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ABSTRACT 

We are living in the era of science and technology and it has made the world a 

global village. Science and technology has become a prominent indicator of  

economic development and prosperity. Nations of the world are striving for the 

excellence in this field. Pakistan is a developing country and advancement in the field 

of science and technology is the only way that can embark upon an era of economic 

development and prosperity for the country. Advancement in science and technology 

requires revolutionary changes and improvements in teaching learning science at all 

levels. One of the desired changes is the use of hands-on activities in teaching and 

learning science. 

  Students’ involvement in hands-on activities exposes them to vibrant 

connections from abstract concepts to material examples and from scientific 

principles to scientific applications, which contribute a lot to students’ better 

comprehension of the scientific knowledge and their ability to solve problems using 

their scientific knowledge. It has been found that hands-on activities provide 

enjoyment to children and develop greater enthusiasm for science in the classroom. 

Keeping in view the need and importance hands-on activities in science 

education, the present study was undertaken. This study was designed to investigate 

the impact of hands-on activities on 8
th

 grade students’ motivation toward science 

learning and their achievement in science. The study was conducted on 342 students 

of two boys’ high schools and two girls’ high schools, all schools were from public 

sector. The sample of the study comprised of 145 male and 197 female of grade 8, of 

which 169(49%) were assigned as experimental group and instructed by hands-on 

activities, while the 173 (51%) were assigned as control group and instructed by the 
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traditional method. For the study, students’ motivation toward science learning scale 

(SMTSL) was used to measure students’ motivation toward science learning and 

science achievement test developed and validated by the researcher, was used to 

collect the data regarding students achievement score in science. The data were 

analyzed by using Independent Sample t-test through SPSS. The results indicated that 

there was a significant difference between the means score on students’ motivation 

toward science learning and students’ science achievement in favour of the 

experimental group. Gender wise comparison showed that male students were higher 

on motivation toward science learning as a result of experiencing hands-on activities 

but the difference was small and insignificant. Moreover, the gender wise comparison 

on achievement score as a result of experiencing hands-on activities showed that 

hands-on activities are equally beneficial for both male and female students and no 

difference on science achievement was found therein.  

The results of this study are important in the context of developing countries 

that have limited resources to spend on science education. The study recommends that 

science curriculum should be more activity based and include more hands- on 

activities at this level and teachers should be trained effectively so that the students’ 

motivational level toward science learning and their achievement in science can be 

enhanced.  

 

 

 

 

 



ix 
 

ACKNOWLEDGEMENTS 

All praise is to Allah SWT, The Most Compassionate, The Most Merciful, The 

Most Gracious, The Ultimate Source of All Knowledge, Who blessed me with 

patience, hard-work and determination to complete this research study. 

It gives me immense pleasure to express profound gratitude to Professor Dr Mumtaz 

Akhter, thesis supervisor, for her wise counsel, research expertise, continuous 

support and timely feedback that helped me to complete this dissertation.   

I am highly thankful to Hsiao-Lin, Tuan National Changhua University of 

EducationTaiwan and Dr. Özlem Ates, Celal Bayar University, Faculty of Education, 

Demirci, Manisa, Turkey for their guidance and expert opinion in developmental 

stages of this research study.  

I would like to extend my gratitude to Professor Dr Mehr Muhammad Saeed 

Akhtar, Professor Dr Fauzia Naheed Khawaja, Professor Dr Hafiz Muhammad Iqbal, 

Professor Dr Muhammad Zafar Iqbal, Professor Dr Rizwan Akram Rana, Professor 

Dr Rifaqat Ali Akbar, Professor Dr. Abid Hussain Ch, Dr Nasir Mahmood, Dr. 

Muhammad Saeed, Dr. Muhammad Hamid Nawaz and honourable faculty members 

at Institute of Education and Research for providing detailed and valuable guidance, 

help and inspiration throughout the course work. 

I am grateful to all ministerial staff at Institute of Education and Research for 

their support especially the library, record office and accounts office. I acknowledge 

the efforts and support of Higher Education Commission, Islamabad for its 

scholarship that helped me to resolve financial issues throughout PhD. 

It is the right time to pay tribute to all of my class fellows especially 

Muhammad Faisal Farid and Mahfooz ul Haq and seniors for their presence, support 

and practical help during the course work and afterwards. I am grateful to all those 



x 
 

researchers and authors whose work and ideas I quoted to build my argument in 

study. I am thankful to all those head teachers and teachers who allowed and helped 

me to conduct the experimental study and collect data from their classrooms. I extend 

best wishes for those students who have been the source of data that made it possible 

for me to study the impact of hands-on activities on their motivation toward science 

learning and their achievement in science in Pakistan. I am also thankful to Sarfraz 

Ahmad and Miss Tasleem Kausar who helped me in data entry and refinement of data 

during my research work 

Last, but not the least, I pay my humble gratitude to the continuous support of 

my parents, brothers Akhtar & Arshad and other family members especially my son 

Mamoon Abdul Maalik who missed me much and managed family affairs during the 

course of my studies. I am really grateful for their continuous moral, social and 

economic support.  

At the end, I pray Allah SWT, to bless them all with His blessings, who helped 

me during the course of this research study for successful accomplishment of this 

difficult task.  

      

                   Munir Hussain 

 

 

 

 

 

 



xi 
 

TABLE OF CONTENTS 

Chapter                   Topic Page 

  1  Introduction  01 

 Back ground of the study 02 

 Statement of the problem  09 

 Objectives of the Study 10 

 Research questions 10 

 Significance of the study 11 

 Delimitations of the study 12 

  2  Review of the Related Literature  14 

 Hands-on Science Activities 20 

 Need and importance of hands-on activities in science learning 22 

 Motivation toward Science Learning 24 

  Review of Past Researches on Effect of Hands-on Activities 

on Students’ Motivation toward Science Learning 

31 

 Rationale for use of Hands-On Science’s Role in Student 

Achievement 

36 

 Review of Past Researches Regarding Impact of Hands-on 

Activities on Students’ Achievement in Science 

41 

3 Methods and Procedures 47 

 Experimental Design 47 

      Method and Procedure  47 

 Sample of the Study 48 

 Instruments of the Research        49 

 Procedure of the Study 58 

 Data analysis 58 



xii 
 

Chapter                   Topic Page 

4 Data Analysis and Interpretation   59 

 Results 60 

5 Summary, Findings, Conclusions, Discussion and 

Recommendations 

64 

 Summary                                                                                                                          64 

 Findings 65 

 Conclusions 67 

 Discussion 69 

 Recommendations 76 

 Directions for Future Research 79 

 References  82 

 Annexure A: Urdu translated version of SMTSL 103 

 Annexure B: Science Achievement Test  106 

 Annexure C: Permission regarding use of SMTSL 113 

 Annexure D: List of Experts for Questionnaire Translation and 

Test Validation. 

 

114 

 Annexure E: List of Science Topics for Hands-on Activities 

  

115 

 Annexure F: ITEMAN output of science achievement test 117 

 

 

 

 

 

 



xiii 
 

LIST OF TABLES 

TABLE TITLE PAGE 

1.1 Teacher Reported Use of Hands-on Science 5 

 3.1 Total number of students at pre-test and post-test 48 

3.2 Gender Wise Distribution of Sample 49 

3.3 Descriptive Information for Each Sub Scale of the SMTSL 50 

3.4 Reliability Values of SMTSL Factors (Original Scale) 51 

3.5 Mean, Standard Deviation and Reliability coefficient of SMTSL  52 

3.6 Reliability Analysis of the Factors of SMTSL 52 

3.7 Statement Wise Analysis Detail of final SMTSL Scale 53 

3.8 

 

Factor Loadings for Students’ Motivation Toward Science 

Learning Scale 

56 

3.9 Critical Value Table for Statistical Significance 57 

4.1 

 

Comparison of Experimental and Control Group on Motivation 

toward Science 

60 

 

 4.2 

 

Gender wise Comparison of Experimental Group on Motivation 

toward Science 

60 

4.3 

 

Comparison of Male Experimental and Control Groups on 

Motivation toward Science 

61 

4.4 

 

Comparison of Female Experimental and Control Groups on 

Motivation toward Science 

61 

4.5 

 

Comparison of Experimental and Control Group on Achievement 

in Science 

61 

4.6 

 

Gender wise Comparison of Experimental Group on 

Achievement in Science 

62 

 4.7 

 

Comparison of Male Respondents of Experimental and control 

Groups on Achievement in Science 

62 



xiv 
 

TABLE TITLE PAGE 

4.8 

 

Comparison of Female Experimental and control Groups on 

Achievement in Science 

63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 
 

LIST OF FIGURES  

FIGURES TITLE PAGE  

3.1 Design of the study 47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvi 
 

LIST OF ABBREVIATIONS  

CFI   Comparative Fit Index 

GFI   Goodness of Fit Index 

LISREL  Liner Structural Relations 

NNFI   Non-Normed Fit Index 

RMSEA  Mean Square Error of Approximation 

SAST   Students’ Achievement in Science Test  

SEM   Structural Equation Modeling 

SMTSL  Students’ Motivation Toward Science Learning 

SPSS   Statistical Package for Social Sciences 

TLI   Tucker-Lewis Index   

 

 

 

 

 

 

 

 

 

 

  



1 
 

CHAPTER 1 

Introduction 

This study presents a quantitative view of the impact of hands-on activities on 

grade 8 students’ motivation and achievement in science in Pakistani scenario. 

Motivation to learn science and students’ achievement in science has remained an 

important focus of research even in U.S, and has engrossed in the consideration of 

policy makers and researchers in the current years. In the field of research in science 

education, a lot of studies are available exploring the factors and investigating their 

impact on students’ science learning motivation and their science achievement.  

Several researches have been conducted on the various factors related to 

students such as family background, socio economic status of parents, demographic 

distinctiveness such as locale, race and gender in learning science. More recent 

research has focused on affective factors such as motivation, attitude and interest, and 

students’ engagement in learning science (MOE, 2006). 

  Despite availability of an extensive literature on factors affecting science 

learning, motivation to learn science and science achievement, a few studies with 

consistent findings on science learning are available. Therefore, it is needed to 

conduct more research studies on factors that associate classroom science teaching to 

students’ science learning motivation and their science achievement. This study 

focuses on finding out impact of hands-on activities on students’ science learning 

motivation and their science achievement. Furthermore, gender based differences in 

students’ science learning motivation and their science achievement have also been 

explored to recognize the effect of these variables in learning science. 
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1.1 Background of the Study 

In this global world, a sense of competition is growing stronger among the 

nations of the world in each and every sphere of life. This war of competition has also 

sped up the pace of development. It is believed that education plays a critical role for 

the development of nations. Ali (1980) stated that many nations of the world made 

advancements through education. But, some of them failed to maintain their position 

achieved, because these countries failed to provide required scientific and 

technological knowledge for emerging economic competition caused by globalization 

and swift revolution of economic patterns.  

 In the current global world scenario, different nations are struggling for their 

endurance and development to play the leading role. The sensible nations provide 

quality education to achieve landmarks in development. Specifically, quality 

education in the field of science and technology has a crucial role in acquiring the 

leading role among the nations of the world. 

Science and technology are given very much importance all over the world. It 

has become focal point due to its importance in present scenario. Therefore, it is 

imperative for every individual to recognize the basic essentials of science and their 

applications in everyday life. Hurd (1990) states that by recognition of the critical role 

that is played by science education in the social, economic and personal life of the 

people, ‘scientific and technological literacy for all’ is strongly advocated. This now 

invites the attention of policy makers to prioritize the scientific and technological 

knowledge that has a critical role in development and to sustain the progress. Only 

those countries are sustaining their development that are giving high priority to 

scientific and technological education in their education policy formulation. 
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  Science is a search to comprehend the world around. Children are observers 

and analysts like scientists. They, with their open and imaginative minds, attempt to 

make sense of the world around through their own perceptions. They attempt to make 

connections between the happenings to understand the phenomena behind those 

happenings. They discard these connections if they lie unfit in their extended 

perceptions (Ornstein, 1994). Thomas Huxley in 1869, commented that the focus of 

educational goals should be based on students’ understanding i.e. students’ learning is 

more important than just providing the information of science concepts 

(Gruber,1963). But Pugliese (1973) states that teaching of science has been carried 

out as a body of knowledge to be memorized by the students. In 1958, Poincare 

advocated that understanding of science laws should be accepted as science learning 

outcomes, rather than focusing on absolute facts, (Vitrogan, 1965). However, in the 

real classroom situation, teaching facts remained persistent. It was followed by the 

majority of the teachers and generally accepted by the students and parents.   

In early 1970s, reforms in science education were brought worldwide. It was 

realized that in the science teaching, developing process skills are more important 

than merely telling them the science facts; active involvement of students should be 

ensured in experimentation, solving science problems, testing ideas related to science 

concepts, and making science discoveries (Doty, 1985).  However, telling factual 

information of science is still in focus, rather than enabling the students to understand 

science processes. More often students’ success in science is measured by ability to 

remember and narrate a set of facts when needed (Dantonio & Beisenherz, 1990). 

Teaching of science that strives for only to communicate students the accumulated 

knowledge, results in acquiring superficial level understanding, undoubtedly ignoring 

the development of mental faculties. But teaching scientific reasoning only as a set of 



4 
 

procedures is ineffective equally if it is not supported by some particular stuff. 

Science educators should facilitate their students in acquisition of both scientific 

knowledge and framing their habits of mind scientifically at the same time (Ornstein, 

2006). This purpose may be fulfilled by introducing hands-on science activities in the 

class rooms in an effective manner. The term "hands-on science activities" include all 

activities carried out by students during their science classes either inside or outside 

the laboratory. 

In the literature, use of hands-on activities in teaching science is not entirely a 

new idea but it is an extension of terms used in past such as "lab", that covers a 

variety of settings from the laboratory to the classroom activities, or "experiment", to 

include a wide range of activities that actually may or may not be experiments, such 

as observing or measuring (Ornstein, 2006). Traditionally, the terms "experiment" or 

"laboratory" have been used to express practical work done by students during science 

class either in place of  or as a supplement of such other methods of instruction as 

lecture, reading, recitation, teacher demonstrations. These two terms, to some extent 

have limitations for two reasons. First, majority of students especially in primary and 

middle schools do not have access to school laboratory, even if it exists. They may 

perform hands-on science activities in their regular classroom. Second, students may 

experience hands-on activities that are not actual experiments, for example 

observations and measurements. The term “hands-on science activities” include all 

activities carried out by students be they experiments or not and be they done in the 

classroom or in a laboratory to observe the phenomenon.  These activities are often 

used in conjunction with other instructional methods.  
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Ruby (2001) reported that use of hands-on science has been on the rise from 

the 1970s. It can be viewed in a comparison of teacher surveys on “hands-on science” 

in 1977 and in 1996 shown in table given below:  

Table 1.1 

Teacher Reported Use of Hands-on Science 

Frequency of hands-on science 
Grade 4-6 

1977 

Grade 4 

1996 

Grade 7-9 

1977 

Grade 8 

1996 

Almost every day 12% 9% 24% 18% 

1-2 times a week 27% 47% 38% 62% 

1-2 times a month 27% 42% 17% 18% 

Never/ hardly ever 35% 3% 21% 2% 

Source: Ruby (2001) 

The table shows large declines in the response "never or hardly ever", large 

increases in the responses "once or twice a month" and " once or twice a week", and 

smaller declines in the response "almost every day". Overall, we see about a 30 - 40% 

rise in the percentage of teachers reporting at least weekly use of hands-on science.   

