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IMPACT OF USING MATHEMATICS SOFTWARE 
ON STUDENTS' LEARNING ACHIEVEMENTS AT 

ELEMENTARY LEVEL 
 

ABSTRACT 

The aim of the study was to investigate the impact of mathematics software on students 

learning achievements. To accomplish this purpose four research questions were imposed 

addressing the effect of different treatments conditions. These questions were further 

disintegrated into ten null hypotheses, addressing the effectiveness of mathematics 

software instructional method, teacher facilitated mathematics software instruction and 

traditional instruction (Independent variable) through achievement test (Dependent 

variable). The study was completed in two phases. In the first phase mathematics 

software for imparting instruction to Experimental-I and Experimental-II groups was 

developed in three content areas (Integers, Algebra and Geometry) for 6th grade. Initially 

the researcher divided the contents into teaching units and modifies it to make it 

compatible with technology. Each teaching unit contained some material presented in the 

form of text, and then examples were given in order to further elaborate the concept. 

Afterward some exercises with step by step feedback were provided to the users and 

finally assessments were given to the students. These developed units were given to a 

team of software developers; they develop a program as per instructional design provided 

by the researcher. After completing the coding, the program (software) was piloted on 40 

students of 6th grade. On the other hand to ensure the quality it was given to the software 

quality supervisor, user interface designer and programmer to report the quality of the 

program. On the basis of students and experts opinion the software program was revised. 



 ix 

The second phase of the study was experimental. To investigate the impact of developed 

software on students’ achievements, 312 students in four randomly selected schools of 

Punjab, one from each stratum were placed under three treatment conditions. The first 

group served the purpose of control group and was taught by traditional method of 

instruction. The second group (Experimental-I) was treated by mathematics software 

instruction, in this group the role of teacher was passive and teacher only monitored the 

progress and maintained the discipline in the classroom. In third group (Experimental-II) 

the role of teacher was to facilitate the students when they were working on program. 78 

Sixth grade students of each selected school were randomly selected, and assigned to 

three treatment conditions after pre-testing. The intervention lasted for ten weeks, at the 

end, the students were post tested. An achievement test in the three content areas was 

developed considering three cognitive levels of revised Bloom’s taxonomy.  Test was 

developed according to the specification and piloted to 500 students for reliability and 

was validated through experts, an attitude scale to measure the students liking of 

mathematics accompanied test. ANOVA was run to analyze the data; on pre-test score 

showing equality of groups. On post-test score ANOVA results indicated significant 

difference between groups, Scheffe, post hoc test highlighted that Experimental-II group 

outperformed the remaining two groups. Across gender comparison showed again the 

enhanced performance of Experimental-II group and across local analysis also revealed 

the same fact. Therefore, the researcher concluded that teacher facilitated mathematics 

software instruction may be a better instructional method. The researcher recommended 

more research in the field with different population and different subject areas. 
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CHAPTER 1 
 
 

INTRODUCTION 
 

Mathematics holds a key position in the curriculum. In all countries it is a core 

component of the school curriculum. In recent years, mathematics has undergone 

many changes both as a discipline and as a tool for educational, social, and economic 

opportunity. On the other hand, development of modern technology has profoundly 

affected the ways organizations and individuals around the world achieve their 

objectives. Such technological advances have substantially broadened the applications 

of mathematics, not only in scholarship, science, industry, business, and government, 

but also more prominently than before in such areas as agriculture, health, politics, 

and the arts. Therefore, teachers and researchers throughout the world are trying to 

find the new ways and techniques of teaching mathematics. This urge of researchers 

compelled them towards the use of modern technology such as computers to infuse in 

the mathematics instruction. In the classroom, computers and computer related 

technologies are having a profound influence on the way teachers instruct and 

students achieve.  

1.1 Mathematics Teaching 
 
Teaching mathematics is an important contribution to our world.  It focuses on 

developing mathematical thinking and fostering problem solving abilities. The major 

aim of mathematics teaching is to develop rigorous approach towards the thinking 

process, to discover new patterns and things and to search for creative solutions to the 

problems imposed or arose. Thus, the objectives described herein must contain 

elements performing to the development of mathematical thinking as well as list of 

the essential concepts and most frequently used methods.  The need of teaching 
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mathematics is to develop sense that students see mathematics as an applied 

knowledge. The history of mathematics teaching contains many interesting 

motivational aspects. 

Recently mathematics teaching is influenced by technology integration. The effort 

and creative challenge of teaching children in an age of rapid technological and social 

change indeed, a noble activity. To perform this activity mathematics teacher:  

Must develop and maintain the mathematical and pedagogical knowledge they 
need to teach their students well. One way to do this is to collaborate with 
their colleagues and to create their own learning opportunities. They should 
also seek out high-quality professional development opportunities that fit their 
learning needs. By pursuing sources of information, building communities of 
colleagues, and participating in professional development, teachers can 
continue to grow as professionals" (National Council of Teachers of 
Mathematics, NCTM, 2000) cited in El-Hariri (2007).  
 

1.2 Trends in Mathematics Teaching 

Mathematics instruction has undergone great change over the period of time, once 

giving great importance to contents. Mathematics instruction towards the end of 

nineteenth century remained computationally oriented and rule centered, Colburn 

mental-discipline approach had some influence and reinforced the idea of child 

centered approach in elementary school. In 1905 James a psychologist also 

encouraged children needs, interests, and experiences based teaching approach. 

Twentieth century began with the gradual acceptance of the child as an important part 

of learning process. In the first quarter Thorndike connectionism theory of 

mathematic teaching emerged that emphasized, speed, accuracy and memorization, 

therefore, drill became very essential element of elementary school mathematics 

instruction. Brownell opposed connectionism theory of mathematics teaching and 

highlighted verbally explanation by the children as more beneficial. 



 

 

3 

The major goal of mathematics teaching was mastery of long laborious 

computational rules. According to (NCTM, 1973) the major goal of mathematics 

instruction in the first half of the nineteenth century was computation, computation 

involving large numbers and repetitious rules. Colburn advocated a diagnostic 

approach to teaching of mathematics, shifting the emphasis from the rote 

memorization of rules to learners' method of solution (Sovchik, 1989). 

According to Sovchik (1989) launching of sputnik in 1957 united the public 

opinion in United States and highlighted the strong need to establish experimental 

mathematics and science programs at all grade levels. Many universities developed 

experimental curricula that gradually affected the content of elementary school 

mathematics giving birth to the term "new math". New math was a wave of change, 

content of mathematics curricula were modified and stress was placed on mathematics 

structure. Mathematics instruction has also undergone changes and emphasis shifted 

to guided discovery instead of lecturing (Cauthen, 2003). 

Cauthen (2003) has also reported that by the end of 1970s critics raised the 

concern about children performance on tests and the reason of declining Scholastic 

Aptitude Test (SAT) scores from the period 1965-1975. A new movement “Back to 

Basics” was run that laid emphasis on computational skills, teacher lectures, and strict 

discipline, but it was not clear that what basic education consisted of. 

Mather (1997) came up with the view that in today's technological society a 

good mathematics and science background is becoming more and more important. 

Are we providing students with the necessary tools to survive in today's society? 

Statistics indicate we are not. While many studies, cited in Mather (1997) indicated 

that students feel mathematics as a difficult subject such as the National Assessment 

of Educational Progress (Dossey, Mullis, Lindquist, & Chambers, 1988). In the same 
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study Mather reported a marked underachievement in mathematics, with 80% of 

American Indian Students failing to demonstrate mastery of simple arithmetic 

(Hafner, Ingles, Schneider, Stevenson, & Owings, 1990). Statistics also show 44% of 

American Indian eighth graders score below grade level in mathematics (Ornstein & 

Levine, 1993). In this age of changing world new techniques and technology is 

replacing the traditional ways of teaching learning process to achieve the desired 

targets.  

Technological changes have influenced educators' attitude and compelled them to 

think about the role of hand calculators, computers, problem solving and geometry in 

a basic skill program. In this new technological environment mathematics problem 

solving, application, and ability to use critical thinking became very important. In 

1977 the National Council for Supervisors of Mathematics (NCSM) in America gave 

a list of ten basic skills. 

1. Problem Solving 

2. Applying Mathematics to Everyday Situations 

3. Alertness to the Reasonableness of Results 

4. Estimation and Approximation 

5. Appropriate Computational Skills 

6. Geometry 

7. Measurement 

8. Reading, Interpreting, and Constructing Tables, Charts and Graphs 

9. Using Mathematics to make Predictions 

10. Computer Literacy 

The 1980 witnessed the birth of problem solving approach in mathematics 

education. Many researchers (Carlson & Bloom, 2005 and Bujland, 2007) advocated 
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this approach as it was considered broader than traditional approach, it is considered 

as a mean of coping with future problems. 

Developments of computers hardware and software, their decreasing size and 

prices had dramatically influenced elementary school curriculum. National Council of 

Teachers of Mathematics (NCTM, 1987) recommended that every elementary student 

should have access to individual computer. This wave of technological change has 

affected the teaching learning process.  

The current trend in mathematics education is towards the use of eclectic 

approach, unifying the recent research and technology with previous best ideas to get 

the maximum output by providing better learning environment to students. This 

indicated shift from rote memorization and computation to critical thinking and 

construction of knowledge. 

1.3 Computers in the Mathematics Classroom 

According to Yushua (2004) computers have been used in education for more than 

four decades, and they have now been accepted “unconditionally” as an integral part 

of our entire educational system and increase in computer use generated new 

challenges. These are significant in the subject of mathematics rather than other and it 

has benefited more and established a stronger intrinsic link with the development of 

computers in recent times. Nonetheless, Yushua (2004) has identified four issues as 

critical to proper and effective use of computer technologies in the mathematics 

classroom. Top among them is computer attitude, followed by software selection and 

a proper utilization direction, and Web-based professional development of 

mathematics teachers. Similarly, in his meta-analysis of the factors those are 

instrumental in promoting the use of computer aided learning highlighted that teacher 

attitude to computers is an important factor related to the teacher’s role to the 
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effective use of computers in education.  Indeed, previous correlation studies have 

long forecasted that the use of computers in education would very much depend on 

how well teachers integrate them in everyday activities. Not unlike any other 

innovation, teachers initially resisted the use of computers in education therefore, in 

view of Yushua (2004) the term “computer phobia” and “computer anxiety” were 

coined and entered in. 

1.4 Computer Assisted Instruction 

The range of strategies were used by the teachers to enhance students achievements, 

Computer-Assisted Instruction (CAI) is one of them being used to improve 

achievement in school subjects, including mathematics and reading.  In this strategy 

computer delivers instructional content or activities, students learn by interacting with 

the computer, where computer presents, analyzes the students’ responses and supplies 

proper feedback until the desired level of proficiency is attained (Association for 

Education Communications and Technology, 1977). Programs for CAI have come a 

very long way since they were first developed decades ago.  

 
Computer Assisted Instruction is a general term used in research literature that 

includes range of forms, varying according to purpose/requirement of instruction. 

Instructional software for education, Computer Assisted Instruction (CAI), Computer-

Assisted Learning (CAL), or Computer Based Instruction (CBI) had been 

supplementing instructions in schools/universities since the birth of microcomputers 

back in 1960s. 

There are not precise definitions of the terms CAI, CAL, and CBI. Cognition 

and Technology Group at Vanderbilt (1996) was of the view that in early years of 

educational software drill and practice programs were considered as CAI seen in 

(Parr, 2000). Whereas programs that incorporated tutorials were named as CAL 
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(Wright & Marsh II, 1999-2000), however CAL were also known as CAI and CBI. 

Schacter (1999) mentioned that CBI individualized learning process and incorporated 

different learning styles, interests, needs to make learning happen. According to 

Schacter CBI software consists of tutorial, drill and practice and, more recently, 

Integrated Learning Systems.  Parr (2000) claimed that modern implementation of 

CAI has allowed greater student interaction, and greater stores of information due to 

advancement and cost effective hardware and software technologies. Fletcher-Flinn 

and Gravatt (1995) described that CAI in modern world is more general term and it 

covers drill-and-practice, tutorials, simulation/interactive thinking, word processing, 

conferencing, and other activities. These terms vary in breadth and depth of their 

definitions, in this study the term CAI was used as wide-ranging and covering 

meaning of all above mentioned terms.  

 
1.5 Computer Based Teaching and Its Effectiveness 

Considering the significance of mathematics and use of computers for teaching it is 

essential to equip the classroom teacher with the new technology so that he/she can 

teach mathematics effectively. Technology has already changed the way educators 

teach. Shelly, Cashman, Gunter, & Gunter (2002) have identified that most of the 

teachers are using multimedia during instruction. They also use computers as a tool to 

access information and to communicate with others around the world. To understand 

the potential of technology implementation in enhancing the teaching-learning 

process, many researchers (Black & McClintock, 1995; Richards, 1998; Brush & 

Saye, 2000) have studied the impact of constructivism on classroom practices. Dwyer, 

Ringstaff, and Sandholtz, (1990) demonstrated that providing immediate access to 

technology in the classroom substantially changes the way teachers instruct and 

students learn. Multiple studies pointed the benefit of using technology to enhance 
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student learning at elementary school language, arts, science, and mathematics; 

middle school language, arts, science, mathematics, and social studies; and high 

school mathematics, science, and writing. In addition to developing students’ basic 

skills, technology use also positively affects students’ preparation for success in the 

workplace (Imel, 1992). Owens and Waxman (1994) conducted a study on a sample of 

231 students who were distributed in two groups (one used CAI, the other conventional 

instructions), the results showed higher scores for students in the Computer Assisted 

Instruction (CAI) group in Geometry but no differences in Algebra. Perhaps even more 

important students in the CAI group had a significantly more positive attitude towards 

mathematics at the end of the course. 

Reeves (1998) reported that findings concerning the impact of CBI in education can 

be summed up as:  

• Computers as tutors have positive effects on learning as measured by standardized 

achievement tests, are more motivating for students, are accepted by more 

teachers than other technologies, and are widely supported by administrators, 

parents, politicians, and the public in general.  

• Students were able to complete a given set of educational objectives in less time 

with CBI than needed in more traditional approaches.  

• Limited research and evaluation studies indicate that integrated learning systems 

(ILS) are effective forms of CBI which are quite likely to play an even larger role 

in classrooms in the foreseeable future.  

• Intelligent tutoring systems have not had significant impact on mainstream 

education because of technical difficulties inherent in building student models and 

facilitating human-like communications.  
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In the present scenario many companies and research groups are trying to develop 

the software and to see their effect on the achievement (Kaput, 1992; Brown, 2001; 

Chen, 2005; Chang, 2002; McKethan, Everhart, & Stubblefield, 2000; Yildirim, 

Ozden, & Aksu, 2001). In Pakistan efforts have been made to infuse technology in 

teaching learning process at different levels. Many researchers conducted studies 

about the role of technology, interest of teachers, students and the other stakeholders.  

Praveen (2006) conducted the study to investigate the role of technology in creation 

of interest for the use of technology. The study concluded that technology may play 

positive role in creating interest towards learning. Similarly Bibi (2010) has 

investigated the importance of information and communication technology and found 

that teachers and students were aware of its possible use. The study recommended that 

teachers and students skill in the use of Computer Based Technology (CBT) may help 

to improve the teaching learning process. On the other hand Aziz (2004) after 

conducting the study concluded that teachers and the students having more computer 

facilities has less anxiety and improved attitude as compared to those having less 

computer facilities. Malik (2003) has justified the positive impact of video program 

developed by AIOU in an experimental setting. He also compared the scores of boys 

and girls for the subjects of physics, chemistry and biology. The girls performed 

better than the boys in physics and chemistry but the scores of boys and girls in 

biology were almost equal. Akram (2008) used standardized software package for 

teaching of chemistry to 11th grade students, the comparison of the result after the 

intervention of one month, revealed better scores of the students taught through 

software package than their counterparts instructed through conventional methods.  

Khurshid (2003) also reported the improved scores of the students’ using video 

instructional strategy in the subject of general sciences. Ali (2006) and Khan (2005) 
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have reported the effective role of educational technology for teaching learning 

process. 

Malik (2008) developed a computer based instructional model for the integration 

of computer for teacher training program of AIOU in the tryout study of the model it 

was suggested that necessary revision may be made. Many researchers: Mahmood 

(2006), Akhtar (2008), Akram (2008) and Bibi (2010) have attempted to integrate 

computers into the teaching learning process in our own teaching learning 

environment and reported better achievements of the students using technology or 

computers than the conventional methods of teaching. Raza (2006) developed the 

computer based simulations for the teaching of Arts to 5th grade students and reported 

better performance of the students on drawing skills and understanding. Siddiqui 

(2006) used CBI for teaching of counting to mentally retarded students and reported 

the better performance of the students.  Mahmood (2004) developed tutorial software 

for teaching of science at secondary level. According to the findings reported in this 

study, the scores of the students in the experimental group were significantly higher 

than the scores of the control group students taught by traditional method.  Tabassum 

(2004) found positive effect of CAI as a supplementary strategy to traditional 

instruction on students' achievements in science at secondary level, the use of 

websites within the classroom was the key feature of the instructions provided to the 

experimental group; the experimental group outperformed the control group taught 

through traditional method. Gillani, Gujjar and Naoreen (2009) had studied the 

relative effectiveness of instructional technology in teaching of Biology at secondary 

level. The improved scores were reported for the experimental group using 

instructional technology as a supplementary strategy when compared with the 

traditional method of teaching. The results may be due to motivational factor of 
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movies or the field trips used, the researchers highlighted the need to investigate the 

effectiveness of specific instructional technology in other subjects and with different 

populations.  But in Pakistan very few attempts have been made for teaching of 

mathematics by using software at elementary level.  

Therefore, there was need to conduct a study in mathematics to provide evidence 

of its effectiveness in Pakistani teaching learning context. Mathematics is a 

compulsory subject in Pakistan up to secondary level and the performance of most of 

the students in this subject as mentioned in the report of Ministry of Education (2002) 

is poor. The Government is investing a large amount of money in education and 

infusing modern technology in teaching learning process as mentioned in National 

Education Policy (1998-2010). Punjab Government has also planned the 

establishment of new computer labs for the secondary schools and appointment of IT 

teachers. The training of prospective teachers is in process, INTEL in collaboration 

with teacher training institutions and universities is supporting teacher training to the 

pre-service and in-service teachers. Punjab Government has also decided to introduce 

computer science as compulsory subject from 6th to 8th grades (Govt. of Punjab, 

2010).  There is a lot of research in the international scenario in this field but due to 

difference in socio-economic conditions, teachers and students attitude towards the 

use of technology and different educational context of Pakistan, it is not possible to 

generalize the findings of these studies in Pakistan. Therefore, researcher investigated 

the role of mathematics software, in improving students learning achievements in 

mathematics at elementary level. 

1.6  Statement of the Problem 

 In developing countries there is always trend to follow research findings and using 

new inventions for improving learning quality. Policy decisions are made, resources 
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are allocated and new inventions are taken without conducting research in their own 

context. It leads to illogical and unjustified decisions and planning which results in 

failure and loss of resources. For economic and social development of a society the 

cost effectiveness is major indicator for successful advancements. In this era, the 

technological use for improving quality education is very common whereas the 

problem is to understand the fact that to what extent the instructional technology is 

effective and economical for improving quality of education. It was the situation that 

motivated the researcher to conduct a study on "Impact of Mathematics Software on 

Students' Learning Achievements at Elementary Level". In order to investigate this 

impact the researcher designed the following research questions and hypotheses.  

1.7 Research Questions 

The researcher formulated the following research questions to conduct the study. 

1- Do the use of self instructed mathematics software and teacher facilitated 

mathematics software methods make any difference in students scores in 

mathematics at grade six as compared to traditional method? 

2- Do the use of self instructed mathematics software and teacher facilitated 

mathematics software methods make any difference in students scores in 

mathematics at grade six as compared to traditional method across gender 

groups? 

3- Do the use of self instructed mathematics software and teacher facilitated 

mathematics software methods make any difference in students scores in 

mathematics at grade six as compared to traditional method across locality 

groups? 



 

 

13 

4- Do the use of self instructed mathematics software, teacher facilitated 

mathematics software and traditional method of teaching has any effect on 

attitude of students toward the subject of mathematics?  

1.8 Hypotheses of the Study 

 
The researcher formulated the following hypotheses for this study: 
 

Ho1: There is no significant difference between students scores in mathematics at 

grade six whether taught by using self instructed mathematics software or by 

traditional method. 

Ho2: There is no significant difference between students scores in mathematics at 

grade six across gender groups whether taught by using self instructed mathematics 

software or by traditional method. 

Ho3: There is no significant difference between students scores in mathematics at 

grade six across rural and urban groups whether taught by using self instructed 

mathematics software or by traditional method. 

Ho4: There is no significant difference between students scores in mathematics at 

grade six whether taught by using self instructed mathematics software or by 

teacher facilitated software. 

Ho5: There is no significant difference between students scores in mathematics at 

grade six across gender groups whether taught by using self instructed mathematics 

software or by teacher facilitated software. 
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Ho6: There is no significant difference between students scores in mathematics at 

grade six across rural and urban groups whether taught by using self instructed 

mathematics software or by teacher facilitated software. 

Ho7: There is no significant difference between students scores in mathematics at 

grade six whether taught by using teacher facilitated software or by traditional 

method. 

Ho8: There is no significant difference between students scores in mathematics at 

grade six across gender groups whether taught by using teacher facilitated software 

or by traditional method. 

Ho9: There is no significant difference between students scores in mathematics at 

grade six across rural and urban groups whether taught by using teacher facilitated 

software or by traditional method. 

Ho10: There is no effect on attitude of students toward the subject of mathematics 

whether they are taught by using self instructed mathematics software or teacher 

facilitated mathematics software or by traditional method of teaching. 

1.9 Significance of the Study 

The increasing availability of technology and computers presented teachers with 

exciting opportunities to transform pedagogical practices. The demand on teachers to 

integrate software into their teaching and learning programs requires higher degree of 

skills. Primarily the study is significant for the research and teaching community of 

mathematics. It is significant to the educational stakeholders, curriculum developers, 

software developers, educational boards, teacher training organizations in selecting 

content area for training and assessment. This study is significant because it provided 
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examples to computer software developers and evidence of impact of software on 

students learning. It may stimulate others to develop promising alternatives and may 

also motivate teachers to use software for mathematics teaching. It may help to 

develop the consensus for integration of computers in mathematics education. The 

findings of this type of study are significant contribution to the science and 

mathematics education research communities interested in understanding all aspects 

of technology integration in mathematics and science. It is also significant for the 

students to learn mathematics on their own because it is a method of individual 

teaching and may help students to learn at their own pace. The mathematics education 

is in the process of development from many decades now and modern techniques are 

being explored to optimize the potential of mathematics. This particular attempt is a 

technique that might stimulate mathematics educators to take maximum benefit of the 

instructional technologies. 

1.10 Objectives of the Study 

The objectives of this study were to: 

1. Develop teaching units infusing computer technology. 

2. Assess learning level of 6th grade students in mathematics taught by different 

teaching techniques. 

3. Develop Mathematics Software for teaching of mathematics at 6th grade for 

individual instruction. 

4. Compare the impact of using mathematics software on learning of 6th grade 

students in the subject of mathematics. 

5. Investigate the effect of using mathematics software or traditional method on 

the attitude of students toward the subject of mathematics. 
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1.11 Assumptions of the Study 
 
Following were the assumptions of the study: 

• The students can accomplish learning and that the teachers’ role is to assist the 

learning process. 

• Learning is directly affected by teaching methods and achievement tests are 

measures of learning. 

• Teaching methods can be changed and used with same level of significance. 

• Teachers can communicate the skills of using software in mathematics. 

1.12 Delimitations of the Study 
 

• The study was delimited to 6th grade mathematics. Only three chapters of 6th 

grade mathematics curriculum were used in this study due to limitation of time 

and resources. 

• The measurement of students learning was restricted to first three levels of 

cognitive domain of Bloom’s Taxonomy. 
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1.13  Operational Definitions 
 

Traditional Teaching Method 

This is the common method used in public schools. In this method teachers solved 

question on the blackboard and students noted them and were expected to reproduce 

it. Teacher was active and students remained passive learners in this method. 

Mathematics Software  

This is the software developed by the team of programmers, subject experts and 

researcher covering three chapters Integers, Algebra and Geometry of mathematics 

curriculum for 6th grade.   

Teacher Facilitated Software Method 

This is the method where students were exposed to software and teachers facilitated 

students learning, providing them opportunities to construct concept, and encourage 

thinking. They used examples and exercises, ask the students to learn/improve certain 

content again if teachers feel that students might have not got the concept. 

Achievement Test 

A test developed by the researcher and validated by the subject experts using the 

contents (Integers, Algebra, and Geometry) of 6th grade mathematics. 

