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ABSTRACT 

     The purpose of the study was to design and develop assessment instrum-

ents (tasks) to assess laboratory planning, performing and reasoning skills of 

physics students in selected senior high school topics in mechanics and optics. 

The accessible population was 551 SHS 3 physics students in seven schools 

within Sekondi-Takoradi metropolis. Two hundred and eighty nine students 

were sampled for the main study. 

     Simple and stratified random sampling methods were employed in select-

ing the students. The “basic skills assessment testing” method also known the 

“psychometric testing” approach was chosen for the study. The instruments 

used were three performance assessment tasks.  

     Scoring formats were used to score the students’ responses. Another 

physics teacher was given 111 subsamples of the scripts to score. Inter-rater 

reliabilities for the tasks were: 0.93 for Task A, 0.96 for Task B, 0.94 for Task 

C, and 0.93 for the total tasks. 

     Means, standard deviations, frequencies, percentages, t-tests and ANOVAs 

were estimated. Results and findings from the research show that (a) majority 

of the students demonstrated high levels of competency in laboratory 

planning, performing and reasoning skills; (b) Male and female students 

demonstrated similar levels of planning, performing and reasoning skills. (c) 

Particularly, students from girls schools exhibited higher proficiency in 

reasoning skills than girls from mixed schools. 

It was recommended that physics students should be given more opportunities 

to practice hands-on activities. It was also recommended that physics teachers 

should do more performance assessments in school. 
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CHAPTER ONE 

INTRODUCTION 

Background to the Study 

     Assessment is the process for obtaining information that is used for making 

decisions about students, curricula and programmes, and educational policy 

(Nitko, 2004). Decisions about students include selecting them for educational 

opportunities, and credentialing and certifying their competence. According to 

Nitko (2004), assessing a student’s competence means collecting information 

to help decide the degree to which the student has achieved the learning 

targets. Evaluation on the other hand is the process of making valued 

judgments about the worth of a student’s product or performance (Nitko, 

2004). Evaluations may or may not be based on measurements or tests results. 

Testing and measurements, however, reduce some of the inconsistency and 

subjectivity that influence evaluation; because they are more standardized and 

objective than other assessment techniques (Nitko, 2004).  

     Various types of paper-and-pencil tests are taken during years of school. 

The widespread use of paper-and-pencil tests in schools is largely due to their 

efficiency in measuring a large number of learning outcomes and the ease of 

scoring and recording the results (Gronlund, 1998). According to Gronlund 

(1998), regular assessment and feedback of the results can help students to 

gain insight into what they can do well, the misconceptions that they need to 

correct, and the extent of the skills they have in various areas.  
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     However, disquiet has been expressed about examinations. Both universi-

ties and employers have serious reservations about the predictive reliability of 

examinations (Lloyd-Jones & Bray, 1986). Examinations, it is argued, test 

mainly trivial and irrelevant learning outcomes and memorization of factual 

information (Lloyd-Jones & Bray, 1986). Amuah (1996) cites Gardner and 

Wolf as saying that the paper-and-pencil strategy of assessing students has 

come under severe criticism by scholars of education. It is argued that the 

results obtained from paper-and-pencil tests are not wholly true reflections of 

students’ academic achievement; and that it alienates students from participa-

ting in decisions affecting the evaluation of their academic achievements.  

Paper-and-pencil tests make teachers and students “examination conscious”; 

and that teachers tend to spend most of their valuable teaching periods to 

coach students in strategies for passing examinations. Teacher-developed 

paper-and-pencil tests and many tests and quizzes provided by textbook 

publishers are currently dominated by questions that ask students to recall 

facts and information (Cangelosi, 1990).  Amuah (1996) state that the 

assessment of students’ academic achievement has been receiving increasing 

attention all over the world in recent years, including Ghana. 

     The media coverage and parliamentary debate on the 1994 senior 

secondary school examination results are indices of the high premium placed 

on the evaluation of students’ academic achievement by the Ghanaian public. 

Again, Amuah (1996) cites Roth as stating that the worldwide search for better 

strategies for assessing academic achievement has been the focus of attention 

of prominent educators in many countries in the world. Ghana is not left 

behind in this search and has initiated programmes geared towards the 
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improvement in the quality of assessment procedures used in its schools 

(Amuah, 1996).  

     Much more importance is being placed on skills such as diagnosis and 

solution of problems, and implementation of solutions; scientific enquiry and 

the ability to work together cooperatively and to be creative. According to 

Achbald and Newman, and Shepard (as cited in Marzano, Pickering and 

Mctighe, 1993), the last decade has witnessed a growing recognition of the 

need for significant changes in educational assessment practices. A broad 

array of both academic and non-academic competencies is necessary for the 

modern workplace (Marzano et al., 1993). There are several movements call-

ing for increase in realism in assessment by moving toward extended perform-

ance assessment and to make the traditional paper-and-pencil tests more 

authentic. Gronlund (1998) is of the view that education is better served by 

using both paper-and-pencil testing and the assessment of actual performance. 

     Performance assessment goes beyond multiple choice and essay tests by 

evaluating student behaviour in lifelike situations designed to elicit the 

knowledge and skills of interest (Mcdaniel, 1994). According to Marzano et 

al., (1993) performance assessment is a systematic attempt to measure a 

learner’s ability to use previously acquired knowledge in solving novel 

problems or completing specific tasks. The terms alternative assessment 

authentic assessment, and performance assessment are all used in discussion 

of assessment reforms. These terms have different meaning although they are 

used synonymously. The evaluation of laboratory performance provides an 

important example of alternative or authentic assessment (De Ture, Fraser, 

Giddings & Doran, 1995). Anthony-Krueger (2001) cites Tamir as stating that 
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laboratory practical examinations which require manipulation of some 

materials and which involve direct experience of the examinee with the 

materials at hand are classic examples of science performance assessment; and 

therefore recommends the use of practical laboratory examination as a means 

of assessing students’ performances.  According to Ossei-Anto (1996), 

practical work is done in the laboratories to inculcate the scientific spirit in the 

students which can lead to the acquisition of laboratory skills of planning, 

performing, observing, and reasoning. 

     The Trends in International Mathematics and Science Study (TIMSS) 

provides reliable and timely data on the mathematics and science achievement 

of the United States of America (U.S.) 4th- and 8th-grades students compared 

to that of students in other countries, including Ghana (National Centre for 

Education Statistics [NCES], 2007). TIMSS is developed and implemented at 

international level by the International Association for the Evaluation of 

Educational Achievement (IEA), which is an international organization of 

national research institutions and governmental research agencies. According 

to NCES (2007), TIMSS data have been collected in 1995, 1999, 2003 and 

2007. TIMSS is used over time to measure the mathematics and science 

knowledge and skills of fourth-and eighth-graders. TIMSS is designed to align 

broadly with mathematics and science curricula in the participating countries. 

The results of TIMSS therefore suggest the degree to which students have 

learned mathematics and science concepts and skills likely to have been taught 

in school. Achievement results from TIMSS are reported on a scale from 0 

to1000, with an international (TIMSS) average of 500 and a standard deviation 

of 100. The TIMSS benchmarks describe four levels of students’ achievement 
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in mathematics and science based on the kinds of skills and knowledge 

students at each score cut point would need to successfully answer the 

mathematics and science items. 

     The TIMSS science assessment is designed to cover the science topics or 

content that the students are expected to learn and the cognitive skills students 

are expected to have developed. At the eighth-grade the content domains are 

Biology, Chemistry, Physics and Earth Science. The cognitive domains are: 

knowing, applying and reasoning. In 2003, the international average was 473 

points on the TIMSS scale. The Ghanaian eighth-graders average was 255 

points which is 218 points below the international average. With this score 

Ghana placed 44th out of the 45 countries that participated in TIMSS 2003 

(NCES, 2007). Again, Ghana placed 47th out of the 47 countries that took part 

in TIMSS 2007. The Ghanaian eighth-graders average score was 303 points 

which is 197 points below the international average of 500 in 2007. Other 

African countries like Algeria, Botswana, Egypt and Tunisia that participated 

in TIMSS 2007 were all above Ghana in the placement (NCES, 2007).  

        The chief examiner’s reports of the Senior Secondary Schools Certifica-

te Examinations also point out bitterly that the performance of candidates in 

physics were below expectation; and that candidates did well only on 

questions which demanded simple recall of factual knowledge. For questions 

on description of experiments, candidates dwelt much on the apparatus assem-

bled instead of explaining how (process) the experiments were performed 

(West African Examinations Council [WAEC], 2004).  