A history of the promotion of hands-on science shows that we are currently in 

the midst of a time of dispute over its use due to a recent historical trend supporting 

its use and others are attempting to argue against that support (Ornstein, 2005). From 

a policy viewpoint, this makes it a good time to consider the issue, to gather empirical 

evidence regarding the effectiveness of the hands-on activities.  

Hands-on science has primarily been used to verify or demonstrate a 

phenomenon in support of direct teaching. Generally the phenomenon is described 

first in lecture or by the textbook and the then students carry out an activity that 

allows them to see the phenomenon or some aspect of it. The proponents of hands-on 

science activities argue that these activities are useful in making an abstract concept 

concrete and they consider it a complementary approach. Students better understand 

the meaning of written words through explicit images of the phenomena. Learning 
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and reasoning skills, such as making inferences and judgments and verifying them, 

would better be learned through observations and experiments. Through such 

investigations, students’ personal understanding develops and rather than only 

memorization, the material retains comparatively for the longer period of time. 

Wellington (1998) argued for the use of practical activities. In cognitive 

argument he says that practical activities develop pupils’ understanding of science and 

enhance their conceptual understanding by enabling them to comprehend the theories 

and laws of science. These may be used for illustration, verification or confirmation 

of ‘theory work’. Affectively arguing, practical activities motivate and excite the 

students; create curiosity and interest in students; assist learners to retain information 

of things. Arguing regarding skills, practical activities build up manipulative skills. In 

addition, these activities promote higher order thinking skills such as making true 

observations, accurate measurements and logical predictions and inferences. These 

higher order skills are not only valuable to be prospective scientists but also hold 

common benefit and occupational value. 

 Earlier studies conducted on science teaching learning had focused on the 

factors related to cognition such as IQ and ability etc., but current studies have found 

that about 25% of the variance in students’ achievement may be explained by IQ 

(Jensen, 1998). Factors related to affective domain such as motivation is also very 

important which may have profound effect on teaching learning science and students’ 

achievement in science. Many researchers have focused on family background of 

students while studying students’ achievement in science but these demographic 

variables are not possible to be manipulated by the research experts, teachers, 

institutions and policy makers. Although the findings on these variables intensify our 

understanding of differences on students’ achievement, but these findings do not 
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advocate for particular educational reforms and any vital change in educational 

policies. However, some individual level variables like students’ motivation, self-

efficacy and engagement that can be improved through teaching (MOE, 2008). 

 Students’ motivation is an important factor in teaching learning process, 

especially with reference to science learning. It refers to the individuals’ choices of 

going through or avoiding experiences (Marra & Wheeler, 2000). Tuan, Chin and 

Sheih (2005) have identified some factors related to students’ motivation to learn 

science i.e students’ science learning goals, their self efficacy, learning strategies they 

prefer and their perceptions about the value of science learning. Students’ interest and 

motivation to learn science may be promoted through the use hands-on activities 

(Appleton, 2002). Alouf and Bentley (2003) have also reported the significant gains in 

students’ motivation as a result of such activities. Some researchers e.g Johnstone and 

Al-Shuaili (2001) have reported that sense of ownership of learning may be increased 

by practical activities in science and resultantly increasing their motivation. 

In a study conducted by Thompson and Bennett (2001), they found positive 

effect of a combination of different methods of teaching such as lectures, teachers’ 

demonstrations, discussion and practical activities on Jamaican 10
th

 grade students’ 

attitudes towards chemistry and understanding of  a particular topic i.e electrolysis, 

while Eryilmaz, Yildiz & Akin (2011) found a positive association between students’ 

attitude and motivation. Raising students’ motivation enhances the students’ deeper 

processing of knowledge resulting in improved study habits and far transfer of 

knowledge. It also affects students’ achievement positively (Marra & Wheeler, 2000).  

Significant financial and intellectual investments have been made to explore 

students’ acquirement of knowledge and skills in science at national and international 

level. Large scale research studies on students’ assessment such as the National 
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Assessment of Educational Progress (NAEP) and the Trends in International 

Mathematics and Science Study (TIMSS) have their focus on students’ achievement 

in math and science. They also collected data on various other related variables like 

social, ethnic, educational and school variables to recognize the relationship of these 

variables to students’ learning. In Pakistani scenario on national level, such examples 

may be found in National Education Assessment System (NEAS) and Punjab 

Education Assessment System (PEAS) large scale assessments. Educational 

researchers have attempted to address all the factors that affect students’ science 

achievement (Manning, 1998). 

  Some studies have provided evidence of the effectiveness of hands-on 

activities on students’ achievement (Korwin & Jones 1990; Stohr 1996; Young & Lee 

2005; Ornstein, 2006; Randler & Huldey, 2007). Johnson, Wardlow and Franklin 

(1997), however, found that these activities are ineffective for students’ achievement 

as compared to traditional approaches. They conducted an experimental study on 132 

ninth graders in subject of Agriculture Science and Technology using hands-on 

activities in teaching physical science principles. The sample was taken from five 

different school districts of Arkansas. The results of the study showed that there is no 

significant difference in science achievement scores between the students taught 

through the use of hands-on activities and the students taught by the traditional 

method. These contrary results may be due to the fact that the study was of a short 

duration and it covered only two units of subject matter. Comparatively a long study 

covering more chapters may allow students the opportunity to develop increased 

knowledge and comfort level resulting in better science achievement.    

The increased body of research in the area of science education shows the 

utmost concern of the developed as well as developing countries. In most of the 
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developing countries, especially in Pakistan, the situation of science teaching is even 

worse. Due to lack of resources, science has not been taught properly especially at 

school level. Schools remained deficient in labs or equipment. However, the 

deficiency of science equipment might be overcome by the use of no cost/ low cost 

materials. The methodology followed for teaching and learning science, makes 

science subject uninteresting and boring which develops de-motivation in students. 

Due to these and some other reasons we are lagging behind in science area among 

developing countries.  

Some efforts were made to improve this state of affairs. In 2000, government 

introduced activity based curricula of science which is being currently followed, and 

provided science kits to all elementary and high schools. These steps were very 

important toward the right direction (Government of Pakistan & UNESCO, 2003). 

These science kits were provided to perform hands-on activities for better teaching 

and learning science. But practice of teaching science seems to continue in the 

conventional fashion. Practically, rare use of kits to perform hands-on activities has 

been observed. These efforts on part of the government seem to remain fruitless. 

Perhaps teachers perceive it useless or merely wastage of time to perform hands-on 

activities.  

The present study intends to find out the impact of hands-on activities on 

students’ motivation and their achievement in science. 

1.2 Statement of the Problem 

Effective science instruction requires selection of appropriate instructional 

approaches and strategies. It is generally perceived that by the use of appropriate 

approaches and strategies students’ science learning motivation and their science 

achievement may be improved. The present study investigates the impact of hands-on 
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science activities on students’ motivation toward science learning and their 

achievement in science. 

1.3 Objectives of the present Study 

Objectives of the present study were to find out: 

1. The effect of hands-on activities on students’ motivation toward science 

learning.  

2. The effect of hands-on activities on students’ academic achievement in 

science. 

1.4 Research Questions 

This study attempts to explore the answer of the following research questions:  

1. Does any significant difference exist between students’ mean score on 

motivation toward science learning taught science through the use of 

hands-on activities and those students taught science by traditional 

method? 

2. Does any significant difference exist between students’ mean score on 

motivation toward science learning of female and male students taught 

science through the use of hands-on activities? 

3. Does any significant difference exist between students’ mean score on 

motivation toward science learning of male students taught science 

through the use of hands-on activities and those taught science by 

traditional method? 

4. Does any significant difference exist between students’ mean score on 

motivation toward science learning of female students taught science 

through use of hands-on activities and those taught science by traditional 

method? 
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5. Does any significant difference exist between students’ mean achievement 

scores in science of the students taught through hands-on activities and 

those taught by traditional method? 

6. Does any significant difference exist between students’ mean achievement 

scores in science of female and male students taught science through the 

use of hands-on activities? 

7. Does any significant difference exist between mean science achievement 

scores of the female students taught science through the use of hands-on 

activities and those taught science by traditional method? 

8. Does any significant difference exist between mean science achievement 

scores of the male students taught science through the use of hands-on 

activities and those taught science by traditional method? 

1.5 Significance of the Study 

Scientific knowledge and vision is considered vital for progress and prosperity 

of a nation. Science education can play the major role in this regard. The increasing 

emphasis on science education can be observed in the education policies of the 

developing countries. The promotion of science education in Pakistan has been the 

focal point of national education policies. As a result of variety of efforts, there has 

been a search for more appropriate and effective ways and means for the delivery of 

scientific knowledge and skills that are more relevant to the needs of a larger section 

of school population. Science education is now considered to be an integral part of 

basic education. 

In Pakistan, science subjects are usually taught by the traditional method of 

expository book recitation. This stereotype mode of instruction cannot develop deeper 

understanding of concepts and higher level thinking. This gap can be bridged by 
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introducing and practicing hands-on activities right from early stage science 

education.  

With the assumption that students may be more involved, interested, and 

motivated while doing these activities, this experimental study was designed to 

examine the effect of hands-on activities on students’ motivation toward science and 

their achievement in science. This study provides empirical evidence supporting the 

justification of including hands-on activities in science courses. The study may have 

certain benefits: 

 It may help the curriculum developers in curriculum revisions and making 

essential decisions about inclusion of effective hands-on activities into the science 

curriculum at school level.  

It may also be helpful for science teachers to improve the students’ 

understanding of science concepts and enhancing their achievement in science and 

motivation to learn science by designing and practicing hands-on science activities.  

It will provide a base to the educational administrators regarding financial 

provisions for the equipment and materials necessary to conduct these activities.  

The study will be  helpful for teacher educators to train prospective science 

teachers how to plan, develop and execute hands-on activities for better understanding 

of science concepts by passing the students through concrete experiences resulting in 

increased achievement in science and high motivation to learn science.   

1.6 Delimitation of the Study 

The study was delimited to the grade 8 students only. It was conducted in two 

boys’ and two girls’ high schools of public sector in district Khushab. The schools 

were selected on the basis of permission of school administration to conduct the 

experimental research in their schools. In selecting schools, another condition was the 
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existence of at least two sections of the class under study for assigning as control and 

the experimental groups; both the sections being taught science by the same teacher or 

teachers with equal experience and qualification.  
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CHAPTER 2 

Review of the Related Literature 

Human mind is always busy in the pursuit of exploring the world unknown. In 

this pursuit he tries to understand the ever changing world around him. He has been 

using his five senses to comprehend the different phenomena occurring around him. 

By making an effective use of his senses and communication ability, he tries to get 

hold of information about his surroundings systematically. For this purpose he gains 

knowledge by relating different pieces of information and forms generalized ideas 

based upon a systematic jotting down scattered facts. This systematic approach by 

man is termed as science (Joshi, 2005). Science is an urge to understand the 

phenomena occurring in this world. Martinsen (2003) states that, 

“Science has two-fold nature (a) Systematic body of knowledge); and (b) ways 

of investigating and thinking, that is, the product and the process nature of 

science. Both these aspects of science combine to form knowledge of 

science.” (p.197).  

 

In other words, science trains uniquely in observing and reasoning. Scientific 

knowledge is distinct in that it gives empirical explanation of the happenings and 

actions of the material world, i.e. justification and explanation is done with reference 

to matter that is used in making up the world. By the use of a systematic way of 

logical questioning, criterion of answers to be accepted, testing and evaluation 

procedures, and so on, the scientists are triumphant in building a knowledge reservoir. 

Through its choice of questions to concentrate on and the kinds of answers to accept, 

its methods of inquiry, and its procedures for testing and evaluating knowledge 

claims, the science community has succeeded in developing a body of knowledge 

which, though always wide open to be revised, is at large stable and doubtless in its 

core concepts. Science has well structured methods and ways to manipulate objects, 
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events, and materials found in nature. In this way, it explains natural phenomena in a 

rational and logical manner.   

Science trains people to observe, record, infer, and predict the events and 

phenomena which undergo in this physical world, making them more organized and 

careful. Hence, learning science means to gather information, devise thinking 

methods, apply scientific laws, and developing positive attitudes (Harlen, 2007; 

Skamp, 2002). Martin (2006) states that the aims of science education might be 

summarized as to: 

“(a) enable the students to gain an understanding of as much of the established 

body of scientific knowledge which is appropriate to their needs, interests and 

capacities; and 

(b) extend students’ understanding of the methods and procedures by which 

this knowledge has been gained, and our justifications for confidence in it”. 

These two aims have a close relationship between them. Believing that 

something is true is not sufficient in science education; rather it is necessary to 

provide or find a solid proof in its favour. It means that one has to answer not only for 

‘what’ but also for ‘why’.  

  Like scientists, children observe and analyze scientifically, build mental 

theories and discard them when they no longer fit in their mental structures(Ornstein, 

1994).Children are curious and inquisitive about the world around them. They, with 

their open and creative minds, search for ways to make sense of all the phenomena 

occurring around them. In fact science education is more than merely learning a set of 

facts. “What will happen if I do this” is a common characteristic of a child and 

scientist.  
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 According to Gruber (1963), the educational goal of science teaching should 

not be to thrust information into students’ minds, but to enable them realize its need 

and purpose. Until 1957, most of the American schools imparted science education as 

a process of textbook reading, taking notes, and rote memorize basic concepts and 

facts; that is science was being taught as a set of knowledge instead of teaching as a 

way of thinking. Same sort of observation was made by Pugliese (1977).  

Invention of Sputnik in 1957 brought a change in thinking of United States. 

The United States perceived that they are lagging behind the Soviet Union and felt the 

need to bring about vital changes in their education system, specifically in science and 

technology. Emphasis was put on activities, scientific method, and cultivation of 

inquiry skills in the new programmes in science education. (Welch, Klopfer, 

Aikenhead, & Robinson 1981). It became an admitted fact that questioning, 

experimentation, collection and analysis of data would be more helpful for students in 

learning science rather than memorizing factual and raw information (Storey & 

Carter, 1992). It was a major felt need and change in science education. Inquiry based 

learning attained the status of an integral part and the ultimate goal for science 

teaching (Kessen, 1964).   

By the early seventies, a paradigm shift in science education took place. Now 

the focus was the learner, not the knowledge and the equipments (Ehrle, 1971). 

Knowledge of basic rules for operating successfully became to be considered a 

requirement for inquiry method (Pugliese, 1973), although, majority of teachers 

continued to teach factual information in the classroom rather than to enable them to 

think and operate scientifically. 