Attitude Scale 

A five point Likert scale developed by the researcher, using three constructs; self 

concept, self confidence and self esteem to measure attitude of the students towards 

the subject of mathematics before and after experiment. 
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Software Evaluation Tool 

 A five point Likert scale opinionnaire adapted by the researcher, using five clusters 

of statements content presentation, ease of use, documentation and support, 

assessment and technical quality for the purpose of summative evaluation of software. 

 



 

 

 

 

CHAPTER 2 

 

LITERATURE REVIEW 

The teaching learning process started from the creation of the human being. When a 

person came into this world Allah bestowed him five senses such as, sense of sight, 

sense of hearing, sense of taste, sense of touch and sense of smell, he/she uses these 

senses as means of knowledge. With the passage of time the knowledge grew bigger 

and bigger and expanded in different dimensions. This varied and expanded nature of 

the knowledge needs systematic approach. Therefore, education is imparted for the 

achievement of certain goals, by using appropriate teaching strategies so that the goals 

can be attained in the desired time. 

The growing nature of knowledge at first demanded that it should be placed in 

different disciplines; educationists have placed similar kind of knowledge in one 

discipline therefore, new disciplines of knowledge are emerging. The nature of each 

discipline is different and demands different teaching methodologies, teaching 

strategies and learning environments. 

This particular study was focused towards the discipline of mathematics. The 

major purpose of the study was to explore the impact of computer technology on the 

learning achievements in the subject of mathematics at elementary level. 

This review begins with a brief introduction to the subject of mathematics, its 

nature and significance. The next section sheds light upon philosophies and learning 

theories and the later section explored the emergence of technology and specifically 
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computer technology, its history, its nature and significance, types of educational 

software and its effectiveness as perceived by different researchers across the globe. 

2.1 Discipline of Mathematics 

The discipline of mathematics is a core component of the curriculum all across the 

world. Educators and curriculum developers had emphasized inclusion of 

mathematics at degree levels therefore, its importance at elementary and primary 

levels can not be denied.  

From previous few decades mathematics curriculum at elementary stage has 

seen many changes. Many people think, “Mathematics” is synonymous with 

“arithmetic.” But today, mathematics educators and curriculum developers are still 

debating the proper content of an elementary mathematics curriculum; curriculum 

reforms movement for Turkish primary school mathematics emphasized the 

constructivist approach to learning of mathematics where students are provided 

opportunities to construct their own knowledge (Babadogan & Olkun, 2006). The 

availability of calculators and the realization that only rote memorization of arithmetic 

is not the need of the future, and need of the graduates of the high school after 2010 

will have faded out the supremacy of arithmetic in that curriculum . 

Today's mathematics is a diverse discipline according to Penguin Dictionary 

of Mathematics "mathematics is the study of numbers, shapes and other entities by 

logical means. It is divided into pure mathematics and applied mathematics, although 

the division is not sharp one and two branches are interdependent".  

According to Sidhu (2002) many of the definitions of mathematics focused 

upon that mathematics is the science of measurement, quality and magnitude. The 

term mathematics has been explained in different ways according to context of its use. 

It is considered as the calculation part of one’s life and helps to interpret and draw 
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conclusions. It is involved in qualitative facts, relationships and problems related with 

space, has enabled the human being to study the phenomenon in space and establish 

their relationship with them. It also involves reasoning and is often thought as a by- 

product of reasoning.  

In the 21st century a person needs more than just arithmetic. Geometry, 

probability, statistics, measurement, graphing, and algebra are emphasized in the 

modern curriculum. A dramatic change is occurring due to induction of technology 

and especially computer technology; this has made it difficult to predict as to what 

will be the need of the children in 20 or 40 years. But one thing which is very clear is 

that many of the skills of today will be obsolete in 40 years. 

Despite recent advances in psychology, educational research, and curriculum 

design, we are far from resolving all the uncertainties of the elementary school 

mathematics curriculum. A few things, however, do seem to be clear: 

• The school mathematics curriculum can and must be more rigorous. 

• Arithmetic is one branch of mathematics, although it is important. 

• We need to do better at helping children connect marks on paper and the real 

world.  

Too many children and adults fail to use common sense when they are dealing 

with mathematical symbolism. Discussing mathematics and integrating subject matter 

may help students make these connections. 

As we correct for the overemphasis on skills in the traditional mathematics 

curriculum, we should avoid over-correcting. Problem solving requires both 

procedural skill and conceptual understanding. It was noted that during a previous 

period of reform, objecting to the emphasis on drill prevalent not so long ago, we may 

have failed to point out that practice for proficiency in skills has its place too. In 
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MATH TRAILBLAZERS, we consistently seek a balance between conceptual 

understanding and procedural skill. 

Two short sections of the Curriculum and Evaluation Standards for School 

Mathematics summarize recommendations for changes in the content and emphases 

of K–8 mathematics instruction (National Council of Teachers of Mathematics, 1989, 

pages 20–21 and 70–71). Most of the topics and methods that are to receive 

“decreased attention” are part of the traditional arithmetic curriculum: complex paper-

and-pencil computation, long division, written practice, and so on.  

2.2 Mathematics and Everyday Life 

Sidhu (2002) said "shut out mathematics from daily life and all civilizations come to 

standstill". Therefore, it is very difficult to escape mathematics from the person's daily 

life. Everyday a person tries to seek the answer to the questions: How much? How 

many? How big? And how long? gave birth to arithmetic. Algebra is the generalized 

form of arithmetic and helped to solve the problems involving complex computations. 

Measurements of different things lead towards the development of different 

geometrical rules and laws. The knowledge of this discipline was born out of the 

human beings’ need and is bound to grow with the needs of the society. 

According to Sovchik (1989) mathematics is seen in all walks of life, from 

scientific advances in space flight to the computerized checkout counter at the 

neighborhood supermarket. It plays a significant role in our daily life. We use 

mathematics while shopping, estimating budgets, designing cloths, counting salaries 

etc. We can say that our cultural life is enriched with mathematics. 

There is a definite need of mathematics in anybody's life planning and day to 

day planning. Human beings are always searching for the profit and trying to increase 
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the return on their investments, a mathematical approach is essential for this desired 

progress (Sidhu, 2002). 

An entire environment is surged with mathematics (Sidhu, 2002). The rates, 

prices, commissions, discounts, rebates, interests, taxes, distribution, production, 

shortage, inflation all are the issues closely related with the life of human beings. 

Learning mathematics may be necessary for the human beings to play their effective 

role in the community and society. The learning is a complex term and many 

researchers have discussed it in their own context and paradigm. The brief of the 

learning theories and its relationship with Computer Based Learning is presented in 

the next section.  

2.3 Learning Theories and Computer Assisted Instruction 

Computer use has increased dramatically over the last few decades. Computers have 

affected all aspects of life across the globe. Great amounts of time and money have 

been invested in the use of computer as part of instruction. The term Computer 

Assisted Instruction (CAI) has been used in educational medium in which a computer 

delivers instructional content or activities. Students learn by interacting with the 

computer. The computer presents, analyzes the students’ responses and supplies 

proper feedback. Advanced software packages adjust the level and direction of the 

instruction to best suit the individual user. Designing and implementing software is a 

complex process going beyond systematically executing steps within an instructional 

design model. Despite a large number of critical aspects, McLeod (2003) suggests 

instructors to consider principles of learning by means of historically grown learning 

theories. 

There are three principal families of theories about learning: behaviorism, 

cognitivism, and constructivism. 
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2.3.1 Behaviorism 

The behaviorist school of thought, influenced by researchers like Watson, Thorndike, 

Pavlov, and Skinner who postulates that “learning is a change in observable behaviour 

caused by external stimuli in environment” (Skinner 1974). Instructional strategies in 

the classroom that are based on traditional behaviourists learning theories are 

grounded in Skinner’s early experiments on learning. His experiments led him to 

believe that learning was a progression of behaviours that utilized a variety of 

stimulus and response activities to motivate the attainment of a basic skill or a desired 

learning outcome (Cooper, 1993). Basic skills, facts, or other types of learning 

outcomes would become part of the learner’s knowledge base through ongoing 

feedback based upon previous reinforcements and feedbacks. Behaviourism 

emphasizes observable behaviour, rather than inner mental experiences and 

individuals learn certain things from environment and this theory is thought in terms 

of association building.  

The goal of behaviorists’ understanding is to know the entities, attributes, and 

relations that already exist. Therefore, the goal of learning is to know the independent 

existence of information and acquisition of that information (Duffy and Jonassen, 

1992). Under this theory, what should be learned is considered to be a constant body 

of knowledge that can be organized in a series of learning steps. Eun-Sook, (2001) has 

pointed out that behaviourists assign a role of transferring and transmitting knowledge 

to the students.  So, learning materials are analyzed as a sum of entities, learning is 

focused to memorize these entities and to emphasize minute aspects of activities. 

They cannot consider the properties of learners and specialties of social or cultural 

aspects, and these characteristics make the learners behave passively in the classroom. 

For these reasons learning methods based on behaviourism theory are said to be 
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deficient in creative and flexible thinking, problem solving ability, and effective 

information analysis.  

Computer assisted instructional activities often integrated into classrooms under a 

behavioral framework include drill and practice activities and tutorial programs. 

These activities are used to reinforce concepts already learned in the classroom. 

Roblyer and Edward (1997) indicated to the emphasis of the behavioral learning 

theory on the achievement of isolated facts that reinforces the use of traditional 

teaching practices such as lectures, skill worksheets, and standardized assessment 

practices. Atkins (1993) has highlighted four aspects relevant for designing 

instructions with respect to the behaviorist school: 

• Breaking learning material into small instructional steps. 

• Defining sequence of instructions. 

• Repetition of instruction on the basis of diagnostic tests. 

• Demonstration of appropriate explanation before the learners copy desired 

behavior. 

Behaviorists' teaching practices primarily promote low-level thinking, such as rote 

memorization rather than upper-level thinking skills such as problem solving and 

synthesis.  Therefore, is sometimes critiqued as being too passive. 

2.3.2 Cognitivism 

After the recognition that much behavior is not observable or accounted for by a 

simple stimulus-response approach, efforts began to focus on why and how 

unobservable behaviors occurred. Proponents of this concept led to a variety of 

approaches classified under Cognitive Learning Theory.  Gagné (1977) was the 
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founding father of Cognitive Learning Theory built upon the behaviorist theory by 

adding a “processing” or cognitive component to Skinner’s theory. According to his 

approach, each individual learner processed information differently upon a variety of 

factors including prior knowledge level and ability. Within this framework, Gagné 

believed that students progressed through a “learning hierarchy” created by the 

processing and accumulation of basic skills (Roblyer and Edward, 1997). Roblyer and 

Edward (1997) added to Gagné’s processing component by identifying various 

aspects of individual “processing” which included a working memory and a long term 

memory that contained the context, skills, and strategies that learners would use to 

organize information. Under this theory, long-term and short-term memories are 

brought together to process received information in an effort to attain desired learning 

objectives.  

According to Gagné (1977), basic skills allow students to interact with 

instructional activities and apply prior knowledge that is transferred to the new 

learning situation by permitting learning to occur. Instructional design based upon 

theory of cognitivism is characterized by analytic breakdown of a topic or subject 

matter, and the transformation of the subject matter into a set of structured cognitive 

tasks. Their frameworks include discovery tasks, problem diagnosis, and 

troubleshooting; Papert’s (1984) seen in Whelan (2005) LOGO-based learning tools 

are considered cognitivistics. In these frameworks, knowledge acquisition was 

considered as an active, learner-driven outcome, much more as with behaviorism. 

Educationists believe that more active view of learning can be seen in constructivism. 
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2.3.3 Constructivism 

As educationists have gained more experience of using computer technology, there 

has been a shift of emphasis from the behaviorist paradigm, through the weak 

artificial intelligence approach, to a constructivist view. Researchers felt that CAI 

may have a potential for this shift. 

Saxe (1991) states, “Empirical research on culture and cognitive development 

has been influenced by two constructivist treatments. One treatment is associated with 

the structural developmental approach of Piaget, and the other is associated with the 

socio historical approach of Vygotsky” (p. 4). Although Vygotsky’s theory is still 

controversial because of his socio-cultural focus to constructivism, it is this cultural 

context that forms the basis for cultural learning theory. Jonassen (1991) also 

discussed constructivism with how individuals construct knowledge? Individuals’ 

construction of knowledge is a function of the prior experiences, mental structures, 

and beliefs that one uses to interpret objects and events. Constructivism does not 

reject the existence of an external reality; it merely claims that each individual 

constructs his/her own reality through interpreting perceptual experiences of the 

external world. If experience influences cognitive development and if members from 

each culture have different experiences therefore, different realities the result is 

different cultural ways of learning. 

Early foundations of the constructivist theory go back as far as John Dewey 

who felt that effective learning occurred when activities were made relevant to the 

learner. This relevance aided the information processing component of the standard 

cognitive theory but providing a smoother connection between long-term and short 

term memory linking. Piaget’s belief that relevant learning enabled the learner to view 
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knowledge as a “tool” for assimilating new information is also based upon John 

Dewey’s concept of relevance (CTGV, 1990). The framework of the Constructivist 

theory as it exists today is rooted on motivating students to “construct” their own 

learning. 

According to Duffy and Cunningham (1996) learners should construct knowledge 

on their own rather than being given knowledge through instructions. Furthermore, 

situated learning is emphasized by constructivists that see learning as contextual and 

suggest strategies promoting multi-contextual learning to make sure that learners can 

apply the information broadly. Boethel and Dimock (1999) are of view that the 

following assumptions can be made on constructivist learning theory:  

• Learning is adaptive activity and situated in its context. 

• Knowledge is constructed by the learner himself/herself. 

• Experiences and social interactions play a role in the learning process.  

Mödritscher (2006) has created the following statements to embed constructivism 

in instruction. 

• Learning should be an active process by means of keeping learners active.  

• To enforce learners constructing their own knowledge, instructions should be 

provided in such a way that learners take the initiative to learn as the learning 

agenda is controlled by learners themselves Murphy and Cifuentes (2001).  

• Collaborative and cooperative learning should be encouraged to facilitate 

constructivist learning (Hooper and Hannafin, 1991).  

• Learners should be given control of the learning process.  
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• Learners should be given time and opportunity to reflect on contents. 

Embedded questions on the content can be used throughout the lesson to 

encourage reflection and processing of the information. 

• Learning should be made meaningful and illustrative for learners by including 

examples.  

• Focus should be on interactive learning activities to promote higher-level 

learning.  

Constructivism is a new perspective on knowledge that is dependent on a person 

and constructed through interaction with environments that a person belongs to. In 

other words, constructivism interests in how people construct knowledge, and the way 

of constructing knowledge is related with the prior experiences, mental structure, and 

personal belief. Constructivism refigures the relationship of an object to knowledge 

by eliminating resource to the external object from theory. Since knowledge cannot be 

reduced to a direct apprehending of reality, constructivists focus on the transformation 

of knowledge and its development within students. The constructivist approach 

incorporates the notion that learners build knowledge base through personal 

experience. Constructivists therefore, emphasize active learning rather than passive, 

for participating in and interacting with the surrounding environment in order to 

create a personal view of the world (Eun-Sook, 2001). The appearance of 

constructivism is closely related with the change of society. But there is an important 

hypothesis in constructivist learning process. It is that human beings are considering 

external things differently from one another by their own experience or faith. Also, 

constructivists insist that knowledge or value of our life is not an objective 
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representation of external things of generalized context, but only analysis and 

construction of a peculiar context (Jeong-Im, 1999).  

For many years, behaviorism was thought as a desirable theory for instruction and 

regardless of the properties of learners and contents; all instruction was done in the 

same way. But in recent years, this is used mainly in the field of learning, where 

memorization of contents is important. In contrast to the behavioral learning, 

constructivism helps learners to construct knowledge of their own through active 

experiences in their context. According to Dick (1992), a behaviorist researcher, 

constructivist learning approach is appropriate to the learners with the high level of 

learning ability rather than lower level.  The goal of constructivist learning is to 

increase problem solving ability and to activate cognitive strategies in learning by 

means of conversations.  

For most educationists constructivism offers far more scope for realizing possible 

learning benefits of using CAI. In fact Reeves (1994) refers to the claim by Gagne and 

Glaser (1987) that virtually all self-respecting instructional design theorists now claim 

to be cognitivists.  

Many researchers have expressed their hope that constructivism will lead to better 

educational software and better learning e.g. Brown, Collins and Duguid, (1989), 

Papert, (1993) and  Jonassen, (1994). They stress the need for open ended exploratory 

authentic learning environments in which learners can develop personally meaningful 

and transferable knowledge and understanding. The lead provided by these 

researchers has resulted in  proposition of guidelines and criteria for the development 

of constructivist software [Rieber, (1992), Cunningham, Duffy, and Knuth, (1993), 

Honebein, Duffy, and Fishman, (1993), Driscoll,(1995), Grabinger, and Dunlap, 
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(1995), Savery, and Duffy, (1995), Duffy,  and Cunningham, (1996), Grabinger, 

(1996), Squires, (1996)] and the development of interactive learning environments 

based on constructivist principles, e.g. the role playing simulations (Lake Iluka and 

Exploring the Nardoo) developed by the Interactive Multimedia Learning Laboratory 

at the University of Wollongong and the Jasper Woodbury Series developed by the 

Cognition and Technology Group at Vanderbilt University. 

Examples of constructivist learning can be found within the scope of experiential 

learning, self-directed learning, context-aware learning, and reflective practice. 

Despite a variety of advantages of Constructivism, like the presentation of content 

from multiple perspectives, the active knowledge construction, the development of 

meta-cognitive strategies, this learning theory also faces a few disadvantages, such as 

problems in adequately evaluating the learning process, lack of instructional resources 

to respond to the multitude of student interests or higher effort to create context-based 

learning content, restrictions on driving the learning process to a certain given 

direction.  

These three commonly known learning theories are of central relevance for the 

implementation of different computer based strategies for teaching and learning 

process. 

2.4 History of CAI 

Computer systems have limits and are not going to replace all human functions; on 

the other hand their competitive advantage makes it mandatory to understand the 

things that computers can do with regard to learning. Researchers are uncomfortable 

to address the question of effectiveness of computer and technology, because the 

subject matter of technology is changing constantly. There are new and exciting 
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software packages available each year and this environment is complex due to 

changes in hardware also. The educational researchers intended to incorporate the 

technology in the teaching and learning process so that its benefit should be 

maximized. Due to the facts stated above it is necessary to be well aware of the 

history of computers, this context will help to understand the changes experienced in 

the fields of hardware and software. 

Many centuries ago abacus was used as counting aid. In 1642 first calculating 

machine was developed; it was operated by gear. The beginning of nineteenth century 

witnessed a machine designed by Babbage to store data and gave output on the type 

writer automatically. An automatic data processing system that used punch cards, 

electronic counters, and a sorting box was developed in 1980s. This was the 

remarkable work of Dr. Herman Hollerith and his tabulating machine company later 

became International Business Machine (IBM). 

Mark I was completed in 1944 that used electronic relays to perform 200 

calculations per minutes. The ENIAC was capable to perform more rapid calculation 

than Mark I; it was developed in 1946, but was very bulky and required floor space of 

a single house; it also utilized a great deal of electric power. 

Technological advancement over the years increased power of the machine 

and helped to decrease weight. Transistors were used instead of bulky vacuum tubes 

in 1950s. In 1960s integrated circuits of silicon semiconductors were utilized 

increasing the power of the computers, by 1965 computer could perform 50 to 100 

million operations per second. With this rapid advancement in computers hardware 

researchers were interested to use these machines as CAI. 
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In 1950s the researchers developed first CAI and designed programs for public 

schools, Atkinson and Suppes worked on the application of CAI in universities and 

schools in 1960s (Reiser and Dempsey 2002).  About 20 different computer learning 

systems were developed in universities and research centers in1969. During 1970s the 

development rate was quite low, in the middle of 70s computer assisted systems were 

used for operators training by International Computers Limited. These systems had 

problems like low quality of graphics and high prices of system units. During 80s and 

90s digital revolution had eliminated these problems; more performance oriented 

systems at low prices were available to the educators.  Researcher reported that 

nowadays computing and processing speeds of a typical computer are tens of times 

higher than the most advanced computer of the 70’s, that’s why current CAI systems 

are more powerful. Brown (2001) has also mentioned that reduced cost and increased 

capabilities of systems influenced various forms of CAIs. In 1982, Sleeman and 

Brown were the pioneers in giving the Intelligent Tutoring Systems (ITSs) related 

with the paradigm of CAI (Kinshuk, 2001), essential modules that are required for 

ITS are widely agreed to include mainly the student model, the domain model, the 

tutoring model and the interaction model. Many of the research organizations and 

universities are on the way to develop CAI with different names like Integrated 

Learning Systems (ILSs) and ITS. Therefore, before giving software in the hands of 

teachers and students it’s necessary to investigate their effect in different teaching 

learning contexts. 

According to Akour (2006) rapid advances in information technology strongly 

increased the interest in the use of technology for instructional purposes.  

Many instructional theorists have proposed different theoretical models of the 

connections between the learner’s environment and the internal events of cognition 
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and learning. Different types of software were developed by the researchers and 

reported their effectiveness over the cognitive abilities and content areas. Range of 

software and their theoretical background are discussed in the following paragraphs. 

2.5 Types of CAI Software 

According to Krik (2003) the quest to use technology to facilitate teaching learning 

process has been underway since 19th century. Initially teaching machines based on 

operant conditioning theory of Skinner were in use. This behaviorist theory tends 

towards the discrete, concrete, individualized and self-paced instructional material. In 

Skinners' view the job of teacher is to modify the behavior of students by setting up 

situations to reinforce the students, after seeing the desired response emphasized upon 

them to exhibit the same response under all such situations (Roblyer, & Edwards 

2000). These behavioral principles underlie programmed instruction, where 

programmed instruction was considered as foundation of CAI (Roblyer, & Edwards 

2000; Shelly, Cashman, Gunter & Gunter, 2002 & Kerstyn, 2004). Therefore, it is 

necessary to have an overview of programmed instruction before moving towards 

different types of CAI. 

2.5.1 Programmed Instruction 

It was considered as a technique of self instruction; programmed text performed the 

instructional responsibility and was true example of Skinner's model. According to 

Mahmood (2004) the initial format of programmed instruction had undergone many 

changes, but most of the adoptions retain the following three essential features: 

• An ordered sequence of items either questions or statements to which student 

is asked to respond; 
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• The student's response which may be in the form of fill in the blank, recalling 

the answer to a question, selecting an answer from among the series of 

responses, or solving a problem; 

• Provision of immediate response conformation, and move on the next page in 

the programmed text and on the next window in case of teaching machine. 

Kritch and Bostow (1998) stated that unfortunately, the stricter definition of 

programmed instruction appears to be rarely understood today, especially in the field 

of instructional technology. Many components of programmed instructions were 

discarded and were replaced with the well structured and rigorously designed 

programs. The evaluators of these programs were often unaware of the learning 

principles and instructional technology implications. In this regard Kritch and Bostow 

(1998) cited five well recognized studies and came up with the view that "meta-

analyses incorporated different types of instructional programs, including tutorial, 

management, general enrichment, drill and practice, programming, and simulation 

programs". Kritch and Bostow (1998) also emphasized the inappropriateness of 

experimental comparison of programmed computer based instruction with traditional 

CBI and CAI, because CBI includes embedded questions or interactivity that 

produced positive results when compared with the students' achievements. Results 

from studies suggested a positive relationship between responding to embedded 

questions and achievement. Another study reported by Kritch and Bostow (1998) 

revealed that overt behavior and student involvement during the tutorials produced 

more positive results towards the students' achievements. 

The most important points highlighted by the researchers regarding programmed 

instruction were that:  
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• the type and nature of interactivity affected the magnitude and the nature of 

learning,  

• learning was most effective when embedded items did not follow excessively 

long segments, and  

• comprehension was increased by response feedback 

2.6 Types of Computer Assisted Instruction 

Many researchers (Shelly, Cashman, Gunter & Gunter, 2003; Roblyer & Edward, 

2000 and Chang, 2002) has given the classifications of the types of instructional 

software based on their design, feedback strategies, interactivity and interface design, 

but the following list is the widely accepted classification. 

• Drill and Practice 

• Tutorial 

• Simulations 

• Educational Games 

• Problem Solving 

• Integrated Learning Systems 

• Intelligent Tutoring Systems 

These different types of educational software are elaborated in the following lines. 

2.6.1 Drill and practice 

The drill and practice instructional programs allow students to work problems or 

answer questions and get feedback on correctness. The exercises according to Roblyer 

and Edward, (2000) were designed to increase the mastery of skills and also help to 

improve the speed. Research over the years proved positive relationship between the 

time spent and progress of the students. Shelly, Cashman, Gunter & Gunter (2002) 

specified that these kinds of software are also known as skills-reinforcement software 
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and are considered as an effective teaching tool for mastery of basic skills: 

formulating the base for the higher level of learning and remediation defined as 

"reviewing contents many times until a student grasp the concept being taught".  They 

also highlighted the characteristic of instant feedback provided in computer based 

tutorial software. These tutors have built-in features to move the learner from lower 

level to the higher level after mastering the particular skill. These kinds of software 

are recommended when learner needs extra assistance in specific content area. 