     In Ghana, there have been numerous educational reforms since indep-

enence, aimed at making education more relevant and practical to the needs of 
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the country by increasing attention paid to problem solving, environmental 

concerns, prevocational training, and laboratory skills. However, very little 

has been achieved in the light of all these reforms, especially for schools and 

students in the rural communities. The results of the final senior secondary 

schools certificate examinations throughout the country testify to that (Eyiah, 

2004). A press review report (Daily Graphic, 2007, April 12) states that 

Ghana’s educational system so far has produced school leavers and graduates 

who have not been adequately prepared for the world of work. According to 

the report, in spite of all the educational reforms embarked upon previously, 

the country has failed to find answers to the problem of churning out school 

leavers and graduates who do not have the competencies and skills to enable 

them to continue their education or embark on continuous learning for self-

improvement. The press review report (Daily Graphic, 2007, April 12) went 

on further to say that a sober look at the country’s educational system has 

brought out major failures, which if left unresolved would hinder the efforts to 

propel Ghana to great future. 

          Therefore the goal of the 2007 education reform in Ghana is to equip the 

youth of the country to meet challenges of the 21st century; and that the desire 

and aspiration of Ghana to reach a middle-income status has made it 

imperative for the youth to be equipped to enable them contribute their quota 

towards national development. The youth are therefore consequently to be 

equipped to be on top of science, information and communication technology, 

technical training, vocational and agricultural disciplines. The reform places 

emphasis on mathematics, science and technology and problem solving. It also 

aims to heighten awareness of the environment to preserve national resources. 
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The press review report further states that the senior high school system is to 

be organised both as terminal education for entry into the world of work, and 

as a preparatory stage for entry into tertiary education; and that the first two 

years at the senior high school level, mathematics, computer science, general 

science, social studies and English will be compulsory subjects. 

     In their efforts to develop and validate instruments to assess laboratory 

skills of students in high school physics courses, Ossei-Anto (1996) and 

Johnson (2001) produced prototype instruments for assessing the level of 

skills possessed by physics students. The method of science laboratory 

procedure adopted by Ossei-Anto (1996) and Johnson (2001) consists of three 

categories: planning, performing and reasoning which can be likened to the 

pre-lab, lab and post-lab activities that take place in most of Ghana’s senior 

high school science classes. During the planning stage, students work on 

designing basic experimental procedures to a problem. In the performing 

stage, students carry out actual experiments, manipulate objects, make 

observations, record data, and take decisions about a practical strategy. During 

the reasoning/analysis stage, students process data, explain relationships, form 

generalizations, discuss data accuracy, and provide sources of error and 

limitations to an experiment. The model for this research follows that of 

Ossei-Anto (1996) and Johnson (2001). 

 

Statement of the Problem 

     There is a general low academic achievement of physics students in Ghana, 

as is evidenced in the achievements of Ghanaian 8th grades students in TMSS 

2003 and 2007 (NCES, 2007); the newspaper press review report (Daily 
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Graphic, 2007, April 12); and the chief examiners’ reports of the senior 

secondary schools certificate examinations (WAEC, 2000, 2001, 2003, 2004, 

2005, 2006). However, it seems particularly that physics students in Ghana do 

not show adequate competencies in laboratory planning, performing and 

reasoning skills required of senior high school (SHS) students. 

     The chief examiner’s reports specifically state that majority of candidates 

were unable to give correct traces of light paths through triangular glass prism; 

and that candidates could not accurately measure emergent angles, incident 

angles and angles of deviation from the light traces they produced. The reports 

also said that most of the traces of light paths through prism produced by 

candidates did not have arrows to indicate the correct directions of light rays. 

The reports further stated that some candidates measured wrong angles of 

deviation and emergent angles.  

     Johnson (2001) reports that most science educators currently assume that 

senior high school students do not show and exhibit satisfactory level of 

planning, performing and reasoning skills when confronted with practical 

issues in the laboratory. Kojima, Lynch and Web, Newman and Tamir (as 

cited in Ossei-Anto, 1996), also point out that students do not demonstrate 

adequate proficiency in skills of planning, performing and reasoning while 

engaged in traditional school laboratory activities. 

 

Purpose of the Study 

     The purpose of this research was to design and develop assessment 

instruments (tasks) to assess laboratory skills competencies of some selected 

physics students in selected topics in mechanics and optics; to determine if 
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they show adequate laboratory planning, performing and reasoning skills. 

Every science student should be able to demonstrate at least minimum 

competency in each of the laboratory skills of planning, performing and 

reasoning. 

 

Research Questions 

     In the quest to find some answers to the problems confronting senior high 

school (SHS) physics students, regarding the proficiency of their laboratory 

skills, the problems were broken down into clearly defined and specific 

questions. These questions served as the research questions that guided the 

conduct of this research. The research questions are as follows:  

1. To what extent do senior high school physics students engaged in laboratory 

work exhibit adequate competencies in the skills of:  

i. Planning?  

ii. Performing? 

iii. Reasoning? 

2. To what extent do senior high school physics students engaged in laboratory 

work exhibit adequate competencies in:  

i. One aspect of the skills of planning, performing and reasoning? 

ii. All the three skills of planning, performing, and reasoning?  

3. To what extent are male senior high school physics students more skilful 

than their female counterparts?  

4. To what extent are the skills of planning, performing and reasoning 

demonstrated by a student related to the type of school (boys, girls or mixed) 

the student attends?  
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     In addition to the tasks that were administered to the students, opinions of 

students were sought about the time allocation and difficulty level of the tasks 

using an opinionnaire. The responses of the students to the opinionnaire 

helped the researcher to determine whether the performance of the students on 

the tasks were affected by the difficulty of the tasks, as well as the time 

allocated for completing the tasks.  

 

Variables Used in the Study 

     The variables used in the research are: 

a. Dependent Variables 

i. Score for Task A 

ii. Score for Task B 

iii. Score for Task C 

b, Independent Variables: 

i. Laboratory Skills (Planning, Performing and Reasoning). 

ii. Gender (male/Female). 

iii. Type of School (boys, girls or mixed). 

 

Significance of the Study 

     There is numerous evidence to support the fact that science instruction in 

senior high schools in Ghana, places much emphasis on the acquisition of 

knowledge and factual information; to the neglect of the development of 

hands-on, performance and laboratory skills in physics students. The chief 

examiner’s reports of the senior secondary schools certificate examinations on 

physics recommend that students should be exposed to practical exercises that 
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would further explain the principles of physics, as it looks as if there is too 

much theoretical teaching in the schools (WAEC, 2002, 2005, 2006). 

According to Tamir (as cited in Ossei-Anto, 1996), students who are given the 

opportunity to practise more and more laboratory activities eventually score 

higher on achievement tests. 

     It is therefore hoped that as students are exposed to more and more 

laboratory assessments they will begin to see assessment as a teaching and 

learning tool. Again, as students are given the opportunity to engage in 

performance assessment, it will enable them to assess themselves to know 

their strengths and weaknesses. This in turn will enable the students to be 

more aware and conscious of natural phenomena and problems in their 

environment; and to develop and improve on their investigative attitudes and 

procedures to tackling these problems and phenomena. It is further believed 

that as physics students are given the opportunity to practise more laboratory 

activities, they will be motivated to see and appreciate science as a practical 

discipline that demands students and practitioners to place more emphasis on 

hands-on tasks. 

 

Delimitations  

     The study was delimited to SHS 3 physics students in Sekondi-Takoradi 

metropolis. It was hoped that physics students at SHS 3 have acquired at least 

minimum competency to enable them respond to the tasks. The study was also 

delimited to laboratory skills of planning, performing and reasoning in 

machines and refraction of light through glass prism. Other approaches and 

methods of doing science laboratory work were not employed in this research.  
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Limitations 

     There were nine SHSs in Sekondi-Takoradi metropolis that offer physics as 

a subject to students. The study should have included all SHS 3 physics 

students in the nine SHSs in Sekondi-Takoradi metropolis. Due to the 

enormity of work in carrying out laboratory activities, students in seven 

schools were used for the study. Sekondi-Takoradi metropolis is an urban 

centre and findings from this study may not be applicable to students and 

schools in rural areas of Western Region, and students and schools in other 

metropolises.  

     This research was conducted using physics students in SHS 3, as a result of 

that findings from this study may not be applicable to students in SHS 1 and 2.   