In that era of seventy’s, reforms in science education began to take place 

across the globe. But in-spite of the increased number of science courses offered by 
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high schools in the United States, the average science student percentage actually 

decreased (Keeves, 1992). There was a back gear in using inquiry methods that 

mostly implied hands-on activities (Kyle, Shymansky, & Alport, 1982). A number of 

factors were behind this momentary halt back. One of these factors was the teachers’ 

enthusiastic and over confident consideration of their abilities and eagerness for 

teaching inquiry based instruction. Consequently they contributed nothing to student 

learning (Taylor & Dana, 2003); Students were unable to relate their learning material 

to everyday life. To make the situation grimmer, the material taught had no coherence 

and had no link across the years of study. These isolated chunks of knowledge caused 

problems for high school as well as college students in the sixty’s and even today 

(Lindsay, 1970).  

Another such problem was that the lab exercises were well structured and 

stereo type, resulting in a repeated drill of lab procedures with the least 

comprehension and learning. Additionally, the teachers remained focused on lab 

results instead of processes (Raghubir, 1979). The tools used to measure students’ 

success focus on memorization and recitation of facts (Dantonio & Beisenherz, 1990). 

In today’s world, standardized tests like SAT—Scholastic Aptitude Tests reflect 

masses’ high intention regarding this perspective. It is therefore, not surprising that 

many studies reported that ninety five percent of the more than ninety percent science 

teachers’ time is spent using text books (Yager, & Lunetta, 1984; Bryant, & Marek, 

1987; Ornstein, 2005).  

Many of these problems exist in schools’ routines today. Teaching science 

facts is still the focus in many schools, rather than developing science processes. 

Pugliese(1973) argues that science teaching necessitates making some fundamental 

changes. The students must be made aware that neither science is conducted in only 
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one manner nor it is a set of facts. Science concepts are subject to revision or 

modification as new data are discovered and verified. Scientific knowledge 

continuously undergoes modifications as new insights take place and advancements 

are made. The students, therefore, need to learn that each and every question cannot 

be answered by science because it has certain limits (Storey & Carter, 1992). 

Therefore, memorization of theories and conclusions drawn by science is less 

important than understanding the processes, as the latter is stable while the first is 

subject to change. Understanding of the processes enables the students to interact 

effectively with environment and interpret the usefulness and appropriateness of their 

experiments in relation to everyday life (Doty, 1985).  

Looking from a different angle, only procedures and processes and not the 

knowledge base, the result is the same, i.e. a partial and inadequate learning. 

Therefore, the task of science teachers is to help learners grasp both the scientific 

knowledge and science related mind habits (Rutherford and Ahlgren, 1990). 

However, in teaching school science, more importance must be given to the 

development of process skills than to the memorization of facts and results. For this 

purpose, active involvement of students in experiments, problem solving, ideas 

testing, and discovery should be ensured (Doty, 1985). 

Inquiry based science teaching is not a novel idea. The core pillar of John 

Dewey’s philosophy is the inquiry based approach to learning—learning by doing 

(Abd-El-Khalick et al 2004). This ‘doing’ of practical activities may be executed in 

the laboratories in the controlled environment as well as in the open environment of 

classrooms. Concepts of science and its explanations can be best understood by 

students through practical word. In order to understand the approximate illustration of 
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and prediction about the real world, the learners need experiences of their own, of 

acting on the world. (Martin, 2006).  

This approach shift resulted in science activities becoming the main part of 

science courses with a focus on developing cognitive skills of the higher order 

(Hofstein & Lunetta, 2003). Lab activities are now considered a vital part of science 

teaching. While using science lab, students come across new terms, gain certain skills 

of handling lab equipments, get reinforcement, and learn turn concepts into actions 

(Dechsri, Jones, & Heikkinen, 1997). However, there is a hell of difference in lab 

activities and the actual research; the former requiring from students the use of a 

typical procedure, certain materials, observation of s specific phenomenon in an 

artificial setting, whereas the latter deals with the real life situation with a wider scope 

and implications (Hofstein & Lunetta, 2003).  

Practical work is generally considered such activities that engage students’ 

observation and manipulation of the material and actions under study. This practical 

work, though preferably the lab task, not confined to laboratory only. It can include 

any activity involving handling and/or manipulating whether it be a school lab or 

outside the lab in other settings ( Miller Blessing & Schwartz, 2006). 

It has been recommended by the experts that hands-on activities should be 

introduced especially at elementary level. The teachers should be trained and supplied 

with the material to integrate such activities for enhancement of science learning. 

Some potential obstacles in the way of implementing these activities are: (a) 

deficiency of equipment and teaching guides; (b) inadequate teachers’ training; and 

(c) shortage of qualified science teachers (Wang, 2004; Gado, 2005; Ornstein, 2006). 
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2.1 Hands-on Science Activities 

In the teaching of science, hands-on activities, is the idea that traces back in 

the past to the concept of laboratories. It is a new concept in that it differs from the 

old lab method which was only confined to the student task in the labs only. This new 

concept takes a turn from labs to classrooms. Besides this turn over, a shift from 

semantic knowledge and text memorization to activities can be seen in the current 

education system. There has emerged a keen interest and realization by the teachers of 

imparting learning to students using their busy hands (Flick, 1993). Generally used 

within the realm of science education, the term ‘hands-on’ means for teacher that 

he/she should go a step forward, i.e. from lecture to activity based learning. It 

facilitates students in gaining the real experience and knowledge of science by using 

their own hands.  

In the educational settings, terminology is a problematic area. Generally terms 

have been defined by various practitioners differently. Same is the case with the 

definition of hands-on activities. Numerous researchers have defined the term in their 

own way. Lumpe and Oliver (1991), for example, have named activities involving 

students’ handling, observing, and/or operating the scientific experiments and 

processes as hands-on activities. According to another researcher, these activities 

include experiments of all type whether they are actual or conceptual, done in the lab 

or outside (Ruby, 2001).  

The distinct feature of hands-on activities that make them different from 

traditional science teaching is that these activities are carried out in the classroom 

settings by the students in the guidance of teachers. Through these activities, students 

get an exposure from abstract ideas to concrete knowledge. Their knowledge of 

principles changes into application skills which in turn adds a lot to students’ 
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knowledge reservoir and enables them benefit from this knowledge in problem 

solving. Research in this area attests the benefits and positive outcomes of hands-on 

activities in the teaching-learning process of the subject of science (Randler & Hulde, 

2007; Hart, Mulhall, Berry, Loughran, & Gunstone, 2000) and disadvantages 

(Hodson, 1996).  

According to Flannery (2001), a main function of hands-on activities in 

science is that of creating and strengthening the links between mind and hand. This 

linkage implies use of different kinds of memory as for different functions distinct 

types of memory have been identified, e.g. the visual memory, the auditory memory, 

the tactile memory, and bodily motor functional memory (Korwin & Jones, 1990). It 

simply means that a combination of all these four types of memories would make the 

gained information stronger and more easily retrievable. These activities are a source 

of enjoyment for students of younger age and hence instill in them optimism and 

enthusiasm for learning science (Kennedy, Odell, Jensen & Austen, 1998). 

Specifically, younger students take keen interest in using these activities which 

improves their thinking ability (Flick, 1993), though use of hands-on activities is still 

very rare in contemporary classroom practices (Bohl, 2001).  

 Hands-on activities are generally used in conjunction with the instructional 

methods. Hands-on science primarily been used to verify or confirm a phenomenon in 

support of direct teaching. In using this technique, the phenomenon is described first 

in lecture or by the text book and then the students is allowed to carry out the activity 

that provides them to see the whole phenomenon or some aspect of it. It becomes 

useful in making an abstract concept concrete. So it supplements the instruction.  

Hands-on activities have been categorized by several researchers. One such 

category is inquiry. Being an inquiry based discipline, science should be taught 
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through inquiry learning method. However, a clear distinction is needed to be made 

according to different levels of inquiry. In this distinction, some activities fall in 

verification activities—the activities carried out to confirm or verify the known results 

or facts. And the activities where students know nothing about what is the 

phenomenon itself and what the result would be, are called inquiry activities (Lumpe 

& Oliver, 1991). Appleton (2002) described the following characteristics of effective 

hands-on activities:(i) Interesting and motivating for the children; (ii) manageable in 

the class room; (iii) have a clear outcome or result; (iv) their equipment is readily 

available; (v) lend themselves to integration 

Experts in the field of science education recommend that hands-on activities 

should be implemented in a stepwise manner in school settings. At first, for fifth and 

sixth graders, simple experiments should be introduced so that no excessive cognitive 

load may be felt by the students, and then gradually widening the scope by using more 

complex instruments and materials for the higher graders (Randler & Hulde, 2007). 

2.1.1 Need and importance of hands-on activities in science learning 

In the near past science was being taught as abstract content without any use 

of practical work. This trend, continued till today, has affected science learning badly. 

The learners felt bored and unpleasant throughout their years of education. The 

problem of this harmful practice has been addressed by most of the modern projects 

intending to develop science curriculum with an emphasis on activities of practical 

nature—hands-on activities as these activities lead to a pleasant and effective learning 

of science content. These activities have been a hot topic for debate among the 

researchers and been accepted as effective way of reducing reliance on abstract 

learning and providing concrete experiences to students (Johnson et al., 1997; (Klahr 

& Li, 2005).    
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Yore (2000) is of the opinion that the students be taught doing prior to reading 

or writing emphasizing the importance of concrete or authentic experiences for the 

reason that the students will enhance their learning and form a more realistic and solid 

viewpoint about science. Allowing the students see the physical operations ensures 

the proper feedback of their conceptual learning. This makes it vital for the 

educational endeavor to get assistance of hands-on activities (Korwin & Jones, 1990). 

Though in some studies, students and teachers perceived hands-on activities as the 

least beneficial (White & Tisher, 1985).   

Dawson (2000) found that the students had the higher interest in experimental 

learning rather than with reception learning strategies. However, the interest in 

different areas of science varies with socio-cultural variations (Cardoso, Educacao, 

Branco, Portugal & Solomon, 2002). There is a dire need to arouse learners’ interest 

for science learning and support their understanding on a long-term basis. This need 

can be fulfilled by choosing activities directly related to learners’ everyday lives. 

Moreover, they should be provided guidance in collecting data and making 

connections between new findings and their prior ideas. Ornstein (2006) argued that 

these activities have an importance equal to imparting basic and core concepts of the 

science curriculum. Ruby (2001) states that in America, there is continuing support 

for the development of new curricula, having a principal emphasis on hands-on 

science in a non-inquiry mode. 

If the teachers regularly practice the hands-on activities, students would have 

more positive attitude towards science. This positive attitude will enhance the chances 

of students’ becoming efficient and rational learners by making reason based 

decisions. Hands-on activities should have capability to produce conceptual changes 

essential for intellectual development and understanding of the learners. Hands-on 



24 
 

science activities are important because these result in development of faculties of 

mind that would remain uncultivated without such stimulations (Flannery, 2001). 

These activities enable the students as active problem solver and decision maker 

(Lumpe & Oliver, 1991). It has also been reported that activity based curriculum is 

also effective for students with disabilities. It enhances their enjoyment in learning 

(Mastropieri, Scruggs & Magnusen, 1999). Moreover, a better retention rate has been 

observed in student centered experiments (Randler & Hulde, 2007). These findings 

call for the need of selecting and conducting such activities that are likely to increase 

students’ interest in science and a deeper understanding which consequently may 

result in greater level of science learning motivation.  

2.2 Motivation toward Science Learning  

Educational psychologists have acknowledged the importance of motivation 

for sustaining students’ learning. Abell and Lederman (2007) define motivation as a 

state that is internal, enhances interest, modifies and sustains human attitude and 

behavior for a particular task. In teaching and learning science, focus remains on 

students’ cognition. There is the least emphasis on affective domain which is the 

utmost important domain because of its key role in concept formation and 

achievement in science. (Tuan et al., 2005). 

Motivation interacts with the strategy students’ use, their knowledge level, 

framework, and other elements of their learning environment (Hynd et al., 2000). The 

interest in learning science seems much higher in developing countries than in well-

developed countries because education in developing countries is largely seen as a 

privilege that everybody strives for, while it is seen as tedious duty by the pupils of 

developed countries (Millar, Leach & Osborne, 2000). Psychologically, three 

interrelated functions of motivation have been consistently reported by the 
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researchers. These are: (1) stimulating behavior, (2) giving a particular direction to 

behavior, and (3) controlling consistency in behavior (Alderman, 2008). 

Indicating eagerness and prioritization, motivation gives inspiration to 

behavior. It is neither an instinctive concept nor a personality trait of human beings. 

Rather it is a construct built on individual learning experiences and activities, and that 

varies from one context to another (Bouffard & Couture, 2003).  

Alderman (2008) has categorized motivation into three types: (a) Intrinsic 

motivation is that in which students engage in activities for the sake of their own 

satisfaction without any external coercion, it is based on personal enjoyment, interest, 

or pleasure;(b) Extrinsic motivation is that caused by external reasons such as praise, 

grades, material rewards or certificates, external pressure or coercion etc, it is driven 

by reinforcement contingencies.; (c) A motivation is actually a lack of motivation 

when student is not seeing a link between his actions and outcomes. The first type of 

motivation i.e. intrinsic or inner motivation is considered comparatively more 

beneficial than extrinsic or external motivation in that it ultimate result is better 

achievement of students’ learning outcomes.         

Various studies conducted on learning motivation reveal a variety of 

motivational factors like intrinsic goal orientation, effort, task value, one’s perception 

about one’s ability, self-efficacy, exam anxiety, orientation toward task at hand, 

adoption of learning strategies, and learning in a self-regulatory style (Pintrich & 

Blumenfeld, 1985; Garcia, 1995; Garcia & Pintrich, 1995; Abell & Lederman, 2007). 

Based on constructivist learning and motivation theories, Tuan et al. (2005) 

identified important domains of science learning motivation i.e. students’ learning 

goals, active learning strategies, self-efficacy, learning environment as stimulus, and 

students’ perception of values related to science learning. They incorporated these 
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domains in developing the 5 point rating type scale for measuring motivation of 

learners for the science curriculum.  

Students’ learning goals refer to the actual goal an individual is trying to 

accomplish and the level at which they are trying to attain that goal. The students have 

goal choice when there is provision to select from a variety of level of goals they want 

to pursue on a specific classroom task. Goal commitment shows how strongly 

students are attached to goal and how much enthusiasm and determination they 

possess to achieve a goal. These learning goals may be subdivided into performance 

goals:  

(1) external goals—competition with classmates and praise from teachers, and  

(2) internal goals—the satisfaction that the learner has enhance his/her 

competence and has reached a satisfactory level of achievement. These goals are also 

referred to as achievement goals.  

Active learning strategies are a number of various tactics used by the learner 

in constructing his/her own new knowledge on the basis of their earlier knowledge. 

For effective learning students must make connections between what they already 

know (prior knowledge) and new content to which they are exposed. The term ‘active 

learning’ made popular by Bonwell and Eison (1991), encompass those instruction 

models which lay the learning responsibility on learners not the teachers. They 

discussed a variety of methods and techniques for advancing ‘active learning’ in their 

report submitted to Association for the Study of Higher Education (ASHE). According 

to them, students must do more for learning than just listening. They should involve in 

tasks that require higher level of thinking—analyzing, synthesizing, and evaluating.  