 
2.6.2 Tutorials 
 
According to Roblyer and Edward (2000) these are tutors that provide all the 

embedded in instructional activities that students' need to master the skills according 

to the objectives of the topic whereas Shelly, Cashman, Gunter & Gunter (2002) 

defined these as programs designed to help the learners to use a product or concept. 

Many software packages had built-in tutorials in order to provide information about 

the use of that package. All the skill based and conceptual knowledge is presented to 

the learner. The learners went through the contents and answered the quizzes 

incorporated to assess the acquisition of the skill. Roblyer and Edward (2000) said 

that a good tutorial presentation is enjoyable, thorough, and compatible with the 

learner abilities. These also provide immediate feedback. Interactivity is the 

stimulation to the user for perseverance and involvement. Krik (2003) said that these 

were an older, less-used methodology and usually comprised several screens of text 

followed by a quiz. They are traditional workbooks on the screen. Computers could 

be helpful through three learning phases. Through the stage of acquisition, computers 

can be used to generate and retrieve information. During the transformation phase, 

self-contained units or modules can be used as instructional supplements to test 

knowledge, understanding, and application of skills and concepts. Lastly, during 
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evaluation, the computer can provide rapid and accurate feedback. Teaching solutions 

to the instructional problems provided by tutorials as reported by Shelly, Cashman, 

Gunter & Gunter (2002) range from very structured linear approach with specific 

content objectives to a nonlinear approach alternative path for the mastery of the skills 

called branching strategy. 

Roblyer and Edward (2000) described that some tutorials have computer 

management capabilities although these programs do not need such components but 

these features often make it more useful to teachers. Tutorials and Drill and Practice 

had been criticized that these are based upon teacher centered approach and deliver 

traditional instruction. The second criticism is that it's difficult to design and program 

a good tutorial. A number of tutorials developed in the past failed to meet the criteria 

for good program. Tutorials are difficult to find, software publishers describe fewer 

packages as tutorials. Tutorials are usually large and work slowly; emerging hardware 

technology had resolved this problem; an installation of good specification may help 

to overcome this problem. These problems become severe when teachers disagree 

with the contents of the topic to be discussed (Roblyer and Edward 2000). 

 
2.6.3 Simulations 
 

An educational computer simulation is a computerized model of the real life that 

represents a physical or simulated process. These are designed to teach how a system 

works. Simulations differ from tutorials and Drill and Practice by providing learner 

centered activities so they are considered as a paradigm shift from teacher directed 

learning to teacher facilitated learning. According to Krik (2003) simulations are 

useful because they require students to make decisions similar to those required in a 

real situation. Students may become frustrated initially because simulations do not 



39 

provide small, sequenced learning steps. Some students may play around without 

analyzing what they are doing; therefore, teacher planning and supervision are critical 

when using simulations. 

Shelly, Cashman, Gunter & Gunter (2002) recognized these programs unique 

because the user can cause things to happen, change the conditions, and make 

decisions based on the criteria provided to simulate real life situations. The objective 

of these programs is to model some real life circumstances, events, phenomenon or 

reality. The important characteristic of simulations is that they offer learner to 

manipulate variables and see the effect. SimCity, Sim Theme Park, and Sim Coaster 

are the programs that allow student to design, interact, and provide more accurate 

explanations and examples from real life.  

According to Mahmood (2004) simulations are like trial run on reality therefore, 

they marry nicely to a constructivist philosophy of teaching. These software simulate 

an environment and provides user with the appropriate feedback in accordance with 

the changed variable. Roblyer and Edward (2000) had identified two major types of 

simulation software such as: 

• Those that teach about something. 

• Those that teach how to do something.  

These two kinds are categorized into four different kinds of simulations. 

2.6.3.1  Physical Simulations 

In these kinds of simulations users are allowed to change the object or phenomenon 

displayed on the screen. If the students are allowed to check different chemical 

combination results or the change the circuit diagram displayed on the screen to see 

the flow of the current, these represent the physical simulations.  
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2.6.3.2  Process Simulation 

These kinds of simulations are to slow down or speed up the process so that student 

can grasp the concept. Germination of seed is a long process; computer programs had 

simulated the process to show the entire process in order to explain concept in 

meaningful way. Similarly changes in demographic variables may be simulated to 

investigate effect of population growth on the ecosystem. Most popular biological 

simulations are on genetics due to the characteristic that they allow students to 

experiment with natural laws. 

2.6.3.3  Procedural Simulation 

These are designed to teach appropriate sequences of steps to perform certain 

procedures. According to Roblyer and Edward (2000) it includes diagnostic programs, 

in which students try to identify the sources of medical or mechanical problems, and 

flight simulations, in which students simulate piloting an airplane or another vehicle. 

2.6.3.4  Situational Simulations 

If a hypothetical problem situation is simulated by the courseware then the simulation 

is regarded as situational simulation. Some programs allow students different kind of 

strategies such as letting students play the stock market or operate business. 

2.6.4 Educational Games 

Krik (2003) reported that educational games are designed to increase motivation by 

adding game rules to learning activities. Shelly, Cashman, Gunter & Gunter (2002) 

viewed these software including rules, and students compete against other students or 

the game itself. Roblyer and Edward (2000) identified games different from Drill & 

Practice or Simulations because their instructional connotation to the students is 

different. Students are informed that they are entering into a competition. It 

consequently motivates them and enhances potential of winning. Although, not all the 
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instructional situations allow the use of educational games even then teacher can 

integrate the games into instruction to increase motivation or to relax the student. 

Many students find educational games a fun way to learn. Most of the 

educational games create problem solving environments compelling students to apply 

higher order thinking skills. Cox quoted by Roblyer and Edward (2000) mentioned 

that some simulations are designed as games, including role playing. Such situations 

program focus not on the underlined model but also on the way with which learner 

interacts with the model. Educational games are generally based on the philosophy of 

behaviorism due to variety of reinforcement and motivational strategies lying behind 

the software instructional design model. 

2.6.5 Problem Solving 

No goal in education seems more important today than making students problem 

solver. Mahmood (2004) identified that problem solving software compels students to 

apply higher order thinking skills and allow students to synthesize knowledge from 

multiple curricular areas. This software provides environment where students have to 

formulate the hypotheses and test them accordingly. They learn from the mistakes 

committed by them during the process of hypotheses testing. Roblyer and Edward 

(2000) were of the view that definition of problem solving covers a variety of desired 

components of the behavior. This involves varied sub-skills but even then position 

leans towards two general ways in which problem solving is helpful to the teachers.  

Some teachers viewed it as a high level skill that could be taught directly, at least in 

parts, by using specific instructional sequence. Practice lies at the base of mastery of 

component strategies and sub-skills. The second group of teachers suggested that 

placing students in problem solving environments and, with some coaching and 

guidance, letting them construct their own knowledge and their own heuristics for 



42 

proper handling of the problem. Both views had their own significance but teachers 

have to adjust the views according to the environment and the resources available 

keeping in view the learning outcomes to be mastered and the competencies to be 

developed. Again Roblyer and Edward (2000) mentioned two types of problem 

solving software: the first specific to the content area to be mastered such as “The 

Geometric” suppose encourage students to learn strategies to draw geometric figures 

and the other type focus upon the general content free skills such as recalling facts, 

breaking down the problem into series of steps, or predicting some outcomes. 

Problem solving software is associated with the cognitivism theory of learning 

as these are designed to teach some cognitive abilities. It is considered as more 

sophisticated kind of software as compared to the others discussed earlier. The types 

of problems that can not be solved by simple rote memorization of facts are presented 

in a screen to the students with the specific purpose to promote higher order thinking 

skills such as logic, reasoning pattern recognition and strategies. As the students 

interact with the software, they by developing the heuristics move to the more logical 

reasoning and thinking.  

2.6.6 Integrated Learning Systems (ILS) 

Shelly, Cashman, Gunter & Gunter (2002) had defined an integrated learning system 

as a sophisticated software package usually developed by an established educational 

software corporation as a complete educational software solution in one package. 

These software solutions provide individual students diagnostic data through pre-tests, 

instructions based on diagnostic data, continuous monitoring of the student 

performance with automatic adjustments in instruction when needed, a variety of 

formats for teaching contents, and multilevel and multi-grades of content. Kerstyn 

(2004) reported that a type of computer software that recently entered the 
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technological area for use in instructional settings is the Integrated Learning System 

(ILS). This term has evolved during the last ten years, but essentially in all cases, the 

computer system delivers the instruction through an interactive method, provides the 

assessment, and generates reports of student achievement. Krik (2003) viewed that 

ILSs can individualize learning, enabling each student to progress at his or her own 

pace. Due to this capability, many educators are optimistic about the use of ILSs to 

improve student achievement. 

Several reasons why ILSs should be successful were stated in electronic learning:  

• Computer activities are motivational for students,  

• the networked system is convenient for teachers,  

• ILSs are adaptable to students’ needs,  

• ILSs can be used diagnostically, and  

• using software from a single vendor is less confusing than using software from 

several vendors. 

In the same report Krik (2003) provided another set of reasons similar to the list 

provided above and said that ILSs should facilitate students to increase achievements 

both in mathematics and languages: 

• Students generally enjoy working at the computer; therefore, computer-based 

instruction is motivating,  

• because ILSs are networked, many logistical problems are solved,  

• ILSs provide centralized management (allowing teachers to target specific 

problems for specific students) and individualized skill practice (providing a 

faster pace for able students and more review for slower students),  

• tutorial capabilities can provide direct instruction where students need it, and  
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• because one vendor supplies all the software, there is a consistent user 

interface which allows students to concentrate on the task at hand rather than 

figuring out how each program works. 

Most Integrated learning systems offer a comprehensive management solution for 

maintaining the software and for tracking student use and progress. 

Mahmood (2004) described that a good ILS includes courseware for broad range of 

learning experience, including simulations on-line vehicle for research. The 

theoretical base of ILS is behavioral school of thought and this approach adopted by 

the programmers and designers prevents any element of social interaction. 

According to Roblyer and Edward (2000) the first ILS employed Drill and Practice 

delivery system and helped to improve the students' skills measured by standardized 

tests. They viewed it with other media such as videodiscs, as an alternative to 

traditional classroom materials. The major concerns highlighted by the researchers 

were that; ILSs were too costly as compared to the improvement in the students' 

achievements. There were concerns about the role of ILSs due to comprehensive 

nature of curricula and instructional methodologies teachers viewed them as a 

replacement for the teachers. 

2.6.7 Intelligent Tutoring Systems (ITS) 

Roblyer and Edward (2000) indicated that the technology of ITS resemble to that of 

an ILS. Typically an ITS will include some kind of information bank (electronic 

encyclopedias), symbol pads (word processing and/or desktop publishing software), 

construction kits (Logo or other graphic languages or tools), and phenomenon 

(computer simulations and/or problem solving resources). As mentioned by 

Keodinger CAI systems were the 1st generation computers, model tracing ITSs were 
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the second generation computers and now Center for Interdisciplinary Research on 

Constructive Learning Environment (CIRCLE) is working on third generation ITSs. 

Considerable work has been done in the area of ITSs and especially in teacher 

model. Rickel et.al. (2001), & Dillenbour & Self (1994) discussed the collaborative 

model and developed computer tutor that collaborated with students. 

Kinshuk, et.al. (2001), and many other researchers have done work on 

instructor modeling and beneficial authoring tools of ITSs. CTAT, Ms. Lindquist, 

Easy-Math and E-Tutors are the prototypes developed by (Koedinger & Heffernan, 

2002 & Koedinger & MacLaren,  2002 and Jarvis, et.al 2004) automated rule 

generation in the construction of ITSs. Most of the researchers feel that the work in 

ITSs is difficult and still there are many unsettling issues for example, Rickel, et. al, 

(2001) was of the view that work on ITS rarely discussed the tutorial dialogue issues. 

According to (Kinshuk,et. al. 2001) ITSs have not yet proved very successful. Tam, 

(2000) was surprised as to how to transform the distance learning from a highly 

individualized mass production model to one that is subjected to the construction of 

knowledge. (Heffernan, 2001) tutor was novel because its teacher model based on the 

observation of a single human tutor and another research identified that building of an 

ITS is time consuming (Jarvis, et.al 2004). It is also difficult to develop an ITS 

because it requires a variety of curriculum planning (Cho, 1999). 

Many researchers had tried to investigate the effectiveness of the ITSs; it still 

needs to be appraised and teachers and instructional designers are reluctant to use 

them in the classrooms.  

Kirk (2003) said that each type of instructional software programs has its own 

function, such as basic skill development or high- level skill development. Teachers 
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should select software carefully, by reviewing its own purpose and integrating it into 

their teaching. 

The table 2.1 summarizes the characteristics of different types of CAI and 

their theoretical base. 
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Table 2.1:  

Summary of Types of CAI Their Characteristics and the Theoretical Base 

Sr. 
No. 

Type of 
CAI 

Theoretical 
Base 

Characteristics of CAI 

01 Drill and 
Practice 

Behaviorism • Provide exercises to master the skill 

• Designed for basic skills & remediation 

• Feedback to motivate learner 

• To optimize the performance of learner  

02 Tutorial Behaviorism 

Cognitivism 

• Student centered interactivity  

• Learner control over the delivery of the content 

• Both linear and branching 

• Contains valid testing and provides feedback 

• Use sound graphics animations 

03 Simulations Cognitivism 

Constructivism 

• Computerized model of real life 

• Model interactive real life situation 

• Opportunity for learner to manipulate variables 

04 Educational 
Games 

Behaviorism 

Cognitivism 

• Increased motivation 

• Competitive environment 

• Create problem solving situations 

05 Problem 
Solving 

Behaviorism 

Cognitivism 

Constructivism 

• Objectives under consideration 

• Necessary direction to overcome difficulty 

• Promote reflective thinking 

• Allow students collaborative work 

06 Integrated 
Learning 
Systems 

Behaviorism 

Cognitivism 

Constructivism 

• Caters both management and instruction 

• Has the capability to integrate all CAI 

• Provide diagnostic tools 

07 Intelligent 
Tutoring 
Systems 

Behaviorism 

Cognitivism 

Constructivism 

• Provide appropriate hinting strategy 

• Hints close to human tutor 

• Contains four models: knowledge base, student 
model, teacher model and user interface 
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2.7 Effectiveness of CAI 

In the report on the status of technology in preparing students for the workplace 

Schmitz, Prescott, and Hunt (1996) indicated that technology has potential to enhance 

systematic educational reforms in the coming years; and recommended that educators 

must be trained in the methods of technology integration that serves students best. 

They also suggested that technology may fortify learning experiences and bring 

meaning to education. 

Akour (2006) reported that from the previous few decades, a large number of 

researchers in various fields (e.g., personnel psychology, English, nursing, math, 

physical education, science, information technology) around the globe have become 

increasingly interested in the effectiveness of technology on students outcomes. Many 

individual studies and meta-analysis conducted are summarized in the following 

pages.  

Akour (2006) has investigated the effect of CAI on Jordanian college students’ 

achievements; a courseware was developed for this study and quasi experimental pre-

test post-test control group design was employed. The groups using traditional 

instruction (TI) and traditional instructions plus computer assisted instruction (TI plus 

CAI) were named as control and experimental groups respectively. The results of this 

experiment revealed that TI plus CAI format was significantly more effective than the 

TI alone format on improving students' achievements.  In a study “Examining the role 

of computers in English as a Foreign Language instruction” at a private college of 

Taiwan, Chen (2005) has employed quasi experimental design. Data collected through 

a post writing assessment was analyzed using one way ANOVA that provided 

evidence to conclude that CAI as a supplement to traditional instruction could be at 

least as good as traditional instruction.  
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Kozielska (2004) concluded that demonstrative computer programs showed high 

educational value at the academic level. Findings of the study “Developing creativity 

of students in a computer-assisted learning process” at a technical University can be 

summarized as: 

• Learning with the use of educational computer programs together with other 

means of education, has a stronger positive influence on the creativity of 

students than learning using selected methods of education without computer 

assistance. 

• Students who learnt using computer programs obtained better results in this 

activity than those who did not use them. 

• The experiment demonstrated that students, who did not use computer 

assistance regardless of the selected learning methods, achieved the poorest 

results. 

Brown (2000) conducted a large study on the effect of computer-assisted 

instruction on students’ achievement. The study was conducted in a large urban North 

Carolina public school system.  The study involved wide range of ethnic and racial 

groups; overall 42% of the students in the school system were black, 50% were white, 

and 8% were from other racial and ethnic groups. The students were divided into two 

groups, an experimental group that used the CAI program and a control group of 

students who were not exposed to the CAI program. Students from eleven different 

classes from three schools were sampled, all the schools and teachers volunteered to 

participate in the study. End of grade and end of course test on mathematics 

achievement was used to make statistical comparison for the evaluation of program 

effectiveness. The study prolonged over a two-year period of 1997-1998 and 1998-

1999. 
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FUNdamentally Math was the CAI program chosen for this study due to favorable 

reviews it received from the independent evaluators. The software covered all areas of 

mathematics except calculus and probability. Two-tailed t-test was used on pre-test 

and post-test scores to determine the significant of difference. It was concluded that 

experimental group outperformed their counterparts in the control group. This 

difference was more prominent in algebra. 

The purpose of Chang (2000) study was to make comparison of Taiwan tenth 

grade students learning of earth science concepts with CAI versus traditional teaching 

methods. To accomplish this objective the researcher sampled 151 students from four 

classes and used pre-test/post-test control group design. A teacher-made test was used 

to serve the purpose of pre and post test. The analysis exposed that experimental 

group learning through CAI had significantly higher achievement scores as compared 

to control group learning through traditional teaching method. The differences were in 

favour of CAI, especially on the knowledge component (F= 8.00, p< .005) and 

comprehension component (F= 5.08, p< .05) of test as compared to application 

component (F= 0.12, p> .05) of test. It was concluded that these findings suggest that 

incorporating CAI into secondary schools has promise in helping students’ grasp of 

earth science concepts. 

Batchelder and Rachal (2000) have conducted an interesting study on efficacy of 

using CAI in a prison education program. Efficacy of CAI was examined through an 

experimental study. Seventy one inmates were randomly assigned to an experimental 

group receiving CAI plus TI combination or control group that received TI only. 

Comprehensive Adult Students Assessment System (CASAS) was used as an 

assessment instrument to serve the purpose of pre-test and post-test. Paired sample t-

test on the scores obtained through CASAS was conducted to determine the impact of 
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4-week treatment on achievement. A significant difference in favour of CAI plus TI 

was reported by the researchers.   

Evaluation of CAI in the secondary school environment was conducted by Pazos 

and Resnick (2000). This study covered several course subjects, academic tracks, and 

students’ grade levels. Performance of the students was compared using final course 

grades for each student. The results showed different effect of CAI relevant to 

students’ grade level and academic tracks, but in general CAI software had positive 

effect on students’ performance. The second component of the study was a strictly 

controlled eleventh grade student’s performance on weekly English Vocabulary Test. 

This component of study also supported the hypothesis that CAI can be used to 

improve student learning, but the researchers suggested that implementation of CAI 

must follow specific guidelines. 

• Specific software packages must be designed for different academic 

disciplines, student populations and hardware configurations. 

• Deeper learning tasks may need completely different kind of CAI assistance. 

• Specific design of CAI software package must be further investigated. 

• Investigations from previous research on the effect of various types of 

feedback, pacing and other design procedures, must be tested in controlled 

settings. 

An important consideration in selection or development of the Courseware is the 

feedback strategy. Ropers cited in Gordijn and Nijhof (2002) had identified five 

categories of feedback: 

1. No feedback. 

2. ‘Correct’ or ‘Wrong’ or their cognates. 
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3. ‘Correct’ or ‘Wrong’ plus the correct answer. 

4. ‘Correct’ or ‘Wrong’ plus the correct answer, plus an explanation. 

5. ‘Correct’ or ‘Wrong’ plus interactive teaching. 

Model used for this study incorporated three levels of feedback strategy 

keeping in mind the needs of the students to make the software user-friendly. 

Researcher thought that complex feedback may be beneficial but it fear the simplicity 

of the model. Therefore, the current study was an attempt towards the investigation of 

impact of specific mathematics software in different nature of population. 

2.8 Effect of CAI: Meta-Analytic Studies 

According to Smith (2001) meta-analysis is a statistical procedure developed by Glass 

that allows for the examination of the results from multiple studies of a single subject 

in an effort to look for trends or patterns that are not easily revealed by looking at 

individual studies. Using this procedure, the results from an individual study are 

assigned an effect size (ES) which is a value assigned to the effectiveness of the 

treatment condition. Effect sizes from each study are statistically compiled and 

analyzed for trends or patterns.  Smith (2001) reported Cohen widely accepted scale 

for rating the significance of a reported effect size. Using this model, an effect size 

between .2 and .499 would be considered small while effect sizes between .5 and .799 

would be viewed as moderate. An effect size of .8 or greater would be considered 

large.  

To see the effectiveness of CAI in teaching learning process some of meta-

analytic studies conducted by the researchers since the birth of instructional software 

are summarized below, and Cohan's scale was used to analyze the effectiveness of the 

studies reported.  Studies from the last 26 years have reported large and consistent 

gains when quality software used to supplement and replace traditional instruction 
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(Brown, 2000). This study has also highlighted that among the effective approaches to 

raise student achievements, intelligent software instruction is the cheapest and 

practical by a wide margin. 

In a review study “Computer Based Education: Is it a Panacea?” Lowe (2001) 

has reviewed five meta-analytic studies. In these studies the term CBE was used as 

the process or management of instruction that uses a microcomputer as a medium and 

this includes CBI, CMI, CAI and CBT. The researcher used Glass’s approach to 

describe the statistical analysis of a large collection of results from individual studies 

as meta-analysis that was also used by the researchers whose studies were reviewed. 

The key concept in meta- analytic technique is effect size measurement indicating the 

degree of change after intervention.  

The goal of these meta-analyses was to determine the effectiveness of CBE 

application on individual achievements. The table 2.2 summarizes the facts and 

figures from these studies. 
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Table 2.2:  

Summary of Facts And Figures from Five Meta- Analytic Studies  

Author(s) Year of 
Publication 

Number of 
Studies 
Included 

Population 
Addressed 

Effect Size 

Kulik, Kulik, & 
Cohen 

 

1980 54 College Students 0.25 

Kulik, Kulik, & 
Shwalb 

1986 23 Adult Learners 0.42 

Kulik & Kulik, 

 

1986 99 College Students 0.26 

Khalili & 
Shashaani 

1994 36 Elementary 
School to 
College Students 

0.38 

Liao 1998 35 Elementary 
School to 
College Students 

0.48 

 

The duration of instruction was the major difference indicated by Khalili & 

Shashaani. They reported that an intervention period of four to seven weeks had larger 

effect size (0.94) whereas, shorter duration has smallest effect size (0.14). Liao also 

had addressed the same issue that one to four month treatment produced larger effect 

size (0.875). On the other hand treatment of one to four week had smaller effect size 

(0.192). 

Researcher had concluded that CBE positively affected students achievements 

when compared to traditional instruction; he also highlighted computers do allow 

elimination of barriers of time and place; however CBE alone may not be enough. 
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Almost all of the researchers investigating the effect of CBI had cited the 

study of Kulik, Bangert, and Williams (1983) that uses meta-analytic technique. The 

researchers retrieved studies from previous twenty years of CAI and then short listed 

51 independent evaluations of computer based teachings in grade 6-12. They 

concluded that CBT raised the achievement scores on the final examination by 0.32 

standard deviations; along with that positive attitude of students towards computers 

was also reported. 

In a recent meta-analysis Liao (2004) synthesized the research on comparison of 

computer assisted instruction/learning (CAI/CAL) with traditional instruction on 

students achievements measured either by standard or researcher made end of the 

term examination. Qualitative data were also transmitted into effect size, only the 

studies included in this analysis were that: 

• Compared the effect of CAI versus TI on students’ achievements. 

• Provided quantitative results from both groups CAI versus TI. 

• Published in Taiwan (about 71% of these studies were published after 1994). 

The results of this study indicated that CAI has moderately positive effect on 

students’ achievements over traditional instruction having effect size of 0.552. The 

major finding of this study was that no statistical difference was found across the 

subject areas as it included the studies from different subject areas. Therefore, it may 

be concluded that CAI had potential of its implementation in different subject areas. 

Soe, Koki and Chang (2000) had investigated the effect of CAI on reading 

achievement. At first they addressed the challenge of diversity of terminologies that 

includes CAI, CBI, CBL, CBT, and CMI for the purpose of their research they used 

CAI consistently. They imposed the questions like: 
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• How effective is CAI? 

