the reign of third King Jigme 

Dorji Wangchuck, modern education system was endorsed in First Five-year Plan in 

1961 and started expanding throughout the country Takehiro (2015). Since then the age-

old policy of isolation was pierced with the dawn of modern education. 

 

Dukpa (2015) stated that “Mathematics had always been featured as a core and 

compulsory subject in the schools of Bhutan.” Hence, the formal and comprehensive 

mathematics education was introduced in Bhutan along with the introduction of modern 

education system in early 1960s (Dolma, 2016). The system of mathematics practiced 

during those time were found teacher centered limiting students from active 

involvement in learning process. Therefore, since mid-1980s, there was a gradual 

transformation of mathematics curriculum which were aligned with constructivist 

theories and in year 2008, the curriculum was transformed which ensured student 

centered  and implemented in the schools of Bhutan (Lham, 2017). However, the 
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learning achievement of Bhutanese learners in Mathematics is still found low as 

compared to the rest of the subjects. 

 

A study conducted by the National Council of Bhutan revealed that “many 

learners had performed below expectations of their grade level on both basic and 

advanced academic skills, lacked basic communication and analytical skills…” The 

same concern was restated by the Minister of Education during the 17th Session of the 

National Council (June 22, 2016), on average a learner required one additional year to 

achieve the same level of competency for that grade (National Council of Bhutan 

[NCB], 2016). Based on the citation, the level of educational performance of most 

Bhutanese learners were below expectation which meant the performance level of 

mathematics curriculum is low as well.  

 

 

Figure 1.1 Comparing of grade six mathematics mean score with different subjects 

Source: Bhutan Council for School Examinations and Assessment, 2017, 2018, 2019 

 

 As per Bhutan Council for School Examinations and Assessment (BCSEA, 

2017) “The overall mean score was 59.12 in Dzongkha, 47.72 in English, 41.27 in 

Mathematics, 54.01 in Science and 51.19 in Social studies.” Similarly, BCSEA (2018) 

reported the overall mean score of 57.96 in Dzongkha, 55.83 in Social Studies, 54.33 in 

English and 35.33 in Mathematics. BCSEA (2019) also reported that the overall mean 

score of 61.35 in Science, 55.48 in Dzongkha, 54.47 in Social Studies, 46.86 in English 
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and 43.33 in Mathematics. These reports showed that mathematics had remained the 

lowest scoring subject for three consecutive years by the grade six Bhutanese learners. 

 

  As per the performance assessment of three domains in PISA - D (Program for 

International Student Assessment for Development), candidates studying in both 

Classes IX and X performed better in Scientific Literacy with 41.78 and Reading 

Literacy with 37.41 mean score. The lowest was in Mathematical Literacy with 28.84 

mean score.  

 

Table 1.1 Details of the participants’ performance in three domains 

Source: BCSEA, 2018 

 

The mathematics achievement scores of grades six in national standard 

displayed in Figure 1.1 and grade nine and ten in international standard showed in Table 

1.1 concluded that Bhutanese learners had performed very poor in mathematics in both 

national and international level. Therefore, the fact disclosed was a great concern for all 

mathematics teachers in the country.  

 

According to Dolma (2016), evidences in her study claimed that, the problem 

were not with the curriculum framework but with the way it was implemented in the 

classroom. Thus, it was concluded that, the age – old teacher centered teaching method 

still prevails in the classroom teaching. In the study of Jameel and Ali (2016) revealed 

that teachers being very strict in the process of teaching mathematics, limited activities 

and lack of learners attention were the main causes of low achievement in the 

mathematics as mentioned by students, teachers and parents respectively. The existence 

of rigid culture in the education system contributed in developing mathematics anxiety 

(Hamza & Helal, 2013).  

Domain Students Mean SD Minimum Maximum 

Scientific Literacy 3711 41.78 13.01 2.5 94 

Reading Literacy 3909 37.41 13.53 6 86 

Mathematical Literacy 3692 28.84 8.63 0 74 
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One of the main factors that hampered the competency of the students in 

mathematics was the anxiety. Dobson (2012) claimed that, learners who suffered from 

anxiety reflected poor academic performance. Academic anxiety deluded children from 

academic success (Sara & Aida, 2014). The anxiety directly impacted learner’s 

concentration and memory (Somia, 2010). A person who had math anxiety felt that they 

were bad in mathematics and they tend to hate the subject (Sokolowski & Ansari, 

2017). Hence, anxiety can be seen as a greatest barrier which cultivated negative 

perceptions in the mind set of learners towards mathematics. 

 

 In the world of education, the educational hurdles were overcome by numerous 

inventions of strategies. One of the strategies gaining momentum in the twenty first 

century is the use of games. Game is an approach through which learners are driven 

through competition, engagement and immediate reward which fostered motivation and 

better achievements (Teen, n.d.). Games includes the use of computer and video games 

targeting to achieve better learning outcomes (Rivera, 2016). However, the schools in 

Bhutan can be seen not well equipped with the advanced technological facilities due to 

economic status and harsh geographical condition (Gyeltshen, 2018). Therefore, 

implementing gamification is not suitable in the context of Bhutanese schools but never 

the less, the implementation of games incorporating manipulatives is one effective 

alternative among many to overcome the hurdles in teaching mathematics.  

 

 The use of games incorporating manipulatives does not need the accessibility to 

internet and it is affordable as compared to digital gadgets. Moreover, manipulatives are 

being supplied in the schools by the government. Kontaş (2016) revealed that the long-

term use of concrete manipulatives improved learner’s perception toward mathematics 

along with the performance. Gundogdu (2013) also pointed out that, the use of 

manipulatives in the classroom have geared up performance of learners and developed 

positive perception towards mathematics subject. Sidiqi (2017) stated that, the 

mathematics anxiety can be reduced by usage of manipulatives in the process of 

teaching and learning. 
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 The quote "I hear and I forget. I see and I remember. I do and I understand" 

by Confucious 551-479 BC, best described the function of manipulatives. 

Manipulatives provided learners with the hands-on learning situations letting them 

comprehend abstract mathematics concepts without difficulty assuring enjoyable 

learning (Furner & Worrell, 2017). Manipulatives contributed learners to learn with 

deeper understanding and minimum confusion (Hidayah, Dwijanto, & Istiandaru, 

2018). The use of mathematics manipulatives delivered an opportunity to think 

critically, explore new ideas and find diverse solutions to the problem (Gerard, n.d.). 

Thus, the use of manipulatives in the classroom teaching is a perfect pavement through 

which learners were made to undergo educational interactions and active involvement 

with excitement to master the skills.  

 

 This study was carried out based on the principles for designing intervention in 

Mathematics (National Center of Intensive Interaction, n.d.). The principles for 

designing intervention highlighted the significance of games incorporating concrete 

mathematics manipulatives. In the studies conducted by Kontaş (2016); Gundogdu 

(2013); Sidiqi (2017); Furner and Worrell (2017); Hidayah, Dwijanto, & Istiandaru 

(2018) found that the use of manipulatives not only had a positive impact in the 

performance level but it changed the perception of students towards learning 

mathematics. Thus, the use of games incorporating manipulatives would have a positive 

impact on teaching mathematics in Bhutanese classroom. Children’s development in 

primary level is very important part in the educational journey as they are developing 

their feelings of ability and confidence to develop skills. Therefore, educators must help 

learners in developing skills through encouragement (Aarnos & Perkkila, 2012). 
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1.2      RESEARCH OBJECTIVES 

 

            1.2.1   To examine the effect of using games incorporating manipulatives on 

learning achievement in geometry of grade six Bhutanese students. 

 

1.2.2   To find out perception of grade six Bhutanese students towards the use of 

games incorporating manipulatives in learning geometry. 

 

1.3       RESEARCH QUESTIONS 

 

   1.3.1    Did the use of games incorporating manipulatives have an effect on the 

learning achievement of grade six Bhutanese student in geometry?           

 

 1.3.2    What was the perception of grade six Bhutanese students towards the 

use of games incorporating manipulatives in learning geometry?  

 

1.4     RESEARCH HYPOTHESES 

 

  1.4.1   The use of games incorporating manipulatives had positive effect on the 

learning achievement of grade six Bhutanese student in geometry.      

       

   1.4.2   Grade six Bhutanese students had positive perception towards the use of 

games incorporating manipulatives in teaching and learning geometry. 

 

1.5      SCOPE OF THE STUDY 

 

1.5.1 Population and Sample 

 

  The population of the study was composed of 56 learners from two sections of 

grade six learners in one of the schools in Bhutan. The age of the learners ranged from 

12 – 14 years old with a mixed gender classroom. The researcher used intact random 
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sampling technique to select one section (28 students) out of the two sections of grade 

six consisting mixed ability students as a sample group.  

 

1.5.2  Content of the Study 

 

   In this study, the researcher taught grade 6 mathematics text on Unit 6: 

Geometry developed by Department of Curriculum and Research Development 

(DCRD). This unit consisted three chapters and each chapter was further divided into 

topics as shown in Table 1.2. The researcher taught all four topics from chapter 1 titled 

‘3 -D Geometry.’ Pretest was conducted before and posttest after the using games 

incorporating manipulatives in teaching geometry. 

 

   To align researcher’s plan with the teaching plan of the mathematics teacher 

of the research school, the researcher discussed about the chapter that he was supposed 

to teach in the month of August as per his yearly plan. The topic suggested was ‘3- D 

geometry’ and the detailed information about the topics are displayed in Table 1.2. 

 

Table 1.2 Table of content for the lesson 

 

1.5.3 Time Frame 

 

   The data was collected in the month of August, 2019. The detailed time frame 

of the entire study was presented in Table 1.3. 

 

 

 

 

Lesson Plan Topic Time 

I Explore: Planes of Symmetry First week of August 

II Explore: Cross – Section Second week of August 

III Interpreting Orthographic Drawing Third week of August 

IV Creating Orthographic Drawing Fourth week of August 
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Table 1.3 Time Frame for the Research Process 

 

1.5.4 Location of the study 

 

   The study was carried out with grade 6 students from one of the primary 

schools in Trashiyangtse District, Eastern Bhutan and it is in the semi-urban setting. 

 

1.6   LIMITATIONS OF THE STUDY 

 

            1.6.1   The study was limited itself to a section of grade six students in one of 

primary school in Trashiyangtse District, Bhutan. Therefore, the findings do not depict 

the performance of all grade six students in Bhutan. 

 

1.6.2    The study was confined to the use of games incorporating manipulative 

in teaching geometry. Therefore, it does not generalize of its application on other topics 

in mathematics curriculum. 

 

 

 

 

 

 

 

 

Activities 

Time Frame 

From To 

Month Year Month Year 

Literature Review January 2019 December 2019 

Proposal Defense   June 2019 

Data Collection August 2019 September 2019 

Data Analysis September 2019 December 2019 

Article Writing September 2019 November 2019 

Final Defense   December 2019 
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1.7 CONCEPTUAL FRAMEWORK OF THE STUDY 

 

         INDEPENDENT VARIABLE                       DEPENDENT VARIABLES  

         

        Instructional Approach 

 

Figure 1.2   Illustration of the independent variable and dependent variables. 

 

1.8 OPERATIONAL DEFINITION 

 

Effects referred to the changes that occurred in the learning achievement of 

learners after the use of games incorporating manipulatives. 

 

Games incorporating manipulatives referred to games like Building castle, 

Hangman, Human Tic Tac Toe and Mathematics Base Ball which will be played using 

manipulatives like snap cubes, set of 3-D shapes and isometric dot paper which was 

used as learning materials during treatment session. 

 

Geometry referred to the topics like Planes of symmetry, Cross section, 

Orthographic drawing and interpreting orthographic drawing that had been taught to the 

sample group during the treatment session. 

Use of Games Incorporating 

Manipulatives 

• Supporting instructional 

objectives. 

• Meaningful interaction with 

learning content.  

• Evaluating learner’s 

performance. 

• Immediate feedback. 

• Developing based on the 

ability level. 

Students’ Perception 

Towards the Use of Games 

Incorporating Manipulatives. 

Students’ Learning 

Achievement 
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Grade six students referred to the students studying in 6th standard aged 

between 13 to 15. 

 

Perception referred to the students’ positive thinking towards of use of games 

incorporating manipulatives in treatment session. 

 

1.9    SIGNIFICANCE OF THE STUDY 

 

1.9.1   The study would have positive impact in learning achievement of grade 

six students with the use of games incorporating manipulatives.  

 

1.9.2   The study would be useful for the Mathematics teachers in Bhutan to 

improve their teaching strategy. 



 

CHAPTER 2 

 

LITERATURE REVIEW 

 

This chapter presents the Mathematics Curriculum of Bhutan, using games 

incorporating manipulatives as an important strategy, the theoretical background of 

games incorporating manipulatives and review of related research for the strategy in use 

across different countries. 