Environment of learning also serves as a stimulus by putting a many-fold 

influence on learners’ motivation for science learning. This influence has many 
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dimensions like the selected curriculum, teaching styles of teachers, students’ 

interaction with other students and teachers. Such an environment inspires the 

students to learn and promotes optimism for the learning experiences because of its 

dynamic nature that is base on themes and activities. An environment of learning is 

composed of four factors viz. social climate of the school, physical features, 

organizational setup, and the human total aggregate. Out of these four, social climate 

is the most powerful in affecting and expediting students’ imagination. Then comes 

the organization setup, total human aggregate and the physical features of the institute 

(Liang, Hsu, Huang, & Chen, 2012). The researchers also reported that the correlation 

between student imagination and environmental factors was statistically significant. 

Some recent researches conducted to explore the learning environment variable 

suggested that this variable needs to be studies as a separate and independent variable 

(Gislason, 2010; Kember, Ho & Hong, 2010).  

Self-efficacy is another factor contributing and explaining learners’ motivation 

for science learning. Bandura (1986) defines self-efficacy as, “individuals’ judgments 

of their capabilities and potentials to organize and execute courses of action required 

to attain specific type of performances.” (p.3). For science education, it can be defined 

as a student’s belief in his/her own capabilities for performing well on a certain task 

related to science learning. Self-efficacy also helps choosing activities, putting forth 

the required effort, and standing in face of difficulties. On a difficult task, the students 

with low level of self-efficacy are more likely to give up and avoid it than the students 

who are on a higher level of self-efficacy regarding that particular task. In such 

circumstances, a student having a high level of self-efficacy will try to work even 

harder and is more likely to persist in the face of difficulty (Bandura, 1982).  
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Value is considered a crucial factor for learning motivation. Rokeach (1979) 

considers “value” as core conceptions of the desirable behaviours within every 

individual and society. It guides students’ cognition, motivation and behaviour. It also 

addresses the general standards and beliefs necessary to avoid undesirable behaviours. 

Four important models are described by Eccles & Wigfield (1995) i.e. attainment 

value, intrinsic value, extrinsic value and cost value. Attainment value is important for 

doing well on a given task. Intrinsic value may be defined as the satisfaction students 

experience while doing a task. Extrinsic value may be defined as the worth of the task 

for students with respect to their future targets. Cost value is the thought of an 

individual that by engaging some particular task will yield negative results for 

him/her.  

When students engage in one task, it means that they are unlikely to be 

engaged in another task at the same time. Consequently, along with the choice of one 

specific task, there are costs linked with not selecting the available alternatives 

(Wigfield & Eccles, 1992). These perceived values about science learning play their 

part for students in acquisition of competency of solving problems, engaging in 

activities that require inquiry, promoting and developing their thinking skills, and 

establishing a relationship between science and everyday life. In short, these 

motivational factors are crucial constructs that are reflected by students’ behaviours 

like effort, interest, persistence and task engagement during classroom activities.  

Many educational researchers ( Eilam, 2002; Polman, 1999; Eccles, Wigfield 

Harold & Blumenfeld , 1993) are of the opinion that the student feel more 

independent and autonomous regarding their choices, their self-control, and availing 

the chance of project work they are interested in. This hands-on feature of inquiry 

teaching may boost students’ interest and motivation in science learning. The 
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researchers have attempted to investigate a number of motivation factors and their 

possible outcomes in the area of inquiry based learning (Gibson & Chase, 2002; 

Shimoda et al., 2002). However, a holistic view of the construct of motivation perhaps 

could not be captured. Research considering this holistic view is very much needed 

because to ensure students’ engagement cognitively in using new and appropriate 

strategies for relating newly gained information to the knowledge gained earlier, they 

should be aware of the fact that possessing a high level of self-efficacy will enable 

them valuing science activities and hence deciding whether to be an active part of it or 

not. The students whether they have extrinsic goal orientation or internal, i.e. to 

compete with others and got praised or to satisfy their inner-self through achievement 

and accomplishment, this orientation serves as a guiding star for them to involve fully 

in the process and perform well. This pressing environmental intrigue prevails them 

and determines their readiness for participating the activities (Tuan et al, 2005). 

This motivation in learning science is beneficial especially for those students 

who want to become scientists in future. But at the same time, it is important for all 

the students in general because of its tendency of enabling students understand basic 

knowledge of science, respond to and deal with natural curiosity of the human mind, 

make empirical conclusions, grasp and justify the effect of human actions on the 

world (Organization for Economic Cooperation and Development, 2007). A number 

of research studies attest the need of making all the students of the world literate in 

science (Feinstein, 2011; Roberts, 2007). 

While attempting to probe into the construct of motivation in science learning, 

the researchers generally try to elaborate students’ inclination for learning science, 

their emotional strife, and the intensity as well as the time spent in this endeavour. It 

is also important to determine what factors contributing to this motivation are. The 
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knowledge of these factors will be helpful for teachers of science in developing, 

maintaining, and enhancing science students’ learning motivation (Bryan,Glynn & 

Kittleson, 2011) 

A teacher can use a variety of strategies to motivate students for learning 

science. These may be to motivate students at the individual level, or intended for the 

class as a whole. Different forms of these efforts can be used including environment 

design of the classroom, The motivational strategies that a teacher uses may be 

intended for individual students or directed at the whole class and motivational efforts 

may be in the form of their design of the classroom environment, unswerving 

intrusion, or overt instructional strategies (Hardré & Sullivan 2008). If a teacher’s 

efforts for motivating students result in that the students become motivated 

intrinsically or self-regulated, this would be the ideal result. (Schunk & Ertmer, 2000).  

Both teachers and learners create the environment of the classroom. This 

environment is of dynamic nature and leading context (Greene, Miller, Crowson, 

Duke, & Akey, 2004; Skinner & Belmont, 1993). Teacher has a crucial role as he/she 

is responsible for devising activities for the class, formulate the grading policy, and 

convene the functions and operation within the classroom (Tschannen-Moran, 

Woolfolk-Hoy & Hoy, 1998; Wenglinski, 2000). In creating a supportive a good 

teacher relates the content matter with students’ previous knowledge, makes them 

believe that they are able enough to improve their study skills, demonstrates fairness, 

takes mistake as opportunities for further learning, assesses students’ work against an 

impartial and high standard, spares additional time for the students, and offers extra 

help (Greene et al., 2004).  

The teacher alone cannot create such an environment in the classroom because 

he/she isn’t working in the vacuum. Along with teacher input, student contribution is 
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also needed. The interaction between students and between teacher and students 

makes the environment socially dynamic—an environment where respect is bestowed 

on student for having achievement intellectually and curiously (Anderman & Young, 

1994; Schunk, 1996). A peer supportive environment is characterized by students 

putting forth their best work, caring about learning, and treating each other with 

respect and caring (Deci & Ryan, 2002; Greene et al., 2004).Teachers’ interpersonal 

motivating style is a particularly important aspect of the classroom environment that 

affects students’ motivation (Skinner & Belmont, 1993). 

In general, children appear to enter school with high levels of motivation, 

although motivation tends to decrease as children progress through school. Research 

suggests that motivation can be manipulated through the use of certain instructional 

practices. Teachers should make effort for more students’ autonomy or control over 

their own learning by allowing them to make choices and use cooperative or 

collaborative learning approaches. Hands-on activity approach is one of these 

approaches. 

2.3 Review of Past Researches on Effect of Hands-on Activities on 

Students’ Motivation toward Science Learning  

The curriculum of school science is failing to construct a coherent view of the 

subjects and the methodology of teaching and learning, and as a consequence, 

students equip themselves with the fragmented pieces of knowledge. It is also a 

general agreement that school science curriculum is overloaded, having least 

relevance to everyday life. It strengthens the pupils’ perception regarding the difficult 

nature of science. These are among those causes which result in de-motivation of 

students in science learning (Dugan & Gott, 2002). 
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Research has shown that students’ active involvement with challenging tasks 

is a critical link between students’ cognition and motivation. Some important factors 

of motivation i.e. students’ perceived value and interest enhances when tasks are 

varied; the problem is challenging, authentic and has a value; there is a closure; there 

is choice about what and how to work and there are opportunities to work with others 

(Paris et al., 1998). Mastropieri et al. (1999) found that activity oriented instruction 

increases the motivation to learn and participation in on-task behaviors. Motivation to 

learn science is increased when teachers create a curriculum that focuses on 

conceptualizing and creating meaning and relevance (Singh, Granville & Dika, 2002). 

This approach has been rated as more interesting, showing the interest of pupils in 

doing activities on their own (Freeman et al., 2002; Randler & Hulde, 2007). Some 

other studies have consistently provided the evidence of  an increase in perceived 

competence and interest for student-centered activities, mainly autonomous lessons, 

and a decrease in anxiety (e.g. Black & Deci, 2000; Ryan & Grolnick, 1986). Hands-

on experiences are associated with higher interest score when comparing an 

interactive science programme with traditional textbook lessons (Paris, Yambor, and 

Packard, 1998), and Randler and Hulde (2007) found when matching hands-on 

science with teacher-centered approaches.  

It is evident from the researches that well thoughtfully designed and executed 

hands-on activities enhance the students’ interest, make the learning experiences 

relevant and meaningful, meet their future goals and improve their achievements 

which result in their increased motivation to learn science. Conversely a number of 

studies empirically evidenced the positive impact of motivation on cognitive 

achievement of the students (Deci & Ryan, 2002; Mitchell, 1992; Sturm & Bogner, 

2008). 
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Several studies have shown that hands-on science has positive effect on 

students’ motivation to learn science (Thompson & Bennett, 2011; Gibson & Chase, 

2002; Shimoda et al., 2002; Welch et al., 1981). It implies that inquiry activities can 

increase students’ affective domain of learning.  

Bryan, Glynn, & Kittleson (2011) conducted a study in a suburban public high 

school located in the southeast United States. The total enrollment of school was 910 

students (449 females and 461 males, ages 14–18 years). The participants of the study 

comprised of 288 first- and second-year students (146 females and 142 males, ages 

14–16 years). The students’ participation was voluntary and in accordance with 

procedures of the school district and university research review boards. The sampled 

students were not given any extra benefit or compensation for participating in the 

study. They were informed that their participation will help improve science 

instruction. The participants were enrolled in either a first-year Introductory Biology 

course (76 females and 67 males) or a second-year Introductory Physical Science 

course (70 females and 75 males). The Study concluded that the students taught 

through hands-on activities were significantly higher on motivation to learn science. 

Gender differences were also addressed in the study but no significant difference was 

found between the male and female students of the sample in terms of students’ 

motivation to learn science. 

 Shihusa & Keraro (2009) investigated the effect of using advance level 

activities on students’ motivation to learn biology. The quasi-experimental research 

design was used where the nonrandomized, solomon four group was adopted. The 

sample comprised of 166 students from three (third grade in the secondary school 

cycle) from Kenya. Data were collected by using Students’ Motivation Questionnaire 

(SMQ). The findings indicated that students taught through advance activities had a 
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higher level of motivation than those taught through conventional teaching methods. 

The findings further indicated that following the treatment, male students had a 

significantly higher level of motivation than the female students. It was found that 

advance organizers in form of effective hands-on activities enhance learners’ 

motivation to learn. The use of advance organizers in this study enabled students to be 

cognitively active and hence was motivated to learn biology.  Another study by 

Solomon (1987) on motivation shows that active participation of students enhances 

their understanding of new situations. 

Azevedo, Fonseca, Teixeira, Brito, Andrade & Palmeirim (2012) conduted a 

study on forty students (middle school) in the science activity entitled “Scientists for a 

Day”, developed by the Life and Health Science Research Institute of Health Science, 

University of Minho. The study consisted of a set of laboratory activities. The general 

objectives of this study were to stimulate the pleasure of knowledge, encourage 

critical views, strengthening the interest in science, motivating students towards 

experimental work and expose the idea of what a scientist is. The students were asked 

to answer a questionnaire before and after this action to validate this activity and 

evaluate what they have learned.  In this study they observed a clear correlation 

between the use of experimental activities as a learning tool and an increase in 

scientific knowledge of the students. Such events performed in an informal 

atmosphere allow the students to learn effortlessly, while making Science fun. The 

experimental activities presented in that work were very easy to perform and 

economically viable. They recommended that those kind of activities should be 

encouraged and their importance be recognized, as they are essential in creating 

prepared and active citizens who are competent enough to respond to future 
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challenges. The use of active and innovative activities which stimulate judgment is 

essential for the growth and motivation of the students. 

  Liu (2005) also studied the impact of hands-on activities on female students 

motivation to learn science. The purpose of that study was to design different hands-

on science activities and investigate which activities contribute more to promote 

female students' learning motivation towards science. The study conducted three types 

of science activities which contained nine hands-on activities, an experience scale and 

a learning motivation scale for data collection. Five hundred female students and three 

science teachers were included as a sample in this study. Three hundred students from 

the sample were asked fill out an experience scale about hands-on science activities 

and the other 200 students were divided into three groups and joined in different 

hands-on activities. All female students of three groups were asked to fill out the 

learning motivation scale before and after exercising hands-on activities. The results 

showed that all types of hands-on activities in this study contributed in promoting 

female students' learning motivation towards science, but the hands-on activities 

about daily life issues contributed more in promoting female students' learning 

motivation toward science than the others. The study recommended that hands-on 

activities should be considered in science teaching strategies. Science teachers and 

teaching material developers also need to design some science topics and activities 

which are closely related to daily life to promote female students' learning motivation 

towards science. 

Tuan et al (2005) conducted a study with both qualitative and quantitative 

methods in collecting research data. The samples comprised of seven classes of 8th 

graders (254 students) from seven public junior high schools were selected as an 

experimental group. These students participated in 40 hours inquiry lessons spread in 
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10 weeks. Another seven classes of 8th graders (232 students) from the same junior 

high schools were taken as a control group, they are taught by traditional science 

teaching methods. All the selected classes in the study were regular classes with mix 

abilities and genders. Each pairs of control and experimental classes from the same 

junior high school were similar in their science achievement. Students in both control 

and experimental groups took 20 minutes to fill out students’ motivation towards 

science learning questionnaire (Tuan et al., 2005) in the class on the fifth and 15th 

weeks of the semester. These two tests represented pre and post scores on motivation. 

The study showed that the students who were taught through hands-on activities were 

significantly higher as compared to the students who were exposed to traditional 

instruction. Based on the above findings, the study indicated that inquiry instruction 

can not only enhance students’ motivation than traditional science instruction, but also 

enhance students with different learning styles their motivation towards science 

learning.  

In teaching science, along with hands-on instruction and affective aspects, 

cognitive aspects also matter.  Therefore, exploration of influence of hands-on 

instruction on students’ achievement is to also be welcomed.  

2.4 Rationale for use of Hands-On Science’s Role on Students’ 

Achievement 

Hands-on science activities have been assumed to increase students’ 

achievement in science. Several theorists attempted to explain how hands-on science 

activities promote students’ science learning. Scientific knowledge is divided into two 

broader domains i.e. content knowledge of science and science process skills (Glynn 

& Duit, 1995). Content knowledge is also termed as declarative knowledge. The facts 

and principles of science, theories and laws of science are included in this domain. 
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The science process skills are also termed as procedural knowledge. These skills are 

actually the techniques used in conceptual understanding of science. 