• Is it effective for certain type of outcomes? 

• Under what conditions is it most effective? 

This analysis included only those studies that were published from January 1982 

to January 1999 containing sufficient data for meta-analysis. The overall finding of 

this analysis was that CAI had positive impact on achievement and this indicated 

computer application may play significant role in teaching learning process. 

Teaching and learning with technology had small positive significant effect on 

learning outcomes when compared to traditional instruction (Waxman, Lin and 

Michko, 2003). The findings were reported by the researchers after reviewing 42 

studies and calculating effect size of 0.41. Researchers were interested in using meta-

analysis technique because of its ability to examine differential effects of treatment 

that is meaningful method to aggregate and report educational findings. 

The following table 2.3 summarizes results from some of resent meta-analytic 

studies. 
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Table 2.3: 

Summary of Recent Meta-Analytic Studies 

Author(s) Year of 
Publication 

Number 
of Studies 
Included 

Focus Effect Size 

Bayraktar 2001-2002 42 CAI in secondary and 
college science 

0.273 

Blok, Oostdam, Otter, 
and Overmaat 

2002 42 Computer based 
instructional 
simulation 

0.190 

Cavanaugh 2001 19 Interactive distance 
education technologies 

0.147 

Christmann and Badgett 1999 11 CAI in Science 0.266 

Christmann, Badgett, 
and Lucking 

1997 27 CAI in different 
subject areas 

0.209 

Christmann, Lucking, 
and Badgett 

1997 28 CAI in secondary 
schools 

0.172 

Lee 1999 19 Computer based 
instructional 
simulation 

0.410 

Lou, Abrami, and 
d’Apollonia 

2001 122 Small group versus 
individualized learning 
with technology 

0.150 

Whitley 1997 82 Gender differences in 
computer-related 
attitude and behaviour 

0.209 

   Median = 28     0.209    
Table Adapted from Waxman, Lin and Michko (2003) study.  

The purpose of Schacter (1999) study was to summarize the positive and 

negative impact of various technology studies on student achievements. For the 

accomplishment  of this purpose researcher analyzed five large scale studies of 

educational technology, the first study employed meta-analysis technique on 500 

studies and drew a single conclusion, second reviewed hundreds of individual studies, 
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third highlighted partnership between APPLE and five schools, fourth reported results 

of West Virginia's 10 year state wide educational technology initiatives. Positive gain 

in achievements on researcher constructed tests, standardized test and national tests 

was reported while using CAI, ILSs’, Simulation Software, Collaborative networked 

technologies or design and programming technologies. 

Jenks and Springer, (2002) has also reported positive significant effect of CAI 

on students achievements by quoting the researchers (Kulik, Kulik, and Bangert-

Drowns; 1985, Ryan; 1991, Snowman; 1995, Fletcher-Flinn and Gravatt; 1995, and 

Christmann and Badgett; 2000) who conducted studies that were valuable 

contribution towards the literature supporting technology integration. Therefore, it 

provided the evidence that the use of computers may enhance the students’ 

achievements when applied in the controlled setting. In international scenario many 

researchers found the positive role of CAI in enhancing learning, very few attempts in 

Pakistan has been made so for. The literature from the Pakistani context is 

summarized as under. 

2.9 Integration of Technology in Education: Pakistani Context  

In recent years, quick advances in information technology increased the interest of 

Ministry of Education and Higher Education in Pakistan to use technology in 

instructional process, one such example is integration of chapter “Introduction to 

Symbolic Package: MAPLE” (Mathematics Software) in Class XII mathematics 

Curriculum (Ministry of Education,  Pakistan, 2006) and recommendation of websites 

for the use of teachers.  Government of Punjab has planned to provide the computer 

facilities to the secondary schools of the province under the Punjab IT project.  A 

computer lab consisting of fifteen computers and a server along with all accessories 

has been provided. The recruitment of IT teachers is also in process. In future the 
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Government of Punjab is also planning to provide this facility to middle schools.  The 

training of prospective teachers is in process, INTEL in collaboration with teacher 

training institutions and universities is supporting teacher training to the pre-service 

and in-service teachers. Punjab Government has also decided to introduce computer 

science as compulsory subject from 6th to 8th grades (Govt. of Punjab, 2010).   

However, research on the effect of technology on students’ achievement in Pakistan is 

very few; some efforts have been seen in the recent years. Mahmood (2004) has 

developed tutorial software for teaching of science at secondary level and Tabassum 

(2004) has reported positive effect of CAI as a supplementary strategy to traditional 

instruction on students’ achievements in science at secondary level. No such effort 

has been seen in the subject of Mathematics in Pakistan. Therefore, there was a need 

to investigate the effect of technology on students’ achievement in mathematics in 

order to better utilize the resources.  

2.10 Effectiveness of Technology: Pakistani Context 

In Pakistan some attempts had been made to compliment the use of technology and its 

role towards the enhancement of students’ achievements at different levels and 

subjects. Keeping in view the significance of integration of technology in teaching 

learning process, many educationists gave due consideration to the phenomenon and 

serious efforts have been made to infuse technology in the process of teaching and 

learning at various levels. Moreover, researchers and scholars initiated their efforts to 

discover different dimensions and consequences of using technology as a learning 

tool.  Praveen (2006) conducted a study to underline the significance of the role of 

technology in creating and maintaining students’ interest in learning- which is a pre-

requisite to effective learning.  Aziz (2004), based on his study concluded that use of 



60 

computer facilities in classroom setting brings a positive change in the attitude of the 

students towards studies and leads towards reduced level of  anxiety among students 

as well as teachers. Both these variables are highly influential in learning scenario so 

it can be inferred here that computer facilities in the classroom would result in 

effective learning and improved teaching. In order to evaluate the perceptions of the 

teachers and tutors in distance education system, Bibi (2010) conducted a research 

study which revealed that both tutors and teachers were well aware of the significance 

of information and communication technology in teaching learning process, and they 

believed that use of information and communication technology facilitates teaching 

and learning process to a considerable extent. The researcher recommended that both 

students and teachers should be provided skills in Computer Based Technology 

(CBT) to enable them use computer more effectively and productively. Another study 

by Malik (2003) attempted to discover the impact of technology in the form of video 

program developed by Allama Iqbal Open University upon learning of distance 

learners. The researcher used an experimental setting for this study and concluded that 

video programs developed by AIOU had a remarkable positive impact upon students’ 

concept formation and learning. The comparative analysis of the scores of boys and 

girls in the subjects of physics, chemistry and biology revealed that girls performed 

better than the boys in physics and chemistry but the scores of boys and girls in 

biology were almost equal. Significance of use of technology in teaching learning 

process was explored through empirical investigations as well. In this regard, Akram 

(2008) studied the impact of standardized software package on students learning. A 

software package for teaching of chemistry to 11th grade students was used; the 

intervention was done for a period of one month after that the comparison of the 

results of the students taught through the software package and those taught in a 
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conventional way was done. The study indicated that the students taught through 

software package scored better than their counterparts instructed through conventional 

methods. The study confirmed the findings of the study conducted by Khurshid 

(2003) who reported an improvement in the scores of the students’ who were 

instructed through the use of video instructional strategy in the subject of general 

sciences, the study indicated that learning is facilitated if technology is infused in the 

teaching. Ali (2006) and Khan (2005) have also argued on the basis of their respective 

studies that educational technology plays an effective role in teaching learning 

process at different levels and for different subjects. 

For inculcation of technology in the teaching and learning process in all 

systems in general and in the system of distance education in particular, in Pakistani 

context, Malik (2008) developed a model for computer based instruction. The purpose 

of the model was the integration of computers in teacher training program of AIOU. 

In the pilot study it was revealed that model was appropriate and useful for the said 

purpose with certain amendments. Therefore, it was suggested that necessary revision 

may be made. Mahmood (2006), Akhtar (2008), Akram (2008) and Bibi (2010) also 

highlighted the need for the integration of computers in the teaching learning process 

in our local scenario and based on the study they reported better academic 

achievement of the students taught by using technology particularly computers than 

the conservative methods of teaching. Another experimental study conducted by Raza 

(2006) has also confirmed the positive impact of computers upon students’ skills 

formation as well as concept clarification. For this purpose researcher developed 

computer based simulations regarding teaching of Arts to 5th grade students. Siddiqui 

(2006) used CBI for teaching of counting to mentally retarded students and reported 

the better performance of the students.  Mahmood (2004) developed tutorial software 
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for teaching of science at secondary level. According to the findings reported in this 

study, the scores of the students in the experimental group were significantly higher 

than the scores of the control group students taught by traditional method. Tabassum 

(2004) found positive effect of CAI as a supplementary strategy to traditional 

instruction on students' achievements in science at secondary level, the use of 

websites within the classroom was the key feature of the instructions provided to the 

experimental group; the experimental group outperformed the control group taught 

through traditional method. Gillani, Gujjar and Naoreen (2009) had studied the 

relative effectiveness of instructional technology in teaching of Biology at secondary 

level. The improved scores were reported for the experimental group using 

instructional technology as a supplementary strategy when compared with the 

traditional method of teaching. The results may be due to motivational factor of 

movies or the field trips used, the researchers highlighted the need to investigate the 

effectiveness of specific instructional technology in other subjects and with different 

populations. Sufficient empirical and theoretical support is available to the notion that 

use of computers in different subjects has a positive impact upon students’ interest, 

motivation and attention and it has proved to be a good facilitator of learning by 

improving teaching. But, very few attempts have been witnessed for teaching of 

mathematics by using software at elementary level.  

2.11 Attitudes to Computer and Mathematics  

In many studies researchers were interested to investigate the teachers' attitudes to the 

computer use in mathematics classroom. The attitude was assumed to be as "an 

inclination to act or to be in a state of readiness to act".  Rahman, Ghazali and Ismail 

(2003) were of the view that "positive attitude arises due to previous successful 
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experiences or from a perception that success is possible". The Technology 

Acceptance Model presented by Rahman, Ghazali and Ismail (2003) suggested that 

attitudes to computer technology use had positive correlation with intention and 

eventually actual computer use in the classroom setting. Sa’ari, Luan & Roslan (2005) 

advocated that if teachers have positive attitude it can influence the potential use of 

computers in the classroom and help to develop confidence. It also contributes 

towards the enhancement of self efficacy. The success of the training programs for the 

teachers is also very much dependent upon their attitude.  

In today's technological world computers have been popular products and are 

more widely used than ever before. However, applications of computers in school 

mathematical teaching and learning are little. Possible reasons for the difficulties to 

the implementation in school, as pointed out by Kaput (1992), were the unavailability 

of equipments and software, as well as teachers’ lack of abilities to use them in 

classroom teaching. Most of the researchers (Chen, 2001; Lian, 2001; Lin, 2001; Sha, 

2001) indicated that students love technology as an alternative approach to study 

mathematics and students’ interests in learning was increased in general.  

Smith (2001) provided a comprehensive review regarding the impact of 

attitude to the students learning achievements in mathematics, reported that the 

number and types of mathematics courses selected by students as well as the 

likelihood of pursuing mathematics related careers has been linked to positive 

attitudes towards mathematics. In addition, numerous studies have reported a positive 

correlation between attitudes towards mathematics and achievement in mathematics. 

On the other hand Smith also admired that student attitude towards mathematics is a 

complex construct that has been measured in a variety of ways throughout the 

literature. Most researchers had used the variables measured in a study as the basis for 
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defining student attitude towards mathematics. It had been repeatedly indicated by the 

researchers that attitude is actually a complex interaction between various external 

and internal factors unique to each student. External factors such as gender, social 

background, and student aptitude are commonly used variables throughout the 

literature. Internal factors are frequently the subject of experimental manipulation and 

have traditionally consisted of affective constructs such as student’s beliefs and 

feelings about mathematics. Most common of these constructs are self confidence, 

self concept and self efficacy. Some researchers also highlighted the construct of 

mathematics anxiety and advocated that this construct has valuable contribution 

towards the overall attitude of the students in the subject of mathematics. Confidence 

has high positive correlation with achievements. Fennema and Sherman reported a 

correlation of .40 between achievement and their Confidence Scale. Literature also 

supports the positive correlation of self confidence, self concept and self efficacy and 

consequently with the mathematics achievements. Therefore, the researcher decided 

to measure only these three constructs that are interrelated with each other and may 

not be separated from each other.  

2.12 Summary of the Review 

The review section of this study started with the justification of the need for education 

and highlighted the importance of the subject of mathematics in everyday life. The 

nature of the mathematics and its teaching along with different philosophical and 

theoretical aspect lying behind the teaching and learning of mathematics were 

discussed in detail.  The emphasis of researchers towards the implementation of 

constructivism has been highlighted that consequently, compelled them towards the 

integration of computers in teaching learning process.   
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Mathematics holds a key position in the curriculum at school level across the 

globe. Mathematics is seen in almost all the walks of life and survival of the human 

beings in the future society without knowledge of mathematic may be difficult. 

Therefore, effective learning of mathematics has always been a matter of great 

concern to the practitioners. Different theories of learning have been presented by the 

psychologist that may contribute towards the teaching learning process and help to 

improve the students learning in all areas in general and in mathematics in particular. 

Based upon these theories, the teachers and researchers have explored the new 

methods of teaching mathematics, with the purpose to enhance retention of 

mathematics learning. Based upon the emergent theories of learning, knowledge 

acquisition is considered as an active process. The effective learning occurs when 

activities are made relevant to the learner previous experience this concept lead 

towards construction of knowledge by the individual. With the evolution of 

technology in the field of education, various types of software are in use for 

promoting learning, but the major types of Computer Assisted Instructions like; drill 

and practice, tutorials, simulations, educational games, problems solving, ILS and ITS 

have different level of effect on the learning. This difference may be due to the 

theoretical base of that particular software. In Pakistan Government has emphasized 

the integration of technology in education and many measures have been taken like, 

provision of computer labs and IT Teaches in this regard. The studies conducted for 

the investigation of the effectiveness of CAI showed mixed results and these may be 

due to duration of treatment, sample size and theoretical base of the software. Few 

studies have been conducted in Pakistan, but no such attempt in the subject of 

mathematics has been witnessed so far, therefore, this study is an attempt towards the 

innovation in mathematics teaching.  



CHAPTER 3 
 
 

 RESEARCH METHODOLOGY 
 

This chapter describes the procedures and methodology employed to investigate the impact of 

mathematics software on students’ learning achievements at elementary level. It includes the 

topics of research design, population and sampling, instrumentation, development of 

software, experimental procedure, teachers' role in the experimentation, data collection and 

data analysis techniques.  

3.1 Research Design 
 
To answer the research questions an experimental designed was formulated. In this 

experimental study the impact of independent variables; traditional instructional method, 

mathematics software instruction and teacher facilitated mathematics software instruction on 

the students achievement measured by a mathematics test was examined. Experiment was 

conducted in four randomly selected schools of Punjab.  One school from each stratum 

(Urban, Rural, Male and Female) was sampled. Seventy eight students of class six were 

randomly assigned to three groups. First group was taught three hours a week using 

traditional teaching method, where teacher used chalk and board and students noted the 

questions on their notebooks and reproduced the same in their homework copy on the next 

day, this group was named as control group. The second group was taught in the computer 

lab in the same three days of the week, in this group the students learned on their own pace 

and they were free to move through the lesson, teacher and the lab assistant were present to 

guide them for the use of computer and software, lab assistant also solved the hardware 

problems to reduce the time loss. Computer assisted instruction was the teaching technique 

used for this Experimental-I group. The third group was also taught in the computer lab in the 

same three days of the week, teacher facilitated learning in this group; he helped the students 
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to grasp the concepts, answered students’ questions and gave explanations using chalk and 

board where necessary. Students were free to ask questions and seek help from the teacher. 

The lab assistant remained also present during instruction to help students in using software 

and solving hardware problems that saved much of the students’ time. This experiment was 

in four schools, rural male, rural female, urban male and urban female. 

Pre-test post-test control group experimental design was employed to explore the information 

regarding the effectiveness of the mathematics software used at four schools of Punjab at 6th 

grade considering the variables of gender and locality. The following questions were 

imposed, that were further explored by testing hypotheses. 

• Do the use of self instructed mathematics software and teacher facilitated mathematics 

software methods make any difference in students scores in mathematics at grade six 

as compared to traditional method? 

• Do the use of self instructed mathematics software and teacher facilitated mathematics 

software methods make any difference in students scores in mathematics at grade six 

as compared to traditional method across gender groups? 

• Do the use of self instructed mathematics software and teacher facilitated mathematics 

software methods make any difference in students scores in mathematics at grade six 

as compared to traditional method across locality groups? 

• Do the use of self instructed mathematics software, teacher facilitated mathematics 

software and traditional method of teaching has any effect on attitude of students 

toward the subject of mathematics?  

The study was experimental in nature allowing ten instructional weeks to the students 

working under three experimental conditions at four schools of Punjab, one from each gender 

(male & female) and one from each locality (rural & urban).  The anonymity of the 
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participants was ensured. At first the permission for the conduct of the experiment was 

sought from the Director Public Instruction, Govt. of the Punjab. Permission from the 

parents/guardians and willingness of the students to participate in the experiment and 

placement into different groups was also taken before the start of the experiment.  ANOVA 

was used to test the difference caused by the interventions (instructional methods) on students 

achievements measured by an achievement test. ANOVA is a statistical procedure used to 

compare the amount of between-groups variance in individuals’ scores with the amount of 

within groups variance (Gay, 1996) whereas Post hoc test applied later provided 

differentiation among variables. To test the significance of instructional methods across the 

gender and locality t-test to compare mean was employed. 

3.1.1 Population 

According to Program Monitoring and Implementation Unit (PMIU) database there were 

total of 5089 Govt. High Schools and Govt. Higher Secondary Schools in Punjab were 6th 

grade students were available.  

The facility of computers was not available in all schools, there were 822 schools 

having this facility, but some of them had limited number of computers that they can not be 

used for the experimentation. Researcher selected 531 schools facilitated with computers 

laboratories for instructional purpose to serve the purpose of sampling frame. The students of 

6th class studying in the schools having facility of computer laboratories and at least 78 

students in 6th grade were the population of the study.  In this way 6th grade students of 531 

Public Schools in Punjab having computer facility were the population. 
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3.1.2 Sample 

The population contained both male and female school situated in urban and rural locality.  In 

case the population is of diverse nature the stratified sampling technique is appropriate (Best 

& Kahn, 2006). Therefore, following this view the researcher randomly selected two schools 

(one male and one female) from both rural and urban areas. Gay (1996) has recommended at 

least fifteen subjects in each group for an experimental study.  So, researcher selected twenty 

six in each group to ensure the internal validity of the experiment. In this way total sample 

comprised of 312 students, having 78 students in each of three experimental groups in four 

schools of rural and urban areas across gender group. 

3.1.3 Mathematics software 

The researcher modified three teaching units for mathematics (Integers, Algebra and 

Geometry list of contents along with learning outcomes is attached in Appendix A) of 6th 

grade in order to incorporate them in the software. The minor changes were made to have 

units compatible with the software requirements in consultation with the programmers and 

subject experts. The modified units were validated by opinion of subject experts and teachers 

teaching mathematics at grade six, and were used to develop the software for imparting 

instruction to the Experimental-I and Experimental-II groups. Three teachers, currently 

teaching mathematics at elementary level, a programmer, quality assurance personnel and 

user interface designer were employed for the formative evaluation of the software. Software 

evaluation rubric recommended by Shelly, Cashman, Gunter and Gunter, (2003) was used for 

this purpose (Appendix B). The teachers contributed towards the content, ease of use and the 

component of assessment, they provided a comprehensive list of suggestions which helped to 

enhance the instructional quality of the software. Their effort also provided direction to make 

the end product user friendly. A programmer (other than developers) went through the coding 
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of the software and suggested changes which were discussed with the developers in a meeting 

and incorporated accordingly. The quality assurance personnel added valuable suggestions 

towards the animation, graphics and feedback prompts whereas user interface designer helped 

in adjusting the area of main frame and the mini frames of the program. Piloting of the first 

version was done with forty students of sixth class. The researcher and mathematics teacher 

of the school remained present during the piloting process and noted the points highlighted by 

the students. This effort consequently produced software for teaching of mathematics at 6th 

grade level which was used for this study.  The software was used as an instructional 

technique/method for two experimental groups.  

3.2 Instrumentation  

An achievement test was developed by the researcher using the contents of 6th grade 

mathematics curriculum that served the purpose of pre and post tests in this study. According 

to Alias (2005) achievement tests are used for the assessment of learning in cognitive domain 

and commonly teachers and researchers assess the learning by means of tests. Developing an 

achievement test is a complex process and requires a rigorous approach. The following steps 

were followed to develop achievement test.  

1. Purpose of the Instrument 

2. Selection of Competencies 

3. Selection of Contents 

4. Development of Specifications  

5. Items Writing Process 

6. Review of Items 

7. Tryout/Piloting 

8. Item Analysis and Revision of Items 



 71 

9. Validity Checks of Instrument. 

10. Reliability Checks of Instrument 

3.2.1 Piloting and Item Analyses 
 
Assessment requires the systematic gathering of evidence to appraise student’s learning. 

Teachers can judge that to what extent the students have mastered the desired concepts 

through various assessment methods. Alias (2005) stated that assessment method would 

depend upon the learning domains, and assessment tools that can be used to assess learning 

include an achievement test for cognitive domain, an attitude questionnaire for effective 

domain and a check list for psychomotor domain.  

The two quality indicators of the test are validity and reliability. Validity is the degree 

to which test is measuring what it is desired to measure whereas reliability is the indication 

towards the consistency between the two measures (Gay, 1996 and Linn & Gornlund, 1995). 

There are two types of validity that are most relevant to classroom tests, namely: face validity 

and content validity (Linn & Gronlund, 1995). Face validity refers to the appearance of a test 

that looks like it is measuring what it is supposed to measure. Face validity is essential in 

ensuring that test-takers persevere and try their best on a test. A test that appears to be other 

than what it claims to be measuring – without face validity – may discourage students from 

persevering with the test. Therefore, ascertaining whether a test possesses face validity does 

not require the opinion of an expert. 

In contrast to face validity, a claim of content validity requires affirmation from an 

expert. The expert should look into whether the test content is representative of the skills that 

are supposed to be measured. This involves looking into the consistency between the syllabus 

content, the test objective and the test contents. If the test contents cover the test objectives, 

which in turn are representative of the syllabus, it could be said that the test possesses content 

validity. 
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Content validity examines how well the items from a test represent the entire content 

domain to be measured. Content validation involves directly comparing the items with the 

domain they are expected to assess. If the items on a test accurately and comprehensively 

represent the objectives to be measured, the test is considered to have content validity. A test 

with good content validity should comprehensively represent both the subject-matter topics 

(such as reading or mathematics, domains that are tested) and the cognitive processes that 

students are expected to apply to the topics. There are four basic steps to evaluate content 

validity. The first step is to specify the domain of the assessment as clearly as possible and 

divide it into subcategories with importance levels attached to each of them. Then the number 

of test items for each subcategory should be evaluated with respect to the total test length and 

importance of the subcategories and also to make sure that all content areas and instructional 

objectives are represented. Content validation reviews should also address whether test items 

introduce error not related to the content being tested, such as a clue in the question that 

enables students to answer the question without having the content knowledge, or a poorly 

worded item that enables students to answer incorrectly even if they have the content 

knowledge (Linn & Gronlund, 1995). 

Embertson (2007) stated that on many levels of educational testing, content 

specifications, in the form of test blueprints that often include item complexity level; have 

become increasingly central to guiding test content. These blueprints specify percentages of 

test items that should fall in various categories. For mathematical achievement, the test 

blueprint for the National Assessment of Educational Progress NAEP includes five content 

strands as well as three levels of complexity. This particular test was prepared on the same 

criteria; it included three content strands (Integers, Algebra and Geometry) and three 

cognitive levels of complexity (Remembering, Understanding and Applying). The test 

specification is given in Appendix C.  



 73 

 
This test comprised 100 marks, 60 marks were allocated for  MCQs (one each), and 

there were 14 Short Answer questions of 28 marks, two marks for each question and three 

extended response questions of four marks each. As this test was based upon three cognitive 

abilities remember, understand and apply, 29% of marks are specified for remembering, 32% 

for understanding and 39% for the application. Three chapters of class six were included in 

the test containing 37% of marks for Integers, 34% for Algebra and 29% for geometry 

portion of the contents.  

Initially the test items developed by the researcher were validated by the experts and 

then placed in to two booklets (A & B) for pilot testing. The researcher piloted the test items 

to 500 students including male, female, rural and urban students. A computer program 

ITEMAN was run for item analysis according to Haladyna (1997) ITEMAN produced by 

Assessment Systems Corporation, is one that is easy to use, quick, and versatile. It also does 

rating scale analysis that is used for high inference testing. When a group of students 

responds to the test items, ITEMAN (Computer Program for Item Analysis) can provide a lot 

of information such as item difficulty, item discrimination and point biserial.  