  

2.1     MATHEMATICS CURRICULUM IN BHUTAN 

 

In Bhutanese education system, children get enrolled in early childhood care and 

development at the age of three and then at the age of six they get enrolled in the formal 

school starting from pre- primary level. The path way of Bhutanese education system 

lets children to attend seven years of primary education, four years of secondary 

education, two years of higher education and then tertiary education. First eleven years 

of education is considered as the basic education which is comprised of seven years of 

primary education and four years of secondary education. To get enrolled in the higher 

education, every learner has to appear common examination and the candidates are 

selected on merit basis (Bhujel, 2012). In these entire educational stages, mathematics 

has been prioritized and introduced since from the pre-primary level until tertiary. 

 

According to Dorji (2005) when western education was first introduced to 

Bhutan, the contents taught in the schools were mostly about places, people and events 

of other countries. The content taught in the schools were found irrelevant in Bhutanese 

context. Therefore, in 1976 the Department of Education drafted the first education 

policy in the country. The school curriculum was prioritized towards instilling skills to 

the learners to meet the evolving needs for skilled workers for the developmental plans 

and programs. In 1984, the 1976 policy was redrafted and redeveloped a curriculum 

which helped Bhutanese learners to learn about own traditional beliefs but also about 
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the people and culture of other countries especially about the technology. The 

curriculum was framed which blended Bhutanese tradition with the emerging modern 

technology. However, the curriculum framed in 1984 was not formally published all 

over the country hence in 1993, Curriculum and Textbook Development Division 

(CTDD) was formed which later changed to Curriculum and Professional Service 

Division (CAPSD) developed syllabuses and textbooks for the schools. Since from 

1994, various officials conducted study regarding the teacher professional development, 

assessment, pedagogical practices in all the subjects. The study for Mathematics was 

conducted in 2003 and 2004 and found the need to reframe the Mathematics syllabus 

from preprimary to secondary level.  

  

Curriculum and Professional Support Division (CAPSD, 2005) the mathematics 

curriculum in Bhutan is designed with sequential and developmental logical framework 

from classes PP till 12. The design of mathematics curriculum aimed to shift the 

classroom teaching practice from teacher - centered towards learner - centered as a 

vehicle to change students’ attitude from negative to positive towards learning 

mathematics. The curriculum intended to let learners appreciate and love the nature of 

the subject and its relevancy in their day to day life. The mathematical concepts are 

presented in seven strands from Pre- Primary till grade Twelve: Numeration, 

Operations, Patterns & Relations, Measurement, Geometry, Data and Probability as per 

the NCTM. The new curriculum is developed based on the principles and standards set 

by National Council of Teachers Mathematics in USA (ibid). 

 

According to CAPSD (2009) following mentioned bulletins are the key 

objectives that the new mathematics curriculum intends to fulfill: 

 

1) Develop related concepts, skills and contribute to work 

confidently in the areas of numbers, algebra, measurement, geometry and data handling.  

 

2)  Develop the ability to think critically, strategically and logically 

in varying contexts.  
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3)  Develop the skills to structure and organize, work out procedures 

and represent and communicate information effectively.  

 

4) Create models and predict outcomes to reason and justify, seek 

patterns and generalizations.  

 

5) Make reasonable estimate and calculate with precision and use 

step by step investigation to make interpretations. 

 

Ministry of Education (2019), the Bhutanese education system aimed to provide 

quality education to every single Bhutanese child regardless of intellectual ability, 

academic performance, gender, special needs and socio-economic background. 

Therefore, every Bhutanese child are provided with the basic education, tertiary 

education, non – formal and continuing education, special education and early childhood 

development programs.  

 

2.2     DEFINITION OF MATHEMATICS 

 

Hom (2013) defines that, the mathematics is the science that deals with the study 

of structure, order and relation of counting, measuring with logical reasoning which 

every individual use it in the form of devices, building blocks, money, art and sports. 

Mathematics is a subject which is dealt by everyone in everyday life helping to interpret 

definite ideas with logical reasoning and also helps in revealing hidden patterns for new 

discoveries (Khan, 2015) Mathematics has been called the language of the universe 

(Zyga, 2013). Mathematics is the study that deals with the pattern and logical reasoning 

contributing to new discoveries. 

 

 The importance of mathematics is parallel to the advancement of technology as 

mathematics is what actually computer does. The mathematics work as a black box for 

its user, as it is invisibly present in everyone’s everyday life. The mother nature is the 

greatest mathematician as the concepts, laws, patterns, shape, etc… are found in the 

nature and mathematics is the backbone of the all science (Sushmita, 2012). Legner 
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(2013) claims that, every individual use mathematics in everyday life starting from the 

time we allocate for different work purpose, ratio of sugar and milk that we add in a tea, 

the suitable colored clothes that we choose to wear, etc.… so, mathematics is applied 

throughout our life. These skills are taught since from the primary level of school. 

 

 According to the research studies, the learner’s low performance in mathematics 

is not a concern just for few countries rather it is the concern of every nation in the 

world. Taylor (2018) states that, there are just handful of eighth grader learners who 

scored above the proficient level and mostly scored below proficient level according to 

the data from National Assessment of Education Progress of Kentucky, United State. 

Maliki, Ngban, and Ibu (2017) expresses similar problem stating that, the low 

performance in mathematics by the learners has become a serious concern in Nigeria.  

  

 Many researchers claim that one of the reasons for the low achievement in 

mathematics is due to mathematics anxiety. Mathematics anxiety impacts the learner’s 

performance. Leppavirta (2013) states that learners with higher mathematics anxiety 

performed low and learners with lower mathematics anxiety performed high. The 

learners with mathematics anxiety not just performed low in mathematics but they 

disliked and avoided mathematics (Maloney, Schaeffer, & Beilock, 2013). According 

to Attentional Control Theory cited in Luttenberger, Wimmer, and Paechter (2018), the 

effective function of cognitive hinges on two attention system that are goal driven 

system (attention to current goal and expectation) and stimulus- driven system (attention 

to tangible stimuli of the environment). Anxiety imbalances the two attention systems 

and lets stimulus – driven system to overtake. Where learner’s attention is driven more 

on possible threats than the lesson explained in the class. 

 

 Yilmazera and Keklikci (2014) states that, teaching geometry using traditional 

teaching methodology did not improve learner’s performance. Olubokola (2015) points 

out that, one of the topics that most students face difficulty in understanding the concepts 

is geometry and trigonometry due to the abstract nature of the topic. Fabiyi (2017) also 

explains that, learners face difficulty in geometry concepts (congruent triangles, circle 

theorem, construction, surface areas of solid figures, etc... So, games incorporating 



15 
 

manipulatives must be an appropriate method to make learners learn the concept of these 

topics swiftly.  

 

2.3     GEOMETRY 

 

The word Geometry is derived from a Greek word ‘Geo’ and ‘Metron’ where 

‘Geo’ refers to earth and ‘Metron’ refers to the measurement. So, Geometry means 

measurement of the earth. Choudhary, Dogne, and Maheshwari (2014) defines the term 

Geometry as a science which describes structure (structure is derived from a Latin word 

‘Structura’ meaning arranging things in order). According to dictionary (Webster, 2003) 

Geometry is “A branch of mathematics that deals with the measurement, properties, 

and relationships of points, lines, angles, surfaces, and solids.”  

 

 According to Euclid, Heiberg, and Fitzpatrick (2008), The geometry comprises 

thirteen books of elements; Book 1 expresses the important system of plane geometry, 

book 2 talks about geometric algebra, book 3 deals with circle and their properties, book 

4 deals with regular polygon in relation to circle, book 5 deals with arithmetic theory of 

proportion, book 6 deals with the application of proportional theory, book 7 deals with 

basic arithmetic theory, book 8 deals with geometric series, book 9 deals with 

application (of answers from basic number theory and geometric series) with prime 

numbers, book 10 deals with categorizing irrational scale using the “method of 

exhaustion,” book 11 deals with basic arrangements of 3 dimensional geometry, book 

12 deals with the calculation of volumes of 3 – D shapes and book 13 deals with Platonic 

solids.  

 

 Among the geometry elements stated above, the topic that the researcher is going 

to teach during the data collection will be basic arrangements of three-dimensional 

geometry (3 – D). According to (Guha, 2015) three-dimensional ( 3- D) 

object is solid rather than flat, because it can be measured in three different directions, 

usually the height, length, and width. Three- dimensional objects poses areas like Apex, 

edge, face, base and corner. Three-dimensional (3-D) objects are characterized by width, 

length and depth, such objects are also called solids (Crowell, 2016).   

https://www.collinsdictionary.com/dictionary/english/object
https://www.collinsdictionary.com/dictionary/english/solid
https://www.collinsdictionary.com/dictionary/english/rather
https://www.collinsdictionary.com/dictionary/english/flat
https://www.collinsdictionary.com/dictionary/english/measure
https://www.collinsdictionary.com/dictionary/english/direction
https://www.collinsdictionary.com/dictionary/english/height
https://www.collinsdictionary.com/dictionary/english/length_1
https://www.collinsdictionary.com/dictionary/english/width
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 The concept of 3D models is seen very useful for a diverse purpose in the field 

of video games, movies, architecture, illustration, engineering, and commercial 

advertising (Petty, n.d.). The introduction of 3D model has benefited the specialists like 

engineers and architectures to finish projects quickly, efficiently and within budget 

(Diaz, 2014). To explain and understand the cellular characteristics of any tangible 

objects is difficult without a mathematical model due to its abstract nature (Umulis & 

Othmer, 2012). During the early schooling, topics on shapes and solid are focused more 

in geometry, gradually focusses on higher level of learning skills like properties and 

relationships which advances to accumulate skills like problem solving, transformation, 

symmetry and reasonings (Russell, 2018).    

 

2.4     GAMES 

 

Harris (2009) claims that, Instructional games are those types of games that can 

be integrated to simplify learning such as: board games, computer games, locally 

constructed or commercial games, physical games, puzzle games, online games, card 

games, etc. Instructional game is an approach which are inclusive of competition, 

interaction and fun while acquiring knowledge (Editorial Team, 2013). Plass, Homer, 

Kinzer and Ken (2015) states that, the game is not only supposed to be digital games, it 

can be any other games which adequately cover the subject matter along with the game 

play. Instructional games are the games which aims to enhance learning by discouraging 

inflexibilities in the process of teaching and learning guided by the set of rules (Udosen 

& Ekpo, 2016). 

 

 The studies evidently show that, Instructional games contributed immensely in 

achieving better performance in mathematics. In the comparative study carried out by 

Bahrami, Chegini, and kianzadeh (2012) states that, the group of learners in 

Instructional game achieved significantly high score than the group of learners in 

traditional teaching method. Ku, Chen, Wu, Lao, and Chan (2014) also claims that, the 

infusion of Instructional game not only had positive impact in harvesting colorful results 

but also improved the confidence of the students in mathematics. Instructional game is 

a practicable teaching method which provides opportunities to the learners to improve 
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academic achievements in Science, Technology, Engineering and Mathematics subjects 

(Musselman, 2014). 

 

2.4.1    Developing Instructional Games 

 

 Every game cannot be considered as instructional game since there are games 

designed just for the purpose of fun without any leaning purposes. The instructional 

games should be designed to achieve specific learning objectives. Therefore, Udosen 

and Ekpo (2016) laid couple of characteristics of instructional game as follows: 

 

1) The game designed must support the stated instructional 

objectives. 

2) The game must provide opportunity for learners to have 

meaningful interaction with the learning content.  

3) The game must provide means for evaluating the learner’s 

performance to see if the intended instructional objectives of the lesson have been 

achieved.  

4) The game must provide a means for immediate feedback. The 

feedback should be given to the learners as soon as possible for corrective measures or 

remediation.  

5)  The game should be developed based on the ability level of the 

learners. If the task to be accomplished is too difficult, the students may give up easily 

and may become bored if it is too easy. 

  

2.4.2   Instructional Design Model  

 

As a teacher, any instructional game design should be guided by the principles 

of instructional design to meet the lesson objectives and fulfill learners’ expectations. 

Lee and Jang (2014) elucidates that, instructional design is a method, framework and a 

tool which guides instructors to prepare any instructional resources to align with 

learning objectives and fulfill the desired expectations. An instructional design is the 

systematic planning, evaluating and revising guided by the design- based discipline 
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(Cennamo & Kalk, 2019).  The following model is one of the commonly accepted 

prescriptive models used for designing or selecting instructional strategies: 

 

Addie Model 

 

 The Acronym ADDIE stand for five phases of the model. A – Analyze, D- 

Design, D- Development, I- Implementation and E- Evaluation.  