These both domains are necessary for science students because by having 

grasp on these two domains, they are able to understand and apply science in real life 

situations (Champagne, Klopfer and Gunstone, 1982; Eylon and Linn 1988). Hands-

on science activities are considered to enrich students’ understanding of the 

knowledge regarding both domains. 

Content knowledge of science is often presented in theoretical and complex 

form. The act of observing and manipulating things may make this complex and 

abstract knowledge  more clear and concrete. 

Hands-on science activities enable the students to see daily life illustrations of the 

knowledge and to observe the effects of changes in different variables. (Friedlander 

and Tamir 1990). 

The notion that hands-on science activities sustain the understanding of 

content knowledge is congruent with Piaget’s theory of developmental in elementary 

and early adolescent stage i.e. concrete operational stage, of cognitive development. 

The concrete operational stage corresponds to elementary school age i.e. (11-13 

years). The highest cognitive stage i.e. formal operational stage possesses the ability 

to work beyond the concretions. However, at this stage, hands-on science become less 

important to gain understanding as the student becomes able to grasp and manipulate 

the abstract ideas. Humans beings pass through a stage in which thinking is limited to 

the concrete matters before this stage can be reached ( Huitt & Hummel 2003). 

Human mind progresses the through these stages by interacting with the physical 

objects of environment.(Piaget, 1973; Lawson 1995).  
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Under this view, hands-on science activities may facilitate the students to 

comprehend science concepts as these may serve as clear and concrete illustrations of 

abstract and complex ideas. This argument, favoring hands-on science is also similar 

to the information processing model of the mind referred in cognitive theories. It 

includes two kinds of memories i.e. a short-term memory to hold and recall 

knowledge for immediate use and a long-term memory to store and recall knowledge 

for the longer periods. This human ability to recover relevant knowledge from the 

long-term memory for use in the short-term memory is depends on how the 

knowledge has been arranged in the long-term memory and how strong the relations 

are in between individual bits of knowledge stored in the memory. 

Hands-on science activities create extra links between various pieces of 

knowledge so that the information contained can be interlinked both by its abstract 

meaning and by a material illustration of it. This linkage improves information 

retrieval when required (Gage and Berliner 1984).  

Use of process skills are emphasized by science educationists. These process 

skills include observing, measuring, analyzing and making inferences. An appropriate 

way to teach these process skills are the use of hands-on science in teaching science 

concepts. Eleven science process skills were identified by Gagne (1965). He classified 

these skills into two main categories, basic and integrated. He proposed to teach basic 

skills first and then, integrated ones. Resnick (1987) emphasized that higher order 

thinking and process skills should be used along with the use of basic skills in 

teaching learning,. The both kinds of skills should be taught together in all content 

areas. Seven skills were identified by Lowery (1992). He attempted to conclude that 

at which age level students become developmentally ready to learn each skill. 

However, some studies found contrasting views. Champagne, Klopfer & Gunstone 
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(1982) found that content knowledge is more important than the correct use of process 

skills. 

  A primary concern regarding development of process skills is to promote the 

capacity of students to use the skills in combination i.e. all the individual process 

skills, for the purpose of problem solving and to hold science investigations. 

Sometimes this objective is set only for the shining students which are expected to 

adopt the field of science as a profession and some other times it is considered 

compulsory for all students for the purpose of its applications in daily life. The 

science education instructional approaches seeking this goal include hands-on science 

of certain level. 

Among these process skills, some skills are hands-on by their nature. For 

example making measurement is best learned through the use of hands-on science 

activities, but some others may not actually hands-on but sometimes linked to hands-

on activities. For example ‘inferring’ is not actually hands-on. It is generally based on 

results obtained from some hands-on activity. Klopfer (1990) gives his arguments in 

favor of superior role for hands-on science activities in learning science process skills 

for gathering scientific information through careful observations and measurements. 

According to him this role is superior than the ability to draw inferences and 

conclusions from experimentation.  

Some differential effects of hands-on activities have also been reported by 

Koran & Koran (1984). They concluded that hands-on science involve students to 

work  more on their own enabling them to draw conclusions from their work. By 

putting more responsibility on the students it may be argued that hands-on science 

may be more beneficial to higher ability students or less beneficial to lower ability 
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students. This aspect of hands-on science may make it politically less acceptable as it 

might have an undesirable effect on lower ability students. 

Along with some drawbacks, hands-on science activities possess some 

strengths too. These activities make the abstract phenomenon a concrete one through 

concrete examples. From this point of view, hands-on science activities may prove 

more beneficial for lower ability students who are not capable of understanding 

science concepts through the instructional methods based solely on abstractions. 

Cognitive development theory also supports the view as hands-on science activities 

may help students to progress through the concrete thinking stage of mental 

development to the higher order abstract thinking stage i.e. formal operational stage. 

In this point of view, hands-on science activities may be more beneficial for low 

achievers than high achievers. 

Time constraints may also have contribution in differential impact of hands-on 

science activities on students’ ability. Through these activities, more time is required 

to cover the same content than other methods resulting in reducing the time to cover 

other content. Students with higher ability might cover more content quickly adopting 

other methods besides adopting hands-on science. Particularly, if they possess the 

ability to grip abstract concepts with least use of concrete examples. By admitting it 

true, the students taught through the use of hands-on science activities will cover 

comparatively less content in class, and that will result in less learning. Because an 

issue of content coverage also exists there, any differential effect of hands-on science 

activities for higher ability students will more apparently appear in tests covering 

more material. Resultantly, there could be a strong disagreement by the parents on 

introducing hands-on science activities for higher achieving students. 
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 The rationales given for the impact of hands-on science activities on students’ 

science achievement do not possess thorough consensus. The proponents of hands-on 

activities argue that these activities help the students to visualize and understand 

abstract ideas through concrete experiences. Whereas the critics argue that it has the 

ability to clarify as well as to confuse the students resulting in increase as well as 

decrease in students’ achievement. 

2.5 Review of Past Researches Regarding Impact of Hands-on 

Activities on Students’ Achievement in Science 

Studies on the relationship or impact of hands-on science activities on 

students’ science achievement score have been conducted from the last few decades. 

Those studies were based on the following three techniques.  

 Small-scale studies in which few or a very small groups of teachers 

were assigned a particular teaching method (for example, lecture 

versus hands-on science or textbook recitation versus hands-on 

science) to use in their classes and the students’ science achievement 

scores were compared. 

 Different classes using dissimilar curricula. Students’ achievement test 

scores using different curricula were compared and conclusions were 

drawn on the basis of different levels of hands-on science in each 

curriculum. 

 Sometimes, surveys have also been conducted to determine the 

quantity of hands-on science experienced in the classrooms and 

collection of students’ achievement test scores were made. Then 

relationships between test score and frequency of hands-on science 

were examined. 
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 Standardized tests are generally used in large scale surveys. In many of the  

experimental studies at small level and curricular evaluations, multiple choice 

test(MCQ) items are used. This type of  test items have many qualities such as  

easiness in administration, relatively economical and unprejudiced scoring, ease of 

standardization, superior psychometric properties and the greatest coverage of 

content. Although some critics (Miller & Legy 1993) argue that multiple choice test 

items can only measure short content areas and skills, especially they require short-

term recall of facts and basic process skills but cannot cover the broader range of 

abilities of critical thinking, evaluation and problem solving. Resnick and Resnick 

(1992) concluded that MCQs  require quick recall of isolated bits of information, they 

possess no  link with each other and  therefore, can not be used for a whole task such 

solving  problem or interpreting result. Mehrens (1992) provided a comprehensive 

literature review to challenge many of the criticisms against multiple choice test 

items. He concluded that both in theory and practice, multiple choice test items may 

be widely defended and successfully used for standardized testing. 

In the experimental research, not thorough consensus is found on the claim of 

any positive relationship between hands-on science activities and students’ science 

achievement. The curricula based research has evidenced a relationship with students 

science achievement but it is not all conclusive whether only hands-on science or 

some other aspects of the science curricula are responsible for this relationship. The 

survey studies have provided inconclusive results. 

Hands-on activities are considered effective learning experiences. Research 

has provided the evidence that hands-on approach in science improves students 

understanding of concepts resulting in their better achievement score in science and 

success in science subject area. Several studies have showed that hands-on activities 
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enhance the students’ cognitive achievement if they are regularly incorporated in 

classroom instruction (Freedman, 1997; Stohr-Hunt, 1996). However, artlessly 

experienced hands-on activities induce no specific positive effect on students’ science 

achievement scores (Sturm & Bogner, 2008). A small scale study conducted by 

Baxter, Shavelson, Goldman and Pine (1992). found that 5th grade students using a 

rich hands-on curriculum had a mean score one-half standard  deviation higher on a 

hands-on test  than those using a textbook based curriculum  

Bredderman (1983) carried out meta-analyses of 57 studies   on the elementary 

programmes curricula. He reported significant positive results regarding students’ 

achievement scores. Interestingly no significant differences were found among three 

science programs at elementary level. But he did find some sensitivity to the 

instructional approach used. For example, the students who used SAPA(process 

approach) gained higher scores on process outcomes and students using 

SCIS(exploratory approach)  gained higher scores on content outcomes than in ESS 

(discovery approach). Furthermore, he found that students’ achievement in these 

programs were better than those students using textbooks. It revealed that  these 

programmes were more significant for students’ science learning outcomes than any 

distinctive features of each program because the common features of these 

programmes were inclusion of more hands-on science activities which more focused 

on processes.  

First International Science Study conducted by The International Association 

for the Evaluation of Educational Achievement conducted a  survey on 10 and 14 year 

aged students and students who completed their secondary school education in 1970-

1971. Ten year old students were asked whether they made science observations and 

did science experiments in their science classes or not. In twelve of the fifteen 
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countries where the survey was conducted, “yes” response was often reported that 

indicated stronger positive correlation with higher test scores (Comber and Keeves 

1973). 

National sciences surveys have been carried out by The National Assessment 

of Educational Progress (NAEP) in 1986, 1990 and 1996. They surveyed grades 3, 7 

and 11 in 1986 and then they focused on grades 4, 8 and 12 in 1990 . NAEP analysis 

of relationship between hands-on science activities’ and students’ achievement test 

scores. In 1986 study, students of grade 3 and 7 were asked about how frequently they 

used different types of  science equipment. Their responses were categorized into 

three levels: low, medium and high. Grades 7 and 11 students were asked how often 

they were exposed to novel hands-on activities. Their responses were also categorized 

into the same three levels. In both the cases the score of high response group was 

significantly higher than the score of low response group (Mullis and Jenkins 1988). 

In 1996, students of all these grades were asked whether they had done such kind of 

activities or projects along with seven different types of instruments or materials; for 

grade 12, there were 8 types of instruments. With the exception of few cases of grade 

4, students with ‘yes’ had a higher score than those with ‘no’ answer. Students who 

did not use any material or equipment lower score than those who used some 

materials progressing through all grades. The study further classified the students on 

the basis of their achievement scores into science proficiency categories. The students 

who reported that they experienced more hands-on activities were more were ranked 

at or above the proficient level. The same criterion was followed for grade 12 students 

who reported more experiences of hands-on activities (Sullivan and Weiss 1999). 

The National Education Longitudinal Study of 1988 (NELS: 88), conducted a 

survey on science. The sample of the study comprised 11,000 students. The follow-up 
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surveys were also carried out on grade 10 in 1990 and on grade 1992. More students 

were  added each year to maintain the sample nationally representative sample. Horn, 

Hafner and Owings (1992) analyzed the  test scores to examine how often 

experimental activities were done in the classroom. Possible responses included never 

or less than once a month, once a month, once a week and almost every day. The 

mean achievement scores of students for the categories of ‘almost every day’ and 

‘once a week’ were found significantly higher than those of the other two categories.  

(Hamilton, et. al. 1995). In another analysis of NELS, sub scores were divided into 

physical science test scores and life science test scores. Analysis revealed no 

significant relationship between either sub scores or grade 8 students’  reports of 

taking a science course using the lab ‘once a week’. However, between the physical 

science sub scores, a positive relationship was found (Lee & Burkham 1996). 

Burkham, Lee & Smerdon (1997) further studied using student and a teacher reported 

hands-on science variables and found that a positive relationship exists between the 

teacher reports and both sub scores.  

 Korwin and Jones (1990) conducted a study on 50 grade 8 students and found  

a significant difference between learning with the use of and without  the use of 

hands-on activities. They concluded that these activities are effective learning 

strategies for any concept for better understanding. Young and Lee (2005) conducted 

their  research on 399 students of grade 5. The study evidenced that the students 

taught through science kits performed significantly better as compared to the students 

taught without kits. Stohr (1996) found that the students who experienced hands-on 

activities daily or once a week gained significantly higher score on a standardized test 

in science achievement than the students who experienced hands-on activities 

infrequently i.e. once a month or never.. 
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 Randler and Hulde (2007) conducted their study on 123 students of grade 5 

and grade and found that the students engaged  in hands-on science activities scored 

significantly higher than those taught through teacher centered approaches. Similar 

results were reported  from the study conducted by Odem et al. (2007) on a sample of 

611 grade 7 and grade 8 students enrolled in middle school science. It was concluded 

that near daily use of hands-on activities shows the greatest positive impact on 

students’ achievement in science. 

Ates & Eryilmaz (2011) also conducted a study on effect of hands-on 

activities and minds-on activities on students’ science achievement and their attitude 

toward science. A public sector secondary school was selected conveniently from the 

public sector schools in Ankara, Turkey. The study showed that hands-on/minds-on 

activities were very effective for increasing physics achievement score of students in 

simple electric circuit topic. Students taught by these activities gained a higher 

achievement score in physics. 

Therefore, such hands-on activities should be selected and executed that may 

enhance the students’ interest and understanding in science. The interest will 

eventually result in their higher motivation toward science learning and higher score 

on science achievement. 
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CHAPTER 3 

Methods and Procedures 

 This chapter explains the design, sample, instruments, treatment, related 

materials, time span and procedures adopted in the study. 

3.1 Research Design 

In this study quasi experimental design was followed. From each school, two 

intact sections of grade 8 were taken which served as control and experimental 

groups. Selection of intact groups based on the reason that some students may feel 

themselves deprived if they are excluded within the same class from the treatment in 

the form of hands-on activities in case of random assignment of subjects into groups. 

However, the intact groups were randomly assigned as control and experimental 

groups in each school. No pre-test on students’ achievement on science was 

conducted as it was the start of session when the experiment started. The sampled 

students’ scores in science in their grade7 annual home examination were considered 

to determine any initial difference if any, on students’ science achievement between 

the control and experimental groups. However, no significant initial difference was 

found between the control and experimental classes on the basis of their science 

achievement score in 7
th

 class annual examination. 

Figure 3.1: Design of the study 
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3.2 Sample of the Study 

Population of the study comprised of grade 8 students studying at public sector 

schools. Purposively four public high schools (two girls’ and two boys’ schools) from 

District Khushab having at least two sections of grade 8, being taught science by the 

same teacher or the teachers of equal experience and qualification were selected. The 

students of two selected sections of grade 8 of these schools comprised sample of the 

study.  From each school, one section was randomly assigned to control group and 

other to experimental group. At the start, sample of the study comprised of a total of 

374 students among which 157 were boys and 217 were girls. Thirty two students 

were dropped during the study and finally 342 subjects participated in the post-test. 