Item analysis is a process that examines the students’ responses to individual test 

items in order to assess the quality of those items and of the test as a whole. According to 

SCOREPAK® (2005) Item analysis is valuable in improving items that can be used again in 

later tests and can also be used to eliminate ambiguous or misleading items in a single test 

administration. It also helps to assess the quality of test by estimating its internal consistency. 

The item statistics produced by ITEMAN helped to analyze the individual test items as well 

as test as a whole. Item statistics were used to assess the performance of individual test items 

on the assumption that the overall quality of a test derives from the quality of its items. 

Item difficulty is simply the percentage of students who answer an item correctly. 

Haladyna (1997) stated that difficulty index indicates how hard the item is and if the item is 
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appropriate, instruction has been given one should expect an index to be 1.00 indicating that 

all students answered the item correctly. In SCOREPAK® (2005) report, it is mentioned that 

the item difficulty index ranges from 0 to 1.00; higher the value the easier the item. Item 

difficulty index also plays an important role in the ability of an item to discriminate between 

the students who know the tested material and those who did not know. An item fails to 

discriminate either it is so difficult that no one can solve it or so easy that everyone gets it 

right. 

Ideal difficulty levels for multiple choice items reported by SCOREPAK® (2005) are 

as under: 

Format       Ideal Difficulty 

Five response multiple choice       70 
Four response multiple choice      74 
Three response multiple choice      77 
True-False (two response multiple choice)     85 

 
SCOREPAK® (2005) arbitrarily classifies item difficulty as “easy” if the index is 85 or 

above; “moderate” if the index is between 51 and 84; and “hard” if it is below 50. 

Item discrimination index is the other statistics of worth importance it refers to the 

ability of an item to differentiate among the students on the basis of how well they know the 

material being tested. A variety of discrimination indexes exist. The most popular and 

technically desirable is the point biserial (PBI) correlation discrimination index. According to 

SCOREPAK® (2005) it provides an estimate of the degree to which an individual item is 

measuring the same thing as the rest of items. As the discrimination index reflects the degree 

to which an item and the test as a whole are measuring a unitary ability or attribute, values of 

coefficient will tend to lower for tests measuring a wide range of content areas than for the 

homogeneous tests. Item discrimination indices must be interpreted in the context of the type 

of the test to be analyzed. Items with low discrimination indices are often ambiguously 

worded and should be revised and negative discrimination indices indicate that item was mis-
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keyed. SCOREPAK® (2005) classifies item discrimination as “good” if the index is above 

0.30, “fair” if the index is between 0.10 to 0.30 and “poor” if it is below 0.10. 

Keeping in view the above criterion for item analyses the researcher selected initially 

31 items whose item difficulty was moderate and having good discrimination. Eleven items 

falling in the category of hard items and with good discrimination index were also added so 

that test discriminates between the high achievers and low achievers. Options of twelve items 

were revised and included in the final test as item analyses indicated that some of the 

distracters were not working well. Three items were mis-keyed so these were included after 

specifying the right answer and three items were difficult but added as per requirement of the 

content validity of the test. Some items with low difficulty and discrimination indexes were 

discarded and finally 60 multiple choice items were selected for the test that served the 

purpose of pre and post tests for experimentation. 

According to Linn & Gronlund (1995) relatively different criterion is needed for item 

analyses if the items involve more than a simple 0 or 1. Each item might have possible scores 

of 0, 1, 2, 3, or 4. In this case comparison of highest and lowest scoring students is useful. If 

there is possible total score for five items ranging from 0 to 20, this total score would be 

ranked to identify the highest and lowest achievers. Highest achieving students generally 

have higher scores on each item than the lowest achieving students. The higher average score 

on each item for the high achievers than for the low achievers indicate that the item 

discriminates between two groups. Equal means of the item for two groups of students 

indicate that item failed to discriminate. There may be number of reasons for such result, 

according to Linn & Gronlund (1995) item may be less similar than the other items on the 

test that is it measures different skills and abilities than the other items. It may be result of 

ambiguous item statements. Therefore, a careful review lead to good item otherwise item 

should be discarded. 
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Using this criterion the researcher selected only those short answer questions and 

extended response questions that discriminate between the two groups of students. There 

were two non discriminating short answer questions but were included not to affect the 

validity of the test after careful revision. 

This whole effort led to a final test comprising 100 marks including three types of 

items MCQs, SAQs and ERQs in three cognitive ability levels remember, understand and 

apply. 

The test served the purpose of pre and post test in this study placed in Appendix D 

whereas the marking rubric and the answer key for the above said test are presented in 

Appendix E. 

3.2.2 Opinionnaire 

To elicit opinion researcher adapted Shelly, Cashman, Gunter and Gunter (2003) software 

evaluation rubric and used five clusters of statements, content presentation, ease of use, 

documentation and support, assessment and technical quality. Many educational 

technologists (Roblyer and Edwards, 2000 and Handel, Handel and Herrington, 2003) used 

same kind of factors for evaluation of educational technology.  Students and the teachers of 

experimental groups responded to the opinionnaire and the software was upgraded in light of 

their opinion. It was a five point likert scale with options of Strongly Agree (SA), Agree (A), 

Undecided (UN), Disagree (D) and Strongly Disagree (SD). An evaluation form developed 

for this purpose was also used to identify any difficulty or ambiguity found by the students or 

teachers during the experiment, the final version of the software incorporated their valuable 

suggestions and removed the problem identified. The designed evaluation form is given in 

Appendix F.  
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3.2.3 Attitude Scale 

Researcher developed Likert scale consisting of 13 statements to measure the attitude of the 

students.  This was devised to see the effect of different instructional methods on the attitude 

of students towards mathematics. This scale was piloted along with the test. Reliability 

statistics revealed α=0.872 and after deletion of an item its reliability increased to α=0.874 

which is considered good (Gay, 1996).  

3.3 PROCEDURE 

The study was experimental in nature. Pre-test Post-test control group design was employed 

to investigate the impact of Mathematics Software on learning achievements of 6th grade 

students. This study consisted of two phases namely developmental phase and experimental 

phase. 

3.3.1 Phase I: Development of Software 

A team of programmers, subject experts and quality assurance expert were employed to 

develop the software using the content material already developed and validated by 

curriculum experts. This software presented text, gave examples for explanation, asked 

questions and provided feedback on the learners work. If a particular learner could not 

comprehend certain topic, it provided more examples for explanation. It also kept the record 

of student’s achievements. The software was designed in three content strands identified 

earlier giving appropriate weight-age as per National Curriculum. The list of learning 

competencies of mathematics teaching, benchmarks and the learning outcomes is attached in 

Appendix G.  

The flow chart for the instructional design of the software is given in the figure 3.1. 
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Figure 3.1: Flow Chart of the Mathematics Software  

The developed software was pilot tested with the students of class six. Forty students 

were provided opportunities to learn from the software. Initially the students felt difficulty 

but with the passage of the time they felt satisfied and found it an easy way to learn 
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mathematics. The basic purpose of this piloting process was to identify the content, technical 

and ease to use problems of the software. During this piloting process the students had gone 

through all the lessons of the three chapters and reported the problems found to the 

researcher, remained present during the process of piloting. The user interface, main frame of 

the software and the display of the exercises were readjusted in the light of piloting study. 

This made the software more user-friendly and more near to the teachers pedagogical 

practices. The final main frame of the software is presented in the figure 3.2. 

 

Figure 3.2: Main Frame of the Mathematics Software.  

The right most area of the screen presented the three major content areas. Users were 

allowed to enter the lessons after selecting the major content area first. Then clicking the 

lesson No. allowed the users to navigate through the lesson. The area of the screen to the left 

of the University monogram presented the learning outcomes desired to be mastered during 

the lesson. The instructional manual and the installation instructions are presented in the 

software manual (Appendix H). 
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3.3.2 Phase II: Procedure of the Experiment 

In second phase after the development of the Software the researcher conducted an 

experiment to investigate the impact of Mathematics Software on learning achievement of 

students. 

The sample was divided into three groups first control group taught by traditional 

method of instruction second receiving treatment only by mathematics software and the third 

in which teacher facilitated software instruction method was employed. All the subjects of 

selected school were assigned randomly to control groups, Experimental-I, and Experimental-

II and were pre-tested. The following figure explained design of the experiment. 

R____________O1____________X1_____________O2 Control 

R____________ O1____________X2_____________ O2 Experimental-I 

R____________ O1____________X3_____________ O2 Experimental-II 

Figure 3.3: Design of the Experiment 

Where 

R = Random assignment of subjects into groups. 

O1= Pre-test 

X1=  Treatment of control group by traditional instruction 

X2=  Treatment of Experimental-I group with software 

X3 =  Treatment of Experimental-II group with teacher facilitated software instruction 

 O2= Post-test 

Instructions were imparted by the trained teachers for using mathematics software; 

researcher along with subject teacher provided training for the use of software so that they 

could use software effectively. The trained teachers taught Experimental-I and Experimental-
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II groups no training for control group teachers were required. Teachers with same 

qualifications and same teaching experience were employed to reduce the threat to validity of 

the experiment. The control group was taught by the same traditional method. The 

Experimental-I group used mathematics software for the whole class time. The teacher 

remained present in the class and helped students in overcoming the difficulties of handling 

the software and hardware. The Experimental-II group was taught by the trained teacher. In 

this group the students used software and teacher facilitated the learning, means that provided 

opportunities for students to construct concept, and encourage thinking. He/She used the 

example and exercises and asked the students to read certain content again if he felt that 

student might have not got the concept. 

3.3.3 Role of Teachers in the Experiment 

The primary distinction in a computer based instruction and a traditional instruction 

technique is the role of teacher (Bendickson, 2004). The instructional methods and the role 

assigned to the teacher for this particular study are elaborated in the following lines. 

This study aimed to investigate the impact of mathematics software on 6th grade students’ 

learning achievements in an experimental setting. A software was got developed by the 

researcher using the contents of 6th grade mathematics curriculum, three content areas 

Integers, Algebra and Geometry were focused for this study. The language of the software 

was Urdu as medium of instruction in most of the public schools in Punjab is Urdu. 

Four schools were randomly sampled one each from male, female, rural and urban 

stratum using stratified random sampling technique. Moreover 78 students randomly selected 

were assigned to three groups namely, control group, Experimental-I group and 

Experimental-II group, 26 to each group randomly.  
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The researcher emphasized three groups with two experimental and one control group 

because many researchers (Brown, 2000, Chang, 2000, Pazos and Resnick, 2000 & 

Mahmood, 2004) reported the effectiveness of CAI when it was compared with traditional 

instructional method in an experimental setting, but literature also supported the effectiveness 

of the CAI plus traditional instruction and lecture plus traditional instruction techniques when 

compared with traditional instruction (Akour, 2006, Tabassum, 2004, Chen, 2005 & 

Batchelder and Rachal, 2000). Therefore, this supplementing role of CAI constrained 

researcher to investigate the impact of newly developed mathematics software in two 

experimental groups, when they are compared with control group taught by traditional 

method of instruction. In the other two groups the Experimental-I group was taught by only 

software installed on the machines and the students worked on their own, whereas the 

Experimental-II group was taught by using the technique where teacher facilitated 

mathematics software learning. 

According to Gritter (2005) facilitation means that teacher provides opportunities for 

students to construct concept to themselves, he/she encourages thinking here content holds 

secondary position, where students can master basic skills and efforts are more important 

than subject matter. It can be done by having all sorts of activities in the classroom. He called 

this as facilitation model of teaching. The potential benefit of the technology according to 

Schmitz, Prescott, & Hunt (1996) is that it enhances opportunities for instructional and group 

learning by providing more variety of tools and resources. Therefore, teachers assume the 

role of facilitator of learning and many researchers found this role beneficial to the process of 

learning.  

In the Experimental-II group teachers were allowed to facilitate learning, while 

students were using computers as instructional tool. In this group teachers helped the students 

to master the contents, and provided facilitation as described above. This was the new form 



 83 

of CAI supplementing traditional instruction or lecture plus CAI techniques used by the 

researchers investigating the effectiveness of technology integration in the curriculum. This 

technique allowed the students to construct their own meaning in their own context and 

facilitation by the teacher served the purpose of scaffolding as described in the social 

constructivism philosophy of Vygotsky. 

In the Experimental-I group the role of teacher was restricted to only provide 

assistance when students asked and had problem in the use of technology. Here in this group 

teachers had not used the white/blackboard and explained examples and exercises. This group 

was instructed using Gritter (2005) whole class structured model, where students went over 

the material in a structured way, most important part of the instruction was the content of the 

curriculum and the examples and exercises were provided through technology. In this group 

students were allowed to work on their own pace, but facilitation was not provided by the 

teacher as given to the Experimental-II group. The major role of the teacher in this group was 

to help the students in the use of technology (Fix hardware and software problems) and to 

maintain the discipline in the classroom. 

In the traditional classroom the role of teachers was knowledge transmitter, primary 

source of information, content expert and source of all answers. Here teachers controlled all 

aspects of learning. Sources were mainly textbooks and workbooks, students remains passive. 

In this particular study the role of teachers in control group was traditional. They were 

allowed to use white/blackboard, textbooks and notebooks. Teachers solved the questions of 

the exercises given in the textbook on white/blackboard; students noted it and were expected 

to reproduce. Teachers assigned homework to solve the same question on the homework 

notebook. The instructional process was teacher directed.  
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  At the end of the intervention period all the groups were post-tested, and results were 

analysed accordingly. 

3.3.4 Internal and External Validity of the Experiment 

According to Salkind (1997) the different kinds of experimental designs mentioned by 

Campbell and Stanley need careful consideration of the measures of internal and external 

validity and measure how well the design performed under the experimental conditions. The 

internal validity is the quality of the experimental design such that the results obtained are 

due to the manipulation of the independent variables; whereas the external validity is the 

quality of the experiment such that the results are generalized from the original sample to 

another sample and then to the population. 

All experimental designs do not have acceptable levels of external and internal 

validity for variety of different reasons (Salkind, 1997, Best and Kahn, 2006, McMillan and 

Schumacher, 2006 & Creswell, 2003), which Campbell and Stanley call the threats to internal 

and external validity.  

3.3.4.1  Threats to Internal Validity  

The most commonly identified threats to the internal validity of the experiment are history, 

maturation, selection, testing, instrumentation, regression and mortality. The possible 

measures recommended by the researchers to avoid the internal validity threats are the 

random assignment of the subjects into different treatment conditions and  time form pre-test 

to the post-test. All the subjects at four schools were randomly assigned to the control, 

Experimental-I and Experimental-II groups in order to minimize the threat to the internal 

validity of the experiment. Maturation was not the threat because the treatment time was not 

long enough that maturation intervene the results.  According to McMillan and Schumacher, 
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(2006) & Creswell, (2003) ten weeks time of the experimental treatment may contribute 

towards the control of the testing effect. To reduce the effect of instrumentation a making 

rubric was prepared which was validated by the experts and changed after piloting process 

completed. Therefore, instrumentation was not the threat to this particular experiment. The 

test used for recording the students' achievements was pilot tested and its reliability was 

ensured, moreover the subjects were randomly assigned to all the three treatment conditions, 

minimizing the effect of regression. Mortality was not threat for this particular study as there 

was no dropout.  

3.3.4.2  Threats to External Validity 

The external validity is concerned with the fact that whether the results are generalizable to 

another setting. The possible threats to the external validity of the experimental design as 

reported by (Salkind, 1997, Best and Kahn, 2006, McMillan and Schumacher, 2006 & 

Creswell, 2003) are multiple treatment interference, reactive arrangements, experimenter 

effects and pre-test sensitization. 

In this particular study:  

• Random selection of the subjects 

• Random assignment of subjects into the different treatment groups 

• Use of control group 

• And providing enough time between pre-test and post-test  

helped to maximize both internal and external validity of the experiment. 
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3.4 DATA COLLECTION PROCEDURES 

Permission for the study and data collection was obtained by Director Public Instruction 

(Appendix I). A test and attitude scale was used for the purpose to investigate the impact of 

software on learning achievements. The students were randomly assigned in three 

independent conditions. In the present study, the independent variable was the instructional 

methods; the dependent variable was the scores on the post-test. The achievement test was 

used for pre-test and post-test. To compare the mean scores of the two groups an independent 

sample t-test was recommended by Gay, (1996). In order to find the impact of Mathematics 

Software on learning achievements across gender and locality, t-statistics was used and mean 

difference is reported to investigate the statistical significance. For the comparison of three 

groups ANOVA is considered best statistical technique as mentioned by Best & Kahn (2006). 

ANOVA was employed to interpret the statistical significance of the instructional methods; 

post-hoc technique helped the further classification of the variables. ANOVA was used to 

elaborate the significance of the instructional methods across the three content area, and three 

cognitive levels, again post-hoc technique was employed for further categorization. ANOVA 

was used on pre-test scores helped to identify the initial difference between the scores and 

also to verify the assumption of equality of groups. Data collected by attitude scale were 

analyzed by computing overall mean response values for the attitude scale, for cluster 

statements and for each statement separately.  

 

 



CHAPTER 4 

 

DATA ANALYSIS AND INTERPRETATION  

Mathematics is the core subject of the entire curriculum being taught throughout the 

globe and its importance at primary and elementary levels can not be denied. Many 

teachers and researchers had tried different methods of teaching mathematics in the 

history. Many of the universities are working to discover the new methodologies of 

teaching mathematics, so that the students may grasp the basic concepts. 

Constructivists theorists emphasized that mathematics should be taught in such a way 

that a graduate of an elementary or high school may be able to use this knowledge in 

solving his/her social life problems. This urge led the researchers to use the potential 

of computer technology giving way to the technology in the classroom. Over the years 

many of the computer programs for teaching, especially for mathematics teaching had 

been developed. Their effectiveness as reported in the literature review is limited to 

some specific areas and for population under consideration.  Therefore, the researcher 

has conducted this study to investigate the impact of mathematics software on the 

learning achievements of elementary school students in the province of Punjab. The 

students studying in 6th grade in four randomly selected schools one from each strata 

(Rural, Urban, Male and Female) were the sample, and researcher assigned 78 

randomly selected students into three treatment conditions 26 in each group. Software 

was developed for the intervention in three content strands: Integers, Algebra and 

Geometry form the National Curriculum. This was interactive software having linear 

and branching components and feedback strategies recommended by the teachers. 

Achievement of the students was measured by an achievement test developed by the 

researcher using the same three content strands. This test served the purpose of the 
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pre-test and post-test for the experimentation. An attitude scale was also developed 

using three constructs: self confidence, self concept and self efficacy mean gain in the 

attitude score and the mean difference between the score of the three groups were 

reported. In order to seek the answers to the research questions the researcher 

defragmented the study into following ten hypotheses. 

Ho1: There is no significant difference between students scores in mathematics at 

grade six whether taught by using self instructed mathematics software or by 

traditional method. 

Ho2: There is no significant difference between students scores in mathematics at 

grade six across gender groups whether taught by using self instructed mathematics 

software or by traditional method. 

Ho3: There is no significant difference between students scores in mathematics at 

grade six across rural and urban groups whether taught by using self instructed 

mathematics software or by traditional method. 

Ho4: There is no significant difference between students scores in mathematics at 

grade six whether taught by using self instructed mathematics software or by 

teacher facilitated software. 

Ho5: There is no significant difference between students scores in mathematics at 

grade six across gender groups whether taught by using self instructed mathematics 

software or by teacher facilitated software. 
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Ho6: There is no significant difference between students scores in mathematics at 

grade six across rural and urban groups whether taught by using self instructed 

mathematics software or by teacher facilitated software. 

Ho7: There is no significant difference between students scores in mathematics at 

grade six whether taught by using teacher facilitated software or by traditional 

method. 

Ho8: There is no significant difference between students scores in mathematics at 

grade six across gender groups whether taught by using teacher facilitated software 

or by traditional method. 

Ho9: There is no significant difference between students scores in mathematics at 

grade six across rural and urban groups whether taught by using teacher facilitated 

software or by traditional method. 

Ho10: There is no effect on attitude of students toward the subject of mathematics 

whether they are taught by using self instructed mathematics software or teacher 

facilitated mathematics software or by traditional method of teaching. 

Data were collected in the educational session 2008-2009. Pretest was conducted 

to report the gain score and get information regarding initial difference between the 

groups. The gathered data and its analysis related to each of the hypothesis are 

presented below. 

4.1 Description and Nature of the Schools 

The number of students of grade six selected from each school along with gender and 

locality are presented in table 4.1. 
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Table 4.1:  

Name of School, Gender and Locality 

Locality School Gender 

Female             

Total 

Male 

Rural Govt.GHS Chak No. 
198 RB, Faisalabad 

78 00 78 

 Govt.HSS Khudian 
Khas, Kasur 

00 78 78 

Urban Govt.GHS No.2, 
Jhelum 

78 00 78 

 Govt. Islamia HS, 
Chinniot 

00 78 78 

 Total 156 156 312 

 

The table 4.1summarized the number of students involved in the study. There were 

total of 312 students selected randomly from four schools of Punjab. Equal proportion 

was distributed to both the strata of gender and locality. 

4.2 Comparison of Groups before the Start of Experiment 

All the 312 students were randomly assigned in to Control, Experimental-I and 

Experimental-II groups, 26 students in each group at each school. These students were 

pre-tested, to answer the question, was there any difference between the mean scores 

of the students before the start of the experiment? A summary of the ANOVA is 

presented in table 4.2 below. 
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Table 4.2:  

Results of ANOVA Overall Score on Pre-test of all Three Treatment Groups  

 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Between 
Groups 

27.622 2 13.811  
.117 

 
.890 

Within  
Groups 

36621.221 309 118.515 
 

  

Total 36648.843 311    
Level of Confidence α=0.05 
 

 The results of the ANOVA F(2, 309)=0.117 at α=0.05 level of confidence did 

not allow to reject the null hypothesis that there is no difference between the groups 

before the  start of the experiment. The null hypothesis accepted and there was no 

initial difference between all the three treatment groups. The descriptive statistics of 

the groups on pre-test scores are presented in table 4.3 below. 

Table 4.3:  

Descriptive Statistics of Groups before the Start of Experiment  

 

Instructional  
Groups 

N Mean Std. 
Deviation 

Std. 
Error 

Minimum Maximum 

Control 104 47.27 9.38 0.92 24 71 
 

Experimental-I 
 

104 
 

47.92 
 

10.78 
 

1.06 
 

23 
 

79 
 

Experimental-II 
 

104 
 

47.88 
 

12.30 
 

1.21 
 

20 
 

82 
Total 312 47.69 10.86 0.62 20 82 

 

The mean scores of Control group (M= 47.27), Experimental-I (M=47.92) and 

Experimental-II (M= 47.88) were slightly different but the difference was not 

statistically significant. Therefore, equality of the groups was assumed.   
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4.3 Comparison of Groups on the Score Obtained through Post-test   

The first question imposed by the researcher addressed the overall effectiveness of the 

instructional methods. In order to obtain answer to the question the researcher 

employed ANOVA on the score obtained through post-test. The ANOVA statistics 

revealed the facts, regarding the impact of instructional methods used for the 

treatment of different groups. The summary of ANOVA statistics is presented in table 

4.4 below. 

Table 4.4: 

 ANOVA Statistics for Overall Comparison of Instructional Methods on Post-test Scores 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between 
Groups 5772.026 2 2886.013 31.890 .000 

Within  
Groups 27964.269 309 90.499   

Total 33736.295 311    
Level of Confidence α=0.05 
 

The ANOVA results F(2,309)=31.89 were sign ificant at  α=0 .0 5   level of 

confidence to reject the null hypothesis that there was no significant difference 

between the mean scores of the groups as measured by the achievement test. It 

indicated that there was at least one group which performed differently from the 

others. In order to locate that group descriptive statistics provided clear picture.  

Descriptive statistics including mean, standard deviations and minimum and 

maximum values are presented in table 4.5 below. 
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Table 4.5: 

Descriptive Statistics of Instructional Groups on the Scores of Post-test 

Instructional  
Groups 

N Mean Std. 
Deviation 

Std. 
Error 

Minimum Maximum 

Control 104 53.63 9.422 .924 25 84 
 

Experimental-I 
 

104 
 

58.38 
 

9.663 
 

.947 
 

32 
 

84 
 

Experimental-II 
 

104 
 

64.15 
 

9.453 
 

.927 
 

42 
 

85 
Total 312 58.72 10.415 .590 25 85 

 

The mean scores indicated that all the three groups were different. The Control 

group mean score (M=53.63) was the minimum whereas the mean score (M=64.15) 

of the Experimental-II group was maximum. The mean score of the Experimental-I 

group remained in between the mean scores of the two treatment groups. The 

maximum values of all the groups were almost same but the minimum value of the 

Experimental-II group was highest and that of Control group was lowest. 