 

 Aldoobie (2015) describes that, in the analysis phase,  instructional problem is 

simplified, the instructional goals and objectives are set up and the learning environment 

and learner’s prior knowledge and skills are recognized. The design phase deals with 

learning objectives, assessment tools, activities, content, subject matter scrutiny, lesson 

planning and media selection. The development phase is where the designer develops 

and gather the information that were created in the design phase. During the 

implementation phase, the instructional design should cover the intended content area 

and fulfill learning outcomes through systematic method of delivery, and testing 

procedures. The evaluation phase consists of two parts: formative and summative. 

 

Assure Model 

  

The acronym ASSURE stands for A — Analyze learners, S — State standards 

and objectives, S — Select strategies, technology, media and materials, U — Utilize 

technology, media and materials, R — Require learner participation E — Evaluate and 

revise. 

 

 Kurt (2015) clarifies that, In the analyze step, teacher must analyze the 

capabilities of learners and emphasize on the learning outcomes. In the next step, 

teacher, must state specific objectives of what learners should acquire after the course. 

In the next step, teacher must select appropriate strategies, materials and technologies. 

In the next step, teacher should utilize the teaching materials contributing to fulfill the 

desire learning outcomes. In the next step, teacher must be able to let learners participate 
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actively. In the final step, teacher should evaluate the teaching strategy, materials used 

and overall lesson procedure. 

 

2.4.3 Types of Instructional Games 

 

Simulation Games  

 

 Simulation games transforms complex nature of reality in an easier form, which 

helps the learners to comprehend abstract ideas in more organized way. Lean, Moizer, 

Towler, and Abbey (2011) states that, simulation intent to emulate real life situations 

within a created situation. Simulation is a method of rehearsing the skills that can be 

useful to diverse subject areas. It is a method that imitate significant aspects of the real 

world in a fully interactive manner (Lateef, 2010). Deshpande and Huang (2008) defines 

simulation as “representation of reality or some known process/phenomenon.”  

 

Situational Games  

 

  The main idea of this game is to test the learners, whether they can solve the 

tasks assigned providing imaginary situations. Voigt and Dijk (2012) describes in their 

study “situational games are played for a cause, on the spot, and in interaction with the 

actual situation at that spot.” Situational game-based learning is an active process of 

involvement with the given situation related to subject matters and come up with the 

appropriate solutions through rigorous discussions and decision-making process (Kirk 

& MacPhail, 2002). 

 

Staging Games 

  

 Staging games needs the imitation of past events or create new event related to 

the subject matter. Staging game is a type of play where learners agree to take the roles 

and act them out. It is an active teaching method which integrate positive fundamentals 

of learning such as inculcating skills and knowledge with enjoyment (Erturk, 2015).  
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 All those three types of games are applicable in teaching mathematics. However, 

the researcher has chosen simulation game as it is most appropriate with the content that 

the researchers is going to teach during the data collection that is geometry. The finding 

in the study carried out by Ajai (2013) points that,  the use of games and simulations in 

teaching mathematics concepts had a great significant where the administrators decided 

to integrate local games to facilitate meaningful learning of mathematics. Vlachopoulos 

and Makri (2017) also conducted similar study and displays that the use of games and 

simulations have a positive impact on achieving learning goals. 

 

 In the research study carried out by many researchers like Lean, et al. (2011); 

Lateef (2010); Deshpande and Huang (2008) generally defines simulation as a 

representation of reality. Larbi and Mavis (2016) defines, manipulatives are any 

representational object that can be used for teaching and learning mathematics 

concepts. The definitions of simulation and manipulatives cited from the research 

studies as mentioned above, both terms are used as representing real objects 

through the use of models in the process of teaching and learning. Thus, researcher 

choose to use manipulatives in this study.    

 

2.5     MANIPULATIVES 

 

The term “manipulates” evolved from the old French word “manipüle”, which 

means to “handle”. manipulative is a teaching material which helps students to 

understand mathematical concepts by operating it (Istiandaru, Istihapsari, Prahmana, 

Setyawan, & Hendroanto, 2017). According to Bartolini and Martignone (2014), 

Mathematical manipulatives are the objects used by learners in mathematics education 

to explore, and investigate mathematical concepts to solve the problem during activities. 

Mathematical manipulatives are tangible objects that is used during the mathematics 

lesson by the learners and educators to teach and learn abstract concepts (Back, 

2013). Manipulatives are any object that can be used for teaching and learning 

mathematics concepts (Larbi & Mavis, 2016). Manipulative materials are real objects 

that include mathematics concepts triggering several senses through touch and move 

around by the learners (Al-Absi, Nofal, & Jordan, 2010). 
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 The importance of mathematics manipulatives was felt since many centuries 

back. The researchers and theoreticians believed that learners must understand what 

they are learning and the skills and knowledge learnt must sustain life long. According 

to Moyer (2002) the theory of Zoltan Dienes’s convinced scholars and researchers that 

the use of varied physical representation contributed in instilling mathematics concepts 

to the learners in more organized way. 

 

 According to National Council for Teachers of Mathematics (NCTM, 2010, as 

cited in Furner and Worrell, 2017) a representational model can be classified into 

illustrations, virtual manipulations and concrete manipulatives.  

 

Virtual Manipulatives 

 

  Packenham, Bolyard, and Spikell (2002) defines that, virtual manipulatives are 

“an interactive, Web-based visual representation of a dynamic object that presents 

opportunities for constructing mathematical knowledge” (p. 372). According to 

Dorward (2002, as cited in Furner & Worrell, 2017) virtual manipulatives are a 

computer-based form of common mathematics manipulatives and tools.  

 

Concrete Manipulatives 

 

 According to “Manipulative” (2009, as cited in Cope, 2015) a concrete 

manipulative is an object, “designed to be moved or arranged by hand as a means of 

developing motor skills or understanding abstractions, especially in mathematics.” 

Concrete manipulatives are the tangible objects that can be physically touched by the 

learners and gain concepts through sensory experiences (Bartolini & Martignone, 2014). 

 

2.5.1   Guidelines for Using Manipulatives in the Classroom 

 

Manipulatives must be used strategically to have effectiveness like any other 

teaching and learning materials. Burns (n.d.) states following guidelines to use 

manipulatives effectively in the classroom: 
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1) Talk with students about why and how manipulatives help them learn 

math. These discussions are important for first-time users. Teacher must provide ample 

time to the learners to explore manipulatives. Then let them talk about what they 

observed. Then teacher will present the concepts that learners must learn with the use 

of materials. 

 

2)  From the first day itself, teacher must set ground rules for using 

materials., they are given definite problems and activities with manipulatives but they 

must be allowed to make discoveries and explore new ideas with the help of 

manipulatives.  

 

3) It's also important for students not to disturb one another. Teacher 

must interfere if learners complain about insufficient manipulatives and manage from 

other groups. 

 

4) Set up very clear management system of storing manipulatives. The 

manipulatives must be accessible to the learners any time and they must be responsible 

to take care.  

 

5)  Time for free exploration must be provided to the learners to get 

familiarize with the manipulatives. Whenever teacher present a manipulatives teacher 

must allot at least one math period for the student to get familiar. Free exploration time 

allows learners to satisfy their curiosity so that they don't get distracted from the tasks. 

  

6) Manipulatives are a natural for writing assignments. They provide 

concrete objects for learners to describe and understand abstract ideas. 

 

2.5.2   Impact of Using Manipulatives in Mathematics 

 

Larbi and Mavis (2016) states that, mathematics manipulatives are important 

tools for learners in the learning of mathematics and teachers to impart mathematical 

concepts and to assess their understanding. Liggett (2017) evidently supports in his 
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study that, manipulatives are effective in inculcating mathematics concepts and skills 

especially to the learners with mathematical difficulties. learners learn in different ways 

therefore, when manipulatives are executed it triggers and gather senses into learning as 

learners can touch and move objects to make visual representations of mathematical 

concepts Al-Absi et al., 2010). The manipulatives are seen important as it contributed 

in achieving higher scores of the experiment group significantly than the control group 

(Kontas, 2016). 

 

2.6    GAMES INCORPORATING MANIPULATIVES INTO THE 

CURRICULUM 

 

 2.6.1 Planes of Symmetry Integrated with Building a Castle 

 

Teacher divided learners into groups of four and provided clay and a set of 3-D 

blocks in each group. Learners used 3-D blocks to construct castle (for game) and made 

structure out of clay as listed on a board (cube, cone, cylinder, prism, and pyramid). 

Learners had cut the shapes in different ways to find planes of symmetry. They Listed 

all possible planes of symmetry for each structure. As soon as they completed listing all 

possible planes of symmetry for each structure, a member in a group used 3-D blocks 

to construct the castle layer by layer as a sign of victory. A group which had the most 

complete castle was declared as the winning group. 

 

2.6.2   Cross Sections Integrated with Hangman 

 

Learners were divided into seven groups composed of 4 members in a group. 

The learners were numbered 1 till 4. Seven questions were provided to the groups where 

the members had to answer by exploring (Cut the shapes from different angles) the 

cross- sections in a particular structure with the help of models or manipulatives 

provided. Each group presented their work to the class and assessed their works using 

Hangman game. For every mistake against the question the drawing proceeded through 

7 steps as following: 
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 Step 1: Draw rope 

Step 2: Draw head. 

Step 3: Draw body 

Step 4: Draw eight hand 

Step 5: Draw left hand 

Step 6: Draw right leg 

Step 7: Draw left leg 

 

A group which had least part of the drawing was declared as the winner. The 

mistakes were corrected, the overall feedbacks and suggestions were also provided by 

the teacher immediately after the presentation. 

 

2.6.3 Interpreting Orthographic Drawings with Tic – Tac – Toe 

 

Learners were grouped into 8 comprised of 4 members in each group. Each 

learner was numbered 1 till 4. Nine questions with four multiple choices were provided 

to the group. The questions were presented from simple to difficult level. Groups 

labelled A, B, C, D, E, F, G, H and paired the groups for competition through drawing 

game fixture. 

 

For each game there were 6 main questions and 3 substitution questions. The 

time allocated for each question was 3 minutes. The group which found the solved the 

problem before time said ‘BINGO’ and showed their answers to the teacher along with 

the model made from linking cubes. A group marked their group name in the Tic-Tac- 

Toe diagonally, vertically or horizontally when the answer was correct. The process 

continued until the final round where one group had been declared as a winner. The 

immediate feedbacks and suggestions were provided by a teacher after the game. 

 

 2.6.4   Creating Orthographic Drawings with Mathematics Base Ball 

 

The learners were divided into groups of four members. Teacher provided 

linking cubes and a set of question consisted of structures and a sample net of Cube. 
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Nine questions were provided in each group where every group answered questions by 

exploring and evaluating all five aspects of two dimensions in 3-D structures with the 

help of Linking cubes. Every groups were provided equal chance to answer the 

questions. Each group presented their work to the class and evaluated their answers with 

Mathematics Baseball game. For each answer the total score will be 3. The questions 

which could not be answered were passed to next group and 0.5 points was deducted in 

every pass of the question. A group scoring the highest point was the winner. The overall 

feedbacks and suggestions were provided by the teacher immediately after their 

presentations 

 

2.7    RELATED RESEARCH STUDIES 

 

In the study carried out by Makri and Vlachopoulos (2017) states that simulation 

games are the powerful educational method which established conducive learning 

environment through which learners obtain knowledge and skills across the subjects. 

Simulation games are believed as a teaching method where learners enjoyed and 

encouraged to participate actively and collaboratively. In such learning environment 

learners are provided with the opportunities to develop critical thinking, take 

accountability for decision making, problem solving. Thus, simulation games contribute 

in experiential learning. 

 

 In the study conducted by Akinsola and Animasahun (2007) discloses that 

integrating simulation game in teaching mathematics was very important strategy which 

contributed in advancing the learners learning achievement and positive attitude towards 

mathematics. The simulation games helped in reducing the learner’s difficulties in 

learning mathematics as learners were offered with the opportunities to learn practically 

which made teaching and learning mathematics practical, expressive and retainable. 

 

 Kontas (2016)  explains that there is an impact of mathematics manipulatives in 

improving learner’s mathematics achievement as well as attitude towards mathematics. 

The study declared that, mathematics manipulative played a crucial role in imparting 

mathematics concepts and skills to the learners as the result of the study. Gundogdu 
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(2013) clearly discloses that, there was significant improvement in performance 

achievement in the posttest as compared to pretest. It is also confirmed that, the 

Mathematics manipulatives has greatly impacted in learner’s perspective towards 

Mathematics subject. 

 

 Liggett (2017) conducted a study to find the possibility of implementing 

manipulatives to improve learners test score and attitude towards mathematics. So, the 

researcher gathered data through the comparison of test scores from pretest and posttest. 

The result of the study favored and proved that; the use of mathematics manipulatives 

was very effective in elevating the test score as well as to groom positive attitude 

towards mathematics subject since posttest score was significantly better than the pretest 

score. 