The number of the subjects who participated in SMTSL pre-test and SMTSL post-test 

& post test on students’ science achievement are presented in the table 3.1 given 

below. 

Table 3.1 

Total number of students at pre-test and post-test 

 Boys Girls Total 

Pre-test 157 217 374 

Post –test 145 197 342 

 

Number of students in control and experimental groups of different schools, 

and their gender based distribution in pre-test and post-test is presented in the table 

3.2 
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Table 3.2 

Gender Wise Distribution of Sample 

  School Gender Experimental group Control group Total 

Pre-test Post-test Pre-test Post-test Pre-test Post-test 

School 1 Male 39 36 38 37 77 73 

School 2 Female 46 42 48 40 94 82 

School 3 Male 40 35 40 37 80 72 

School 4 Female 60 56 63 59 123 115 

 Total 185 169 189 173 374 342 

 

3.3 Instruments of the Research 

Two instruments i.e. Students’ Motivation Toward Science Learning 

(SMTSL) scale and Students’ Achievement in Science Test (SAST) were used to 

collect the data. 

 Students’ Motivation Toward Science Learning Scale (SMTSL) developed by 

Tuan et al. (2005) was translated in Urdu and adapted to measure students’ motivation 

to learn science. Permission was sought from the principal author to use the SMTSL 

which has been shown as “Annexure C” given at the end.  This scale has 35 

statements covering six sub scales of science learning motivation. Theses sub scales 

include self efficacy, active learning strategies, value of science learning, achievement 

goals, performance goals and stimulation of learning environment. Table 3.3 shows 

the names and description of six sub-scales of SMTSL. 
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Table 3.3 

Descriptive Information for Each Sub Scale of the SMTSL  

Scale Name Scale Description 

Self-efficacy 

 

 

Active Learning Strategies 

 

 

 

Science Learning Value 

 

 

 

 

 

Performance Goal 

 

 

 

Achievement Goal 

 

 

 

Learning environment Stimulation. 

It measures students’ beliefs about their 

own capacity to perform well on science 

related learning tasks.  

It measures active role of students in 

adopting multiple strategies to create new 

knowledge based on their prior 

understanding. 

It measures the value of learning science in 

terms of  students’ competency in problem-

solving, having experience of the inquiry 

activity, invigorating their own thinking, 

and discovering the relevance of science 

with everyday life.  

It measures whether students’ science 

learning goals is to get attention from the 

teachers and to compete with other 

students.  

It measures the students’ satisfaction 

feelings as they enhance their competency 

and accomplishment during science 

learning. 

It measures the influence of surroundings 

of learning environment such as teachers’ 

teaching methodology curriculum and 

pupil-pupil interaction on students’ science 

learning motivation. 

 

 

Table 3.4 shows number of statements falling against each factor and their 

reliability co-efficients. 
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Table 3.4 

Reliability Values of SMTSL Factors (Original Scale) 

Scale name No of  Statements Reliability Coefficient 

SMTSL 35 0.89 

Self-efficacy 7 0.78 

Active learning 

strategies 
8 0.84 

Science learning value 5 0.66 

Performance goals 4 0.79 

Achievement goals 5 0.78 

Learning environment 

stimulation 
6 0.69 

 Tuan et al. (2005: 646) 

SMTSL has been used in various studies by the authors in Taiwan. It has also 

been used in Turkey by Eryilmaz, Yildiz & Akin (2011). The researchers translated 

SMTSL in Turkish language and administered on a sample of 659 students of 6
th

, 7
th

 

and 8
th

 grade students to measure the students’ motivation to learn science. Both 

genders were included in the sample approximately in equal proportion. Factor 

analysis confirmed the six factors; however, two items were discarded from the final 

version of the scale. Reliability and factor analysis results indicated that Turkish 

version of SMTSL Scale was a valid and reliable instrument that was used to measure 

students’ science learning motivation.  

The SMTSL scale was translated in Urdu language. The translated version was 

sent to five experts having English, Science and research background for review and 

gather their suggestion for improvement in scale. List of experts is given as 

“Annexure D” at the end. Certain revisions were made according to their suggestions. 

The improved urdu version was administered to a sample of 287 students (158 male, 

129 female) of 8
th

 class belonging to the schools other than which were selected for 

experiment. The pilot data were analyzed through SPSS to determine the reliability 

coefficient of Urdu version of SMTSL scale and its factors. The Urdu version of 
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SMTSL is given as “Annexure B” at the end. Urdu version SMTSL scale statistics is 

given below in Table 3.5 

Table 3.5 

Mean, Standard Deviation and Reliability coefficient of SMTSL  

Number of 

respondents 
Mean Std Deviation 

Cronbach’s Alpha 

Reliability 

287 148.16 157.80 .88 

  

Table 3.6 shows the reliability coefficients of the Urdu version of SMTSL. 

Table 3.6 

Reliability Analysis of the Factors of SMTSL  

Scale name No of  Statements 
Reliability Coefficient 

Cronbach's Alpha 

Self-efficacy 7 .87 

Active learning strategies 8 .88 

Science learning value 5 .88 

Performance goals 4 .93 

Achievement goals 5 .77 

Learning environment stimulation 6 .76 

 

Further details of SMTSL scale is given below in table 3.7 
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Table 3.7 

Statement Wise Analysis Detail of final SMTSL Scale 

 Scale Mean if Item 

Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Cronbach's Alpha 

if Item Deleted 

ST1 143.98 144.688 .526 .876 

ST2 144.09 144.523 .539 .876 

ST3 144.02 147.765 .455 .878 

ST4 144.42 146.475 .491 .877 

ST5 144.55 147.283 .417 .878 

ST6 144.68 147.175 .355 .880 

ST7 144.75 150.110 .234 .884 

ST8 143.81 147.708 .522 .877 

ST9 144.60 152.290 .212 .883 

ST10 143.83 147.618 .546 .876 

ST11 143.75 145.809 .577 .875 

ST12 143.84 146.818 .532 .876 

ST13 143.75 147.131 .544 .876 

ST14 143.87 147.495 .564 .876 

ST15 143.90 149.700 .442 .878 

ST16 143.60 151.058 .392 .879 

ST17 143.63 151.219 .367 .879 

ST18 143.57 152.357 .331 .880 

ST19 144.59 150.201 .210 .885 

ST20 143.56 152.093 .354 .880 

ST21 143.59 146.006 .565 .875 

ST22 143.62 147.013 .520 .876 

ST23 143.57 148.455 .501 .877 

ST24 143.50 149.754 .455 .878 

ST25 143.46 151.061 .489 .878 

ST26 143.50 153.985 .273 .881 

ST27 143.57 152.868 .315 .880 

ST28 143.62 153.636 .312 .880 

ST29 143.60 154.395 .244 .881 

ST30 144.07 152.718 .272 .881 

ST31 143.98 152.982 .271 .881 

ST32 143.87 153.739 .280 .881 

ST33 144.20 154.342 .160 .883 

ST34 144.26 143.865 .456 .878 

ST35 144.22 145.880 .401 .879 

 

Moreover, confirmatory factor analysis through LISRAL was run to determine 

the factor loadings. 
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LISREL is the Structural Equation Modeling pioneering statistical software 

package developed by Karl Jöreskog and Dag Sörbom. The word LISREL is an 

acronym for “linear structural relations”. The word “linear” is too limited for the 

current version of LISREL , however, LISREL has become the same as “Structural 

Equation Modeling” or SEM. Structural Equation Modeling allows the empirical 

assessment of theories in the fields of  educational sciences, management sciences, 

social sciences, biological sciences, behavioral sciences and other fields. It is used for 

linear structural relationships estimation and also for various other types of 

multivariate analysis, such as multiple regression, factor analysis, path analysis, multi 

sample analysis and mean structure analysis. 

In its most general form the LISREL model consists of two parts: structural 

equation model and measurement model. The structural equation model specifies the 

causal relationships among the latent variables, provides descriptions of causal 

effects, and assigns the unexplained and explained variance. The measurement model 

explains how covert variables or hypothetical constructs depend upon the observed 

variables. It explains the measurement properties (validities and reliabilities) of the 

overt variables.  

Through LISERAL confirmatory factor analysis was conducted on the six-

factor of the SMTSL. If measurement models do not fit, then the model becomes 

untrustworthy, consequently any information coming there from, about the constructs 

becomes useless.  I considered the following model fit indices for evaluation.  

Goodness of Fit Index (GFI): It is an analogous to a model R2 in multiple 

regression analysis. A GFI value approaching to .90 or above indicates a sufficient 

model fit.  
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Non-Normed Fit Index (NNFI): It is an extension of the Tucker-Lewis Index 

(TLI). An NNFI examines whether a particular CFA model takes into account the 

model difficulty and it is better than a model that specifies no latent factor. An NNFI 

value of .90 or above shows an adequate model fit. 

Comparative Fit Index (CFI): It assesses on the whole improvement of a 

proposed model over an independence model where the overt variables are not 

correlated. A CFI value of .90 or above shows an adequate model fit. In addition to 

the indices mentioned above, the following two more criteria were also taken into 

account: 

Mean Square Error of Approximation (RMSEA): It evaluates that to what 

extent the model approximates the data in view of the model complexity. A RMSEA 

value of .05 or below indicates close fit and a value of .08 or below indicates adequate 

fit (Browne & Cudeck, 1993). 

Maximum-likelihood method was used for the estimation of goodness of fit of 

the 6-factor model of SMTSL. The initial model estimation suggest that the 6-factor 

model was a good fit of the data, as supported by the following values: NNFI = .84; 

NFI = .81; GFI = 0.70; CFI = 0.85; RMSEA = .0104. In addition to the above indices, 

all factor loadings were found statistically significant at the p <.01 level indicating 

that all the 6-factors were well constructed. Factor loadings of items are shown in 

below table 3.8 

 

 

 

 

 



56 
 

Table 3.8 

Factor Loadings for Students’ Motivation Toward Science Learning Scale  

 Factor Loadings 

 

Item 

No. 

1. Self-

efficacy 

2.Active 

learning 

strategies 

3. 

Science 

learning 

value 

4. 

Performance 

goals 

5. 

Achievement 

goals 

6 Learning 

environment 

stimulation 

Q 1 0.638      

Q 2 0.791      

Q 3 0.490      

Q 4 0.832      

Q 5 0.794      

Q 6 0.750      

Q 7 0.621      

Q 8  0.847     

Q 9  0.317     

Q10  0.853     

Q11  0.824     

Q12  0.773     

Q13  0.764     

Q14  0.664     

Q15  0.579     

Q16   0.600    

Q17   0.707    

Q18   0.949    

Q19       0.932    

Q20    0.907    

Q21    0.951   

Q22    0.929   

Q23    0.849   

Q24    0.798   

Q25     0.280  

Q26     0.346  

Q27     0.507  

Q28     0.977  

Q29     0.849  

Q30      0.856 

Q31      0.960 

Q32      0.652 

Q33      0.440 

Q34      0.276 

Q35      0.278 
 

 Item # 9, 25, 34 and 35 have factor loadings of 0.317, 0.280, 0.276 and 0.278 

respectively on active learning strategies, achievement goals and last & second last in 

learning environment stimulation factors. These factors have lesser values of loadings on any 
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other factor of the scale. Because these statements have importance for their respective scales, 

so these statements were retained in the final version of the instrument. For the determination 

of statistical significance of factor loadings taking in account the sample size, Stevens (1993) 

made a critical value table given below in table 3.9. 

Table 3.9 

Critical Value Table for Statistical Significance 

Sample Size 50 100 200 300 600 1000 

Loading 0.722 0.512 0.384 0.298 0.210 0.162 

 

 Another evidence  is available in Hair, Anderson, Tatham and Black (1998), 

they suggested that minimum acceptable value for practical significance is ± 0.3 and 

value for more important and authentic significance is ± 0.4.   

 Students’ Achievement in Science Test (SAST) comprised of initially 55 

MCQs was developed by the researcher to collect the data regarding the students’ post 

test scores in science. This science achievement test was developed keeping in view 

the curriculum objectives of the grade concerned. The achievement test addressed 

only those curriculum objectives which corresponded to the content for which hands-

on activities were performed in the class.  Only first three levels of Bloom (1956) i.e. 

knowledge, comprehension, and application were incorporated in the test. The test 

was shown to five experts having back ground in science and test item development. 

Keeping in view the suggestions of experts three items were discarded from the test 

and few other improvements were made in the stem or alternatives of MCQs. Hence, 

an achievement test in science comprised of 52 MCQs was ready to use for collection 

of the students’ post test scores in science. The same has been given as annexure “B” 

at the end. After the administration of this test to 342 students, the test was analyzed 

through ITEMAN software to determine the quality of the test. The analysis showed 
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the overall alpha reliability of the test was 0.93.  Moreover, the output of ITEMAN 

analysis of each item was observed. Output shows that the values of discrimination 

index, point biserial correlation and distracter power of the test items are reasonable 

for an achievement test. The analysis showed that the test as a whole and the test 

items were appropriate to measure the students’ achievement in science. The output of 

ITEMAN analysis is given as annexure “F” at the end.  

3.4 Procedure of the Study 

From science text book grade 8, eight chapters were selected. Hands-on 

activities mentioned in these eight chapters were used and in addition to these 

activities, eight additional activities were developed by the researcher to enrich the 

students’ conceptual understanding of science were incorporated in these chapters. 

List of science topics on which activities were conducted is given as annexure “E” at 

the end. 

 In the same school, both classes i.e. experimental and control classes were 

arranged to be taught by the same teacher or the teachers of equal experience and 

qualification in the traditional way. However, in the experimental classes, hands-on 

activities related to the concepts taught, were performed twice a week in addition to 

traditional instruction. Pre-test and post-test was conducted on all the groups to assess 

their science learning motivation and a post-test was conducted for the assessment of 

their achievement in science. The experimental study took 16 weeks to complete.  

Data Analysis 

 With the help of SPSS, independent samples t-test was applied for the 

analysis of data. 
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CHAPTER 4 

Data Analysis and Interpretation 

 This chapter contains descriptions and analysis of the data. The data were 

collected from two girls’ high schools and two boys’ high schools from district 

Khushab in which the experimental study was executed. For the measurement 

students’ science learning motivation“ Students’  Motivation Toward Science 

Learning  scale”  was administered in the study. Students’ science scores gained in 

their grade 7 annual examination were used to examine any basic difference between 

the experimental and control groups. The students’ post test score on science 

achievement was collected on Students’ Achievement in Science Test ( SAST). 

 Results obtained from analysis of data  includes comparison of  students’ score 

on Students’ Motivation Toward Science Learning scale between experimental and 

control groups, comparison of experimental group on motivation toward science 

based on their gender, comparison of  motivation toward science between male 

experimental and control groups, comparison of motivation toward science between 

female experimental and control groups, comparison of achievement in science 

between experimental and control groups, comparison of achievement in science 

between experimental groups on gender basis, comparison of  achievement in science 

between male students of experimental and control groups and comparison of 

achievement in science between female experimental and control groups. The data 

were analysed through SPSS. Independent samples t- test was used to find out the 

differences between their means scores of the groups under study. The effect sizes 

were also computed where necessary and interpretations were made accordingly. 