The graphical presentation of the mean scores may help to understand the situation 

more accurately. The mean scores of the three treatment groups on post test are 

presented in the figure 4.1. 

 

Figure 4.1: Graphical Representation of the Mean Scores on Post-test 
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This graph indicated that mean score of the Experimental-II group was 

highest; to further investigate the difference between the groups, when the ANOVA 

results are significant to reject the null hypothesis then post-hoc test may help to 

identify the difference between the groups. The Scheffe, post hoc test were applied to 

determine which group was different. The summary of the Scheffe test is given in 

Table 4.6. 

Table 4.6:   

Summary of Scheffe Statistics on Post-test Scores for Multiple Comparisons 

(I) Group (J) Group Mean 
Difference (I-J) 

Std. Error Sig. 

Control Experimental-I -4.750(*) 1.319 .002 
  Experimental-II -10.519(*) 1.319 .000 
 
Experimental-I 

 
Control 

 
4.750(*) 

 
1.319 

 
.002 

  Experimental-II -5.769(*) 1.319 .000 
 
Experimental-II 

 
Control 

 
10.519(*) 

 
1.319 

 
.000 

  Experimental-I 5.769(*) 1.319 .000 
* The mean difference is significant at the .05 level. 
 

The Scheffe test indicated statistically significant difference between the 

groups at α=0.05 level of confidence. Scheffe test also divided these groups into 

homogeneous subsets, another indicator, showed that the groups were significantly 

different. The results are reported in table 4.7. 

Table 4.7:  

Homogeneous Grouping on Post-test Scores   

Group N Subset for alpha = .05 
  1 2 3 
      
Control 104 53.63     
Experimental I 104   58.38   
Experimental II 104     64.15 
     
Means for groups in homogeneous subsets are displayed. 

 

Three groups with significantly different mean scores were generated. 
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4.4 Pair-wise Comparison of Instructional Methods on Post-test Score  

The study addressed three hypotheses regarding the effectiveness of the teaching 

methods on overall post-test scores; the summary of the t-statistics is presented below 

for pair wise comparison of the three groups. 

The hypotheses Ho1, Ho4 and Ho7 of the study were about the effectiveness of the 

teaching methodologies (Independent Variable). The Ho1 stated that there was no 

significant difference between students scores in mathematics at grade six whether 

taught by using self instructed mathematics software or by traditional method. To test 

this hypothesis t-statistics was used, the following table 4.8 presents the results. 

Table 4.8: 

Comparison of Control and Experimental-I Groups   

Instructional 
Groups 

N Mean SD Std. 
Error 

df t-value Sig. 

Traditional 
Method 

 
104 

 
53.63 

 
9.422 

 
.924 

 
 

206 -3.589 
 

 
.000* 

 
 

Mathematics 
Software 

 
104 58.38 9.663 .947 

     
* The mean difference is significant at the .05 level 
 

The t-statistics provided statistically significant evidence to reject the null 

hypothesis. This means that the two methods of instruction had different impact on 

students learning achievements. The mean score (M=58.38) of the group taught 

through mathematics software was higher from the mean score (M=53.63) of the 

group taught through traditional instructional method. The mean difference 

(MD=4.75) is statistically significant. The following line graph indicated this 

difference. 
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Figure 4.2: Mean Score Comparison of Traditional and Mathematics Software 
Instructional Groups 

The slope of the line provided evidence that there was a significant rise in 

scores of Experimental-I group. 

The hypothesis Ho4 was to investigate the impact on students' achievements 

when they were taught under different treatments using mathematics software and 

teacher facilitated software method. Initially there was no difference as measured by 

the pre-test. The table 4.9 summarizes the t-statistics for comparison of mean scores. 

Table 4.9:  

Mean Score Comparison of Mathematics Software and Teacher Facilitated Software 
Instructional Groups 
Instructional 

Groups 
N Mean SD Std. 

Error 
df t-value Sig. 

Teacher 
Facilitated 
Software 

 
104  

64.15 
 

9.453 
 

.924 

 
 

206 -4.353 
 

 
.000* 

  
Mathematics 

Software 

 
104 58.38 9.663 .927 

     
* The mean difference is significant at the .05 level 
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Again t-statistics provided evidence to reject the null hypothesis that there was 

no difference between the achievements of students when they were taught by 

mathematics software and teacher facilitated software methods measured by 

achievements. The mean score (M=58.38) of mathematics software instructional 

group was significantly lower than mean score (M=64.15) of the teacher facilitated 

mathematics software instructional group. The mean difference is further elaborated 

by the steepness of the line shown below in figure 4.3. 

 

Figure 4.3: Mean Score Comparison of Mathematics Software and Teacher 
Facilitated Software Instructional Groups 

 

The rise of the line indicated that difference is more significant as compared to 

line presented in figure 4.3 comparing the traditional and mathematics software 

instructional methods.  

The hypothesis Ho7 of the study was that there is no significant difference 

between students scores in mathematics at grade six whether taught by using teacher 

facilitated software or by traditional method. In order to compare the two instructional 

methods t-statistics summary is provided in table 4.10. 
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Table 4.10: 

Mean Score Comparison of Traditional and Teacher Facilitated Software 
Instructional Groups 
Instructional 

Groups 
N Mean SD Std. 

Error 
df t-value Sig. 

Traditional 
Method 

 
104 

 
53.63 

 
9.422 

 
.924 

 
 

206 
-8.038 

 
.000* 

 

 
Teacher 

Facilitated 
Software  

 
104 64.15 9.453 .924 

     
* The mean difference is significant at the .05 level 

This table highlighted the mean scores of the traditional group (M=53.63) and 

the teacher facilitated software group (M=64.15). The mean scores of the two groups 

were significantly different as indicated by t-statistics t (N=104, df=206)=-8.038 at 

0.05 level of confidence. Therefore, the null hypothesis was rejected, and the two 

groups were different with mean difference MD=10.519 as compared on the post-test 

scores. The significance of the difference is further elaborated below with the help of 

line graph. Slope of the line indicated rise in the scores.  

 

Figure 4.4: Mean Score Comparison of Traditional and Teacher Facilitated 
Software Instructional Groups 
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It can be noticed that, this line is steeper than the previous ones, indicating the 

statistically significant difference between the mean scores of the two groups. 

4.5  Comparison of Instructional Methods across Gender Groups 

The hypotheses Ho2, Ho5 and Ho8 were related to the 2nd research question, do the use 

of three instructional techniques (self instructed mathematics software, teacher 

facilitated mathematics software and traditional method) have different effect across 

gender groups? At first the summary of the t-statistic whether the mean scores of male 

and female students' were different on post-test is presented in the table 4.11below. 

Table 4.11: 

Comparison of Mean Scores of Male and Female Students on Post-test 

Gender N Mean SD Std. 
Error 

df t-value Sig. 

 
Male 

 
156 

 

 
58.81 

 
10.43 .835 

 
 

310 -.152 

 
.879** 

 Female  156 58.63 10.43 .835 
     
** The mean difference is not significant at the .05 level 

The t-statistics provided evidence that null hypothesis can not be rejected. 

Therefore, there was no difference between the mean scores of male (M=58.81) and 

female (58.63) students' on post-test.  

There were three intervention groups, the comparison of the three treatment 

conditions for male and female strata can be better explained by ANOVA statistics. 

The table 4.12 summarizes the ANOVA statistics for male students. 
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Table 4.12: 

ANOVA Statistics for Overall Comparison of Instructional Methods for Male Students 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between 
Groups 2770.205 2 1385.103 15.033 .000* 

Within  
Groups 14097.404 153 92.140   

Total 16967.609 155    
* The mean difference is significant at the .05 level 

The mean difference is significant as indicated by ANOVA statistics F(2, 

153)=15.033 and provided the evidence to reject the null hypothesis. This showed that 

mean score of at least one group was different. Therefore, the descriptive statistics 

and Scheffe test to identify the different group are necessary. The table 4.13 

summarizes the descriptive statistics. 

Table 4.13:  

Descriptive Statistics of Instructional Groups for Male Students 

Instructional  
Groups 

N Mean Std. 
Deviation 

Std. 
Error 

Minimum Maximum 

Control 52 54.67 9.990 1.385 34 84 
 

Experimental-I 
 

52 
 

57.17 
 

9.252 1.283  
37 

 
79 

 
Experimental-II 

 
52 

 
64.60 

 
9.541 1.323  

44 
 

83 
Total 156 58.81 10.432 .835 34 84 

 

Statistics showed a gradual increase in the mean scores of male students from 

control to Experimental-II group. The mean score (M=54.67) of Control group was 

the lowest and the mean score (M=64.60) of the Experimental-II group was highest. It 

is further explained in the following figure 4.5.  
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Figure 4.5: Graphical Representation of the Mean Scores of Male Students 

The graph represented the gradual rise in the mean score. Many of the 

researchers recommended Scheffe, post-hoc test when the ANOVA provided the 

evidence to reject the null hypothesis. This might help to identify the different group 

and enables to address the hypothesis. The table 4.14 showed the summary of 

Scheffes' test. 

Table 4.14:  

Summary of Scheffe Statistics on Post-test Scores of Male Students for Multiple 
Comparisons 

(I) Group (J) Group Mean 
Difference (I-J) 

Std. Error Sig. 

Control Experimental-I -2.500 1.883 .416 
  Experimental-II -9.923(*) 1.883 .000 
 
Experimental-I 

 
Control 

 
2.500 

 
1.883 

 
.416 

  Experimental-II -7.423(*) 1.883 .001 
 
Experimental-II 

 
Control 

 
9.923(*) 

 
1.883 

 
.000 

  Experimental-I 7.423(*) 1.883 .001 
* The mean difference is significant at the .05 level. 
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The mean difference between control and Experimental-I groups was not 

significant, whereas the difference between control and Experimental-II groups was 

statistically significant at 0.05 level of confidence. A significant difference was 

reported between Experimental-II and control groups. The output of Scheffe test 

produced the homogeneous grouping that is given in table 4.15 below.  

Table 4.15:  

Homogenous Grouping of Male Students Mean Scores on Post-test  

   
Group                          N                Subset for alpha = .05 
                                                           1                            2 
 
      
Control 52 54.67     
Experimental I 52 57.17    
Experimental II 52   64.60   
     
Means for groups in homogeneous subsets are displayed. 
 

The table 4.15 helped to address three hypotheses H02, H05 and H08. The H02 

that there is no difference between the mean score of control and Experimental-I 

group of male student is accepted and Scheffe test allowed placing both in one 

homogeneous group. Whereas, there were sufficient evidences to reject the H05 and 

H08 stating the no difference between Experimental-I and Experimental-II and Control 

and Experimental-II for male students,   the difference of mean score of male students 

in Experimental-II group was statistically significant from control and Experimental-I.  

Now in order to investigate the effect of instructional interventions on the 

scores of female students the same statistics are summarized below. Table 4.16 

presents the ANOVA statistics for female students. 
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Table 4.16:  

ANOVA Statistics for Overall Comparison of Instructional Methods for Female 
Students 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between 
Groups 3284.462 2 1642.231 18.500 .000* 

Within  
Groups 13581.712 153 88.769   

Total 16866.173 155    
* The mean difference is significant at the .05 level 

There was sufficient evidence to reject the null hypothesis at 0.05 level of 

confidence. Therefore, on the basis of ANOVA results F(2, 153)=18.5 the null 

hypothesis stating no difference was rejected. There was at least one group that has a 

mean score different from the others. To identify that group the descriptive statistics 

for mean scores of the female students is given in table 4.17.  

Table 4.17:  

Descriptive Statistics of Instructional Groups for Female Students 

Instructional  
Groups 

N Mean Std. 
Deviation 

Std. 
Error 

Minimum Maximum 

Control 52 52.60 8.792 1.219 25 71 
 

Experimental I 
 

52 59.60 9.999 1.387  
32 

 
84 

 
Experimental II 

 
52 63.71 9.436 1.308  

42 
 

85 
Total 156 58.63 10.431 .835 25 85 

  
Again statistics showed a gradual increase in the mean scores of female 

students from control to Experimental-II group. The mean score (M=52.60) of 

Control group was the lowest and the mean score (M=63.71) of the Experimental-II 

group was highest. It is further explained in the following graph. 
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Figure 4.6: Graphical Representation of the Mean Scores of Female Students 

Scheffe statistics on post-test scores of female students is presented in table 

4.18 in order to identify the above explained mean score difference.  

Table 4.18: 

Summary of Scheffe Statistics on Post-test Scores of Female Students for Multiple 
Comparisons 

 
(I) Group (J) Group Mean 

Difference (I-J) 
Std. Error Sig. 

Control Experimental-I -7.000(*) 1.848 .001 
  Experimental-II -11.115(*) 1.848 .000 
 
Experimental-I 

 
Control 

 
7.000(*) 1.848 .001 

  Experimental-II -4.115 1.848 .087 
 
Experimental-II 

 
Control 

 
11.115(*) 1.848 .000 

  Experimental-I 4.115 1.848 .087 
* The mean difference is significant at the .05 level. 
 

The performance of the Control group is significantly lower than both of the 

Experimental-I and Experimental-II groups. It provided evidence to reject the null 

hypothesis stating no difference between traditional method and mathematics 

software and no difference between control and teacher facilitated mathematics 
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software method for mean score of female students on post-test. There was no 

evidence to reject the null hypothesis stating no difference between mean score of 

female students taught by mathematics software and teacher facilitated mathematics 

software method. There was difference in the mean scores, mean score of the 

Experimental-II group was slightly higher than Experimental-I as shown in figure 4.6, 

but not statistically significant. Same fact was explained by the output generated for 

homogeneous grouping presented in table 4.19 below. 

Table 4.19:  

Homogenous Grouping of Female Students Mean Scores on Post-test  

   
Group                          N                Subset for alpha = .05 
                                                           1                          2 
Control 52 52.60    
Experimental-I 52  59.60   
Experimental-II 52  63.71  
     
Means for groups in homogeneous subsets are displayed. 
 

The Scheffe test result generated two homogeneous groups in which 

Experimental-I and Experimental-II groups' fall in the same group showed no 

difference between the two instructional techniques for female students. 

4.6  Comparison of Instructional Methods across Local Groups 

The 3rd research question, do the use of three instructional techniques (self instructed 

mathematics software, teacher facilitated mathematics software and traditional 

method) have different effect across locality groups, was further divided into three 

hypotheses Ho3, Ho6 and Ho9 stating no difference between instructional methods for 

rural and urban students as compared on the post-test scores. At first the summary of 

the t-statistic whether the mean scores of rural and urban students' were different on 

post-test is presented in the table 4.20 below. 
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Table 4.20:  

Comparison of Mean Scores of Rural and Urban Students on Post-test 

Local N Mean SD Std. 
Error 

df t-value Sig. 

 
Rural  

 
156 

 
58.26 9.53 .763 

 
 

310 -.782 

 
.435** 

 Urban 156 59.19 11.24 .900 
     
** The mean difference is not significant at the .05 level 

  
There was no evidence to reject the null hypothesis at 0.05 level of 

confidence. Therefore, no difference between the mean scores of rural and urban 

students was accepted. There was a slight mean difference (MD=0.93) but not 

significant to differentiate between the groups. 

There were three intervention groups; therefore, the comparison of all the 

three treatment conditions for rural and urban strata can be better explained by 

ANOVA statistics. The table 4.21 summarizes the ANOVA statistics for rural 

students. 

Table 4.21:  

ANOVA Statistics for Overall Comparison of Instructional Methods for Rural 
Students 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between 
Groups 3143.090 2 1571.545 21.992 .000* 

Within  
Groups 10933.135 153 71.458   

Total 14076.224 155    
* The mean difference is significant at the .05 level 

The mean difference was significant as indicated by ANOVA statistics F(2, 

153)=21.992 and provided the evidence to reject the null hypotheses. This showed 

that mean score of at least one group was different. Therefore, the descriptive 
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statistics and Scheffe test to identify the different group are necessary. The table 4.22 

below summarizes the descriptive statistics. 

Table 4.22:  

Descriptive Statistics of Instructional Groups for Rural Students 

Instructional  
Groups 

N Mean Std. 
Deviation 

Std. 
Error 

Minimum Maximum 

Control 52 53.48 7.516 1.042 42 71 
 

Experimental-I 
 

52 
 

57.04 
 

8.792 
 

1.219 
 

37 
 

80 
 

Experimental-II 
 

52 
 

64.27 
 

8.977 
 

1.245 
 

46 
 

83 
Total 156 58.81 10.432 .835 37 83 

 
 

The mean score of the Experimental-II group (M=64.27) was highest 

indicating the Experimental-II group performed best.  The mean score for rural 

students in Control group was lowest. The following graph showed the mean score 

comparison of rural student when placed under three treatment conditions. 

 

Figure 4.7: Graphical Representation of the Mean Scores of Rural Students 

The graph represented the gradual rise in the mean score from Control to 

Experimental-II groups represented along X-axis. Scheffe, post-hoc test when the 
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ANOVA provided the evidence to reject the null hypothesis might help to identify the 

odd group. The table 4.23 showed the summary of Scheffe test. 

Table 4.23:  
 
Summary of Scheffe Statistics on Post-test Scores of Rural Students for Multiple 
Comparisons 
 

(I) Group (J) Group Mean 
Difference (I-J) 

Std. Error Sig. 

Control Experimental-I -3.558 1.658 .103 
  Experimental-II -10.788(*) 1.658 .000 
 
Experimental-I 

 
Control 

 
3.558 

 
1.658 

 
.103 

  Experimental-II -7.231(*) 1.658 .000 
 
Experimental-II 

 
Control 

 
10.788(*) 

 
1.658 

 
.000 

  Experimental-I 7.231(*) 1.658 .000 
* The mean difference is significant at the .05 level. 
  
 

The mean difference between Control and Experimental-I groups was not 

significant, whereas the difference between control and Experimental-II groups was 

statistically significant at 0.05 level of confidence rural strata. A significant difference 

was reported between Experimental-II and Control groups. The output of Scheffe test 

produced the homogeneous grouping that is given in table 4.24 below.  

Table 4.24:  
 
Homogeneous Grouping of Rural Students Mean Scores on Post-test  
   
Group                          N                Subset for alpha = .05 
                                                           1                            2 
 
      
Control 52 53.48     
Experimental-I 52 57.04    
Experimental-II 52  64.27   
     
Means for groups in homogeneous subsets are displayed. 
  

Scheffe statistical test generated homogeneous grouping of three treatment 

conditions enabled to address the hypotheses H03, H06 and H09 for rural strata. The 

hypothesis H03 that there is no difference between the mean score of Control and 
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Experimental-I group of rural student was accepted and Scheffe test allowed placing 

both in one homogeneous group. Whereas, there is sufficient evidence to reject the 

H06 and H09 stating the no difference between Experimental-I and Experimental-II and 

Control and Experimental-II for rural students, the difference of mean score of rural 

students in Experimental-II group was statistically significant from Control and 

Experimental-I.  

 To investigate the effect of instructional interventions on the mean scores of 

urban students are summarized below. Table 4.25 presents the ANOVA statistics for 

urban students. 

Table 4.25: 
 
ANOVA Statistics for Overall Comparison of Instructional Methods for Urban 
Students 
 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Between 
Groups 2754.782 2 1377.391 12.515 .000* 

Within  
Groups 16838.827 153 110.058   

Total 19593.609 155    
* The mean difference is significant at the .05 level 

There was sufficient evidence to reject the null hypothesis at 0.05 level of 

confidence. Therefore, on the basis of ANOVA results F(2, 153)=12.515 the null 

hypothesis was rejected an indication towards the fact that there was at least one 

group which has a mean score different from the others. To identify that group the 

descriptive statistics for mean scores of the urban students are presented below in 

table 4.26.  
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Table 4.26: 
 
Descriptive Statistics of Instructional Groups for Urban Students 
 

Instructional  
Groups 

N Mean Std. 
Deviation 

Std. 
Error 

Minimum Maximum 

Control 52 53.79 11.080 1.536 25 84 
 

Experimental I 
 

52 
 

59.73 
 

10.372 
 

1.438 
 

32 
 

84 
 

Experimental II 
 

52 
 

64.04 
 

9.992 
 

1.386 
 

42 
 

85 
Total 156 59.19 11.243 .900 25 85 

  
  

For urban strata of the sample selected, the mean score on the post test for 

Experimental-I group that was taught through mathematics software lies in between 

control group having lowest (M=53.79) and the Experimental-II highest (M=64.04). 

The statistical significance of these mean scores was presented in the 

following graph and table 4.27. 

 

Figure 4.8: Graphical Representation of the Mean Scores of Urban Students  

Scheffe statistics on post-test scores of urban students is presented in table 

4.27 in order to identify the above explained means score difference.  
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Table 4.27: 
   
Summary of Scheffe Statistics on Post-test Scores of Urban Students for Multiple 
Comparisons 
 

(I) Group (J) Group Mean 
Difference (I-J) 

Std. Error Sig. 

Control Experimental-I -5.942(*) 2.057 .017 
  Experimental-II -10.250(*) 2.057 .000 
 
Experimental-I 

 
Control 

 
5.942(*) 

 
2.057 

 
.017 

  Experimental-II -4.308 2.057 .115 
 
Experimental-II 

 
Control 

 
10.250(*) 

 
2.057 

 
.000 

  Experimental-I 4.308 2.057 .115 
* The mean difference is significant at the .05 level. 
 

The performance of the Control group is significantly lower than both of the 

Experimental-I and Experimental-II groups. It provided evidence to reject the null 

hypotheses stating no difference between traditional method and mathematics 

software and no difference between control and teacher facilitated mathematics 

software method for mean score of urban students on post-test. There was no evidence 

to reject the null hypothesis stating no difference between mean score of urban 

students taught by mathematics software and teacher facilitated mathematics software 

method. There was difference in the mean scores, mean score of the Experimental-II 

group was slightly higher than Experimental-I as reported shown in figure 4.8, but 

was not statistically significant. Same fact was explained by the output generated for 

homogeneous grouping presented in table 4.28 below. 
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Table 4.28:  

Homogeneous Grouping of Urban Students Mean Scores on Post-test  

Group                          N                Subset for alpha = .05 
                                                           1                          2 
 
      
Control 52 53.79     
Experimental-I 52   59.73   
Experimental-II 52   64.04  
     
Means for groups in homogeneous subsets are displayed. 
 

The Scheffe test result generated two homogeneous groups in which 

Experimental-I and Experimental-II groups' lie in the same group showed no 

difference between the two instructional techniques for urban students. Therefore, 

there was evidence to accept the null hypothesis stating no difference between two 

experimental groups for urban strata of the sample selected. 

4.7 Attitude of Students towards Mathematics  

The last research question imposed in this study was for investigation of impact of 

instructional methods on students' attitude towards mathematics. For this purpose a null 

hypothesis H10 stating no difference between the groups was formulated. The data for 

attitude was gathered through a rating scale administered with the test. At first the 

difference of attitude on pre-test between different intervention groups is presented 

below in table 4.29. 
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Table 4.29: 
  
ANOVA Statistics for Overall Comparison of Instructional Methods for Students 
Attitude towards Mathematics on Pre-test 
 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Between 
Groups 58.692 2 29.346  

1.155 
 
.316 

Within  
Groups 7848.894 309 25.401   

Total 7907.587 311    
* The mean difference is significant at the .05 level 

 
It was not significant to reject the null hypothesis. Therefore, the null 

hypothesis stating no difference of attitude towards mathematics on pre-test score is 

accepted. There was slight difference between the mean attitude score of Control 

(M=46.51), Experimental-I (M=47.13) and Experimental-II (M=47.57) groups, but 

not statistically significant. 

The attitude of the intervention groups were compared again at the end of the 

experiment along with the post-test. The summary of the ANOVA statistics is 

presented below in table 4.30. 

Table 4.30: 
  
ANOVA Statistics for Overall Comparison of Instructional Methods for Students 
Attitude towards Mathematics on Post-test 
 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Between 
Groups 274.429 2 137.215 4.636 .010 

Within  
Groups 9146.442 309 29.600   

Total 9420.872 311    
* The mean difference is significant at the .05 level 

 It was significant to reject the null hypothesis. Therefore, there was at least 

one group whose attitude was different on the post-test attitude score. In order to 

identify the group post-hoc, Scheffe test generated the output presented in table 4.31. 
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Table 4.31:  
 
Summary of Scheffe Statistics on Post-test Attitude Scores of Students for Multiple 
Comparisons 
 

(I) Group (J) Group Mean 
Difference (I-J) 

Std. Error Sig. 