 

Organization of Rest of the Chapters 

     The rest of the research report consists of four chapters. Chapter Two is on 

the relevant literature reviewed. The details of the methodology adopted for 

this study is discussed in Chapter Three. Subtopics of this chapter include: 

design of the research, population, sample and sampling procedure and 

instruments (tasks) used for the study. The chapter also gives a brief report of 

the pilot test that was conducted prior to the main research as well data 

collection procedures and data analysis. Chapter Four presents the results, 

discussion of the results, and findings of the research. The results and 

discussion seek to provide answers to the research questions that guided the 

conduct of this study. Chapter Five, which is the last chapter of the report, 

gives a summary of the results and research findings, conclusions, 

recommendations and suggestions for further study. 
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CHAPTER TWO 

REVIEW OF RELATED LITERATURE 

Overview 

     This chapter gives account of the relevant literature reviewed in support of 

the research.  The literature reviewed has been systematically organised under 

the following sub headings: measurement, test, assessment and evaluation; 

validity and reliability of tests; criticisms of paper-and-pencil tests; new trends 

in assessment practices; science performance assessment; validity and 

reliability of science performance assessment; science laboratory assessment; 

gender differences in science achievement; types of schools differences in 

science achievement; and summary of literature reviewed. 

 

Measurement, Test, Assessment and Evaluation 

     Various definitions, view points and characteristics of measurement, test, 

assessment and evaluation, as well as how each of these concepts relate to one 

another have been stated by researchers, psychologists and educational 

practitioners. This section of the literature reviewed examines some of these 

definitions, view points, characteristics, relationships, similarities and 

contrasts among them.      

     Nitko (2004) defines measurement as the process for assigning numbers or 

scores to a specified attribute of a person in such a way that the numbers 

describe the extent to which the person possesses the attribute. Ebel and 
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Frisbie (1991), on their part state that measurement is the process of assigning 

numbers to an individual’s characteristics or trait according to specified rules. 

The measured trait can be a student’s knowledge, laboratory skills, 

comprehension or performance. They are of the view that measurements are 

essential for describing the quantity of certain abilities and skills an individual 

possesses. As such, measurements are useful for the evaluation process. 

Measurement by whatever means it may be accomplished, be it a carefully 

constructed standardized test or a rating scale designed to measure laboratory 

skills and students’ performance, is a basic part of the evaluation process. 

Measurement must be seen in terms of human values and goals. An individual 

who has more of an educational outcome must behave differently from a 

person who has less of the educational outcome (Ebel & Frisbie, 1991).  

     Cunningham (1986) also stated that the focus of measurement in the social 

sciences is to provide numerical index that can be used to quantify traits which 

allow the study of human behaviour based on mathematical models. This 

provides an approach that permits an objective discussion of an attribute to be 

made as it enables people to talk about exact amount rather than vague 

approximations. Measurement of an achievement is an indirect measurement 

(Micheels & Karnes, 1950). The effects or outcomes of the achievement are 

what is measured and not the achievement itself. They maintain that achieve-

ment can be measured if adequate instruments are developed and properly 

used. Thus a teacher has the responsibility to use measuring instruments and 

devices that are as accurate as can be obtained at that time. In measuring 

human achievement the procedure is to determine exactly what to measure and 

how to measure it. Thus, Micheels and Karnes (1950) contend that measure- 
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ment deals with constructing instruments for best determining relatively what 

a student has learned, how well he has achieved, how much he has developed, 

and/or to what extent he has changed. Measurement of achievement takes 

place in the classroom, laboratory, at the workplace and many other places. 

Micheels and Karnes (1950), however, contrasted that educational 

measurements are crude as compared to physical measurements; since human 

behaviour is a complex property.  

     A Student’s achievement may be measured by a test by counting the 

number of test items the student answers correctly, and the same rule is used 

to measure the achievement of each student in the class (Ebel & Frisbie, 

1991). Micheels and Karnes (1950), also opine that achievement in the 

classroom is often stated in terms of so many points on a test that is supposed 

to measure the achievement that has taken place. Nitko (2004), on his part, 

defines a test as an instrument or systematic procedure for observing and 

describing one or more characteristics of a student using numerical scale or 

classification scheme. Noll (1965) also states that testing involves the use of 

some specific instrument or set of instruments to determine a certain quality or 

trait or a series of such qualities. The test is usually scored by adding together 

the points a student earned on each question. Testing is a measurement 

technique and all tests that measure relevant learning outcomes are the most 

useful tools for evaluation process. Testing and awarding certificates/ 

diplomas/degrees are recognised as a legitimate basis for decision making 

(Cunningham, 1986). Testing makes the extent of the differences in abilities of 

individuals or students more obvious. Ability testing has allowed for admitting 

students to programmes with restricted enrolments such as medicine and law. 
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In the process bright students but from the lower class have risen on the 

socioeconomic ladder. Tests are a necessary part of any educational system. 

They form the basis for assignment of grades.  Schools have the responsibility 

to award certificates to students. The schools or institutions must ensure that 

students have mastered certain basic knowledge and skills before they are 

awarded with certificates.  

     Nunnally and Ator (1972) also contend that tests have proved useful in 

making numerous decisions.  If the results from tests are used with care and 

with an understanding of what they do and do not measure, they can be a real 

help for guidance counsellors, school administrators and the classroom 

teacher. On the other hand if the results of tests are improperly interpreted it is 

quite easy to make incorrect and even harmful decisions on the basis of scores 

from tests (Lindvall, 1967). Tests are valuable only if they are properly 

constructed and if the results are correctly evaluated and used to improve 

teaching methods. Since teachers use tests more than any other means of 

assessing students’ progress, they must have a clear understanding of the 

process of writing test items and they must be proficient in using the results 

thereof. Karmel (1966) quotes that “the basic reason the school staff 

administers tests is to promote the education of a child according to his or her 

unique abilities” (p.1). Proper administration of teacher-made examinations is 

a must if examinations are to be valid and reliable measures of student 

progress. Tests provide for student motivation by rewarding those who are 

hard working and prepared, and negative consequences for those who are not. 

Furthermore, tests can cause a student to study more as the frequency of an 

individuals’ behaviour is increased by reinforcement. Tests also offer useful 
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diagnostic information to the instructor about the strengths and weaknesses of 

a student; provide valuable basis for the modification of the instructional 

programme; and informs the instructor about the effectiveness of his 

instruction. Tests and other instruments of evaluation are classified in several 

ways. However, general classification is based on the uses or the kinds of 

abilities that are measured, and these include: 

1. Achievement tests. 

2. Scholastic-aptitude (intelligence) tests. 

3. Special aptitude tests. 

4. Interests inventories. 

5. Character or personality instruments. 

Some tests are teacher made while others are standardized of aptitude or 

achievement. These tests require the students to select an answer (e.g., true-

false, multiple choice, or matching) or to supply an answer (e.g., short answer 

or essay).  

Assessment, on the other hand, is the process for obtaining information 

that is used for making decisions about students, curricula and programmes, 

and educational policy (Nitko, 2004). Lindvall (1967) quotes that “the 

teacher’s major ‘business’ is to produce changes in students, and he can 

determine his degree of success only by making regular assessment of what 

his students have learned” (p.5). Decisions about students include selecting 

them for educational opportunities, and credentialing and certifying their 

competence. Assessing a student’s competence means collecting information 

to help decide the degree to which the student has achieved the learning 

targets. A large number of assessment techniques may be used to collect this 
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information. These include lab work, projects, and paper-and-pencil tests. 

Assessing students is a very important part of teaching. Good decisions about 

teaching need to be made. High quality information is necessary if decisions 

are to be accurate, valid and fair to students. It is only through high-quality 

assessments that high quality information is obtained (Gronlund, 1998). 

     Undoubtedly, the most widely used procedure for assessing student 

achievement is the teacher-made test. Teachers should be able to make 

effective use of variety of procedures and devices for determining students’ 

achievement, but they should also learn how to avoid misusing tests and 

should recognize that many readily available instruments for measuring 

achievements are inappropriate. Properly designed and appropriately used 

assessment procedures can contribute to more effective instruction and greater 

student learning. There is a close relationship between instruction and asses-

sment. Both require clear specifications of the learning outcomes to be 

achieved by students. Thus, instructional planning should be broadened to 

include assessment planning (Gronlund, 1998). Carefully planned assessment 

procedures from the beginning of instruction to the end can improve the 

effectiveness of many decisions by providing more objective information on 

which judgment can be based. Assessment can be used to ascertain the extent 

to which students possess the skills and abilities needed to begin instruction;  

enables the learning tasks on which students are making satisfactory progress 

to be known; and those on which they are not making satisfactory progress to 

be determined. Moreover, assessment allows students who are encountering 

learning difficulties to be identified so as to remedy the situation; as well as 

allows students who have mastered the learning tasks to the extent that they 
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can proceed to the next course or unit of instruction to be identified (Gronlund, 

1998). 