Cohen’s (1988) suggested that if the value of effect is found less than 0.2, such 

difference is considered negligible even if it is significant.  
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Results 

Results of the study have been discussed in two sections. Section 1 explains 

the impact of hands-on activities on students’ motivation toward science learning, 

while section 2 explains the impact of hands-on activities on students’ achievement in 

science. 

Section 1 

Table 4.1 

Comparison of Experimental and Control Group on Motivation toward Science 

Group N Mean SD df T P Effect size 

Experimental 169 145.15 8.73 
340 9.210

**
 0.000 0.96 

Control 173 135.72 10.86 
*
p<0.01 

 The table give above shows that t-value (9.210) with df (340) was found 

significant at p<0.01, with effect size (0.96). It reflects that significant difference 

exists between control and experimental groups on students’ motivation toward 

science learning. 

Table 4.2 

Gender wise Comparison of Experimental Group on Motivation toward Science 

Group N Mean SD df T P Effect size 

Male    71 145.74 8.64 
167 .77 0.440 0.11 

Female 98 144.74 8.80 
*
p<0.01 

 The table given above reflects that t-value (.77) along with df (167) is not 

significant at p<0.01, with effect size (0.11). It reflects that no significant difference 

exists between female and male students of experimental group on science learning 

motivation.  
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Table 4.3 

Comparison of Male Experimental and Control Groups on Motivation toward Science 

Group N Mean SD df T P Effect size 

Experimental 71 145.74 8.64 
143 5.21

**
 0.000 0.84 

Control 74 138.15 9.44 
*
p<0.01 

 The table given above shows that t-value (5.21) along with df (143) is 

significant at p<0.01, along with effect size (0.84). The results reveal that significant 

difference exists between male students of control and experimental groups on 

science learning motivation. 

Table 4.4 

Comparison of Female Experimental and Control Groups on Motivation toward 

Science 

Group N Mean SD df T P Effect size 

Experimental   98 144.74 8.80 
195 7.78

**
 0.000 1.07 

Control   99 133.88 11.52 
*
p<0.01 

 The table given above shows that t-value (7.78) with df (195) is significant at 

p<0.01, with effect size (1.07). The results showed that significant difference exists 

between female students of control and experimental groups on science learning 

motivation. 

Section 2 

Table 4.5 

Comparison between Experimental and Control Group on Science Achievement 

Group N Mean SD df T P Effect size 

Experimental 169 34.31 4.32 
340 8.59

**
 0.000 0.90 

Control 173 30.67 3.80 
*
p<0.01 
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 The above table shows that t-value (8.59) along with df (340) was significant 

at p<0.01, with effect size (0.90). The results showed that significant difference exists 

between control and experimental groups on students’ science achievement. 

Table 4.6 

Gender Based Comparison Between Experimental Group on Science Achievement 

Group N Mean SD df T P Effect size 

Male 71 34.66 4.60 
167 0.936 0.351 0.14 

Female 98 34.06 4.11 
*
p<0.01 

 It reflects from the table given above that t-value (.936) along with df (167) is 

not significant at p<0.01, with a small effect size (0.14). The results revealed that  no 

significant difference exists between female and male students of experimental group 

on their science achievement. 

Table 4.7 

Comparison Between Male Students Experimental and Control Groups on Science 

Achievement 

Group N Mean SD df T P Effect size 

Experimental 71 34.66 4.60 
143 5.82

**
 0.000 0.94 

Control 74 30.68 3.90 
*
p<0.01 

 The above table shows that t-value (5.82) along with df (143) is significant at 

p<0.01, along with effect size (0.94). It reflects that significant difference exists 

between male students of control and experimental groups on their science 

achievement. 
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Table 4.8 

Comparison Between Female Experimental and control Groups on Science 

Achievement 

Group N Mean SD df T p Effect size 

Experimental 98 34.06 4.11 
195 6.32

**
 0.000 0.87 

Control 99 30.66 3.74 
*
p<0.01 

 The above table shows that t-value (6.32) with df (195) is significant at 

p<0.01, with effect size (0.87). The result reflects that significant difference exists 

between female students of control and experimental groups on their science 

achievement. 
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CHAPTER 5 

Summary, Findings, Conclusions, Discussion and 

Recommendations 

This chapter explains the summary of the present research, findings of the 

study based on data analysis, conclusions drawn from these findings, discussion and 

suggestions. 

5.1 Summary 

This study intended to explore the impact of hands-on science activities on 

students’ science learning motivation. The study also investigated the impact of 

hands-on science activities on students’ science achievement. Initially, a total of 374 

students of grade VIII were included in the sample from two public sector boys’ high 

schools and two public sector girls’ high schools from district Khushab, among which 

there were 217 girls and 157 boys. During the period of study, 32 students dropped 

due to different reasons and finally 342 students remained in the sample who 

participated in the post-tests. 

Students’ science learning motivation was measured by the instrument 

Students’ Motivation Toward Science Learning scale (SMTSL). The instrument was 

translated in Urdu (National Language). It consisted of 35 statements having six sub-

scales. The achievement scores of students were collected through an achievement 

test constructed and validated by the researcher. The test comprised of 52 MCQs, 

each having four options. The test addressed all the activities included in the 

experiment of the study.   

 The students’ initial science learning motivation was measured through 

SMTSL pre-test and then post learning impact was explored through SMTSL post-
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test. The impact of hands-on activities on students’ science achievement was explored 

through the above mentioned achievement test in science. The computations were 

made using SPSS-16 software.  Independent-samples t-test was applied and along 

with mean scores and standard deviation (SD), the effect sizes were also computed for 

analysis and interpretation of data. 

5.2 Findings 

On the basis of analysis of data, the findings have been combined regarding 

the descriptive statistical information about the subjects of study, Inferential statistical 

analysis consists of independent-sample t-test and effect sizes computation. 

5.2.1 Effect of hands-on activities on students’ motivation towards 

science 

1. Analysis reveals that on motivation towards science scale, the experimental 

group mean score (145.15) was significantly higher than the control group 

mean score (135.72) having t-value (9.210) at p < 0.01 with effect size (0.96). 

2. The mean score on motivation towards science scale of male respondents of 

experimental group was (145.74) and that of female respondents of 

experimental group was (144.74). Analysis showed that male and female 

students did not differ significantly on their science learning motivation with t-

value (0.77) at p<0.01. 

3. The mean scores on students’ motivation towards science learning scale of 

male students belonging to experimental group and control group were 

(145.74) and (138.15) respectively. Results indicate that the mean score of 

male students of experimental group was significantly higher than mean score 

of control group having t-value (5.21) at p <0.01 with an effect size (0.84). 



66 
 

4. Analysis showed that on students’ motivation towards science scale, the mean 

score of female students of experimental group (144.74) was found 

significantly higher than mean score of female students of control group 

(133.88) with t-value (7.78), having an effect size (1.07) at p < 0.01. 

5.2.2 Effect of hands-on activities on students’ achievement in 

science 

5. The result shows that the mean score on achievement in science gained by 

experimental group (34.31) was significantly higher than mean score gained 

by control group (30.67) having t-value (8.59) at p < 0.01 with effect size 

(0.90). 

6. The mean score on achievement in science gained by male respondents of 

experimental group was (34.66) and that of female respondents of 

experimental group was (34.06) with t-value (0.936) at p<0.01. Analysis 

revealed that male and female respondents did not differ significantly on their 

achievement in science. 

7. The mean science achievement scores of male respondents belonging to 

experimental and control groups were (34.66) and (30.68) respectively. 

Results show that the mean score of male respondents of experimental group 

was significantly higher than mean score of control group on students’ 

achievement score in science having t-value (5.82) at p<0.01 with effect size 

(0.94). 

8. Analysis depicts that the mean science achievement score of female 

respondents of experimental group (34.06) was found significantly higher than 

mean science achievement score of female respondents of control group 

(30.66) with t-value (6.32) at p < 0.01, having effect size (0.87). 
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5.3 Conclusions 

The following conclusions have been drawn from the findings of this study. 

5.3.1 Effect of hands-on activities on students’ motivation toward 

science learning 

1. The students taught through hands-on activities were found highly motivated 

than the students taught without the use of hands-on activities. The difference 

between both the groups on level of motivation to learn Science was found 

very high. It means that teaching through hands-on activities can enhance the 

students’ motivation to learn Science. 

2. By the comparison of impact of hands-on activities on students’ gender, it may 

be concluded that both male and female students may be equally benefitted by 

the use of hands-on activities in teaching Science. The magnitude of 

enhancement of male students’ motivation to learn Science is almost equal to 

the same construct of their female counterparts. 

3. Male students who were taught Science through hands-on activities got more 

benefit in terms of motivation to learn Science as compared to the male 

students taught without the use of hands-on activities. The male students 

taught through hands-on activities were highly motivated than those male 

students who were taught science without using hands-on activities. 

4.  By comparing female students’ motivation to learn Science, it may be 

concluded that the female students taught Science through hands-on activities 

and students of the same gender taught science without hands-on activities  

yield a significant difference. The female students taught Science through 

hands-on activities were found highly motivated as compared to the students 

of the same gender taught without hands-on activities. 
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5.3.2 Effect of hands-on activities on students’ achievement in 

science 

5.  The students taught Science through hands-on activities scored higher on 

achievement test as compared to the students taught science without hands-on 

activities. It may be concluded that hands-on activities are effective strategies 

to enhance the students’ achievement score in science. 

6. By comparing the achievement score of female students and male students 

taught through hands-on activities, it may be concluded that hands-on 

activities affect the achievement score of male and female students in the same 

way. As a result of experiencing hands-on activities, the achievement score of 

male students increases. The same increase is found in the female students’ 

Science achievement score when they are exposed to hands-on activities while 

teaching Science.  

7.  Comparison between the male respondents taught science through the use of 

hands-on activities and taught without hands-on activities in terms of students’ 

achievement score in Science reflects that the male students taught Science 

through hands-on activities have high scores as compared to the male students 

taught Science without using hands-on activities. 

8.  Achievement scores of female students taught using hands-on-activities and 

of those taught in the traditional way without using hands-on-activities were 

compared. The comparison revealed that the subjects taught through use of 

hands-on-activities scored very high on science achievement test as compared 

to the scores of those subjects who were taught without any use of hands-on-

activities. This indicates that hands-on-activities have a strong positive effect 
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on achievement in science.  Hence, it may be concluded that hands-on 

activities enhance the students’ achievement score in Science. 

5.4 Discussion 

The present study which explored the impact of hands-on activities on 

students’ motivation and achievement in science is a first attempt of its kind in 

Pakistani scenario. The researcher has a belief in the findings and 

recommendations of this study would provide evidence in favour of hands-on 

activities and would prove to a significant addition in the existing body of 

knowledge of the area. The findings related to all research questions of the study 

have been discussed below. 

Research question 1 

The study has provided the evidence that significant effect of hands-on 

activities have been found on Pakistani students’ science learning motivation. 

Students taught science through these activities gained a higher score on motivation to 

learn science. This finding is consistent with previous findings of the  studies ( 

Azevedo et al. 2012; Bryan, Glynn, & Kittleson 2011; Sevinç, Özmen & Yiğit, 2011;  

Thompson & Bennett, 2011; Zeyer & Wolf, 2010; Shihusa & Keraro, 2009; Gagne & 

Deci, 2005; Tuan, Chin, Tsai & Cheng, 2005; Hofstein & Lunetta, 2003; Gibson & 

Chase, 2002; Shimoda et al., 2002; Deci, Koestner & Ryan ,1999; Mastropieri et al., 

1999;  Welch et al., 1981; Ali ,1980). Some researchers have reported that the sense 

of ownership in learning may be enhanced by practical work which increases 

students’ motivation to learn. It implies that such activities can boost up students’ 

affective domain of learning (Johnstone & Al-Shuaili, 2001). Tuan et al. (2005) found 

through both qualitative and quantitative research that the students who were taught 

through hands-on activities were significantly higher on motivation as compared to 
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the students who were exposed to traditional instruction. The same study also found  

that hands-on activities can, not only increase students’ motivation to learn than 

traditional science instruction, but also enhance their enjoyment in learning. 

Hampden-Thompson & Bennett (2011) found that greater levels of student motivation 

towards science were found in classrooms where students reported that hands-on 

activities and applications in science took place frequently. 

 In view of the above discussion it is evident that hands-on activities are 

beneficial for learning science at any grade level, for any gender, for the students with 

any learning style and so on. These activities can significantly increase students’ 

motivation toward science learning than traditional science instruction. 

Research question 2  

 In connection with hands-on activities and motivation toward science learning, 

one of the variable i.e. students’ gender was also under focus. The second research 

question deals with the impact of hands- on activities based on students’ gender. The 

researcher attempted to investigate whether teaching science through hands-on 

activities were more beneficial in terms of motivation for male students than female 

students or vice versa. It was revealed from this study that the male students were 

slightly better on motivation toward science than their female counterparts. However, 

the difference was very small and insignificant. Therefore, it was found from this 

study that hands-on activities are equally effective to increase the science learning 

motivation for both male and female students. The finding of this study is consistent 

with the findings of the studies (Bryan, Glynn, & Kittleson, 2011; Meece, Glienke & 

Burg, 2006).   However, Sevinç, Özmen & Yiğit (2011) found that female students 

were more motivated than male students towards science courses are higher level. 

They claim that male and female students have social dealings with their families. 
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But, some behaviors like getting attention, competition and success are experienced 

more by female students. This phenomenon may be attributed to the fact that families 

have dissimilar perceptions about their male and female children. On the contrary, 

some other recent studies (Hampden-Thompson & Bennett, 2011; Matteucci & 

Mignani, 2011; Sáinz & López-Sáez, 2010; Shihusa & Keraro 2009) found that 

female students are lower than that of male students in terms of learning motivation 

towards science. This gender difference on motivation toward science learning may 

be due to, as Wachanga (2002) has argued, the teachers in co- education classes treat 

girls and boys differently. More often, the ways they treat, disfavor girl students’ 

achievement and motivation. But in Pakistani scenario, such gender biased behaviour 

of public sector teachers at elementary school level, favoring male or female students 

does not exists, as there  exists no provision of co-education in public sector 

elementary schools. Therefore, no significant difference on motivation toward science 

learning between male and female students taught science through hands-on activities 

was found in Pakistani scenario. 

Research question 3 

Research question # 3 deals with investigation of the impact of hands-on 

activities on male students’ motivation toward science learning taught through hands-

on activities. The study explored the difference on motivation toward science learning 

between male students taught science through hands-on activities and the male 

students taught science without use of hands-on activities. The finding of the study 

regarding this question was similar to the finding of research question # 1, in which 

the difference on motivation toward science learning between students of both the 

gender taught science through hands-on activities and students of both the gender 

taught science without use of hands-on activities were found. So, it may be argued 
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that hands-on activities increase the male students’ motivation toward science 

learning if the subject of science is taught through hands-on activities.  