 

 Larbi and Mavis (2016) states that, manipulatives provided a meaningful 

learning experiences helping learners to construct their own mathematical ideas and 

promote the skill of inquiry- based learning. Hence, the use of manipulatives in the 

process of teaching and learning yielded longer retention which enhances learner’s 

motivation to learn mathematics ultimately leading to achieve better test results towards 

the end. 

 

 Furner and Worrell (2017) states that, mathematics manipulatives are valuable 

only when teachers make the relation between the representation and the abstract 

concept otherwise, just manipulatives used by the learners themselves does not impact 

the learning. Therefore, it has been observed that, when teachers use manipulatives to 

impart the abstract mathematics concepts, it has a great impact on the learners in 

understanding the key concepts. Teachers’ ability to use manipulatives to impart 

concept is very pivotal. 
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2.8     RELATED LEARNING THEORIES 

 

            2.8.1   Piaget’s Theory of Cognitive Development 

 

   Jean Piaget’s cognitive development specifically elaborated on how children 

develop and perceive the model of the world. His theory claimed that the intelligence of 

a person cannot be limited at certain point as it can develop according to the maturity 

and the way person perceives environment. Piaget’s theory on cognitive development 

has assembled lots of attention in the field of education. According to his theory, 

children’s development takes place stage by stage as children attain certain age level. 

These stages are identified in four different levels: sensorimotor stage (birth to 2 years), 

where toddlers acquire information through sensory experiences and motor responses 

especially the eye hand coordination; preoperational stage (2 to 7 year s), where children 

develop the symbolic thought and learn to use language; concrete operational stage (7 

to 11 years), where children develop logical and organized thinking; Formal operational 

stage (11 years and above), where children develop the ability to think abstractly and 

reason hypothetically.  

 

The four stages of child’s cognitive developments framework helped the educators 

to understand and realize that educators cannot use similar teaching strategies for all 

levels of learners. Jean Piaget’s cognitive development theory helps the educators to 

find out the cognitive levels of the learners through observation. Thus, educator can plan 

and design an appropriate lesson to enhance children’s learning. According to Piaget, 

young learners are not matured enough to comprehend abstract mathematical concepts 

through sign and symbols. Therefore, in this research study, a researcher will examine 

the effects of using games incorporating manipulatives for inculcating abstract concept 

of geometry grounded by cognitive development theory. 

 

2.8.2   Lev Vygotsky’s Zone of Proximal Development   

 

Karim, Mohamad, and Saman (2010) describes that, the idea of zone of proximal 

development was first established by Soviet psychologist and social constructivist Lev 



28 
 

Vygotsky (1896 – 1934). He has defined zone of proximal development as the gap 

between what learners know and the learner is going to learn through guidance and 

encouragement from a more knowledgeable person to master what learners does not 

know. 

 

 

 

 

 

 

 

Figure 2.1 Model of zone of proximal 

Source: Karim et al., 2010 

 

 Vygotsky, explained that when a student is in the zone of proximal development 

for a particular assignment, giving appropriate assistance helps learners to understand 

the concepts that the teacher is intended to instill. While assisting, all three levels of 

zone of proximal development must be considered seriously as an educator:  

 

Presence of more knowledgeable others (MKO). The MKO can be a teacher or 

any other adult but must be more knowledgeable and experienced than the novice in a 

particular concept that the learner is dealing with. 

 

Social Interaction: The child learns best through social interaction with MKOs 

in the society. The ideas that a child gained from MKOs will be later analyzed and 

execute it in their assignments which foster to reveal child’s creativity. 

 

Scaffolding: The concept of zone of proximal development and scaffolding 

share common principles and ideas though Vygotsky never used the term scaffolding. 

The theory of Scaffolding was developed and introduced by Wood, Bruner and Ross 

(1976). The idea of scaffolding is to provide necessary support to the novice to master 

What is 

known 

Zone of proximal 

development 

Perceive the concept or 

skills through guidance and 

encouragement from more 

knowledgeable person 

 

What is 

not known 
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the particular concept. The adult support or assistance is removed gradually when it 

becomes unnecessary and child achieve in perceiving higher level of skills and concepts.  

 

 According to Mcleod (2019), it is found that the combination of the theory of 

zone of proximal development and theory of scaffolding work very effective as it 

enhances learner’s achievement in a new height which they have not been able to 

achieve separately before. 

 

 Vygotsky’s theory of zone of proximal development will help the researcher to 

understand the key role of a researcher in the classroom during the teaching learning 

process. It will help researcher not only when to interfere but it will guide on how to 

support students in perceiving ideas and skills. According to the theory, a researcher 

needs to check the prior knowledge of the students by observing, questioning and letting 

them share ideas about the lesson. The main intent of the theory is to find out what 

learners know already and what they are going to master after teaching the lesson. The 

key role of the researcher begins here on planning how lesson should be imparted and 

provide necessary supports to the learners. This theory will help educators to have a 

clear vision about the objectives of the activities and specific learning outcomes 

mentally, which will guide educator’s intervention in a most appropriate way and time. 

 

2.8.3   Constructivism 

 

Constructivism is a theory which emphasizes that individual learner will try to 

make sense of all information that they perceive and construct their own meaning from 

that information (Bada, 2015, pp. 66-70). It focuses on the student-centered learning 

where the learners work with their society and construct the knowledge socially. 

Learners are thought to use prior knowledge and concepts to help them in their 

acquisition of information. According to constructivist approach, instructors have to act 

as facilitators and not teachers. Every learner is an active doer not the passive listener. 

Therefore, teachers have to design the learning environment which best support to 

overcome the challenge that a learner have. 
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 Piaget’s theories focus on the active role of the individual in learning which 

relates much on constructivist principles. According to Piaget’s theories, it is the role of 

a teacher to establish a mathematical environment to enable learners to construct 

mathematical knowledge. In such learning environment learners would be provided with 

the opportunities to assume, test out their thinking, manipulate materials, and 

communicate their understanding in order to build mathematical knowledge. Teachers 

are glanced as facilitator facilitating learners while solving a given problem, scrutinizing 

learner learning and conveying meaning and understanding to the student. Students are 

given a great deal of autonomy in a constructivist classroom. 

 

 The use of manipulatives in the teaching and learning of Mathematics is an 

approach developed by the emergence of constructivist which firmly explains that 

children construct their own knowledge through their interaction with their environment 

and each other. Children begin to understand symbols and theoretical concepts only after 

experiencing the ideas on a concrete level (Piaget & Cook, 1952). Students who learn 

with the help of manipulatives will learn the abstract mathematical concepts faster than 

those who learn without using manipulatives. Manipulative embedded classroom 

provides an opportunity for the students to participate actively and be responsible for 

their own learning.    

 

 The above-mentioned related studies on games incorporating manipulatives in 

geometry have concluded that the games incorporating manipulatives has the positive 

impact in the process of teaching and learning mathematics. It is evident that games 

incorporating manipulatives is one of the appropriate teaching learning strategy for the 

twenty first century learners and educators since it is characterized by child centered 

approach. That is why, the concentration of global education system is drawn towards 

the games incorporating manipulatives in the curriculums since it has the potential to 

achieve not only the intended lesson objectives but develop learners cognitive, social, 

physical and emotional well – beings through active interaction, participation and 

focused. This makes learning fun and motivates learners to learn deeper meaning. 

Games incorporating manipulatives creates conducive learning environment where 
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every learner feels safe, respected, loved and cared which caters them with the platform 

to perform their ideas and thoughts without fear and hesitation. 

 

 The researcher felt the use of games incorporating manipulatives will be the 

correct treatment during the time, when students across the country is evidently 

diagnosed performing below expectation in mathematics. There may be couple of 

factors which lets learners perform below expectations and one of the factors could be 

due to the teaching learning practices in the classroom. Therefore, the use of games 

incorporated with manipulatives is seen as one of the alternatives which can change the 

learner’s perception towards mathematics from negative to positive and enhance 

learning achievement.  



 

CHAPTER 3 

 

RESEARCH METHODOLOGY 

 

 This chapter explains the kind of methodology and instruments used in 

answering the research questions. It also presents the demographic profile of the sample 

group, validity and reliability of the instruments. The data collection procedures and 

analysis are also discussed in detail. 

 

3.1     RESEARCH DESIGN 

 

 In this study, the researcher used mixed methodology incorporating both aspects 

of qualitative and quantitative approaches to examine the grade six Bhutanese learners’ 

learning achievement and perception towards the use of games incorporating 

manipulatives to teach geometry. Venkatesh, Brown, and Bala (2013) defined that, the 

mixed method research is an approach that integrates quantitative and qualitative 

research methods in one single research study. Almalki (2016) described mixed 

methodology as a type of research in which researchers combine elements of both 

qualitative and quantitative research approaches to gather in-depth information. Guest 

and Namey (2015) also described mixed method research as an integration of 

quantitative and qualitative data collection and data analysis procedures in a single 

research. 

 

 The pretest-posttest was used to collect quantitative data to determine learning 

achievement, while structured observation and structured interview were used to collect 

qualitative data to identify students’ perception towards the use of games incorporating 

manipulatives. Figure 3.1 shown below describes the research design of the study. 
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Figure 3.1 Research design of the study 

 

3.2     POPULATION AND SAMPLE OF THE STUDY 

 

  The population of the study consisted 56 students (2 sections of 28 students) 

studying in grade 6 in one of the Lower Secondary Schools in Trashiyangtse district in 

Eastern Bhutan. The researcher adopted intact sampling method to select a sample group 

of one section that consisted of 28 mixed ability students. Their age ranged from 12 to 

14 years. There were two sections of grade six in the research school. To avoid bias in 

recruiting the sample group, the researcher requested the principal and randomly picked 

a paper which had the labels of two grade six sections. The detail of the research 

participants is as shown in the Table below: 

 

 

 

 

Sample group 

Pretest 

Use of game incorporating 

with Manipulatives 

Posttest 

Structured observation  

Semi structured interview 
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Table 3.1 Demographic profile of the research participants 

Gender Male Female Total 

Percentage 12 16 28 

Age group 12-14 12-14  

 

 

3.3     RESEARCH INSTRUMENTS 

 

 In this study, researcher used qualitative and quantitative instruments to 

minimize the inadequacies and strengthened in the research outcome. The key 

instruments used for data collection were lesson plans, achievement test, structured 

interview and structured observation. 

 

3.3.1 Instructional Instrument 

  

Lesson Plans 

 

 A lesson plan is the instructor’s road map of what students need to learn and how 

it will be done effectively during the class time (Mallick, n.d.). A total of 4 lesson plans 

of 100 minutes each were used for this study. All the lessons were planned integrating 

different games incorporating manipulatives for teaching the sample group. Each lesson 

was taught for a duration of 100 minutes. The researcher taught two periods in a week 

for a duration of 4 weeks.  

 

3.3.2 Quantitative Data Collection Instrument 

 

Pretest and Posttest 

 

 The learning achievement test was developed based on the learning outcomes as 

outlined in the Royal Educational Council (REC) curriculum framework. It was 

developed as per the guidelines of Bhutan Council for School Examination Assessment 

(BCSEA). Learning achievement test was comprised of 5 marks multiple choice answer 
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questions, 5 marks true or false question and 10 marks short answers type questions for 

pretest and posttest. Learning achievement test is a vital instrument in school assessment 

and has great importance in determining instructional growth and growth of the students   

in the subject area (Johnson, 2014). Pretest and Posttest on “Geometry – 3 D shapes” 

were conducted to compare the learning achievement of the sample group. Pretest 

determined the level of their learning before the treatment. After implementing the 

treatment, posttest was conducted on the same items to examine the significant 

difference in the learning achievement of students in the pretest and posttest. The same 

test items were used for pre and post evaluation to ensure consistent evaluation. 

 

3.3.3 Qualitative Instruments 

 

Structured Interview 

 

Structured interview was carried out to find the perception of grade six learners 

towards the use of games incorporating manipulative in teaching geometry. The 

structured interview was composed of 8 questions (Refer Appendix E) which were 

adopted from Tashi (2019). The structured interview was conducted with individual 

learners and responses were recorded which was later analyzed using a thematic analysis 

method (discussed in chapter 4). 

 

Structured Observation 

 

 Participant observation is the process allowing researchers to study about the 

activities of the participants under study in the normal setting through observing and 

participating in those activities (Kawulich, 2005).  Observation in a research is a method 

of collecting data through recording the participants behavior during the activity in a 

systematic way (Dodiya, Kapadiya, & Malvaniya, 2014). The observations were carried 

out by experienced peer teacher in all four treatment lessons of the researcher. The 

structured observation had 10 observation statement which were adopted from Dema 

(2018). In this study, structured observation was carried out to back up the themes 
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derived from structured interview and make it more reliable and authentic to measure 

learner’s perception towards the use of games incorporating manipulatives. 