Assessment enables the grade to be assigned each student to be deter-

mined; allows students who should be awarded certificates to be known; and 

motivates students by providing them with short term goals, clarifying the 

types of learning tasks to be learned, and providing feedback concerning their 

learning progress. Assessment can also aid student self-assessment by 

providing them with information which is a more objective basis for assessing 

their own strengths and weaknesses (Gronlund, 1998). Furthermore, assess-

ment can help in evaluating instructional effectiveness, by determining the 

extent to which instructional objectives were realistic, whether the instruct-

ional methods and materials were appropriate, and how well the learning 

experiences were sequenced. “When the majority of the students do poorly on 

an assessment, it may be the fault of the students but the difficulty is more 

likely to be found in the instruction.” (Gronlund, 1998, p. 11). The various 

modes of assessment of educational outcomes are:  

1. Formal versus informal. 

2. Final versus continuous. 

3. Formative versus summative. 

4.  Internal versus external. 

5. Process versus product. 

6. Convergent versus divergent. 

7. Competitive versus non-competitive. 

     Evaluation, which is one of the accountability processes in any educational 

system, is defined by Nitko (2004) as the process of making valued judgments 
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about the worth of a student’s product or performance. Micheels and Karnes 

(1950) also characterize evaluation as a more comprehensive judgment and 

subjective appraisal of a student’s achievement. It involves the use of strict 

objective techniques. Evaluations make use of all types of measuring instrum-

ents such as tests, rating scales, interviews together with exercise of judgment. 

Evaluations are the basis for decisions about what course of action should be 

followed. Gronlund (1971) also contend that evaluation is not merely a 

collection of techniques but a continuous process that underlies all good 

teaching and learning; and is inevitable in a classroom instruction, however 

simple or complex the consideration involved. Evaluations teachers make can 

have enormous influence on the lives of their students and should not be taken 

lightly or casually made (Gronlund, 1971). Gronlund (1971) further asserts 

that teachers have many varieties of sources and methods of collecting 

information about their students but the use of several methods and sources in 

combination is more common. He continued to say that the effectiveness of 

directing students’ learning is based on the accuracy of the judgment made on 

them; which involves the understanding and use of principles and procedures 

of evaluation to make wise and intelligent decisions in guiding students’ 

progress toward beneficial instructional and educational objectives. 

     Evaluative judgments are critical and necessary in guiding students toward 

the achievement of instructional goals, diagnosing students’ learning difficult-

ies, determining students’ readiness for learning new experiences, placing 

students in groups for special activities, assessing students with problems of 

adjusting and preparing reports of students’ progress for parents. It is 

important to clearly define the learning outcomes to be evaluated. These 
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learning outcomes can be knowledge, understanding, thinking skills, 

performance skills, laboratory skills or attitudes. The educational outcomes are 

the results of learning stated in terms of changes in student behaviour. 

Lindvall (1967) also states that evaluation of students’ achievement is the 

process of determining how well students have attained specific instructional 

objectives. It therefore consists of a variety of techniques and procedures, 

including observation of students’ performance, grading classroom exercises 

and homework assignments, and use of several different types of achievement 

tests. In order to evaluate what a student has learned in a given unit or an 

entire course, we must know the specific ways in which he should be able to 

exhibit that achievement (Lindvall, 1967). There should be statements of 

objectives describing what he should have learned in specific and limited units 

of instruction. Statements of instructional goals are sometimes referred to as 

‘terminal behaviours’ because they describe the behaviour that a student 

should be able to demonstrate at the termination of some period of instruction. 

The first step in evaluation is to translate the goals or objectives that have 

served as guides for teaching into a detailed listing of specific behavioural 

objectives that can direct evaluation efforts.  

     Ebel and Frisbie (1991) on their part assert that the reason for evaluation is 

to make a judgment about the quality or worth of an educational programme 

or student achievements. Evaluation seeks to describe the level of achieve-

ment, or performance of an educational programme or student. The evaluator 

needs to decide the kind of information needed, how to collect the information 

and how to synthesize it to support the value judgment. The evaluation of 

learning takes place in instructional context. The instructional process and the 
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role of evaluation in it must both be understood as the background to educat-

ional measurement (Ebel & Frisbie, 1991). Schwart, Tiedeman and Wallace 

(1962) also characterize evaluation as the process of making judgments and 

coming to decisions about the value of an experience. The evaluation of the 

experience involves careful judgment about the adequacy or effectiveness of 

the experience as measured in the light of the experience set for it. Schwart et 

al. (1962) proceeded to define evaluation in education as the process of 

judging the effectiveness or worth of an educational experience as measured 

against instructional objectives. Evaluation that is based on philosophical and 

psychological sound objectives, and focused on the best measurements that 

can be obtained, is critical to securing effectiveness in the total educative 

process. A wide variety of evaluation techniques exist; it is the responsibility 

of the teacher to learn these techniques, their proper uses and limitations, and 

how they can be best employed to help students in their learning experiences 

(Schwart et al., 1962). The focus of teaching and evaluation in education is 

upon the goals, ambitions, and hopes of human beings. These goals spell out 

those behaviours and values that society feels will contribute most to the 

individual and to society.  

     Evaluation must be based on comprehensive and continuous measurement 

of all phases of individual development and toward all objectives of school. It 

is the means by which objective, valid, reliable and usable accounting is made 

of the progress of a classroom group, as the students grow academically, 

socially, emotionally, physically and spiritually. Evaluation must go on 

continuously if all the changes in the student are to be fully appraised. It must 

be comprehensive and encompass the entire range of the student’s activities 
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and experiences, including the curricular, the co curricular and the nonschool. 

The school’s appraisal and records should be focused on the individual 

student; they should be concerned both with his present status in terms of his 

capacities and achievements and with the relation of his status to expected 

growth patterns.   

     Formative evaluation is done to determine whether learning is taking place 

as planned. Summative evaluation, on the other hand is conducted at the end 

of an instructional segment to determine if learning is sufficiently complete in 

order to move to the next segment of instruction. Formative evaluation in the 

classroom provides feedback to the teacher and student which provide an 

opportunity for the teacher to modify instructional methods or materials to 

facilitate learning when things are not going well (Ebel & Frisbie, 1991).  

Formative evaluation requires collection of detailed information on a regular 

basis. Formative evaluation usually employs teacher observation, classroom 

oral questioning, homework assignments, classroom exercises, quizzes and in-

formal inventories. Summative evaluation demands the collection of informa-

tion on a broader scope of content and skills. It normally uses classroom tests 

or final examinations as instruments to gather information.  

     From this section, it is amply clear that for instruction to be effective and 

efficient; and to ensure that all important learning outcomes are being taught 

in the classroom, there is the need to obtain credible information to arrive at 

these conclusions. Moreover, in order to make many educational decisions, the 

decisions must be based on sound, accurate and valid information and 

judgment. These decisions call for assessments and evaluation of students and 

instructional programs. The assessments in turn call for the use of tests and 
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other techniques to measure the achievements of students. The evaluation 

requires the use of sound philosophical and psychological principles and 

procedures.  Thus, it is obvious that measurement, test, assessment and evalua-

tion are closely related and interwoven educational and psychological 

concepts; and are all necessary for a complete appraisal of the student, 

instructional and educational programmes.  

 

Validity and Reliability of Tests 

     Despite the vast differences between format and construction of various 

evaluation devices, there are certain common standards that should be met by 

any measuring instrument. Each measuring instrument should be chosen 

carefully in terms of the criteria of: (a) validity, (b) reliability, (c) objectivity, 

(d) efficiency and (e) usefulness. To the extent that any of a given measure-

ment technique satisfies these criteria are we justified in using it with students 

(Schwart et al., 1962). Nunnally and Ator (1972) also state that how well a 

particular test helps in making particular decisions is an indication of how 

valid it is. In order to use standardized tests, a teacher should be familiar with 

the recommended steps to be followed in constructing a standardized test and 

should understand the statistical procedures used in deriving scores and in 

assessing the reliability and validity of the instrument. Lindvall (1967) is of 

the view that, all informed predictions of future performance are based upon 

some knowledge of relevant past performance, school grade or whatever is 

appropriate. How well the predictions will be validated by later performances 

depends upon the reliability and appropriateness of the information used and 

the skill and wisdom with which it is interpreted. Whether to use tests, or other 
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kinds of information, or both in making a particular decision depends upon the 

empirical evidence concerning comparative validity and factors such as cost 

(Lindvall, 1967). 

     Any procedure for obtaining information about students is valid to the 

extent that it actually provides the desired information. In the evaluation of 

students’ achievement, the information desired is the degree to which students 

have achieved the specified instructional objectives. Thus the validity of any 

procedure for assessing students’ achievement is the extent to which it 

provides as to whether the students have exhibited the behaviours specified in 

the instructional objectives. Validity is the most important quality to be sought 

in any evaluation process. Thus, if the specific objectives state that the student 

should be able to perform or demonstrate certain skills, evaluation can be 

made through observation of student performance. The student must be given 

the opportunity to display the ability described in the specific objectives and 

he is then assessed the extent to which he has done this (Lindvall, 1967). It 

must also be noted that no instrument or procedure is valid on its own only. 