Control Experimental-I -1.644 .754 .095 
  Experimental-II -2.212(*) .754 .014 
 
Experimental-I 

 
Control 

 
1.644 .754 .095 

  Experimental-II -.567 .754 .754 
 
Experimental-II 

 
Control 

 
2.212(*) .754 .014 

  Experimental-I .567 .754 .754 
* The mean difference is significant at the .05 level. 
 

Scheffe statistics provided significant mean score difference between the 

Control and Experimental-II groups, whereas the difference of attitude mean score 

between Control group and Experimental-I group was not significant. 

All the data analysis provided some significant findings; conclusions drawn 

from the study and recommendations are presented in next chapter. 



CHAPTER 5 

 

SUMMARY, FINDINGS, CONCLUSIONS AND 
RECOMMENDATIONS 

5.1 SUMMARY 

The subject of mathematics is being taught since ancient history. Mathematics 

teachers had tried to make it easier and understandable to the learners. At times 

mathematics learning was considered as practicing a series of techniques to master 

them and use the same over and over again in a series of problems. The main focus of 

teachers remained on rote memorizing the facts and applying them to solve the 

problems quickly.   

Firstly, the development of modern technology has profoundly affected the 

ways organizations and individuals around the world achieve their objectives and 

teachers and researchers in mathematics see mathematics learning and teaching as a 

significant part of social construction of knowledge.  Secondly these technological 

advances have substantially broadened the applications of mathematics, not only in 

scholarship, science, industry, business, and government, but also more prominently 

than before in such areas as agriculture, health, politics, and the arts. Therefore, 

teachers and researchers throughout the world are trying to find the new ways and 

techniques of teaching mathematics and researchers of mathematics education are 

more concerned with use of computer technology in mathematics teaching. 

This study aimed to investigate the impact of mathematics software on 

students learning achievements at elementary level. This purpose was further 

elaborated to four research questions for soliciting the effectiveness of the teaching 



116 

 

methodologies. The study addressed 10 null hypotheses, the overall effectiveness of 

the instructional methods, the effectiveness of the instructional methods across the 

gender and the effectiveness of the instruction across locality. The attitude of the 

students was also measured before and after the experiment to test the null hypothesis 

addressing the effect of instructional methods on students' liking of mathematics. 

Therefore, researcher investigated the impact of Mathematics Software on 

students' learning in an experimental setting using Control, Experimental-I and 

Experimental-II groups. The Control group was taught using traditional method, 

Experimental-I group received instruction from computer only while instructions in 

Experimental-II group was delivered by computer where teacher provided facilitation 

to the students’ learning. The purpose of eliciting the impact of mathematics software 

was achieved by formulating research questions. The null hypotheses addressed the 

effectiveness of mathematics software instructional method, teacher facilitated 

mathematics software instruction and traditional instruction (Independent variable) 

through achievement test (Dependent variable). The study was completed in two 

phases.  

5.1.1 Developmental Phase 

In the first phase mathematics software for imparting instruction to Experimental I 

and Experimental II groups was developed in three content areas (Integers, Algebra 

and Geometry) for 6th grade. Initially the researcher divided the contents into teaching 

units and modifies it to make it compatible with technology. Each teaching unit 

contained some material presented in the form of text, and then examples were given 

in order to further elaborate the concept. Afterward some exercises with step by step 

feedback were provided to the users and finally assessments were given to the 



117 

 

students. These developed units were given to a team of software developers; they 

developed a program as per instructional design provided by the researcher. After 

completing the coding, the program was piloted on 40 students.  During this piloting 

process the researcher and a teacher at that school remained there and noted the 

students' responses. Students had highlighted some typing mistakes, there are some 

feedback options that were not working properly and the teacher of the school noted 

that the sequence of the exercises should be in top to down order due to familiarity of 

the students with the technique used by teachers in traditional classrooms.  On the 

other hand to ensure the quality it was given to the software quality supervisor, user 

interface designer and programmer to report the quality of the program. The quality 

expert contributed towards the graphics and the background used. A University 

monogram should be placed at one corner to show the ownership of the program was 

the suggestion given by quality assurance personnel. The interface designer input his 

efforts towards the appropriateness of the main frame and the mini frames displaying 

feedback and reporting results. The programmer helped to improve the speed of the 

program, by providing suggestions towards the coding section of the software. After 

completion of the piloting and technical evaluation the software was revised 

accordingly. 

5.1.2 Experimental Phase 

The second phase of the study was experimental. To investigate the impact of 

developed software on students’ achievements, 312 students in four randomly 

selected schools of Punjab one from each strata were placed under three treatment 

conditions. The first group served the purpose of control group and was taught by 

traditional method of instruction. The second group (Experimental I) was treated by 
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mathematics software instruction, in this group the role of teacher was passive and 

teacher only monitored the progress and maintained the discipline in the classroom. In 

third group (Experimental-II) the role of teacher was to facilitate the students when 

they were working on program. 78 Sixth grade students of each sampled school were 

randomly selected and assigned to three treatment groups (26 in each group) after pre-

testing. The intervention lasted for ten weeks at the end the students were post tested.  

An achievement test in the three content areas was developed considering 

three cognitive levels of revised Bloom’s taxonomy.  Test was developed according to 

the specification and piloted to 500 students for reliability and was validated through 

experts, an attitude scale to measure the students’ liking of mathematics accompanied 

test, its reliability was ensured on the basis of students responses. This test served the 

purpose of pre-test and post-test to measure the achievements of the students.  

5.1.3 Data Analysis  

 Inferential and descriptive statistics were used to analyze the data. Gay (1996) and 

Best & Kahn (2006) recommended that ANOVA is best technique when there are 

more than two independent groups. It provides information regarding difference of the 

mean scores between the groups.  ANOVA was run on pre-test score to report the 

initial difference between the groups.  

Again ANOVA helped to identify the difference between the mean scores of 

three treatment groups on post-test. Post hoc technique is recommended by many 

researchers when ANOVA allowed to reject the null hypothesis, Scheffe, post hoc test 

was employed to differentiate between the groups. It helped to formulate 

homogeneous grouping providing evidence of significant differences between the 
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groups. Mean, standard deviation, standard error, maximum and minimum values in 

the groups and graphical representation of the mean scores were the other statistical 

techniques employed to interpret and analyze the data. The analysis of the data 

revealed many facts that are reported in the next section of this chapter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



120 

 

5.2  FINDINGS 

The major findings of the study are elaborated in the following section. 

5.2.1 Initial Comparison of the Groups 

To compare treatment groups before the start of the experiment, a pre-test was 

conducted. ANOVA and descriptive statistic employed on the scores explored that 

there was no difference between the groups before the start of the experiment. The 

mean scores of the three treatment groups, Control (M=47.27), Experimental-I 

(M=47.92) and Experimental-II (47.88) were different from each other but not 

statistically significant. The null hypothesis was accepted and no difference between 

the groups was assumed. 

5.2.2 Overall Comparison of Groups on Post-test Scores 

To compare the groups on post test scores again ANOVA statistics was used. It was 

significant to reject the null hypothesis at 0.05 level of significance with 

F(2,309)=31.89, indicating that at least one of the groups has different mean score. To 

locate the difference between the groups the mean scores were compared using post 

hoc technique, revealed the mean score of the Experimental-II group (M=64.15) was 

significantly higher than the other two groups Experimental-I (M=58.38) and Control 

group (M=53.63). The study revealed that Experimental-II group under teacher 

facilitated software instruction outperformed the other two groups whereas, the mean 

score of the Experimental-I group was also significantly high, enough to report the 

students using mathematics software instructions achieved more as compared to the 

Control group on post-test.  

 



121 

 

5.2.3 Comparison of Male Respondents 

The effectiveness of the teaching methods across the gender groups was addressed in 

three hypotheses of the study. At first the comparison of the male respondents on the 

post test score revealed that mean score of the Experimental-II group (M=64.60) was 

significantly high and this group outperformed the counterparts. No difference was 

found between the Experimental-I and control groups. The mean scores of the two 

groups (M=57.17) and (M=54.67) were slightly different, but this was not statistically 

significant. Scheffe, post hoc placed these two groups in the same homogeneous 

group. The statistic revealed the dominance of the teacher facilitated mathematics 

software instruction over mathematics software and traditional instructional methods.  

5.2.4 Comparison of Female Respondents 

Comparison of female respondents on the post test also exposed that Experimental-II 

group dominated all the other when their mean scores were considered. The mean 

score of Experimental-II group (M=63.71) was highest whereas the mean score of the 

Experimental-I group (M=59.60) remained second and the mean score of the Control 

group (52.60) was the least in the row. But the difference between Experimental-II 

and Experimental-I groups was not significant revealing the fact that female students 

were satisfied with the mathematics software and teacher facilitated mathematics 

software treatments. Post hoc technique placed these two in the same homogeneous 

group. The two instructional techniques were significantly better than the traditional 

approach when applied on female students. 
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5.2.5 Comparison of Gender groups 

Comparison of the male and female respondents exposed no difference between them. 

Both male and female students performed equally. The mean score (M=58.81) of the 

male respondents was slightly higher than the mean score of the female (M=58.63) 

respondents, but not statistically significant. Therefore, no difference between the 

achievements of male and female students on post test was found. 

5.2.6  Comparison of Rural Respondents 

When rural respondents were compared regarding the three treatment conditions, it 

was noted that Experimental-II group surpassed the remaining two. The mean scores 

(M=64.27) of Experimental-II and (M=57.04) of Experimental-I groups were 

significantly different; in the same manner the mean score of Experimental-II was 

significantly higher than the mean score (M=53.48) of Control group. Therefore, it 

was found the Experimental-II group achieved more as compared to the other two 

groups. The difference between Experimental-I and Control groups was not 

statistically significant; showed no difference between the achievements of the rural 

students when they were measured by achievement test. 

5.2.7 Comparison of Urban Respondents 

A significant difference between the scores of the urban respondents was found when 

they were exposed to different treatment conditions. It was found that mean score of 

the Experimental-I and Experimental-II groups was not statistically significant to 

differentiate between the groups, but both of these groups outperformed the urban 

respondents of the Control group. Scheffe post hoc technique placed Experimental-I 
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and Experimental-II groups in same homogeneous group with (M=59.73) and 

(M=64.04) mean score respectively.  

5.2.8 Comparison of Locality Groups 

Urban and rural respondents were compared with each other using t-statistics, not 

significant to reject the null hypothesis, indicated that there was no difference 

between the achievements of the urban and rural students when they were compared 

on the score attained by the post-test. Mean difference (MD=0.93) between the scores 

was slight, to differentiate between groups. 

5.2.9 Comparison of Score Attained by Attitude Scale 

The attitude score comparison showed that the attitude of the Experimental-II group, 

using teacher facilitated mathematics software was more positive than that of their 

counterparts in the other groups whereas, no difference between the attitudes of 

Experimental-I and Control groups was found. 
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5.3 CONCLUSIONS 

The findings of the study lead to the following conclusions: 

1. Teacher facilitated software instruction method may be better as compared to the 

mathematics software and traditional instructional methods for teaching of 

mathematics at 6th grade. 

2. Mathematics software teaching may produce better scores from the students of 6th 

grade as compared to traditional instruction. 

3. For male students' teacher facilitated mathematics software instruction is better 

technique as compared to traditional and mathematics software instructional 

techniques when these are used for teaching of mathematics at 6th grade. 

4. Mathematics software instruction and traditional instruction has same effect on the 

achievements of the students at 6th grade. 

5. Teacher facilitated mathematics software method is better technique for female 

students of 6th grade. 

6. Mathematics software instruction worked better for female students of 6th grade 

when compared with traditional instructional technique. 

7. For rural students teacher facilitated software instruction worked better than the 

other two instructional techniques for 6th grade mathematics. 

8. Traditional instruction and mathematics software produced same level of 

achievements from the students of 6th grade. The two methods have equal effect 

on the attainments of the students. 



125 

 

9. Urban students produced better results when they used teacher facilitated 

mathematics software, concluding that it is better technique for teaching of 

mathematics at 6th grade as compared to traditional instruction. 

10. Mathematics software also provided better results as compared to traditional 

instructional technique for 6th grade students. 

11. Teacher facilitated mathematics software instruction also helped to develop more 

positive attitude towards mathematics. 

12. Software instruction may provide teacher more time to interact with students and 

provide them individualized instruction; all the students were working on their 

own pace. 

13. Interactive software with appropriate feedback strategies may be the best features 

to be incorporated into the programs of mathematics teaching. 

14. Learners' active participation may produce better achievement score. 

The conclusions of the study were in consonance with the results of many other 

studies like Owens and Waxman (1994) and  Imel (1992), in international context and  

(Mahmood; 2004, Tabassum; 2004; Malik; 2003, Mahmood; 2006, Akhtar; 2008; 

Akram; 2008 and Bibi; 2010) in the Pakistani context. Many examples for better 

achievement scores of the CAI and CAI as supplementing strategy are available. The 

Liao (2004) results are aligned with the results of the study, the results were 

moderately positive. Similarly other studies (Kulik, Kulik, and Bangert-Drowns; 

1985, Ryan; 1991, Snowman; 1995, Fletcher-Flinn and Gravatt; 1995, and 

Christmann and Badgett; 2000) reported the positive effect of CAI or CAI as 

supplementing strategy. Therefore, it can be concluded that careful infusion of 



126 

 

computers into teaching of mathematics may be useful for the improvement of 

achievements and machines may play a better role when used as teacher facilitated 

software method. This technique can be better used to get maximum output and to 

optimize the students' achievements. 

One other aspect that needs to be highlighted is the development and structure 

of the software used for the study. Kirk (2003) said that each type of instructional 

software programs has its own function that varies from basic skills development to 

high-level skills development. Teachers should select software carefully, by 

considering its purpose before integrating it into their teaching. Therefore, the model 

used for the development of the software may have effect on the results of the study 

and have contributed towards the better achievements. The software was designed in 

Urdu language, and may be more close to the students understanding, that may have 

motivated the students. Multiple levels of hints were used as a feedback strategy 

meant for involvement of the students, this may be another reason for the better 

achievement of the students taught through software and teacher facilitated software 

methods. The developers may create the balance between the levels of hints and the 

students’ skill to use the software to make it user friendly. Ropers cited in (Gordijn 

and Nijhof, 2002) has identified five categories of feedback, but for this particular 

model keeping in mind the needs of the students to make the software more user-

friendly the researcher used three levels of feedback strategy. The complex feedback 

may be beneficial but it fears the simplicity of the model. Therefore, need for the 

more interactive software by integrating complex levels of hinting strategies has been 

highlighted.   
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5.4 RECOMMENDATIONS 

The findings of the study lead the researcher to recommend: 

1- Teacher facilitated method worked better for the achievements of the students; 

therefore, it is recommended that more and more computer should be provided 

to the schools. 

2- Teachers should be trained so that they can actively use computer to facilitate 

the learning process.  

3- Teachers should be encouraged to involve students more actively in the 

classroom teaching learning environment. 

4- In service training of the teachers specific to the use of software in the actual 

classroom is recommended, this may also lead to develop positive attitude of 

the teachers towards the use of computers in the classroom. 

5- Computer training should be introduced in pre- service programs. It is 

recommended to the universities that training to the specific software should 

be mandatory for the pre-service programs of teacher education. 

6- Universities should contribute towards the development of subject specific 

software. 

7- Students of masters' level should be assigned the projects of development of 

the software for different subjects and can consequently be used for the 

teaching purpose at school level.  

8- Government should allocate enough funds for the development of computer 

labs and for provision of at least one computer in each classroom as it is 

considered to be a teaching aid of the future classroom. 



128 

 

9- A post of instructional designer may be created in each school to help the 

teachers in selection and evaluation of the appropriate software. 

10- Curriculum should be revised to make it compatible with the technology 

infusion. 

11- Computer should be provided on proportionally to the students of urban and 

rural schools as it is equally beneficial to both. 

12- Equal opportunities should be provided for both male and female students, 

because it is also equally beneficial to both strata. 

5.4.1 Recommendations for Further Research 

1. The study was delimited to three units of mathematics and therefore, there is a 

need to conduct the studies of the same kind with different content areas of 

mathematics. 

2. Software for other subjects may be developed and experimented to generalize 

the findings. 

3. More structured research for impact investigation should be done with 

different spheres of population and in other provinces also. 

4. This study addressed 6th grade therefore, more studies should be conducted 

with different grades. 

5. The software with different specifications may be developed and validated to 

optimize students' achievements. 

6. Teachers should be involved to contribute towards the instructional design of 

the software; researches for effective instructional designs may lead to better 

software. 

7. Greater access to research works of similar kind may be made available to the 

perspective research scholars. 
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  APPENDIX A 

List of Contents, Sub Contents and Learning Outcomes  
 
Content Area  Integers 
 
 Sub Content Areas 
 
1.1 Concept of integers and their representation on number line 

1.2 Addition of integers 

1.3 Subtraction of integers  

1.4 Ordering of integers 

1.5 Multiplication of integers 

1.6 Division of integers 

1.7 Basic operations on integers 

 
Learning Outcomes 
 
1.1.1 Students will be able to know that integers below zero represented by negative 

numbers 

1.1.2 Students will be able to identify integers 

1.1.3 Students will know the person who represented integers first time on number 

line 

1.1.4 Students will be able to construct number line 

1.1.5 Students will be able to represent integers on number line 

1.1.6 Students will be able to recognize positive and negative integers 

1.2.1 Students will be able to understand the concept of addition of integers with 

like signs 

1.2.2 Students will be able to understand the concept of addition of integers with 

unlike signs 

1.2.3 Students will be able to add integers 

1.3.1 Students will be able to understand the concept of subtraction of integers 
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1.3.2 Students will be able to subtract integers 

1.4.1 Students will be able to arrange integers in ascending order 

1.4.2 Students will be able to arrange integers in descending order 

1.4.3 Students will know that positive integer is greater than negative integer 

1.4.4 Students will know that integer to the left of another on number line is smaller 

1.5.1 Students will know that product of any integer with zero is always zero 

1.5.2 Students will know that product of two integers with unlike signs is a negative 

integer 

1.5.3 Students will know that product of two integers with like signs will be a 

positive integer 

1.5.4 Students will be able to multiply integers 

1.6.1 Students will know that if both integers have like signs the quotient will be 

positive  

1.6.2 Students will know that if both integers have unlike signs the quotient will be 

negative 

1.6.3 Students will be able to divide integers 

1.7.1 Students will be able to perform basic operations on integers 

1.7.2 Students will be able to use number line to solve the problems involving 

integers 

 
Content Area  Algebra 
 
Sub Content Areas 
 
2.1 Concept of algebra 

2.2 Concept of Coefficients and variables 

2.3 Concept of base and exponents 

2.4 Concept of algebraic expressions 
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2.5 Concept of like and unlike terms in algebraic expressions 

2.6 Addition of algebraic expressions 

2.7 Subtraction of algebraic expressions 

2.8 Product of monomial algebraic expressions 

2.9 Concept and types of algebraic sentences 

2.10  Evaluation and simplification of algebraic expressions 

 
Learning Outcomes 
 
2.1.1 Students should know the founder of algebra 

2.1.2 Students will know that variables as letters are used to denote numbers in 

algebra 

2.2.1 Students will be able to differentiate between coefficients and variables 

2.3.1 Students will be able to identify base and exponents 

2.4.1 Students will have the concept of algebraic expressions 

2.4.2 Students will be able to differentiate between monomial and compound 

expressions 

2.5.1 Students will be able to identify like and unlike terms in algebraic expressions 

2.6.1 Students will know that while adding two or more algebraic expressions only 

coefficients of like terms are added 

2.6.2 Students will understand the concept of addition of algebraic expressions 

2.6.3 Students will be able to add like terms in an algebraic expression 

2.6.4 Students will be able to add compound algebraic expressions 

2.7.1 Students will be able to understand the concept of subtraction of algebraic 

expressions 

2.7.2 Students will be able to subtract compound algebraic expressions 
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2.8.1 Students will understand that to multiply monomial expressions of same base, 

only the coefficients are multiplied and their exponents will be added 

2.8.2 Students will be able to multiply/divide algebraic expressions  

2.9.1 Students will know the concept of algebraic sentence 

2.9.2 Students will know the different types of algebraic sentences 

2.10.1 Students will evaluate and simplify algebraic expressions when values of 

variables involved are given 

2.10.2 Students will be able to solve algebraic equation 

 
Content Areas Geometry 
 
Sub Content Areas 
 
3.1 Perimeter and area of square  

3.2 Perimeter and area of rectangle 

3.3 Area of parallelogram 

3.4 Properties and area of trapezium 

3.5 Area of triangle 

 
Learning Outcomes 
 
3.1.1 Students will be able to know the formula of perimeter of square 

3.1.2 Students will be able to know the formula of area of square 

3.1.3 Students will be able to find the area of square when length of side is given 

3.2.1 Students will be able to know the formula of perimeter of rectangle 

3.2.2 Students will be able to apply formula for the perimeter of rectangle 

3.2.3 Students will be able to know the formula of area of rectangle 

3.2.4 Students will be able to use the formula for finding area of rectangle 
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3.2.5 Students will be able to solve problems involving area of a rectangular shaped 

region 

3.2.6 Students will be able to solve problems involving perimeter of a rectangular 

shaped region 

3.3.1 Students will know the properties of parallelogram 

3.3.2 Students will know the formula to find the area of parallelogram 

3.3.3 Students will be able to use the formula of area of parallelogram 

3.3.4 Students will be able to solve the problems involving area of parallelogram 

3.4.1 Students will know the properties of trapezium 

3.4.2 Students will know the formula to find the area of trapezium 

3.4.3 Students will be able to use the formula for the area of trapezium  

3.4.4 Students will be able to solve the problems involving area of trapezium 

3.5.1 Students will know different types of triangles 

3.5.2 Students will know the formula to find the area of triangle 

3.5.3 Students will be able to find the area of triangle when measures of altitude and 

base are given 

3.5.4 Students will be able to solve problems involving area of triangle 

 

 
 



APPENDIX-B 

Software Evaluation Rubric 

Dear Sir/Madam 

The researcher has developed software for teaching of mathematic at 6th grade. This 
form is designed to evaluate the accompanied software, the researcher desire that you 
will go through the lessons and elicit your opinion accordingly. Your valuable 
suggestions will help to improve the instructional design, technical quality, and user 
interface of the program. 