 

3.4 VALIDITY AND RELIABILITY OF THE RESEARCH 

INSTRUMENTS 

 

3.4.1 Content Validity 

 

 Instruments were validated by two experts from Bhutan: A principal from one 

of the Lower Secondary schools, a senior teacher from one of the primary schools and 

a professor from one of the universities in Thailand. The item Objective Congruence 

(IOC) of the instruments were calculated to see whether the items were aligned with the 

learning objectives. The criteria for validating IOC index ranges from -1 to +1 as 

described below: 

 

 +1 indicated that the items are in congruent with the research objectives  

 0 indicated that it is unclear or unsure whether the items are congruent with the 

research objectives.  

 -1 is a sign of items being irrelevant to the objectives.  

 

IOC was calculated by applying the formula: IOC ∑= 
𝑟

𝑛
, where ‘r’ is the score 

of individual experts’ ratings and ‘n’ is the number of experts. The value of test item 

between 0.67 and 1.00 was considered accurate and acceptable. On other hand the value 

below 0.67 indicated that the items needed to be rephrased as per the experts’ 

suggestions and feedback. 

 

 The experts used IOC to validate all the research instrument as discussed below: 

 

1) All four lesson plans were rated as +1 by the experts which affirmed 

that the items were congruent to the research objectives. Hence, the items were 

considered valid for the study. (Refer to Appendix H). 
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2) The IOC ratings for the test questions were rated +1 by all the 

experts which indicated that the test items were congruent and valid for the pretest and 

posttest (Refer to Appendix D). 

 

3) The IOC for structured interview were above 0.67 which confirmed 

that the items were valid for the study (Refer to Appendix F). 

 

4) The IOC for the structured observations were rated above 0.67 that 

showed that the items were congruent and valid for the study (Refer to Appendix J). 

 

Therefore, all the instruments used for data collection were found valid 

and authentic in conducting the study as per the research objectives. 

 

3.4.2 Reliability 

 

 To check the reliability of the achievement test, the researcher conducted pilot 

test consisting of 5 marks multiple choice answer questions, 5 marks true or false 

questions and 10 marks short answers type questions with a section of 6th grade 

consisting of 37 students from one the schools in Trashiyangtse district, in Bhutan. 

Kuder- Richardson formula (KR-20) was applied to find out the reliability coefficient 

of the learning outcome test. The KR-20 coefficient was required to be equal to or 

greater than 0.70 for the instruments to be reliable. 

 

To determine the reliability of the test questions for pretest and posttest, 

reliability test was conducted to 30 grade six learners studying in different school from 

research school in Trashiyangtse district, Bhutan. Kuder-Richardson coefficient (KR-

20) was applied to calculate the reliability test items. The KR-20 coefficient obtained 

was 0.71 (Refer to Appendix O) which was greater than 0.70. Thus, the coefficient 0.71 

revealed that the test items were reliable. 
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3.5   DATA COLLECTION PROCEDURE 

 

3.5.1 Ethical Consideration 

 

  3.5.1.1 Approval 

 

The researcher sought an approval from the Ministry of Education in 

Bhutan, principal and concerned subject teacher of the research school before the actual 

data collection began. Since research participants were below the legal age, the parents 

of every study participant were notified and consent letter was obtained to avoid the 

violation of research participants rights during the study (Refer appendix P). 

 

3.5.1.2 Anonymity of the Participants 

 

  The anonymity and confidentiality of the participants’ opinion and 

learning achievement records were taken care through number system. Research 

participants identity were not exposed in the study but were coded with numbers as an 

alternative to ensure confidentiality. All data were destroyed upon the completion of the 

study. 

  

3.6   DATA ANALYSIS 

 

The data analysis was done in two broad areas:  

 

Test score analysis to examine the effects of using games incorporating 

manipulatives on learning achievement in learning geometry. 

 

Thematic analysis of structured interviews and structured observation to 

examine the learner’s perceptions toward the use of games incorporating manipulatives 

in learning geometry. 
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3.6.1 Analysis for Learning Achievement 

 

 The data gathered from pretest and posttest data were analyzed using Wilcoxon 

signed rank test since the research participants were less than 30. The comparison was 

done based on mean, standard deviation, significant value and test normality. The 

analysis examined the learning achievements of the participants on the use of games 

incorporating manipulatives in geometry. 

 

3.6.2 Analysis for Learning Perception  

 

 The data was collected through individual structured interview and structured 

observation. The information gathered were analyzed through a thematic analysis 

adopted from Braun and Clarke (2016). This analysis examined the perception of 

participants towards the use of games incorporating manipulatives in geometry.  



 

CHAPTER 4 

 

 DATA ANALYSIS  

 

In this chapter, the researcher presents the crucial findings on the use of games 

incorporating manipulatives in geometry for grade six students. The researcher involved 

only one sample group for this research. The data were collected conducting pretest 

before the treatment and posttest after the treatment to study the effect of using games 

incorporating manipulatives in teaching geometry in grade six. The researcher also 

conducted structured interview and structured observation from the same sample group 

to find out students’ perception towards the use of games incorporating manipulatives 

in learning geometry. 

 

The researcher presents data collected from pretest and posttest as quantitative 

data and the data collected from structured interview and structured observation as 

qualitative ones. 

 

4.1     QUANTITATIVE DATA ANALYSIS 

 

4.1.1   Analysis of Quantitative Data 

 

The first research question of the study was: Would the use of games 

incorporating manipulatives had an effect on the learning achievement of grade six 

Bhutanese students in geometry? To answer this question, pre-test and a post-test were 

executed to the sample group. A comparative statistical analysis was done using 

Wilcoxon signed rank test by comparing in terms of mean, standard deviation, 

significance value. The comparison was done ‘within the group’ by comparing the 

pretest and posttest scores of the sample group. The statistical analysis was done using 

Wilcoxon signed rank test because the number of research participants in the study were 
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less than 30. Wilcoxon signed rank test is a non-parametric statistical test which 

compares the difference between each pair and analyzes the differences (Adams, 2019). 

 

4.1.1   Data Analysis of Pretest and Posttest 

 

The table 4.1 displayed the improvement of individual learners. The difference 

in the pretest and posttest score ranged from the lowest 1.5 and the highest being 12 

marks. The maximum improvement was shown by student 1 with difference of 12 marks 

and least improvement was shown by student 13 with the difference 1.5 marks. 

 

Table 4.1 Improved scores of individual learners after the treatment 

Student 

Pretest/ 

20 

Posttest/ 

20 

Difference 

 

 

Rank 

Positive 

Rank 

Negative 

Rank 

1 4 16 12 28 28 - 

2 5 13 8 20 20 - 

3 9.5 15 5.5 12.5 12.5 - 

4 5 15.5 10.5 26 26 - 

5 4.5 13 8.5 23 23 - 

6 4 12.5 8.5 23 23 - 

7 4 15.5 11.5 27 27 - 

8 6 12.5 6.5 16.5 16.5 - 

9 5 11.5 6.5 16.5 16.5 - 

10 6 12 6 14.5 14.5 - 

11 6.5 13.5 7 18 18 - 

12 6.5 14 7.5 19 19 - 

13 9.5 11 1.5 1 1 - 

14 6 10 4 4.5 4.5 - 

15 8 11.5 3.5 2.5 2.5 - 

16 8 12.5 4.5 6.5 6.5 - 

17 6 14.5 8.5 23 23 - 

18 7 15.5 8.5 23 23 - 

19 5.5 14 8.5 23 23 - 

20 7.5 11 3.5 2.5 2.5 - 

21 9.5 14.5 5 9.5 9.5 - 

22 6 11 5 9.5 9.5 - 

23 5 9 4 4.5 4.5 - 

24 7 11.5 4.5 6.5 6.5 - 

20 7.5 11 3.5 2.5 2.5 - 

21 9.5 14.5 5 9.5 9.5 - 
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Table 4.1 Improvement scores of individual learners after the treatment (Cont.) 

Student 

Pretest/ 

20 

Posttest/ 

20 

Difference 

 

 

Rank 

Positive 

Rank 
Negative 

Rank 

25 7 12.5 5.5 12.5 12.5 - 

26 7.5 13.5 6 14.5 14.5 - 

27 5.5 10.5 5 9.5 9.5 - 

28 6.5 11.5 5 9.5 9.5 - 

 

The data collected from the pretest and posttest scores of the sample groups were 

used to examine the learning achievement in geometry of grade six students before and 

after the use of games incorporating manipulatives. The comparison of pretest and the 

posttest were conducted within the same group as shown in table 4.2. 

 

Table 4.2 The pretest and posttest Comparison within the sample group. 

 

Table 4.2 clearly illustrated the results of the pretest and posttest comparison in 

terms of mean and standard deviation. The result revealed that the mean score in the 

pretest was 6.33 and posttest mean score was 12.78 making the mean difference of 6.45. 

This finding strongly supported the execution of games incorporating manipulatives. 

The standard deviation of pretest and posttest were 1.59 and 1.84 respectively as 

presented in the table above. The difference of standard deviation resulted 0.25 higher 

than the pretest signifying the learners scores deviating from the mean which eventually 

explains the difference in the degree of impact of the treatment with the learners. 

 

According to the data, it revealed that the posttest scores of the sample group 

were comparatively higher than the pretest scores. Likewise, the mean difference of the 

posttest was found significantly higher than the pretest, as shown in figure 4.1. 

 

Test N Mean SD Mean difference 

Pretest 28 6.33 1.59 12.78 – 6.33 = 6.45 

Posttest 28 12.78 1.84 
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Figure 4.1 Illustration of the mean of the pretest and posttest scores of the sample 

group. 

 

In figure 4.1 the green bar represented the mean in the pre-test score and blue 

one represented the mean in the posttest score. The comparison disclosed that the mean 

in the pretest was comparatively lower than the mean in the posttest. That was a very 

strong indication that the use of games incorporating manipulatives contributed in 

enhancing learning achievement. 

 

Table 4.3 Wilcoxon signed rank test 

 

a. Posttest score < Pretest score 

b. Posttest score > Pretest score 

c. Posttest score = Pretest score 

0

2

4

6

8

10

12

14

Pretest Posttest

M
ea

n
Pretest and Posttest Comparission

6.3

12.78

Rank of Wilcoxon N Mean 

Rank 

Sum of Ranks Sig.                   

(2 tailed test) 

Pretest – 

Posttest 

Negative Ranks 0𝑎 0.00 0.00  

0.001 Positive Ranks 28𝑏 14.50 406.00 

Ties 0𝑐   

 Total 28    
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The table 4.3 illustrated, there were 28 research participants who performed the 

achievement test. In contrast to the pretest, every learners’ score was improved in the 

posttest. Thus, it was concluded that none of the learners were in negative rank category 

which figured to 0 negative rank. On the other hand, every learner was in the positive 

rank category which figured positive rank to 28. There were no ties in the pretest and 

the posttest scores which figured ties to 0. Wilcoxon signed rank test displayed in the 

table above signified the significance value of .001. Thus, it was concluded that there 

was significant increase in the posttest scores. Therefore, the result supported that the 

implementation of games incorporating manipulatives had a positive effect in enhancing 

the learning achievement of grade six students. 

 

The diagram below displayed the number of students improved in different score 

range after the treatment. The score range of students were expressed in percentage in 

order to examine in which score range maximum learners fall and vice versa. 

 

Figure 4.2 Displaying number of students improved in different score range after the 

treatment. 

 

The maximum of 10 out of 28 learners improved their scores within the range of 

21 to 30%. Six out of 28 learners improved their scores in the range of 41 to 50%.  Five 

out of 28 learners improved their scores in the range of 31 to 40%. Four out of 28 

1

4

10
5

6

2

Number of students improved in different score range 

after the treatment.

0-10 11 to 20 21 to 30 31 to 40 41 to 50 51 to 60
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learners improved their scores in the range of 11 to 20%. Two out of 28 learners scored 

in the range of 51 to 60% and 1 out of 28 learners scored in the range of 1 to 10%. The 

improvement was seen in almost all the students though the degree of improvement 

varied amongst the students. This showed that the use of games incorporating 

manipulatives contributed in improving the learning achievement of the grade 6 learners 

in learning geometry.  

 

4.2     QUALITATIVE DATA ANALYSIS  

 

The second research question was: What were the perception of grade six 

Bhutanese learners towards the use of games incorporating manipulatives in learning 

geometry? The data were collected through structured interview and structured 

observation in order to answer the question.  

 

4.2.1 Structured Interview  

 

One of the instruments used by the researcher to examine the fulfillment of 

learning perception was structured interview. The interview conducted were recorded 

and then the researcher applied Delahunt and Maguire (2017) six steps thematic 

analysis. 

 

 

 

 

 

 

 

 

Figure 4.3 Process of thematic analysis.   