Thus an instrument which is valid in one situation for a given purpose may be 

invalid in another situation for a different purpose. Nunnally and Ator (1972) 

went on further to state that a test is valid if it serves its functions well. It is 

valid only for some specific functions with specific group under specific 

conditions. Schwart et al. (1962) contend that, “the most important 

characteristics of any appraisal technique is validity – the extent to which the 

technique actually measures what it is supposed to measure” (p.75).   

     Four types of validity have been distinguished, namely: content validity, 

concurrent validity, predictive validity and construct validity. Content validity 
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is concerned with the sampling of a specified universe of content. Concurrent 

validity is concerned with the relation of test scores to an accepted contempo-

rary criterion of performance on the variable which the test is intended to 

measure. Predictive validity is concerned with the relation of test scores to 

measures on a criterion based on performance at some later date; while 

construct validity is the degree to which one can infer certain constructs in a 

psychological theory from the test scores (Nitko, 2004). Validity may be 

determined by curricular approaches or by statistical analysis. The content 

validity of a measuring instrument can be established by comparison with 

objectives of instruction, by comparison with expert opinion and by 

comparison with textbook and source materials. Consensus by experts and 

textbook writers concerning the important objectives and content in a 

particular area adequately define for teachers what these objectives should be 

(Schwart et al., 1962). To a large extent this is a sound assumption, for these 

people have studied the field carefully and should have a good idea of what 

are valid objectives. Content validity of a measuring instrument can be deter-

mined by a direct comparison of the actual behaviours involved in the stated 

objectives of instruction with the behaviours needed for success on the test.  

According to Payne and Mcmorris (1967), validity information indicates the 

degree to which the test is capable of achieving certain aims. Payne and 

Mcmorris (1967) went on further to state that “tests are used for several types 

of judgment, and for each type of judgment a different type of investigation is 

required to establish validity” (p.77).  

     A data gathering procedure is reliable to the extent that it will produce 

consistent results in assessing the same thing (Lindvall, 1967). Reliability is 
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important in any procedure for obtaining information about students. 

Reliability is a matter of degree as no procedure is absolutely reliable. Some 

evaluation procedures are, however, more reliable than others. Schwart et al. 

(1962) point out that the reliability of a measuring instrument refers to the 

consistency with which it measures, or the extent to which it can be trusted to 

give us the same or similar scores or description of behaviours at different 

times. Reliability is usually represented in terms of correlation coefficients. 

Test reliability is established by: test retest method, comparable (parallel) 

forms method, split-halves method as well as the inter-rater method. The inter-

rater reliability method involves two or more raters (judges) scoring the same 

set of test or assessment instruments independently. Payne and Mcmorris 

(1967) characterize reliability as the accuracy (consistency and stability) of a 

measurement by a test. Any direct measurement of such consistency calls for a 

comparison between at least two measurements. The two measurements may 

be obtained by retesting an individual with the identical test or by using two 

raters to independently score the same test. The different methods of 

determining reliability take account of different errors. Reliability therefore 

refers to many types of evidence, each of which describes the agreement or 

consistency to be expected among similar observations. There are various 

components that may contribute to inconsistency among observations. These 

include response variation by the subject or student, due to changes in 

physiological efficiency or in psychological factors such as motivation, effort 

or mood. Variations in test-content or test-situation can be another source of 

inconsistency. So can variations in the process of observation or scoring can 

also be a source of inconsistency.  
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Criticisms of Paper-and-pencil Tests 

     Researchers such as Ossei-Anto (1996), Oloruntegbe (1999) and Al-

Sadaawi (2007) have criticized traditional paper-and-pencil tests such as 

multiple-choice, fill-in-the-blank, and true or false. It is contended that tradi-

tional techniques do not prove effective for the expanded concept of learning 

that requires students to demonstrate higher-level thinking skills. Al-Sadaawi 

(2007) emphasized that traditional tests evaluate a limited number of cognitive 

functions and skills related only to memory, and students’ ability to recall 

material learned out of context. Moreover, for purposes of accountability, 

teachers tend to tailor their instructions to students in imitation of multiple-

choice questions, thus encouraging students to focus only on the options 

before them. Therefore “teaching to the task” has become a common practice 

in schools, narrowing students’ potential to low-level skills, and distorting the 

curricula (Al-Sadaawi, 2007). Science educators claim that traditional tests 

cannot adequately evaluate students’ ability to design and undertake 

experiments or assess their understanding of scientific concepts.         

     It is reasonable to question whether paper-and-pencil objective tests can 

measure the possession of many of the skills deemed essential for safe and 

trustworthy practice (Ebel & Frisbie, 1991). Although facts and concepts are 

fundamental in science education, knowledge of methods, procedures and 

analysis of skills that provide context is equally important (Slater, 1997). 

According to Slater (1997) student growth in these latter facets proves difficult 

to evaluate, particularly with conventional multiple-choice examinations. 

Historically, researchers such as Baxter, Shavelson, Goldman and Pine (1992); 

and Ruiz-Primo and Shavelson (1996) have shown the limitations of 
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measuring complex cognition and inquiry process via multiple-choice and 

constructed-response paper-and-pencil tests. Clarke (2009) state that these 

tests also demonstrate limited sensitivity to discrepancies between inquiry and 

non-inquiry based instruction. He further went on to report that on paper-and-

pencil tests, inquiry is not effectively measured. Some of inquiry abilities such 

as communication, and alternative explanations are tested barely or not at all. 

If these are valued standards, it would seem that some items should test them. 

Thus, despite the increasing focus of world-wide science standards on inquiry, 

paper-and-pencil assessments continue to demonstrate misalignment and 

validity issues in the measurement of this domain.  

     Oloruntegbe (1999) also contends that, of the science learning outcomes – 

formulation of concepts, development of skills and appropriate scientific 

attitudes, cognitive area seems to attract more attention in school teaching, 

learning and assessment. Teachers seldom teach and assess skills and attitudes. 

Traditional multiple-choice achievement tests in science have been criticized 

in several ways. Despite their efficiency (economical to develop, administer, 

and score) they do not measure some aspects of knowledge that are valued in 

science education – the science processes, especially the ability to formulate a 

problem or carry out an investigation. Hence, multiple-choice tests are limited 

in capturing students’ thinking and problem-solving skills (Ruiz-Primo & 

Shavelson, 1996). Multiple-choice tests do not look like science conducted in 

the laboratory or the field, and consequently may provide limited information 

about what students know and can do in science. 
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New Trends in Assessment Practices 

    “The increased interest in recent years in giving more curricular emphasis to 

higher order thinking skills has raised questions about how to measure the 

achievement of these skills” (Ebel & Frisbie, 1991, p.6). Currently, many of 

the innovative curricular teaching and assessment strategies are devised and 

constructed such that they are directed towards the building of problem-

solving abilities. Contemporary development in cognitive and constructivist 

theory are of the perspective that, meaningful learning is reflective, construct-

ive, and self-regulated; learners are seen not as merely receivers of inform-

ation but as creators of their own unique knowledge structures. Learners can 

therefore achieve a more meaningful goal in which acquisition of knowledge, 

skills, and attitudes enable them to act effectively, expertly, and professionally 

under a teacher’s guiding role. Assessment theory and practice are evolving to 

reflect these complexities and moving away from a narrow focus on simple 

tests and scoring that previously dominated teaching (Al-Sadaawi, 2007). 

Thus, achievement needs to be considered as a qualitative change in a person’s 

conceptions, not simply the amount of knowledge that a person possesses. Al-

Sadaawi (2007) states that, to assess students on scientific reasoning and 

understanding rather than simply measuring discrete knowledge, critical 

assessment methods have been developed, with strong preference for 

performance-based assessment (Al-Sadaawi, 2007). 

      The acknowledged weaknesses of conventional paper-and-pencil assess-

ments have led to the recent development of alternative testing strategies. 

Already validated and used in many schools, one of the most commonly used 

of these is called performance assessment (Slater, 1997). Shavelson, Ruiz-
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Primo, Li and Ayala (2003) state that, spurred by calls for education reform in 

the wake of international comparisons of student performance, developments 

in cognitive science, and augmentation of international achievement test 

formats, a myriad of new approaches to assess students’ learning have 

emerged over the past decades. Some examples of these new assessments are 

performance assessments, concept maps, and predict-observe-explain demon-

strations. Baxter et al. (1992) state that, three forces have spurred the demand 

and subsequent search for alternative measures of science achievement: (a) 

dissatisfaction with current multiple-choice techno-logy, (b) advances in 

research on cognition and instruction, and (c) reform of science curricula. 