Thanks 

       Muhammad Tanveer Afzal 
       PhD Scholar 
       Division of Education 
       University of Education 
       Lahore 
 

Note: Use the following System to rate the different capabilities of the software 

1= Strongly Disagree  2=Disagree  3=Agree 4=Strongly Agree 

NA= Not Applicable 

Sr. No. Statement SA A D SD NA 

 CONTENTS      

01 The content is accurate and factual      

02 The content is educationally appropriate       

03 The content is free of error      

04 The content meets learning goals and 
objectives 

     

05 The content is valid      

06 The content is free of stereotype      

 USER FRIENDLY      

01 Direction to the students are clear      

02 Students can quit the program at any time      

03 Students can restart the program easily      
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Sr. No. Statement SA A D SD NA 

 DOCUMENTATION AND SUPPORT      

01 The manual is clear and thorough      

02 It is easier to install and run      

03 Tutorials are clear and easy      

 ASSESSMENT      

01 It has built-in assessment and reporting 
system 

     

02 Assessment methods are appropriate      

03 It document and record students progress      

04 Teacher can easily assess students progress      

 TECHNICAL QUALITY      

01 Text and graphics are appropriate      

02 Feedback is well designed      

03 The application allows branching      

 

  Your Comments: 

___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________ 

 

 



 

APPENDIX C 

Table of Specification 

Cognitive 
Level 

Content 
Area 

REMEMBRING 

MCQs SAQs  ERQs 

UNDERSTANDING 

MCQs SAQs  ERQs 

APPLYING 

MCQs SAQs  ERQs 

Total % 

Integers 

Concept of 
Integers 

4(1)   2(1) 1(2)     8  
 
 
 
 
 
 

37% 

Addition and 
Subtraction of 

Integers 

   7(1)      7 

Ordering of 
Integers 

1(1)   2(1)     1(4) 7 

Multiplication 
and Division of 

Integers 

3(1)   5(1)    1(2)  10 

Basic 
Operations on 

Integers 

    1(2)  1(1) 1(2)  5 

Algebra 
Concept of 

Algebra, 
Coefficients 

and Variables 

8(1)         8  
 
 
 
 
 
 
 
 
 
 
 
 

34% 
 

 

 

 

 

 

 

Concept of 
Base and 

Exponents 

1(1)   1(1)      2 

Concept of like 
and unlike 

terms in 
algebraic 

expressions 

   1(1)      1 

Addition and 
Subtraction of 

algebraic 
expressions 

3(1)    1(2)  1(1) 1(2)  8 

Product of 
monomial 

algebraic 
expressions 

1(1)    1(2)  2(1) 1(2)  7 

Concept of 
algebraic 
sentence 

   1(1)      1 

Evaluation and 
simplification 

of algebraic 
expressions 

   1(1) 1(2)    1(4) 7 
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Geometry 

 
Perimeter and 
area of square

  

2(1)       1(2)  4  
 
 
 
 
 

29% 
 

Perimeter and 
area of 

rectangle 

3(1)   2(1)   1(1) 1(2)  8 

Area of 
parallelogram 

2(1)      1(1) 1(2)  5 

Properties and 
area of 

trapezium 

      2(1) 1(2)  4 

Area of 
triangle 

1(1)      1(1) 1(2) 1(4) 8 

Total 29   22 10  09 18 12 100  
Percentage 29% 32% 39%  100% 

 
 

• The number outside the parentheses represents the number items. 
• The number inside the parentheses represents the marks specified for each item. 
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Ã6,™,@*āQk»ÈzZãƒYñX

X17

< [ > Z

= Š `

Šzt9Z°ZŠ»ù·ƒ@*ìX X18

t9°Š [ µ9°Š Z

å°Š Š ŠgC°Š `

Ã#Ð¢[Š¶Ð°ŠqÝƒ@*ìX -3 X19

0 [ -3 Z

-1 Š +3 `

Šg`fs~ÐŠg„�Z[»ZN[™Æ‚tŠ~ˆ)zZ] (+2) x (-13) = 

Æ{à{:~K@*āQk»ÈzZãƒYñX

X20

-13 [ -26 Z

+26 Š +13 `
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»qÝ¢[ƒ@*ìX (+3) Zzg (+15) X21

-18 [ -45 Z

+45 Š +18 `

Ð¢[Š¶Ð°ŠqÝƒÇX (-13)Ã (-10) X22

-23 [ -13 Z

+130 Š +23 `

Ð„™äÐ°ŠqÝƒÇX (+5)Ã (+75) X23

-15 [ -25 Z

+25 Š +15 `

Šg`fs~ÐŠg„�Z[»ZN[™Æ‚tŠ~ˆ)zZ]~ (-96)@(+4) =

{à{:Ã6,™,X

X24

-16 [ -24 Z

+24 Š +16 `

ƒŠHXŠzâV~�ÛtƒÇX 4°F ìXZkÃ¤/x™äÐQk»ŠgzwZg] -4°F ',s»ŠgzwZg] X25

-8°F [ -4°F Z

8°F Š 4°F `
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Z¦Zgiògc*èÅT÷ác»ñ].åz{ìX X26

ZrZ [ æ¢a~ Z

ˆ[ Š ¥âCç5] `

BD÷X 4 Zzg 3 Zr~]~ 3x + 4y X27

!h4¨Õä
GG] [ oZ] Z

¸]ú Š °Š~u `

»°Š~uìX x~7x + 3 X28

-1 [ -7 Z

+7 Š +1 `

Z¤/ËZr~¿Å«R,xÆ‚BÃð´#Ö:ƒÂ´#Ö¦gÅYCìX X29

- [ + Z

@ Š x `

B@*ìX ~ X30

°Š~u [ o Z

Z‚k Š ¸]ú `
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]ìX 4ab X31

Šzg± [ q-g± Z

egg± Š �g± `

]ìX 2x + 3y -5 X32

Šzg± [ q-g± Z

egg± Š �g± `

»°Š~uìX Zr~] X33

3 [ 1 Z

7 Š 2 `

~Ñ&ģx÷X X34

[ Z

Š `

Ã¿™äÐ]qÝƒÇX (x+ 3y) + (4x - 7y) X35

5x - 3y [ 5x - 10y Z

5x - 7y Š 5x - 4y `
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Ã̧&™äÐ]qÝƒ@*ìX 13a ~Ð 18a X36

31a [ 5a Z

18a Š 13a `

»qÝ¢[ìX Zzg  X37

[ Z

Š `

Zr~ÓVÃ¦™Dz‰ÜÑ&ģxÆ¦ƒD÷X X38

¸]ú [ oZ] Z

Z‚k Š °Š~u `

Z¤/ËZr~R,xÆ‚B°Š~u:–ƒÂZk»°Š~u¦gƒ@*ìX X39

1 [ 0 Z

2 Š -1 `

Ã¿™äÐqÝƒ@*ìX X40

[ Z

Š `
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ÅnìX 2x + 3x = 5x Zr~L{   X41

ßL{ [ îL{ Z

Zy~ÐÃð7 Š Šg„L{ `

~ģxÅ®ZŠìX  X42

2 [ 1 Z

4 Š 3 `

Zr}~¬xîg6,o¦gƒ@*ìX X43

b [ a Z

w Š `

»Èì X44

[ Z

Š `

ÆƒÂ¿Å7ƒCìX x = 2~5x +2 Z¤/ X45

10 [ 8 Z

27 Š 12 `
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gK = IÅMð( x ÃgñÑ)IÅMð

¾̂ÅeöÆnZEwƒ@*ì?

X46

l [ [ Z

áZi~ZHq Š %, `

Zq© = 2 ahZð( + ÃgñÑ)Mð

¾̂ÅeöÆnZEwƒ@*ì?

X47

l [ [ Z

áZi~ZÑHq Š %, `

Zq© =   4 x ÃgñÑIÅMð

¾̂ÅeöÆnZEwƒ@*ì?

X48

l [ [ Z

áZi~ZÑHq Š %, `

gK   = ‡°{ x Zg·q ÃgñÑ

¾̂ÅeöÆnZEwƒ@*ì?

X49

%, [ [ Z

fziÞ Š áZi~ZÑHq `
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¢aƒÂZk»gKƒ@*ìX 5 Zq-%,TÆIÅMð X50

[ Z

Š `

¢aƒZk»gKƒ@*ìX 3 ¢aZzgahZð 5 Zq-lTÅMð X51

[ Z

Š `

¢aƒZk»gKƒ@*ìX 2 ¢aZzg‡°{ 5 Zq-[T»Zg·q X52

[ Z

Š `

ËáZi~ZHq»gK¥x™äc‡°{ÅeöÆ´z{eöÅ¢zg]ƒCìX X53

ahZð [ Mð Z

Zz™ð Š Zg·q `

¢aƒÂZg·qÅeöƒÏX 10 %,¢agKzZàáZi~ZÑHqÆ‡°{Åeö 50 X54

¢a15 [ ¢a5 Z

¢a50 Š ¢a40 `

Zq-aÃgTÆŠzZHqáZi~ƒV²!*¹ŠzZHq)áZi~ƒVBCìX X55

l [ %, Z

fziÞ Š áZi~ZÑHq `
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aÃgTÆÓxZHq',Z',ZzgiZz}‡[ƒVBCìX X56

l [ %, Z

fziÞ Š áZi~ZÑHq `

aÃgTÆ¾Z̈HqáZi~Zzg§zƒV2iZzbÌ‡[ƒVBCìX X57

l [ %, Z

fziÞ Š áZi~ZÑHq `

¢aƒÂZk» 6 ¢a²Zy»ŠgxãÃ, 10 Z¤/ËfziÞÆáZi~ZHqÅMÇV»ù·

gKƒÇX
X58

[ Z

Š `

»ƒBCìX 90° [T»Zq-iZzt X59

§zZÑHq [ §zZ—: Z

»™Z²Zzt Š ‡'*î JGZ²Zzt `

gK = ²n x îw

qgz!*ÑÃgñÑ¾̂»gK¥x™äcZEwƒ@*ì?

X60

l [ %, Z

fziÞ Š áZi~ZÑHq `
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qqqqggggzzzzffffssss¿¿¿¿ÎÎÎÎZZZZÑÑÑÑ]]]]ŠŠŠŠ~~~~ˆ̂̂̂((((~~~~iiii™™™™,,,,ÓÓÓÓxxxxÎÎÎÎZZZZÑÑÑÑ]]]]ÆÆÆÆ����'''',,,,ZZZZ'''',,,,÷÷÷÷

ÐgL‚]9Z°ZŠÃ�Ñí6,ªCÙ™,X +3 X1

Ãi™,X (-8) (-4) (12) X2

Ã¿™,X (-20)@(5) X3

Ã¿™,X -12 + (3+6) X4

Ãi™,X X5
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»ÚqÝ¢[¥x™,X Zzg X6

»ÚqÝ¢[¥x™,X Zzg Ô X7

ƒÂ¿Å7¥x™,X x = 3 ~Z¤/ 3x + 7 X8

Ã¿™,X (7l-9m +5n) - (6l -7m -14n) X9

¢aƒÂZk»gK¥x™,X 2.5 %¹´ºÆIÅMð X10
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e+¢aìl»gK¥x™,X 20 e+¢aZzgahZð 25 Zq-lTÅMð X11

¢aZg·qzZá‡'.0î JGZ²Zzt[^ÆE»gK¥x™,X 120 ¢a‡°{Zzg 185 X12

¢aìZk»gK¥x™, 25 ¢aZzgZg·q 48 Zq-áZi~ZÑHqö»‡°{ X13

^~Š~ˆfziÞ»gK¥x™,X X14
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qgzfsÎZÑ]ÃŠ~ˆ(6,i™,gs¿ÆnCÙÎZwÆ‚tŠ~ˆ(ZEw™,X ââââ^̂̂̂::::

ÃF,KMùŠ~~KX +3 Zzg -3, 4, -5, 6, -7 X1

Å7¥x™,X x+1/xÂx = 3 Z¤/ X2

3.1 ¢aDZzg 13.2 ¢aZzggK 24.2 Zq-‡'.0î JGZ²Zzt[»Zg·q¥x™,XT»‡°{ X3

¢aah~lÆ',Z',ìX
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ANSWER KEY AND MARKING RUBRIC 

 

MCQ No. Answer Cognitive 
Level MCQ No. Answer Cognitive 

Level 

01 A R 23 C U 

02 B R 24 A U 

03 C R 25 D A 

04 A R 26 B R 

05 A U 27 C R 

06 B U 28 D R 

07 B U 29 A R 

08 D U 30 C R 

09 C U 31 A R 

10 A U 32 C R 

11 C U 33 D U 

12 A U 34 B U 

13 B U 35 C A 

14 A U 36 A U 

15 B A 37 C A 

16 A U 38 C R 

17 B U 39 B R 

18 B U 40 D A 

19 B U 41 C U 

20 A U 42 B R 

21 D U 43 C R 

22 D U 44 A U 
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MCQ No. Answer Cognitive 
Level MCQ No. Answer Cognitive 

Level 

45 C U 53 C R 

46 C R 54 A A 

47 B R 55 D A 

48 C R 56 A R 

49 C R 57 B R 

50 D A 58 D A 

51 D A 59 C R 

52 B A 60 B R 
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MARKING RUBRIC FOR SHORT ANSWERS 

Sr. No. Cognitive 

Level 

Marks 

Assigned 

Details of the Answer Provided 

01 U 0 

1 

2 

For irrelevant or no attempt. 

For drawing line and representing "0" 

Drawing line and representing at least five 
points 

02 A 0 

1 

2 

For irrelevant or no attempt. 

For true multiplication of at least two 
numbers 

For true solution 

03 A 0 

1 

2 

For irrelevant or no attempt 

For true sign or numerical value 

For true sign and numerical value 

04 U 0 

1 

2 

For irrelevant or no attempt 

For true solution of parenthesis 

For complete solution with procedure 

05 U 0 

1 

2 

For irrelevant or no attempt 

For correct addition of at least one like pair 

For complete solution with procedure 

06 A 0 

1 

2 

For irrelevant or no attempt 

For true numerical value and power of at 
least one variable 

For complete procedure and true answer 

07 U 0 

1 

2 

For irrelevant or no attempt 

For true multiplication of one pair 

For true answer with complete procedure 
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08 U 0 

1 

2 

For irrelevant or no attempt 

For putting values of x 

Evaluation of numerical value with 
complete procedure 

09 U 0 

1 

2 

For irrelevant or no attempt 

For change of sign and true solution of at 
least one pair of like terms 

For complete procedure 

10 A 0 

1 

2 

For irrelevant or no attempt 

For writing true formula and putting values 

For complete solution with units as "m2" 

11 A 0 

1 

2 

For irrelevant or no attempt 

For writing true formula and putting values 

For complete solution with units as "m2" 

12 A 0 

1 

2 

For irrelevant or no attempt 

For writing true formula and putting values 

For complete solution with units as "m2" 

13 A 0 

1 

2 

For irrelevant or no attempt 

For writing true formula and putting values 

For complete solution with units as "m2" 

14 A 0 

1 

2 

For irrelevant or no attempt 

For writing true formula and putting values 

For true evaluation of area with units as 
"m2" 
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MARKING RUBRIC FOR EXTENDED RESPONSE ANSWERS 

Sr. No. Cognitive 

Level 

Marks 

Assigned 

Details of the Answer Provided 

01 A 0 

1 

2 

3 

4 

For irrelevant or no attempt. 

For at least three numbers in proper order 

For four numbers in proper order 

For five numbers in proper order 

For all six numbers in ascending order 

02 A 0 

1 

2 

3 

4 

For irrelevant or no attempt. 

For putting the value of "x" i.e. 3+1/3 

For solving 3+1/3 taking 3 as LCM 

For solving 3+1/3=10/3 

For dividing 10 by 3. 

03 A 0 

1 

2 

 

3 

4 

For irrelevant or no attempt 

For finding area of rectangle 

For area of rectangle and writing formula 

for area of triangle 

For putting values in the formula for area of 

triangle 

For complete solution and giving answer as 

altitude=3.38m 

 

Note: In the column of cognitive levels R, U and A represents Remembering, 
Understanding and Application ads per revised Blooms' Taxonomy of Educational 
objectives. 
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LESSON EVALUATION FORM 
 

Name of School:___________________________________________Date___/___/___ 
 
Group:      Experimental-I   /   Experimental II 
 
Name of Teacher: ___________________________________ Lesson Number________ 
 
Please comment about the lesson, your comments will be used to improve the lesson. 
 
Contents: Is the contents of the lesson aligned with the objectives and exercises and 
examples are enough for learning the concept at 6th grade level? 
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________ 

 
List any errors found by you or indicated by students in the contents of lesson  
 
Sr. #  Error   Page No.    Correction 
  
1  

2 

3 

4 

5 

6 

7 

Technical Error: Identify Technical error found if any. 

1  

2 

3 

4 

5 

Overall Quality:   Rate the overall quality of the lesson by ticking any one 

Poor / Fair / Good / Very Good / Excellent 

 

Signature of Teacher 



  APPENDIX G  

 
THEMES IDENTIFIED IN THE NATIONAL CURRICULUM 

 
In the document of National Curriculum for Mathematics form Classes I-XII Ministry of 

Education (2006) has celebrated the following themes for teaching of Mathematics. 

• The curriculum is designed to help students build the solid conceptual foundation 

in Mathematics that will enable them to apply their knowledge skilfully and 

further their learning successfully. 

• The curriculum emphasizes on the geometrical concepts that enable the students 

to think logically, reason systematically and conjecture astutely. 

• The curriculum stresses graphics that enable the students to visualize and interpret 

mathematical expressions correctly rather to manipulate them ‘blindly’. 

• The curriculum recognizes the benefits that current technologies can bring to the 

learning and doing mathematics. It, therefore, integrates the use of appropriate 

technologies to enhance learning in an ever increasingly information-rich world. 

 
STANDARDS OF TEACHING MATHEMATICS 

 
National Curriculum for Mathematics is comprised of five standards. The competencies 

are intentionally kept broad as to allow flexibility to the teachers in accordance with their 

students. The benchmarks, thereafter, serve as a guide indicating how competencies at a 

particular developmental level are to be attained in order to meet the standards. They 

provide indicators of expectations from students at completion of each of five 

developmental stages: grades I to II, III to V, VI to VIII, IX to X and XI to XII. 

The five identified standards are listed below: 
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Standard 1: Numbers and Operations 
Standard 2: Algebra 
Standard 3: Measurements and Geometry 
Standard 4: Information Handling 
Standard 5: Reasoning and Thinking 

 
This particular study involves three of the above mentioned content areas Numbers and 

Operations, Algebra and Geometry (Perimeter & Area). Therefore broader competencies, 

benchmarks and learning outcomes of theses content areas for class six are presented 

below.  

 
COMPETENCIES OF TEACHING MATHEMATICS 

 
The students will be able to: 

• Identify numbers, ways of representing numbers and effects of operations in 

various situations. 

• Analyze number patterns and interpret mathematical situations by manipulating 

algebraic expressions and relations. 

• Identify measurable attributes of objects. 

 
BENCHMARKS ALIGNED WITH THE COMPETENCIES 

 
The following benchmarks aligned with the competencies are identified from the 

National Curriculum document. 

 
INTEGERS 

The student will be able to: 
• Identify and compare integers, 

• Apply basic operations on integers and verify commutative and associative 

properties. 
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• Arrange absolute values of integers in ascending and descending order. 

 
ALGEBRA 

The student will be able to: 
• Identify algebraic expressions and basic algebraic formulas. 

• Apply four basic operations on polynomials. 

 
MEASUREMENT AND GEOMETRY 

 
The students will be able to: 

• Apply appropriate formulas to calculate perimeter and area of quadrilateral, 

triangular and circular regions. 

 
 
 

LEARNING OUTCOMES STUDENTS EXPECTED TO BE MASTERED 
  
At the end of the academic year all the students will be able to: 
 
 
Unit # 4   Integers 
 
4.1 Integers  
 

• Know that 

o The natural numbers 1, 2, 3,…. are also called positive integers and the 

corresponding negative numbers −1,− 2,− 3,…. are called negative 

integers, 

o ‘0’ is an integer which is neither positive nor negative. 

• Recognize integers. 

4.2 Ordering of Integers 
  

• Represent integers on number line. 

• Know that on the number line any number lying 
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o To the right of zero is positive, 

o To the left of zero is negative, 

o To the right of another number is greater, 

o To the left of another number is smaller. 

• Know that every positive integer is greater than a negative integer. 

• Know that every negative integer is less than a positive integer. 

• Arrange a given list of integers in ascending and descending order. 

4.3 Absolute or Numerical Value of an Integer 
 

• Define absolute or numerical value of a number as its distance from zero on the 

number line and is always positive. 

• Arrange the absolute or numerical values of the given integers in ascending and 

descending order. 

4.4 Addition of Integers  
 

• Use number line to display: 

o Sum of two or more given negative integers, 

o Difference of two given positive integers, 

o Sum of two given integers. 

• Add two integers (with like signs) in the following three steps: 

o Take absolute values of given integers, 

o Add the absolute values, 

o Give the result the common sign. 

• Add two integers (with unlike signs) in the following three steps: 

o Take absolute values of given integers, 
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o Subtract the smaller absolute value from the larger, 

o Give the result the sign of the integer with the larger absolute value. 

 
4.5 Subtraction of Integers  
 

• Recognize subtraction as the inverse process of addition. 

• Subtract one integer from the other by changing the sign of the integer being 

subtracted and adding according to the rules for addition of integers. 

4.6 Multiplication of Integers  
 

• Recognize that 

o The product of two integers of like signs is a positive integer, 

o The product of two integers of unlike signs is a negative integer. 

 
4.7 Division of Integers  
 

• Recognize that division is the inverse process of multiplication. 

• Recognize that on dividing one integer by another 

o If both the integers have like signs the quotient is positive, 

o If both the integers have unlike signs the quotient is negative. 

• Know that division of an integer by ‘0’ is not possible. 

 
Unit # 8   Introduction to Algebra 
 
8.1 Algebra 
 

• Explain the term algebra as an extension of arithmetic in which letters replace the 

numbers. 

• Know that 
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o A sentence is a set of words making a complete grammatical structure and 

conveying full meaning. 

o Sentences that are either true or false are known as statements. 

o A statement must be either true or false but not both. 

o a sentence that does not include enough information required to decide 

whether it is true or false is know as open statement (e.g., Δ + 2 = 9 ). 

o A number that makes an open statement true is said to satisfy the 

statement (e.g. Δ = 7 makes the statement Δ + 2 = 9 true). 

o Use English alphabet x in the open statement Δ + 2 = 9 to modify it to      x 

+ 2 = 9. 

• Define variables as letters used to denote numbers in algebra. 

• Know that any numeral, variable or combination of numerals and variables 

connected by one or more of the symbols ‘+’ and ‘–’ is known as an algebraic 

expression (e.g., x + 2y). 

8.2 Algebraic Expression  

• Know that x, 2y and 5 are called the terms of the expression x + 2y + 5. 

• Know that the symbol or number appearing as multiple of a variable used in 

algebraic term is called its coefficient (e.g. in 2y, 2 is the coefficient of y). 

• Know that the number, appearing in algebraic expression, independent of a 

variable is called a constant term (e.g. in x + 2y + 5, number 5 is a constant term). 

• Differentiate between like and unlike terms. 

• Know that 

o Like terms can be combined to give a single term, 

o Addition or subtraction can not be performed with unlike terms. 
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• Add and subtract given algebraic expressions. 

• Simplify algebraic expressions grouped with brackets. 

• Evaluate and simplify an algebraic expression when the values of variables 

involved are given. 

 
Unit # 11   Perimeter and Area 
 
11.1 Perimeter and Area 
  

• Find perimeter and area of a square and a rectangle. 

• Find area of path (inside or outside) of a rectangle or square. 

• Solve real life problems related to perimeter and area of a square and rectangle. 

• Recognize altitude of a geometric figure as the measure of the shortest distance 

between the base and its top. 

• Find area of a parallelogram when altitude and base are given. 

• Define trapezium and find its area when altitude and measures of the parallel 

sides are given. 

• Find area of a triangle when measures of the altitude and base are given. 
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Introduction: 
 
Teaching mathematics has always been a tedious task, especially at elementary 

and secondary levels. This is because of the fact that the students in Pakistani 

Primary schools are not provided with the basics they need to pick up the 

concepts in coming classes. 

 

This mathematics tutorial has been designed by University of Education, Lahore 

to find out the impact of mathematics teaching software on the learning 

experience of students in an automated environment. 

 

The tutorial is aimed to help students and teachers to explain the concepts in a 

logical way. Students can solve exercises and problems related to the topic in an 

interactive environment which guides them right on the spot. 

 

 
What does this cover? 
 
The tutorial is designed to help students of class six to learn mathematics. This 

version of the tutorial covers only following three chapters: 

1- Integers 

2- Algebra 

3- Geometry 

Each chapter includes explanation of concepts, interactive exercises and 

assignments which assess the impact of this program on their basic knowledge. 
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What you need to know? 
 

Basic knowledge of computer operation is required. Students should be taught 

how to use mouse and keyboard before they are taken to the tutorial. 

 

How to Install the Program? 
1- Insert the installation CD into CD-ROM and open it. 

2- Run the setup.exe program and follow the instructions to complete the 

wizard, 

3- If asked to “Abort” or “Retry” or “Ignore”, click “ignore”. 

4- After completion of the setup, copy the “images” folder to the location 

where the program is installed. 

5- Run the “mathTutorial.exe” to start the program 

 
An Overview of the workflow of the program: 
 
The tutorial in the start asks for students roll number. This will be used to track 

the performance of each student in assignments. This will help to generate reports 

for each student about his attempts to solve the assignment for each chapter.  

After authenticating the roll number, tutorial will move towards 
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Workspace Introduction: 
Following is the main page of the software. Its different sections are explained one by 

one. 
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1. This is the chapter frame. First of all, you select one of the three available 

chapters from here. 

2. These are two columnar frames listing the available lesson numbers. You 

can double click any of the lesson number to open it. 

3. This area shows the objectives of the lesson selected. To select lesson, you 

simply click the lesson button, this box will display the objective of the 

lesson. 

4. This dark blue bar at the bottom is reserved for the student information 

that is currently using the software. New student can be admitted from this 

bar and current student can also be changed from here. 
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How to open a lesson: 
 
To open a lesson, you will go the main page of tutorial. You will adopt the following way 

to open a lesson: 

 
 
Lesson Page Introduction: 
Different parts in the picture below have been marked. Their details are given below: 

1- Title of lesson 

2- Close and back buttons. Close will end the program. The other button will take to 

the main window. 

3- Explanation of the lesson/example 

4- Buttons to navigate between lesson pages. 

5- Buttons to open other parts of the lesson such as examples, exercises, assignments 

etc. 

 

Double click 
the lesson 

Select Chapter 
(frame 1 above)  

Select lesson 
(frame 2 above)  
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How to interact with the tutorial and give input? 
 

The program will take input from the student in each exercise and assignment of the 

lessons. There are two types of questions i.e. multiple choice questions and those 

questions which will require students to type in some values. For first type (multiple 

choice), student can select any of the given option by just clicking on it. Look at the 

picture below: 
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The other type of questions will require the student to type in values. Student will press 

“Enter” after typing the values in empty boxes. Leaving a box empty, the program will 

not go forward.  
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Students will be provided hints in exercises on input. However, while solving the 

assessments, the program will not give any hint. It will only accept the input and will 

move forward. At the end of assessment, it will show results of the attempt. 
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