Source: Adopted from Braun & Clarke, 2016 
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With these six steps of process the researcher derived following themes from 

semi structured interview: 1) Enjoyment, 2) Self Confidence, 3) Learning through 

collaboration and 4) Motivation for Learning. The themes are discussed as following: 

  

  4.2.1.1    Enjoyment 

 

  According to the responses transcribed based on above two questions, 

learners revealed that they enjoyed the geometry lessons in mathematics with the use of 

games incorporating manipulatives. Almost every learner mentioned about the 

enjoyment and the fun they had while learning the lesson. 

 

“I enjoyed the mathematics classes as there was group discussion and games 

being played. In other normal classes teachers keep on teaching and we keep on 

listening to the teacher” (Student 2).  

 

“I enjoyed the Mathematics class because we played games using many things. 

We usually learn mathematics in similar ways but we don’t play games with lots 

of materials.” (Student 27).   

 

The above extracts clearly depicted that the learners enjoyed during the 

lesson with the implementation of games incorporating manipulatives. Most of the 

learners expressed that, since they enjoyed the activities carried out during the sessions 

it was easy for them to grasp the intended concepts and skills as they were able to solve 

the problems posed. 

 

4.2.1.2    Self Confidence 

 

With the use of games incorporating manipulatives in geometry, it was 

revealed that, every learner was engaged in the group activities as the works were 

delegated among every group member. It kept them focused on the particular topic when 

they discussed in the group and completed the assigned task. Most of the learner stated 

that they gained self-confidence as group members contributed ideas related to the topic  
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during the discussion. The manipulatives provided during the activities supplemented 

in advancing their discussion to higher level as it modeled and simplified abstract 

geometry concepts. Thus, it helped them understand the concept and gained confidence 

while presenting to the whole class. 

 

“We discussed and explored in a group regarding the problems with the help of 

manipulatives. Therefore, we did not find any difficulties while presenting our 

work to the class” (Student 14). 

“It made me more competent as I got an opportunity to discuss with friends and 

ask doubt to the teacher. We were able to learn more through fun” (Student 4). 

 

“Yes, it helped me to improve my self-confidence as I was able to listen to 

friends’ ideas and share my idea to solve problems” (Student 22). 

 

The extracts disclosed that, students got ample opportunities to discuss 

among the friends in a group. The manipulatives helped discussion them to gather 

information while solving the assigned problem. That made them comfortable in 

learning and gained self- confidence. 

  

  4.2.1.3    Learning through Collaboration 

 

Use of games incorporating manipulatives in teaching geometry 

promoted learning through collaboration as the learners worked in a group and solved 

the problems. It helped in maintaining positive relationship among the learners as they 

respected ideas contributed by members. 

 

“The most important experience that I gained was the corporation as everyone 

in the group were corporative which make learning fun” (Student 16). 

 

“I enjoyed learning with the use of games incorporating manipulatives as my 

group was very interactive and corporative to solve the problems” (Student 5). 
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“I enjoyed learning geometry through use of games incorporating manipulatives 

as we had to do discussions and later, I found that we learn better when there is 

a platform to discuss” (Student 12).  

 

With the extracts mentioned above, it is clear that the learners discussed 

ideas in group and worked collaboratively to fulfill the defined and common objectives. 

The use of games incorporating manipulatives fostered in working collaboratively 

among the group members. The learning environment was conducive as they were 

provided with the required manipulatives, sufficient time and group members who 

supported one another to solve the problems.   

 

 4.2.1.4    Motivation for Learning 

 

According to the responds collected in the structured interview, almost 

all the learners were motivated to learn with the use of games incorporating 

manipulatives. Every student wants to learn other mathematics topics through the use 

of game incorporating manipulatives.  

 

“We discussed in a group and later presented our work to the class. When 

different groups presented their work to the class it created situation where we 

listened to the ideas of different groups. Later, we compared their ideas with our 

idea which helped us to think in different ways to learn better. The comparison 

helped us to come up with one conclusion with clear concept of the topic which 

motivated me” (Student 12). 

 

“I would like to learn other mathematics topics through the use of games 

incorporating manipulatives because learning through games and manipulatives 

encouraged me to solve more problems as it is interesting after understanding 

the concept” (Student 1). 
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The above extracts clearly indicated that the learners were motivated as 

they used their prior knowledge to solve the problems. It also created a platform where 

they experimented the skills gained in a trial and error method during the course of 

discussion to solve assigned problems with the help of manipulatives. Therefore, the 

learners were motivated to learn concepts with the use of games incorporating 

manipulatives. 

 

All four themes interpreted above supported that the use of games incorporating 

manipulatives was an effective technique in the process of teaching and learning 

geometry in Mathematics subjects. It made the classroom situation very conducive 

where learners used manipulatives to simplify the abstract concepts (example: planes of 

symmetry, cross-section). Learners interacted and explored in a group based on their 

prior knowledge to solve the problems.  Therefore, the researcher concluded that, 

learners had a positive perception towards the use of games incorporating manipulatives 

in teaching geometry. 

 

4.2.2   Structured Observation 

 

The researcher conducted four classes and all four classes were observed by a 

peer teacher to answer second research question. The main purpose of structured 

observation in this study was to evaluate whether the themes derived from structured 

interview tally with the observation statements. The information collected were from 

two dimensions: structured interview (learners’ response) and structured observation 

(behavior observation observed by peer teacher). Structured Observation were analyzed 

using thematic analysis. The researcher compared and contrasted the themes derived 

from structured interview with the observation statements in structured observation and 

found that the observation statement had strongly supported the themes derived from 

structured interview. Moreover, the researcher analyzed the suggestions and feedbacks 

provided by the peer teacher in one core theme “Classroom Participation” 
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4.2.2.1 Classroom Participation  

 

Learners actively participated in the classroom activities with lots of 

enthusiasm for learning the topics. Most of the learners actively volunteered to answer 

the questions. Learners discussed the assigned task in the groups to come up with 

solutions after exploring through much discussions with the help of manipulatives. 

 

“Learners were engaged and participated thoroughly with lots of interest in the 

topic that they were taught” (Classroom Observation 1). 

 

“The learners were motivated and they participated actively in the process of 

learning” (Classroom Observation 2). 

 

The excerpts supported that the use of games incorporating manipulatives in 

teaching geometry in grade six students was effective and had an impact to the learners. 

 

This research study was guided by two questions: 

 

1) Would the use of games incorporating manipulatives have an 

effect on the learning achievement of grade six Bhutanese students in geometry?  

 

2)  What were the perception of grade six Bhutanese learners 

towards the use of games incorporating manipulatives in learning geometry? 

 

 In summary, this chapter discussed the data analysis of pretest and posttest 

which evidently concluded that the use of games incorporating manipulatives enhanced 

the learning achievement of grade six students in learning geometry. The data analyzed 

from structured interview and structured observation resolved that the learners had 

positive perception towards the use of games incorporating manipulatives in learning 

geometry. The learners enjoyed and motivated in conducive learning environment 

created by the use of games incorporating manipulatives. Therefore, the analysis of 

pretest and posttest, semi structured interview and classroom behavior observation 
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unfolded the significant result towards learning geometry through games incorporating 

manipulatives.  



 

CHAPTER 5 

 

CONCLUSION, DISCUSSION AND RECOMMENDATION 

 

This chapter discusses the findings and the implications of the results analyzed. 

In this chapter, the relevant literatures were reviewed to support the findings of the 

study. In addition, the researcher proposed some recommendations which would be 

beneficial while exploring various classroom teaching and learning approach 

specifically in teaching and learning mathematics.   

 

5.1     CONCLUSION 

 

This study was guided by two main questions: 

 

1) Did the use of games incorporating manipulatives have an effect 

on learning achievement of grade six Bhutanese student in geometry?   

         

2) What was the perception of grade six Bhutanese students towards 

the use of games incorporating manipulatives in learning geometry? 

 

The pretest and posttest were used to collect quantitative data which responded 

the first research question. The structured interview and structured observation were 

used to collect qualitative data which answered the second research question. The 

following conclusions were drawn from the results of data analysis.  

 

5.1.1   The Result of Test Score Analysis 

 

The first question of this research was: Did the use of games incorporating 

manipulatives have an effect on learning achievement of grade six Bhutanese student in 

geometry? To answer this question, pretest and posttest were conducted with the sample 
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group on same items to find the learning achievement of the students before and after 

the implementation of games incorporating manipulatives on the topic Geometry. 

(Sample learning outcome test is shown in Appendix E) 

 

A comparative statistical analysis was done using Wilcoxon signed rank test 

within the sample group to see the difference in the level of achievement between pretest 

and posttest. The mean scores of pretest and posttest were 6.33 and 12.78 respectively. 

The mean differences between pretest and posttest was 6.45. The results of the analysis 

unveiled that the mean score of the posttest was higher than the mean score of the pretest 

as shown in Table 4.2 in Chapter 4. The significance value (p) was 0.01 which proved 

that there was statistically significant increase in the scores of posttests than in pretest 

of the sample group. Therefore, the first question of this research was answered as the 

learning achievement of grade six Bhutanese learners’ in geometry were yielded better 

when taught with the use of games incorporating manipulatives. 

  

It was evident that almost all the learners improved in their scores in posttest as 

compared to the pretest. Thus, it has evidenced that there is a positive effect of using 

games incorporating manipulatives on learning achievement in geometry of grade six 

Bhutanese students. The first research hypothesis which specified that there would be 

an improvement in the learning achievement of the learners after implementing games 

incorporating manipulatives had been tested with positive result. 

 

5.1.2   The Result of the Structured Interview 

 

The structured interview was conducted with individual learner to respond the 

second research question: What were the perception of grade six Bhutanese students 

towards the use of games incorporating manipulatives in learning geometry? The data 

collected was analyzed through thematic analysis and it was evident that learners had 

positive perception towards the use of games incorporating manipulatives in learning 

geometry. The learners enjoyed during the teaching learning session as the classroom 

environment was conducive with lots of discussions and interactions among the friends 

in a group. In the interview, the learners articulated about their learning experiences in 
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lessons carried out with the use of games incorporating manipulatives. Most of the 

learners shared that, they got an opportunity to explore and experiment the skills that 

they gained from the lessons imparted. Thus, it created the platform where they learnt 

through discussions, hands on experiences and games which contributed in achieving 

better academic performance in Mathematics subject. That ultimately fostered learners 

to build positive perception towards the use of games incorporating manipulatives in 

learning geometry. 

 

Individual learners responded that all lessons conducted during the period of data 

collection were interesting as learners were exposed to games in every session and learnt 

through hands on practice as the manipulatives were provided during the activities. 

Learners were active throughout the lessons and were able to solve problems in given 

period of time through rigorous discussion in the groups. learners maintained positive 

relationship among during the activities and worked collaboratively in a group to 

complete the group task. Their active participation helped the researcher to complete the 

lessons within the time frame. The data compiled from structured interview and after its 

analysis researcher was convinced and concluded that grade six Bhutanese learners had 

positive perception towards the use of games incorporating manipulatives in learning 

geometry. Hence, it answered the second research question and supported the second 

research hypothesis. 

 

5.1.3   The Result of Structured Observation 

 

Structured observation was another instrument used by the researcher to answer 

second research question: What was the perception of grade six Bhutanese students 

towards the use of games incorporating manipulatives in learning geometry? The data 

acquired was analyzed through thematic analysis. The classroom behavior observation 

was carried out by the peer teacher, a delegated grade six mathematics teacher of a 

research school. 

 

It was observed that the learners were actively involved in the lesson activities 

with enthusiasm. Learners volunteered to answer the questions during the question 
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answer sessions. Learners discussed the assigned task in a group and came up with the 

solutions which subsequently they presented to the class by taking turn. Learners used 

their prior knowledge to solve the task through group discussion. Learners explored 

more with the help of games incorporating manipulatives. Learners listened and 

followed the instructions correctly and were comfortable to seek help from peers or 

teacher. The researcher compared and contrasted the themes derived from structured 

interview with the observation statements in structured observation and found that the 

observation statement had strongly supported the themes derived from semi structured 

interview. Moreover, the researcher analyzed the suggestions and feedbacks provided 

by the peer teacher in one core theme “Classroom Participation” 

 

 

5.2     DISCUSSION 

 

The study disclosed two major findings. The first finding of this study was the 

use of games incorporating manipulatives had improved learning achievement of grade 

six Bhutanese learners in geometry. This was evident with the results compiled from the 

learning achievement test which displayed the mean difference of 6.45 in pretest and 

posttest of the sample group. The score of individual students was shown clearly in 

Figure 4.2 in Chapter 4.  With the use of games incorporating manipulatives approach, 

maximum learners scored higher in posttest than in pretest with the 2-tailed significant 

value of 0.01. Even the low achievers were able to fetch their marks nearing the mean 

mark in posttest which lessened the breach between high achiever and the low achiever. 

Thus, the findings specified that games incorporating manipulatives was effective in 

teaching geometry to fetch better learning achievement of the learners. 

 

The above finding were in line with the study carried out by Bahrami et al. 