Consistent with developments in cognitive research and curricula reform, and 

in response to critics of multiple-choice tests, studies were undertaken to 

develop and evaluate alternative assessments of science achievements (Baxter 

et al., 1992). The reason was that one way to assess what students know about 

science is to watch them do science.  

     According to Clarke (2009) attempts have been made to address the 

limitations of paper-and-pencil tests by designing hands-on and virtual 

performance assessments. Over the past three decades, researchers have made 

significant advances in methods of assessment design. Frameworks such as the 

assessment triangle and evidence-centred-design provide rigorous procedures 

for linking theories of learning to demonstrations to interpretations. To 

measure science learning outcomes at skills level, assessment has been modi-

fied and restructured not only in form and context, but in vocabularies and 

nomenclatures. Thus, there have emerged different forms like alternative, 

authentic and performance assessments, which are labelled the most suitable 
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for assessing science process skills demonstrated by students during science 

activities (Oloruntegbe, 1999). Oloruntegbe (1999) further asserts that assess-

ment is changing for many reasons. Changes in the skills and knowledge 

needed for success; in understanding of how student learn; and in relationship 

between assessment and instruction necessitate changes in assessment 

strategies. The assessment strategies should be tied to design, content, new 

outcomes and purposes. Educators, policy makers and parents are beginning to 

recognize that minimums and basics are no longer sufficient, and are calling 

for a closer match between the skills that students learn in schools and the 

skills they will need upon leaving school. Attempts to assess skills have led to 

changing faces, nomenclature and movements in assessment. Several 

terminologies such as alternative assessment, authentic assessment, project 

based assessment and many others have been coined (Oloruntegbe, 1999).  

     The goals of these assessments are to provide quantitative data on students’ 

performance particularly in science. Ruiz-Primo and Shavelson (1996) are of 

the opinion that performance assessments have caught public attention in the 

past years as a complement to multiple-choice tests. Traditional, low-inference 

testing, based on the assumption that knowledge could be de-contextualised is 

replaced by contextual assessment methodologies in science education, such 

as performance assessment, not on account of direct criticism, but rather on 

the change from behavioural to cognitive psychology, developments in the 

philosophy of science, and the rise of constructivism (Ellis, Jablonski, Levy & 

Mansfield, 2008). Ellis et al. (2008) contend that the global economy of the 

21st century requires a different set of knowledge and skills than workers 

needed in the past. Today students must develop the ability to access, inquire 
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into, think critically about, and carefully analyze information. Ellis et al. 

(2008) went on further to say that performance assessments address these 

societal demands by providing complementary information to traditional test 

data; by measuring what students are able to do with the content they have 

learned, and not only whether they have learned the curriculum content. 

 

Science Performance Assessments 

     Researchers have indentified performance-based assessment as the focus 

for education reforms in assessment, curriculum and instruction. The propo-

nets of performance assessments argue that a performance-based assessment 

methodology provides students with meaningful paths to demonstrate their 

knowledge.  The technique also improves students’ skills by bringing into play 

complex functions of cognitive processing that require higher-level of thinking 

for problem-solving, or the development of options when an individual is 

confronted with new situation.  Al-Sadaawi (2007) cites Baker as saying that 

since performance-based assessment occurs over a period of time, it provides 

an opportunity for students to individually achieve the highest level of 

learning. Performance-based assessment is authentic assessment because it 

involves the performance of tasks that are valued in their own right, it is 

situated in a real world context, and it can mirror actual tasks implemented by 

professionals. For students, performance assessment provides a realistic appr-

oach to science, thereby reinforcing the inquiry skills of science and assessing 

self-progress. For teachers, the methodology provides timely information on 

the learning needs of their students, and thus the teaching methods they 

employ. Performance assessment is therefore an appropriate strategy for 
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assessing students’ concepts and skills in science, and it prepares students for 

a productive future within a technologically complex world (Al-Sadaawi, 

2007). Positive effects in the quality of students’ learning and attitudes have 

been shown from empirical studies of impact of performance-based assess-

ments. Baxter and Glaser (as cited in Al-Sadaawi, 2007) found that 

performance-based assessment not only supports the development of thinking 

and reasoning skills in the classroom, but also provides teachers with feedback 

that can be used to improve the classroom environment. Again, it has been 

found that performance-based assessment is a valid, equitable measurement of 

students’ progress. 

     The International Association for the Evaluation of Educational Achieve-

ment [IEA]  (1995) on its part characterize performance assessment as the use 

of integrated, practical tasks, involving instruments and equipment, as a means 

of assessing students’ content and procedural knowledge, as well as their 

ability to use that knowledge in reasoning and solving problems. The assess-

ment task may be as simple as the routine use of a piece of equipment or as 

complex as an investigation combining manipulative and procedural skills and 

requiring higher-order thinking and communication. Proponents of perform-

ance assessment argue that the practical nature of the tasks utilized in this 

mode of assessment permits a richer and deeper understanding of some aspect 

of student knowledge and understanding than is possible with written tests 

alone ([IEA], 1995). According to [IEA] (1995), these aspects include skills 

like weighing and measuring, the use of experimental or mathematical 

procedures, designing and implementing approaches to solve problems or 

investigate phenomena, and synthesizing knowledge, application, and personal 
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experience into an interpretation of data. A well-designed performance assess- 

ment task, with appropriate scoring rubrics, can elicit a rich variety of student 

performances, and offers the possibility of deeper understanding of cognitive 

processes and problem-solving strategies. Detailed study of students’ perform-

ance on practical tasks in life-like assessment situations, offer greater potential 

for understanding their achievement than paper-and-pencil tests alone. 

Performance assessments, used in concert with more traditional forms of 

assessment, are designed to provide a more complete picture of student 

achievement (Slater, 1997).  

     Slater (1997) also states that performance assessments are designed to 

judge students’ abilities to use specific knowledge and skills. Most 

performance assessments require the students to manipulate equipment to 

solve problems or make an analysis. Slater (1997) further asserts that, rich 

performance assessments reveal a variety of problem-solving approaches, thus 

providing insight into a student’s level of conceptual and procedural 

knowledge. Performance assessment strategies are composed of three distinct 

parts: a performance task; a format in which the student responds; and a 

predetermined scoring system (Slater, 1997). Tasks are assignments designed 

to assess a student’s ability to manipulate equipment (laboratory equipment, 

computers etc.) for a given purpose. Students can either complete the task in 

front of a panel of judges or use a written response sheet. The student is then 

scored by comparing the performance against a set of criteria. When used with 

students with highly varying abilities, performance tasks can take maximum 

advantage of judging student abilities by tasks with multiple correct solutions 

(Slater, 1997). According to Slater (1997), students are graded on the process 

35



of problem solving using rating scales based on explicit standards. 

Performance assessment strategies are best utilized in concert with other forms 

of assessment, both factual and procedural knowledge are important 

components of a complete science education. The purpose of performance 

assessment in science is to evaluate the actual process of doing science; and 

examines students’ actual application of knowledge to solve problems. In 

some cases, the solution of the problem may imply the application of a 

specific procedure learned in class; in others, a combination of procedures; 

still in others it may require a thoughtful adaptation of students’ knowledge. 

The assessment of students’ knowledge and skills focuses on the performance 

(process) and the result (product) [Slater, 1997].  

    Performance assessments are typically inappropriate for measuring 

students’ knowledge of facts. They may be used for diagnostic purposes – to 

know how students solve certain types of problems; how they control 

variables; how they use instruments; and how they evaluate findings.  Perfor-

mance assessment may also be used for instructional purposes. Performance 

tasks simulate the authentic tasks of scientists. If the assessment task is used in 

such a way that the student would normally not know it is an assessment 

activity, it is called an embedded task (Slater, 1997). Performance assessment 

may also be used for monitoring purposes. The goal of science performance 

assessment is to judge the level of competency students have achieved in 

doing science. Accordingly, the assessment strategies are best used to monitor 

student process skills and problem solving approaches. Slater (1997) believes 

that the most effective performance assessments are authentic tasks that are 

open-ended with multiple-correct solution paths. In science, some tasks 
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require systematic procedures that do not yield multiple-entry points or exit 

points. In this case, a checklist system can be appropriately used by an 

observer or a highly-structured student-answer sheet in which each aspect of 

the procedure and result is described in detail. Highly-structured assessment 

tasks provide students with step-by-step instructions to follow. In contrast, less 

structured assessment tasks give students more opportunity to make judgments 

in determining the procedures needed to solve the problem. 