Research question 4 

 Research question # 4 deals with investigation of the impact of hands-on 

activities on female students’ motivation toward science learning taught through 

hands-on activities. The study investigated the difference on motivation toward 

science learning score between female students taught science through hands-on 

activities and the female students taught science without use of hands-on activities. 

The finding of the study regarding the effectiveness of hands-on activities on science 

students motivation toward science learning was similar to the finding of research 

question # 1 in which the difference on motivation toward science learning between 

students of both the gender taught science through hands-on activities and students of 

both the gender taught science without use of hands-on activities were found. 

Similarly, the finding of this study regarding research question # 4 is congruent with 

the finding of research question # 3 of this study in which the difference on 

motivation toward science learning between male students taught science through 

hands-on activities and male students  taught science without use of hands-on 

activities were found. The finding of this study is also similar to the study conducted 

by Liu (2005) which showed that all kinds of hands-on activities positively affect 

female students' science learning motivation. However, the hands-on activities related 

to daily life contribute more in enhancing female students' science learning motivation 

than the other activities.  

 Conclusively, this study provided the evidence that hands-on activities are 

effective tool for enhancement of students’ motivation toward science learning. These 
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activities are equally effective for male and female science students at elementary 

level in Pakistani scenario. 

 Research question 5 

 The study has provided the evidence that hands-on activities have significant 

effect on students’ achievement in science. The students taught through these 

activities showed a higher achievement score in science. The finding is similar to 

previous findings of the studies (Ozlem &Ali 2011; Kanter & Konstantopoulos 2010;  

Sabine & Franz X 2010; Aydede & Matyar 2009; Randler & Hulde2007; Odom, 

Stoddard & LaNassa 2007; Young & Lee 2005; Korwin & Jones 1990; Bredderman 

1983). To the contrary Johnson, Wardlow & Franklin (1997) conclude that positive 

effect of hands-on activities exists on students’ attitudes but no significant difference 

was found between control groups and experimental groups on students’ achievement 

in science. It may be due to the fact that the experiment duration was too short (6 

periods of 50 minutes each) and the activities were limited in number (only two). 

Finding of the study is also consistent with the findings of Stohr-Hunt (1996). 

In the same way, in this study, the experimental respondents were taught all the topics 

with the use of hands-on activities twice a week and respondents in the experimental 

group attained significantly higher scores on science achievement test as compared to 

respondents of the control group. The finding is also in harmony with those of the 

studies (Ateş & Eryilmaz, 2011; Turpin, 2000; Freedman, 1997) with respect to 

impact of hands-on science on science achievement. They found that the students 

taught science through activity-based instruction had significantly higher scores on 

science achievement as compared to students experiencing traditional science 

instruction. 
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However, some studies found contrary finding, In his study Areepattamannil 

(2012) found that the use of hands-on activities in teaching science had a negative 

effects on students’ science achievement in Qatar. Similarly Kalender & Berberoglu 

(2009) showed that student-centered activities have no contribution in enhancing 

achievement scores of students. These contrary findings may be due to context based 

orientations. 

Research question 6  

 Gender based comparison of experimental groups reflected no significant 

difference between the post-test science achievement score of female and male 

students, when both groups were taught science through the use of hands-on activities. 

The study revealed that these activities have potential to enhance the science 

achievement score of both the gender. For male and female students, these activities 

are equally effective for their science achievement score raising. This finding is 

congruent to the findings of previous studies (Pine et al 2006; Harvey & Wareham 

1984). However, in some studies the contrary results have also been reported. For 

example the studies of (Randle & Hulde  2007; Burkam, Lee & Smerdon 1997) 

showed that by experiencing hands-on activities, female students got more benefit as 

compared to the males. These findings may be domain specific as activities used in 

their study were related to biology, and Lee & Burkam (1996) found that female 

students show better performance than male students in the life sciences. Some other 

studies have also provided the evidence of female students’ better performance in 

science than the performance of their male counterparts (Martin, Mullis & Foy 2008; 

Qualter & Abu-Hola 2000 & Murphy 1994). However, Steinkamp & Maehr (1984) 

claimed that sex differences in students’ science achievement do exist but they are 

smaller than they are assumed to be. 
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Research question 7 

In comparing male students of control and experimental groups in terms of 

their science achievement shows a significant difference between the groups. It 

reveals that execution of hands-on activities in teaching science significantly effect on 

male students’ science achievement. It means that male students taught science by 

hands-on activities gain high science achievement score on achievement test as 

compared to the male students taught without use of hands-on activities. The finding 

of this study is similar to the findings of previous studies (Pell, Iqbal & Sohail 2010; 

Randler & Hulde 2007). They found that male students taught science through hands-

on activities or using activity method as a method of instruction had high achievement 

score in science as compared to the students taught science using traditional or book 

recitation method. 

Research question 8 

 Research question # 8 investigated the impact of hands-on activities on female 

students’ science learning motivation. The difference on science learning motivation 

between female students taught science through hands-on activities and female 

students taught science without the use of hands-on activities were explored. The 

studies showed the significant difference. It shows that hands-on activities have 

positively effect the female students’ science achievement. This study claims that if 

female students are taught science through hands-on activities, their achievement 

score in science increases as compared to the students’ score on science achievement 

test taught science without the use of hands-on activities. This finding supports the 

findings of the previous studies (Pell, Iqbal & Sohail 2010; Randle & Hulde 2007; 

Burkam, Lee & Smerdon 1997). 
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 The all-embracing conclusion of the study is that students’ science learning 

motivation and their achievement in science can be enhanced by the use of hands-on 

activities. Some studies (Saeed & Mahmood, 2002; Saeed, 2007) on science education 

in Pakistani context have found that the performance of Pakistani students is poor in 

science as compared to the other nations of the world. This study holds the 

implication for those science educators who wish to bridge the gap of their students’ 

science achievement.    

5.5 Recommendations 

On the basis of conclusions of this study, the following suggestions are made 

and attention of concerned stakeholders is invited to take necessary steps for the 

betterment of science education. 

1. It is important and essential that students’ science learning motivation should 

be fostered while teaching primary and elementary school science courses. 

The students’ science learning motivation may guide students toward 

scientific literacy and to comprehend scientific knowledge, recognize 

important science questions, portray empirical based conclusions, make  

appropriate decisions and understand  how human activity affects the natural 

world. The motivation toward science learning may also direct students to opt 

science courses at advance levels, science related careers and, perhaps to 

contribute in making significant scientific discoveries. 

2. Pakistan is a developing country, and is struggling for a respectable status 

among the international community. The number of indigenous scientists 

available is very small as compared to the developed countries. So, to compete 

with the international world, we need to enhance the students’ motivation 

toward science learning, and motivation to learn science may be increased by 
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the use of hands-on science activities in teaching learning science. Increased 

motivation may increase the number of indigenous scientists and engineers 

and then we will be able to compete with the international community. So, it is 

recommended that hands-on activities should be incorporated into the teaching 

of science at elementary school level. This in turn would improve students’ 

motivation to learn science. 

3. Curriculum developers should include more hands-on activities in science 

curriculum at elementary school level. Moreover, Teacher training institutions 

should also make the use of hands-on activities as a part of the science teacher 

education curriculum. The science educators should be equipped with the skill 

of devising and preparing hands-on activities to improve the effectiveness of 

science education. 

4. It was revealed that science learning motivation of female students’ is lower 

than their male counterparts. Hence, it is necessary and important to explore 

the learning or teaching strategies to promote female students’ motivation 

towards science learning as indicated by (Wen-jin, Chia-ju & Shi-an, 2012). 

Review of this study suggests that it may be made by incorporating hands-on 

activities related to everyday life. So, it is recommended that hands-on 

activities preferably related to everyday life should be used in teaching 

learning science. 

5. Educational institutions should arrange the students’ study tours to science 

museums, Science films and science related activities for students under the 

supervision of science teachers so they have positive impact on students’ 

motivation toward science learning. 
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6. Ministry of education, Directorate of Staff Development, Provincial 

Curriculum Wing, Punjab Text Book Board and other relevant departments 

should revise the science education programmes and curriculum in the light of 

findings of this study. 

7.  Hands-on activities in science classrooms should be executed in such a 

manner that students understand and learn science concepts completely & 

have more time for individual activities. This would help them to enhance 

their motivation toward science learning and their achievement in science as 

well. 

8. Some studies have found high correlation between science enjoyment and 

achievement in science so the science instruction and school atmosphere 

should be managed in such a manner that students enjoy their study and 

experiences of performing hands-on activities. 

9. The science educators should know the major determinants of the motivation 

and consider these while teaching science. 

10. Due to the rapid advancements in science and technology, world is becoming 

a global village. So, all the stakeholders of education i.e.  parents, teachers and 

society should review this whole scenario and should put more attention and 

care on the education of young ones. 

11. The requisite funds, facilities and qualified staff should be provided to all 

institutions for proper execution of hands-on activities  particularly in Science 

Education 

12. Importance science teachers’ motivation toward science teaching should also 

be recognized because it has an important role fostering the science students’ 

motivation toward science learning. 
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13. Teaching material designers need to design some science topics and activities 

which are closely related to daily life to promote female students’ learning 

motivation towards science. 

14. It was concluded in a study conducted by Linn (1992) that teaching history of 

science increased students’ interest in science. So, it is recommended that 

history of science should be incorporated in the curriculum of science subjects. 

5.6 Directions for Future Research 

 The present study was limited in its scope. More research is needed in this 

area to have a more comprehensive view of the problem. The following suggestions 

are made for further research.  

1. For thorough understanding of this study, more empirical evidence is needed. 

Such evidences may be gathered by conducting studies by incorporating 

qualitative methods such as observations and interviews from the science 

educators and students. 

2. More studies should be conducted on related variables such as science 

teachers’ motivation toward teaching science, its’ impact on students’ science 

learning motivation, and the students’ science achievement. 

3.  Studies should also be conducted to identify the role of other factors like self-

efficacy, attitude, interest and anxiety on motivation toward science learning. 

4. Similar research about students’ motivation toward science learning and their 

achievement in science should be conducted in private sector so that a 

comparative analysis can be portrayed in Pakistani perspective. 

5.  The similar should be conducted in other provinces of Pakistan so that a broad 

picture of impact of hands-on activities on students’ motivation toward science 

and their achievement in science can be viewed, which may facilitate better 
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decision making at national level for the improvement of science education in 

Pakistan. 

6. Studies of this kind should be conducted at different class levels to assess the 

students’ motivation toward science learning and their science achievement to 

know at which grade level their motivation and achievement start declining. 

7. It is need of the hour to explore the other ways to enhance all students’ 

motivation to learn science and interest in science-related careers. For 

example, consistent with social cognitive theory and its emphasis on role 

models, is to utilize the services of women and men who are in science-related 

careers in the community to participate in school science activities and may 

serve as science role models for students. These people should share their 

educational histories and experiences particularly elementary school histories, 

career responsibilities, and professional and personal challenges, focusing on 

science experiences that will contribute in increase students’ intrinsic 

motivation, self-determination and self-efficacy. (Pugh, Linnenbrink-Garcia, 

Koskey, Stewart, & Manzey, 2010). 

8. Another direction for further research is to conduct longitudinal research on 

primary, elementary and high school students ’science learning motivation and 

their achievement in science with reference to use of hands-on activities. 

There may be a critical period found when these activities have more profound 

effect on students’ motivation toward science learning and their achievement 

in science. 

9.  Longitudinal studies are also required which may explore how students’ 

science learning motivation changes overtime  in school age in response to 

science teaching methodology, and how these changes in motivation influence 
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other variables such as students’ interest in science,  enrollment in science 

courses, grades in science courses or science achievement  scores, career 

interests. 
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                                                                                   “Annexure C” 

      er      n re  r  n  u e           ue    nn  re       

shyang-horng shieh 

11/11/2009 

 To: 'munir hussain' 

 

 
 

Dear Munir, 

Thanks for your interest in my questionnaire.  You can use SMTSL and good luck on your research 

progress. 

Best wishes 

Hsiao-Lin Tuan 

From: Munir Hussain [mailto:munirh826@hotmail.com]  

Sent: Wednesday, November 11, 2009 2:43 PM 

To: suhltuan@cc.ncue.edu.tw 

Subject: Permission regarding use of SMTSL questionnaire 

Respected Sir, 

Hopping that you will be fine. 

I am a Ph.D scholar at University of the Punjab, Lahore, Pakistan. I am working in 

the area of science education. SMTSL questionnaire developed by your kind self 

may prove helpful for me in the accomplishment of my research. It is requested 

that I may very kindly be permitted to use your SMTSL questionnaire. 

Thanking in anticipation. 

With best regards. 

  

Munir Hussain 

Ph.D scholar University of The Punjab, Lahore, Pakistan   

  

 

 

https://blu176.mail.live.com/mail/
https://blu176.mail.live.com/mail/
https://blu176.mail.live.com/mail/
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Annexure D 

List of Experts for Questionnaire Translation and Test Validation 

Sr. No. Name Address 

1 Dr. Muhammad  Naveed 

Khalid  

 

University of Cambridge, UK 

2 Dr. Ahmad Bilal Cheema 

 

University of Sargodha (visiting) 

3 Ijaz Ahmad Tatlah  

M. Phil. (Education) 

 

University of Education Lahore 

4 Mahfooz ul Haq  

MA Urdu; MA English; 

Dipl. TEFL 

 

PhD scholar & Subject Specialist 

Govt. Higher Secondary School 

Mandi Sadiq Gunj BWN 

5 Muhammad Faisal Farid 

MA English; MA TEFL 

Phd Scholar, IER, University Of 

The Punjab Lahore (visiting). 
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       Annexure E 

List of Science Topics for Hands-on Activities 
Sr.# Name of Activity Area 

1 Differentiation of monocot and dicot plants Life science 

2 Chemical change( rusting of iron) Chemical 

science 

3 Preparation of iron sulphide from iron and 

sulphur 

Chemical 

science 

4 Properties of ionic compounds Chemical 

science 

5 Properties of covalent compounds Chemical 

science 

6 Law of conservation of mass Chemical 

science 

7 Properties of acids (neutralization) Chemical 

science 

8 Properties of acids (effect on blue litmus, 

phenolphthalein, methyl orange) 

Chemical 

science 

9 Properties of acids (taste) Chemical 

science 

10 Properties of bases(gelatinous) Chemical 

science 

11 Properties of bases( reactions with 

indicators) 

Chemical 

science 

12 Properties of bases(reaction with acids) Chemical 

science 

13 Properties of bases (taste) Chemical 

science 

14 Preparation of carbon dioxide and study of 

its’ properties 

Chemical 

science 

15 Effect of height on liquid pressure Physical 

science 

16 Effect of heat on metallic rod Physical 

science 

17 Effect of heat on volume of solids Physical 

science 
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18 Expansion of liquids on heat Physical 

science 

19 Expansion of gasses on heat Physical 

science 

20 Refraction of light Physical 

science 

21 Measuring the focal length of lenses Physical 

science 

22 Image formation through convex lenses Physical 

science 

23 Image formation through concave lenses Physical 

science 

24 Flow of current Physical 

science 

25 Effect of potential difference on flow of 

current 

Physical 

science 
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