(2012); Akinsola and Animasahun (2007). Their studies found that, integrating games 

in teaching mathematics is seen as very important strategy which improved learning 

achievement and gained positive perception towards mathematics. The games reduced 

learner’s difficulties in learning mathematics as they are offered with the platform where 

they learn it by doing which makes teaching and learning mathematics practical, 
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expressive and retainable. The finding were also supported by the studies carried out by 

Kontas (2016) a study conducted to find out the impact of mathematics manipulatives 

in improving learner’s mathematics achievement as well as attitude towards 

mathematics. In his study it was revealed that mathematics manipulative has a crucial 

role in imparting mathematics concepts and skills to the learners contributing significant 

improvement in the learning achievement. It was also confirmed that, the Mathematics 

manipulatives has greatly impacted in learner’s perspective towards Mathematics 

subject.   The claim was supported by the high scores achieved in the posttest as 

compared to the pretest.   

 

The possible reasons for improvement in the learning achievement was due to 

the active engagement of the learners during the learning process. In this study learners 

were fully engaged during the learning session. Learners were given freedom to discuss, 

share. They enjoyed greater freedom to ask and seek help from teacher as well as from 

peers which created stress free classroom during the course of solving the problems 

assigned by the researcher which learners subsequently had to present to the class. 

Piaget’s Theory of Cognitive Development, Lev Vygotsky’s Zone of Proximal 

Development and Constructivism theory, supported this finding of the study. According 

to these theories, the optimum learning take place when learners learn it by doing using 

the prior knowledge gained from the other knowledgeable person. These theories have 

highlighted mainly on active engagement of learners in the process of learning. 

 

The second major finding of the study was that learners had positive perception 

towards the use of games incorporating manipulatives in learning geometry. The data 

were collected through structured interview which was conducted at the end of 

experiment and structured observation observed by the peer teacher during all four 

teaching learning sessions. The data collected were analyzed by using thematic analysis. 

The result compiled from structured interview was strongly supported by the result 

collected from the structured observation. The results revealed that learners were highly 

positive towards the use of games incorporating manipulatives. Almost all the learners 

enjoyed learning through use of games incorporating manipulatives throughout the 
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learning session. Learners learnt with fun, curiosity which made the classroom safe and 

conducive for learners. 

 

Makri and Vlachopoulos (2017) stated that, the games were the powerful 

educational method which established conducive learning environment through which 

learners obtained knowledge and skills across the subjects. Games are the teaching 

method enjoyed by learners and at the same time it encouraged learners to participate 

actively and collaboratively. When such learning environment were provided the 

learners get an opportunity to develop critical thinking, take accountability for decision 

making, problem solving. The results of this study were also supported by the findings 

of Ku et al. (2014) who claimed that, the infusion of games not only had positive impact 

in harvesting better results but also improved the confidence of the learners in 

mathematics. The studies carried out by Bahrami et al. (2012) stated that, the group of 

learners in Instructional games achieved significantly high score than the group of 

learners in traditional teaching method. 

 

Similarly, Larbi and Mavis (2016) stated that manipulatives provided a 

meaningful learning experiences helping learners to construct their own mathematical 

ideas and promote Inquiry- based learning skills. Hence, the use of manipulatives in the 

process of teaching and learning contributed longer retention which enhance learners’ 

motivation to learn mathematics ultimately leading to achieve improved test 

achievements towards the end. 

 

The possible reasons for such findings could be due to conducive and friendly 

classroom atmosphere created by the use of games incorporating manipulatives and at 

the same time the active involvement of the learners in the learning activities. The other 

possible reason for acquiring positive perception towards the use of games incorporating 

manipulatives could be due to the use of different instructional games and mathematics 

manipulatives while imparting the lessons. The learners were found very curious while 

doing the activities which was a clear indication of how learners were motivated with 

the use of games incorporating manipulatives. 
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5.3 RECOMMENDATIONS 

 

This study aimed to evaluate the effective learning achievement of using games 

incorporating manipulatives in geometry for grade six students in Bhutan. Thus, the 

findings of this study revealed that the use of games incorporating manipulatives 

improved learning achievement of the learners and showed the positive perception 

towards the use of an approach in learning geometry. Therefore, based on the findings 

of this study, following recommendations was made and could prove to be valuable and 

advantageous for better teaching and learning of Mathematics.  

 

 

5.3.1 Recommendation for Practice  

 

1)  Teaching through games incorporating manipulatives had 

positive impact on learning achievement of the learners. The results from this study 

showed that the learning achievement of the posttest was higher than the pretest. 

Therefore, the use of games incorporating manipulatives into daily classroom teaching 

is highly recommended. 

 

2)  Teachers may also try teaching other topics in mathematics using 

games incorporating manipulatives to make their lessons interesting, and engaging, to 

enhance learning achievement.   

 

3)   Learners showed positive perception towards games 

incorporating manipulatives in learning geometry. Thus, use of games incorporating 

manipulatives in daily teaching in the classroom is highly recommended.  

 

4) This study would also help as a reference for Bhutanese 

researchers to research in related field of studies.   
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5.3.2   Recommendation for Future Study   

 

 To carry out further research in this field, the researcher would like to 

recommend the future researchers as follows:  

 

1) Further research may be carried out to study the effectiveness of 

games incorporating manipulatives in other subjects and other level of education.  

 

2)  This study used only few games incorporating manipulatives in few 

topics. Therefore, further study may be carried out with games incorporating 

manipulatives with other mathematics topics. 

 

4)  Further research can be carried out for longer period of time to make 

results more reliable and significant.  

 

5)  Finally, additional studies can be carried out to investigate the 

influence of variables like gender, age, level of study, mode of study etc. on games 

incorporating manipulatives approach used in different learning situations to further 

expand the knowledge of students’ and students’ academic achievement. 

 

 In conclusion, if the schools implement the use of games incorporating 

manipulatives, the learners will obtain better achievement in the tests. The use of games 

incorporating manipulatives contributes active learning engagement as the learners are 

delegated for certain responsibilities which individual should be accountable during the 

entire activity. It helps learners to comprehend abstract concepts in a simplified manner 

since they use manipulatives to explore and go through rigorous discussion to solve the 

given problem. Thus, the learners learn it hand on practice through which they 

experiment their learning in trial and error method and the skills and concepts learnt will 

be retained for longer period of time. Therefore, the use of games incorporating 

manipulatives will be one of the important approaches to improve learning achievement. 
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Questions for Learning Achievement Test 

Objectives:  

Each student should be able to: 

• Identify symmetrical shapes correctly. 

• Explain cross-sections of different 3 D shapes correctly. 

• Create cube structures correctly using orthographic drawings. 

 

           Section A: Multiple Choice Questions (10 marks) 

           Choose the most correct answer from the options provided. 

 

1. In the figure below, which of the following is a line of symmetry? (1) 

 

 

A.                                                                          C.        

 

 

              

B.                                                                      D.    

                                                                                

 

Answer: ………………. 
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2. Which item is not symmetrical?  (2) 

 

A.                                                                   C.     

 

 

 

B.                                                                      D.        

         

Answer: ………………. 

3. How many cross sections does a regular pentagon- based pyramid have? 

 

A. 3                                                                    C.    1 

 

B. 2                                                                    D.    4 

 

Answer: ………………. 

4. What is the cross- section of football? 

 

A. Square                                                C.    Triangle 

 

B. Circle                                                  D.    Pentagon 

 

Answer: ………………. 
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5. Choose the most correct top view for the following figure? 

 

 

  

 

                                                                                             

A.                                                                                                                     C.                  C.                                                                                                                                                    

              

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

B.  D                                             D.                  

 

 

 

 

Answer: ………………. 

Section B: True or False 

Write (True) if the statement is correct and (False) if the statement is incorrect in the 

bracket provided against the statement.    (5 marks)                                            

1. A plane of symmetry is a plane which divides an object into two equal parts.  

 (                ). 

2. A sphere will have only one cross sections. (                   ) 

3. A sphere will have two planes of symmetry. (                  ) 

4. A change of depth is shown with the thin line in orthographic drawing.(                  ). 

5. Orthographic drawings are the 2-D drawings of a 3-D shapes. (                  ). 
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 Section 2: Short Answer Type 

Answer all the questions 

 

1. Label the following structure with principle views in orthographic views?  

                                                                                                            (2 marks) 

 

                                              a. 

 

                        b.                                             c. 

 

                                                d. 

 

 

2. Study the following figure and answer questions a and b. 

 

 

 

 

 

a. show the possible planes of symmetry for the figure with the help of 

drawing. (1.5marks) 

b. Show the possible cross sections of the figure with the help of drawing. 

(1.5marks) 
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3. Examine the pentagon- based prism: 

 

 

 

 

a. Sketch the Planes of symmetry. (1 mark) 

b. Sketch possible cross- sections. (1 mark) 

 

4. Study the following orthographic drawing and create the most suitable cube 

structure. (3 marks) 

                                                                                    

 

Top view 

                                        Right view                           Back view 
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Item Objective Congruence for Test Questions by the Experts 

  

 

 

 

Sl.No Attributes Expt 1 Expt 2 Expt 3 Average Congruence 

1 

(Multiple Choice 

Question) 

Question 1  +1 

+1 +1 +1 

Congruent 

2 

(Multiple Choice 

Question) 

Question 2 

+1 +1 +1 +1 

Congruent 

3 

(Multiple Choice 

Question) 

Question 3 

+1 +1 +1 +1 

Congruent 

4 

(Multiple Choice 

Question) 

Question 4 

+1 +1 +1 +1 

Congruent 

5 

(Multiple Choice 

Question) 

Question 5 

+1 +1 +1 +1 

Congruent 

6 
(True or False) 

Question 1 

+1 +1 +1 +1 

Congruent 

7 
(True or False) 

Question 2 

+1 +1 +1 +1 

Congruent 

8 
(True or False) 

Question 3 

+1 +1 +1 +1 

Congruent 

9 
(True or False) 

Question 4 

+1 +1 +1 +1 

Congruent 

10 
(True or False) 

Question 5 

+1 +1 +1 +1 

Congruent 
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Item Objective Congruence for Test Questions by the Experts (Cont.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl.No Attributes Expt 1 Expt 2 Expt 3 Average Congruence 

11 
(Short answer 

type) question 1 

+1 +1 +1 +1 

Congruent 

12 

(Short answer 

type) question 2 

a 

+1 +1 +1 +1 

Congruent 

13 

(Short answer 

type) question 2 

b 

+1 +1 +1 +1 

Congruent 

14 

(Short answer 

type) question 3 

a 

+1 +1 +1 +1 

Congruent 

 

 

Overall Average                                        +1 Congruent 
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Structured Interview Questions 

The individual semi structured interview will be used to determine the student’s 

perception toward the use of game incorporating manipulatives in geometry.   

Sl. No Semi-Structured Interview questions 

 

1 How do you enjoy the Mathematics classes? Could you describe how you 

usually learn Mathematics? 

2 Share your opinions about learning Geometry using games incorporating 

manipulatives. 

3 How did your interest in mathematics change because of your participation 

in games incorporating manipulatives? 

4 What did you enjoy most while participating in classroom activities? 

5 How did the use of games incorporating manipulatives in learning geometry 

promote your interaction between your peers and teacher? 

6 Did the use of games incorporating manipulatives improve your self-

confidence in asking your doubts? 

7 What were the most important skills or lesson learnt from the session? 

8 Would you prefer to learn other topics through the games incorporating 

manipulatives? 

Semi Structured Interview Adapted from: Tashi, 2019 
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Item Objective Congruence for Semi Structured Interview questions by the 

Experts 

Sl. 

No 

Semi-Structured 

Interview questions 

Expert 

1 

Expert 

2 

Expert 

3 Average Congruence 

1 

Did you enjoy the 

Mathematics classes? 

Could you describe 

how you usually learn 

Mathematics? 

+1 +1 +1 +1 

Congruent 

2 

Share your opinions on 

learning Geometry 

using games 

incorporating 

manipulatives. 

+1 +1 +1 +1 

Congruent 

3 

How did your interest 

in mathematics change 

because of your 

participation in games 

incorporating 

manipulatives? 

+1 +1 +1 +1 

Congruent 

4 

What did you enjoy 

most while 

participating in 

classroom activities? 

+1 +1 +1 +1 

Congruent 
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Item Objective Congruence for Semi Structured Interview questions by the 

Experts (C0nt.) 

Sl. 

No 

Semi-

Structured 

Interview 

questions Expert 1 Expert 2 

Expert 

3 Average Congruence 

5 

How did the 

use of games 

incorporating 

manipulatives 

in learning 

geometry 

promote your 

interaction 

between your 

peers and 

teacher? 

+1 +1 +1 +1 

Congruent 

6 

Did the use of 

games 

incorporating 

manipulatives 

improve your 

self-

confidence in 

asking your 

doubts? 