     Performance assessment can be administered individually, in pairs, or 

collaborative groups. If it is administered in pairs or groups, students should 

write in their own answer/response sheet. When students solve the problem in 

pairs or groups, the goal and composition of the group will affect the student’s 

individual performance (Slater, 1997). Predetermined criteria must be used to 

evaluate students’ performance. Students’ should not be scored/graded against 

their peers, but based on the criteria predefined. It is always useful to try to 

find in students’ performance patterns of appropriate and inappropriate 

responses. This helps focus on problems observed. An authentic assessment is 

one in which students are required to address problem grounded in real-life 

contexts. Slater (1997) cites Shavelson, Baxter, and Pine; and Wiggins as 

stating that authentic tasks are typically complex, somewhat ill-defined, 

engaging problems that require students to apply, synthesize, and evaluate 

various problem solving approaches. Authentic tasks are clearly different in 

nature, form, and length from multiple-choice questions that can usually be 

responded to in a matter of seconds. In the evaluation of performance task, the 

process of performing the task is emphasized more than the final product 

itself. 
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Clarke (2009) is also of the view that performance assessments complement 

rather than replace existing standardized measures by assessing skills not 

possible via paper-and-pencil and multiple-choice tests. Science performance 

assessments pose a problem and put students in a mini-laboratory to solve it, 

evaluating the solution as to its scientific defensibility. Performance assess-

ments are interpreted as capturing a student’s scientific reasoning and proce-

dural skills, and are believed to require the application of scientific knowledge 

and reasoning in simulated real-world situations as well as in situations similar 

to what scientists do (Ayala, Shavelson & Ayala, 2001). Oloruntegbe (1999) 

advocates that on-the-spot assessment of skills complements and supplements 

the conventional paper-and-pencil tests. Alternative, authentic and perform-

ance assessments are used interchangeably to mean the same thing. According 

to Oloruntegbe (1999) the characterization and categorization of traditional 

tests and performance assessments fall into a continuum. Events at the two 

ends of the continuum range from selection of response to performing a task; 

from contrived to real life; recall or recognition to construction and applica-

tion, teachers-structured to learners structured and indirect evidence to direct 

evidence. Within the continuum lies four categories; tests, product or project 

assessments, performance assessment and process skills assessment.  

     All these types are useful, however, each has limitations. Therefore 

maintaining balance becomes of utmost importance (Oloruntegbe, 1999). 

Oloruntegbe (1999) went on further to state that, authentic assessment is a 

form of assessment in which students are asked to perform real-world tasks 

that demonstrate meaningful application of essential knowledge and skills. 

The authentic assessments engage students in applying knowledge and skills 
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in the same way they are used in the “real world” outside school. It is 

performance-based assessment that requires a student to go beyond basic 

recall and demonstrate significant, worthwhile knowledge and understanding 

through a product, performance or exhibition. Students appear to learn best 

when they see the importance for learning and when the learning environment 

is familiar to them. Authentic scenarios can provide this environment and 

relevance to students (Oloruntegbe, 1999). Performance assessment is a form 

of testing that requires students to perform a task rather than select an answer 

from a ready-made list. Advocates say that performance assessment may be a 

more valued indicator of what students know, and what they are able to do 

(knowledge and abilities) promotes active learning and curricular-based 

testing. Alternative assessment includes any assessment in which students 

create response to a question. Oloruntegbe (1999) believes that the worth of a 

school graduate is a product of good teaching and assessing. Superficial effort 

in this way will only breed deception and defects – students parading high 

grades from theory and the conventional practical examination without the 

corresponding skill to go with them. 

     Performance assessments are assumed to tap higher-order thinking process-

es and be more directly related to what students do in the classroom and what 

scientists actually do – observe, hypothesize, record, infer, and generalize 

(Ruiz-Primo & Shavelson, 1996).  Again, Ruiz-Primo and Shavelson (1996) 

conceive of science performance assessment as a combination of: (a) a task 

that poses a meaningful problem and whose solution requires the use of 

concrete materials that react to the actions taken by the student; (b) a format 

for the student’s response; and (c) a scoring system that involves judging not 
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only the right answer, but also the reasonableness of the procedure used to 

carry out the task. Different measurement methods can be used to collect 

information on students’ performances. These include direct observation, 

notebooks, computer simulation etc. (Ruiz-Primo & Shavelson, 1996). With 

direct observation, an observer check-lists a student’s performance and 

response as the student proceeds with the investigation. With notebooks, 

students record their procedures and conclusions as they proceed on the 

investigation.  

     Ellis, et al. (2008) state that science is a fertile ground for engaging 

students in inquiry and critical thinking; thus, it naturally lends itself to 

performance assessment. Ellis et al. (2008) further state that performance 

assessment is generally recognized as a form of testing that requires students 

to perform a task rather than select an answer from a ready-made list. The task 

is then scored by experienced raters, such as teachers or trained staff, who 

judge the quality of students’ work based on agreed-upon set of criteria. 

Because performance assessments require students to actively engage with a 

task in order to show their understanding and proficiency around complex and 

realistic problems, they can be complicated and challenging both to develop 

and implement (Ellis et al., 2008). However, if designed properly, perform-

ance assessments can provide an indication of what students are able to do 

with their knowledge by requiring students to demonstrate what they know 

through various tasks, such as generating scientific hypothesis or conducting 

experiments. Ellis et al. (2008) state that the definition of performance 

assessment is comprised of two parts. First, the content to be assessed has to 

be the scientific inquiry or investigative process – make observations, raise 
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questions, and formulate hypothesis; design and conduct scientific investiga-

tions; analyze and interpret results of scientific investigations; and communi-

cate and apply the results of scientific investigations. Second, the assessment 

should require a student to display understanding of the scientific inquiry 

process via hands-on (either real or simulation) tasks.      

     Knowledge is an important outcome, the foundation of all learning that 

should be evaluated for its own sake. However, knowledge alone cannot be 

used as evidence of having acquired understandings, habits, attitudes and skills 

(Gronlund, 1971). The most effective way of ensuring that all important 

learning outcomes are being evaluated properly is to state the immediate 

objectives of instruction in a way to reflect clearly the ultimate objectives to 

be achieved, and then develop evaluation procedures best suited to each of 

them. Some educational objectives are unique to a particular course that other 

educational experiences have little or no direct contribution to their 

attainment. Learning outcomes such as understandings, laboratory skills, and 

performance skills are limited to educational objectives that can be derived 

from the specific course. Therefore the teacher should identify, select and 

clarify the learning outcomes for evaluation purposes. Educational objectives 

may also be classified in terms of the extent to which they are functional in the 

instructional programme. However, the stated educational objectives usually 

fail to contribute to the entire educational process because of inadequate 

attention to or improper choice of the evaluative (assessment) techniques used 

(Gronlund, 1971). Improved evaluative procedures must primarily contribute 

to improved learning. According to Ebel and Frisbie (1991), skills beyond the 

level of remembrance will often need to be demonstrated through performance 
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tasks or product development in order to assess it adequately. Instruments 

meant to measure critical thinking and laboratory skills are not all perfect. If 

we expect students to learn critical thinking and laboratory skills and improve 

on inadequate skills they already have, then teachers need to continue to learn 

and to improve their measurement and evaluation practices (Schwart et al., 

1962). To appraise the progress of the student on the basis of the various 

educational objectives and goals, evaluation cannot be restricted to the 

classroom. It must also take place in the extra class school activities, in the 

laboratory, on the field, in the employment and in the real world. According to 

Karmel (1966), schools administer many different tests because no one test 

can measure all the different facets of a student’s ability, skills and interests.  

 

Validity and Reliability of Performance Assessments 

    The international association for the evaluation of educational achievement 

[IEA] (I995), state that performance assessment aims to provide students with 

a testing environment which is more “true to life” and “authentic” than the 

traditional paper-and-pencil written test, and, by providing them with equip-

ment and materials to manipulate in a realistic problem-solving situation, 

attempts to elicit performances or behaviours which will be a more valid 

indication of the students’ understanding of concepts and potential perform-

ance in real life situations. Performance assessment has captured the attention 

of teachers, and policymakers for a variety of reasons. It reflects the current 

trend in many countries towards active, inquiry-oriented, hands-on teaching 

and learning; and it is seen as a means of assessment that is educationally 

valid, psychologically and developmentally appropriate, and congruent with 
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“constructivist” pedagogies ([IEA], 1995). In most all cases, the intent of 

assessing learning is to go beyond ranking students on their performance to 

drawing inferences about what they know and are able to do with that 

knowledge. That is, assessments of learning are interpreted as providing 

information on cognitive activities (minds-on) as well as on performance 

(hands-on) (Shavelson, Ruiz-Primo, Li & Ayala, 2003). Shavelson et al. 

(2003) contend that assessments are intended to measure a construct. The 

validity of the assessment is guaranteed if the construct is clearly defined. 

Analysis of the “working” construct definition will describe the domain of 

learning and performances that the construct covers and the kinds of student 

responses (behaviours) to be produced to meet the demands of the construct. 