+1 +1 

0 0.666667 Congruent 

7 

What were the 

most 

important 

skills or lesson 

learnt from the 

session? 

+1 +1 +1 +1 

Congruent 

8 

Would you 

prefer to learn 

other topics 

through the 

games 

incorporating 

manipulatives? 

+1 +1 +1 +1 

Congruent 

 

 

Overall Average                                                 0.958333 Congruent 
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Lesson Plans 

Lesson Plan No: 1 

Class: VI                                                                                                      Subject: 

Mathematics  

Topic: Planes of Symmetry                                                                        Time: 60 

Mins  

Teaching Learning Materials: Chalk, Chalkboard, Snap cubes and sample net of 

cube, chart papers, markers, glue/masking tape/ cello tape   

Lesson Objective(s):  

   By the end of the lesson, every child should be able to: 

✓ Define the term plane of symmetry correctly. 

✓ Explain that some 3-D shapes do not have planes of symmetry. 

✓ Investigate and tell the planes of symmetry for cubes, cone, cylinder, prism, and 

pyramid. 

 

Time Lesson 

Component  

Teacher Activity Learner Activity 

5 Mins   

 

 

 

 

 

 

 

Lesson 

Introduction  

Greet the class 

Display the charts containing 

the picture of 2 – D shapes. 

Then ask them 

• What do you see in the 

chart?  

 

• What are the names of 

these shapes? 

 

• Where can you find 

these shapes? 

Greets back  

 

 

Expected responses:  

• 2-D shapes or 

shapes. 

• Circle, Square, 

Rectangle, 

Triangle, 

Pentagon 

•  Green board, 

pencil, Chalk 
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Time Lesson 

Component  

Teacher Activity Learner Activity 

  • What would be the 

topic that we are going 

to discuss? 

 

 

Introduce the topic by writing 

‘Planes of Symmetry’ on the 

board.  

 

• geometry set 

box, window 

• 2-D shapes, 

Shapes,   

 

Write the topic in their 

notebook. 

 

10 Mins 

Lesson 

Development 

 

Write the definition of ‘Planes 

of Symmetry’ on the board as: 

A plane of symmetry is a plane 

that cuts any solid into two 

equal halves. Eg:  

When we cut a ball into two 

equal parts a surface is formed 

called Planes of symmetry. 

3-D shapes can be cut into two 

equal parts in many ways and 

Some 3-D shapes can have 

more than one plane of 

symmetry. 

 

 

 

 

 

 

Observe and 

listen 

25 mins Activity 2 

(Major 

Activity) 

We are going to play a game 

called ‘building the castle!’ To 

play this game you will be 

divided into eight groups of 

four members.  
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Time Lesson 

Component  

Teacher Activity Learner Activity 

  I will provide you with clay and 

a set of 3-D blocks in each 

group. You will use 3-D blocks 

to construct castle and use clay 

to make cube, cone, cylinder, 

prism, and pyramid. You will 

cut each shape made out of clay 

in different ways making sure 

that the shapes are congruent. 

List all possible plane of 

symmetry that your group has 

found from each shape. 

When you finish finding planes 

of symmetry for each shape, you 

will use 3-D block of the shape 

to build the castle and start 

cutting and finding planes of 

symmetry of other shapes listed 

on the Board. 

A group which completes 

building castle first will be the 

winner but if the planes of 

symmetry for a shape are 

missing in your list or error in 

the finding, then 1 point will be 

deducted for each missing or 

inappropriate planes of 

symmetry while presenting to 

the class.  

 

Explore Planes of 

symmetry for  cube, 

cone, cylinder, prism, 

and pyramid. 
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Time Lesson 

Component  

Teacher Activity Learner Activity 

  

Monitoring 

Teacher will move around and 

provide necessary support to the 

needy groups. 

 

Raise hand and seek 

help. 

15 mins Follow up Teacher will provide necessary 

feedbacks and suggestion if 

required. 

Award group points to 

nominate winner of the month. 

 

A student will 

represent their group 

and present their 

findings of planes of 

symmetry to the whole 

class. 

5 mins Lesson 

Closure 

Ask few questions to couple of 

students and assign them 

homework to explore more on 

find planes of symmetry in 

triangular prism, triangle-based 

pyramid, hexagonal pyramid. 

Students will to answer 

the question and if 

there are no volunteer 

teacher will call the 

number. 
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Item Objective Congruence for Lesson Plans by the Experts 

 

 

Item 

No 
Attributes 

Expert  

1 

Expert  

2 

Expert  

3 Average Congruence 

1 

Lesson Plan 

1 

+1 +1 +1 +1 

Congruent 

2 

Lesson Plan 

2 

+1 +1 +1 +1 

Congruent 

3 

Lesson Plan 

3 

+1 +1 +1 +1 

Congruent 

4 

Lesson Plan 

4 

+1 +1 +1 +1 

Congruent 

 

Overall 

Average       +1 Congruent 
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Structured Observation  

 

Classroom Behavior Observation Adopted from: Kinley Dema, 2018

Sl. No Observation Statements Yes No 

1 Learners actively involves in the lesson activities through 

fun. 

  

2 Learners actively volunteers to answer the question.   

3 Learners discusses the assigned task in a group and come 

up with the solutions.  

  

4 Learners uses their prior knowledge to answer the 

questions in lesson introductory part. 

  

5 Every learner is actively interactive in the group 

discussion. 

  

6 Learners are motivated to complete their work before or 

within time frame provided by the teachers. 

  

7 Learners were very mindful to listen and follow the 

instructions correctly. 

  

8 learners are comfortable to seek help from peers or 

teacher. 

  

9 Learners try to use the key words related to the topic like 

congruent, cross section, orthographic, symmetry, etc… 

while answering to the question. 

  

10 Every learner got an opportunity to participate in group 

works and present their group work to the class. 

  

Other 

comments 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX J 

 

IOC FOR STRUCTURED OBSERVATION 
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Item Objective Congruence for Structured Observation by the Experts 

 

Sl. 

No. 

Behaviors 

observed 

Expert 

1 

Expert 

2 

Expert 

3 Average Congruence 

1 

Learners actively 

involves in the 

lesson activities 

through fun. 

+1 +1 +1 +1 

Congruent 

2 

Learners actively 

volunteers to 

answer the 

question. 

+1 +1 +1 +1 

Congruent 

3 

Learners discusses 

the assigned task in 

a group and come 

up with the 

solutions. 

+1 +1 +1 +1 

Congruent 

4 

Learners uses their 

prior knowledge to 

answer the 

questions in lesson 

introductory part. 

+1 +1 

0 0.66666667 Congruent 

5 

Every learner is 

actively interactive 

in the group 

discussion. 

+1 +1 +1 +1 

Congruent 

6 

Learners completes 

their work before 

or within time 

frame provided by 

the teachers. 

+1 +1 +1 +1 

Congruent 
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Sl. 

No. 

Behaviors 

observed 

Expert 

1 

Expert 

2 

Expert 

3 Average Congruence 

7 

Learners are very 

mindful to listen 

and follow the 

instructions 

correctly. 

 

 

 

+1 +1 +1 +1 

 Congruent 

 

 

 

 

9 

Learners uses key 

words related to the 

topic like 

congruent, cross 

section, 

orthographic, 

symmetry, etc… 

while answering to 

the question. 

+1 +1 +1 +1 

Congruent 

10 

Every learner gets 

an opportunity to 

participate in group 

works and present 

them  

group work to the 

class. 

+1 +1 +1 +1 

Congruent 
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Names of the Expert who Validated the Instruments 

 

 

 

 

 

 

 

 

 

 

Sl. No Name Position Title Institute 

1 Dr. Usaporn Swekwi Associate Professor Rangsit University 

2 Dorji Wangchuk 

 

 

 

Principal Katsho Lower 

Secondary School 

 

3 Tashi Teacher Wangdi Primary 

School 
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Wilcoxon Signed Ranked Test  

 

 

Descriptives 

 

 Statistic Std. Error 

Pretesttest_Score Mean 6.3393 .30107 

95% Confidence Interval 

for Mean 

Lower Bound 
5.7215  

Upper Bound 
6.9570  

5% Trimmed Mean 6.2937  

Median 6.0000  

Variance 2.538  

Std. Deviation 1.59312  

Minimum 4.00  

Maximum 9.50  

Range 5.50  

Interquartile Range 2.38  

Skewness .516 .441 

Kurtosis -.247 .858 

Posttest_score Mean 12.7857 .34830 

95% Confidence Interval 

for Mean 

Lower Bound 
12.0711  

Upper Bound 
13.5004  

5% Trimmed Mean 12.8095  

Median 12.5000  

Variance 3.397  

Std. Deviation 1.84305  

Minimum 9.00  

Maximum 16.00  

Range 7.00  

Interquartile Range 2.88  

Skewness .029 .441 

Kurtosis -.756 .858 
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Descriptive Statistics 

 

 N Mean 

Std. 

Deviation 

Minimu

m 

Maximu

m 

Pretesttest_Score 28 6.3393 1.59312 4.00 9.50 

Posttest_score 28 12.7857 1.84305 9.00 16.00 

 

 

Ranks 

 

 N 

Mean 

Rank Sum of Ranks 

Posttest_score - 

Pretesttest_Score 

Negative Ranks 0a .00 .00 

Positive Ranks 28b 14.50 406.00 

Ties 0c   

Total 28   

a. Posttest_score < Pretesttest_Score 

b. Posttest_score > Pretesttest_Score 

c. Posttest_score = Pretesttest_Score 

 

 

Test Statisticsa 

 

 

Posttest_score - 

Pretesttest_Score 

Z -4.628b 

Asymp. Sig. (2-

tailed) 
.000 

a. Wilcoxon Signed Ranks Test 

b. Based on negative ranks. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX M 

 

EXTRACTS OF STRUCTURED INTERVIEW 
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Participants Responses to the Structured Interview 

Student 

No. 

Q.1 How did you enjoy the Mathematics classes? Could you describe 

how you usually learn Mathematics? 

1 

We played games using manipulatives during the mathematics classes 

and it was really interesting.  

2 

I have enjoyed the mathematics classes as there was group discussion and 

games being played. In other normal classes teachers keeps on teaching 

and we keep on listening to the teacher. 

3 

I have enjoyed the mathematics classes as there were games during the 

activity and in the normal class teacher does not let us play games. 

4 

Yes, we enjoyed mathematics class as we had a discussions and games 

played in our teams and it was interesting. In normal class, teacher 

usually explains a lot and it let us get confuse sometimes. 

5 

Yes, we enjoyed the mathematics class because there were games and 

competition among the groups. Usually there use to be very little 

discussion and most of the time we have to solve question by self. 

6 

I have enjoyed the mathematics class as there were games being played 

among the groups. Usually in our normal class, we don’t play games. 

7 

I enjoyed the mathematics class because we discussed the questions and 

had a competition among groups in a form of games. In others class, 

teacher does not let us play games during the lessons. 

8 

Yes, I have enjoyed the mathematics class as it forced us to be 

corporative in the group for the group competition. In other normal class 

we just try to solve question on our own. 

9 

Yes, the mathematics class was fun as teacher taught the lesson through 

games and in our normal class, our teacher doesn’t teach us using games. 

10 

I enjoyed the class because we have learned lesson by playing games. In 

normal classes we do not play games. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX N 

 

STRUCTURED OBSERVATION 
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APPENDIX O 

 

RELIABILITY COEFFICIENT 
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Reliability of Achievement Test Questions 

 

 

Case Processing Summary 

 

 N % 

Cases Valid 30 100.0 

Excludeda 0 .0 

Total 30 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

 

 

Reliability Statistics 

 

 

Cronbach's Alpha 

Cronbach's Alpha Based 

on Standardized Items N of Items 

.709 .716 14 
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CONSENT LETTER  
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Consent Letter 

Dear Parents,  

I am currently enrolled in the Master of Education in Curriculum and Instruction, at 

Rangsit University, Thailand. I am conducting a research study on the “Use of Games 

Incorporating Manipulatives in Teaching Geometry to grade Six Bhutanese Students”. 

This research requires student participation. The instruments involved during the study 

are pretest and posttest, semi structured interview and classroom behavior observation 

for obtaining the required data. Therefore, I would like to seek your permission to let 

your child participate in this study. Their names, identifications and schools will be kept 

confidential and anonymous.  

I look forward for your cooperation in approving your children to participate in this 

research study. 

 

Yours sincerely 

Tenzin Jamtsho 

Student 

Rangsit University 

Thailand. 

 

I acknowledge that the content of this research study has been thoroughly explained to 

me and any questions have been answered. I lave read the letter provided by Mr. Tenzin 

Jamtsho and have agreed to let my child (………………………………………) 

participate in the research as decrribed. 

 

Name:  …………………………………………………………   Signature: ………….. 

Date: ………………… 
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