      Analysis of the construct should identify a range of tasks within the 

domain of knowledge and skills that could be presented to students; and the 

kinds of responses that would be expected (Shavelson et al., 2003). Definition 

of the working construct will also rule out other tasks and responses 

(performances) that should not be related to the construct. The definition of 

the construct therefore determines the tasks or situations, response demands, 

and scoring system that comprise a learning assessment. Again, to ensure the 

validity of performance assessment, logical evidence must be sought that this 

construct will be evoked by the assessment tasks; and empirical evidence that 

the construct, was, indeed evoked in a student’s behaviour (performance). 

Cronbach, (as cited in Shavelson et al., 2003) states that an assessment is a 

systematic procedure for eliciting, observing and describing behaviour, often 

with a numerical scale. The assessment is a physical manifestation of the 

working construct definition. It is one of many of possible manifestation of the 
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construct in the form of an assessment that could have been produced 

(Shavelson et al., 2003). Once an assessment has been developed or selected 

for use, logically, its tasks and response demands are analysed to see whether 

if falls within the construct domain, and whether it is likely to elicit the 

expected behaviours or performances from a student. The task analysis 

involves reviewing the task and determining what kinds of thinking and skills 

the task might evoke in students. 

     According to Shavelson et al. (2003), this analysis posits cognitive activi-

ties that the task might evoke by examining the “opportunities and constraints” 

that the assessment task provides students to elicit their knowledge and skills. 

The validity and reliability of the performance assessment also involve 

collecting and summarizing students’ behaviour in response to the assessment 

tasks. This empirical analysis focuses not only on observed and perhaps scored 

task performance, but also on cognitive activities and skills elicited by the 

task. The analysis provides evidence on a student’s cognitive activities and 

skills that were evoked by the task as well as the student’s level of 

performance. The analysis brings both to bear on the link between the 

assessment and the construct definition. Evidence from the logical and 

empirical analysis are put together and brought to bear on the validity of 

interpretations from an assessment to the construct it is intended to measure.   

     Clarke (2009) contends that performance assessment potentially provides 

greater construct validity for science inquiry over paper-and-pencil tests. The 

goal of an assessment is to provide valid inferences related to particular 

expectations for students. Science cannot be understood as content separated 

from the process that create that content; and therefore assessments must be 
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developed that cover students’ ability to do scientific inquiry and 

understandings about scientific inquiry within the domain of science. Clarke 

(2009) further contends that validity is a central issue in test construction. 

Validity is an integrated evaluative judgment of the degree to which empirical 

evidence and theoretical rationales support the adequacy and appropriateness 

of inferences and actions based on test scores or other modes of assessment.  

In order to provide evidence that performance assessment tasks demand 

students’ ability to do inquiry, series of validity studies must be conducted to 

provide evidence on construct validity (Clarke, 2009).  Determining the 

cognitive validity of performance assessments with respect to scientific 

reasoning they elicit is paramount; since these assessments are touted as 

tapping higher order thinking skills and mimicking what scientists do (Ayala 

et al., 2001). A performance assessment is content rich if it requires specific 

content knowledge to succeed; and it is process open if students in order to 

complete the assessment have to come up with their own procedures rather 

than follow a procedure.  

    Ruiz-Primo and Shavelson (1996) on their part assert that the validity of 

performance assessment depends on the task; the occasion for administering 

the task; and the method used to assess the performance. Results show that 

measurement methods seem to tap different aspects of science achievement. 

Each method may provide a different insight into what students know and can 

do. The technical qualities of performance assessments must therefore be more 

carefully examined before the scores are reported to students, parents, and 

policy makers. The utility of performance assessment refers to the extent to 

which performance scores provide useful information for monitoring 
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instruction and student progress. Practicality of performance assessment refers 

to the extent to which performance assessments can be used in a classroom 

without excessive cost, effort, or disruption. Ruiz-Primo and Shavelson (1996) 

are therefore of the view that for science performance assessment to be useful 

for teaching, they need to be linked directly to instructional units; and have a 

well-designed scoring system that clearly reflects what students know and can 

do. Ellis et al. (2008) cite Messick as warning that two of the major threat to 

validity of performance assessments are: construct under-representation, 

where an assessment is too narrowly focused; and construct-irrelevant 

variances, where assessments tap knowledge and skills not relevant to the 

content around which the assessment was designed. 

     Studies have found that if the criteria for scoring performance assessment 

are clear, and that examples are available to show levels of competency, 

performance assessments are highly consistent across different evaluators - 

inter-rater reliability (Slater, 1997). Ruiz-Primo and Shavelson (1996) also 

state that research findings on rater sampling, or consistency of scores across 

raters, are positive. Raters can be trained to reliably evaluate student 

performance. However, there are indications that students perform 

inconsistently from one performance task to the next (inter-tasks-reliability). 

This suggests that students’ grades will be most reliably determined from a 

number of performance assessments in concert with other forms of 

assessment. To assess the reliability of performance assessments, series of 

generalizability studies must be conducted. Clarke (2009) cites Shavelson and 

Webb as stating that generalizability theory (g-theory) is a statistical theory 

that allows decision makers to study the dependability of behavioural 
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measures and procedures. It is a commonly used technique for making 

decisions and drawing conclusions about the dependability of performance 

assessments. Ruiz-Primo and Shavelson (1996) report that larger numbers of 

tasks are needed before generalizable measures of the achievement can be 

made. They went on further to say that performance assessments can be 

managed as efficiently as hands-on science instruction, and that scoring can be 

easy and quick to learn and use. Teachers who opt to use an activity-based 

curriculum in their classroom can administer performance assessments with no 

more difficulty than that associated with inquiry science.  

     Aspects of reliability that are particularly important to performance 

assessments include the reliability of the instrument itself, inter-rater 

reliability, where to cut-off scores, and how to deal with scores that fall near 

those cut-off points (Ellis et al., 2008). Generalizability of a performance task 

allows inferring beyond the task itself to a broader set of skills and abilities 

related to the performance assessment and, thus, are intricately related to the 

content representative and construct-related validity of the assessment. 

Because of the extensive time required for the typical performance task, there 

is a conflict in performance assessment between time-intensive depth of 

examination and the breadth of domain coverage needed for generalizability of 

construct interpretation. In other words, a central tension exists between the 

depth and breadth of knowledge and skills that are tapped in a specific 

performance task and the extent to which generalizations regarding those 

knowledge and skills can be made (Ellis et al., 2008). 
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Science Laboratory Assessments 

     The evaluation of laboratory performance provides an important example 

of alternative or authentic assessment (De Ture, Fraser, Giddings & Doran, 

1995). Tamir (as cited in Anthony-Krueger, 2001), states that laboratory 

practical examinations which require manipulation of some materials and 

which involve direct experience of the examinee with the materials at hand, 

are classic examples of science performance assessment; and therefore 

recommends the use of practical laboratory examination as a means of 

assessing students’ performances.   

     The laboratory has been central component of science instruction since the 

early 20th century. It has been used to teach experimental methods and 

techniques that clarify and/or validate existing scientific principles and 

theories. Hofstein and Lunetta (2003) assert that the laboratory has been given 

a central and distinctive role in science education, and science educators have 

suggested that rich benefits in learning accrue from using laboratory activities. 

Most of the assessment of students’ performance in the science laboratory 

continues to be confined to conventional, usually objective, paper-and-pencil 

measures. More sensitive measures of students’ understandings of laboratory 

methodologies, the hypotheses and questions they generate from the lab 

experiences, and practical skills they exhibit have all too often been neglected 

(Hofstein & Lunetta, 2003).  Eubanks (1997) also states that for almost 

seventy years multiple-choice has been very nearly synonymous with the idea 

of national chemistry examinations. As a consequence, many high school and 

college chemistry teachers use multiple-choice exams without seriously 

considering their strengths and weaknesses. According to Hofstein and 
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Lunetta (2003), methodologies for research and assessment that have been 

developed in the last 20 years can help researchers seeking to understand how 

science laboratory resources are used, how students’ work in the laboratory is 

assessed, and how science laboratory activities can be used by teachers to 

enhance intended learning outcomes. Current researches suggest that, in fact, 

students know more than they are able to demonstrate on multiple-choice 

exams (Eubanks, 1997). 

      In the context of science laboratory, students are graded on the perform-

anace of manipulating variables, using scientific apparatus, identifying hypo-

theses, making measurements and calculations, organizing and managing data, 

and the communication of results (Slater, 1997). Graded laboratory perform-

ances go far beyond grading a final field report – this strategy considers the 

process that becomes the laboratory report as well (Slater, 1997). Assessments 

of students’ performance and understandings associated with the science 

laboratory should be an integral part of the laboratory work of teachers and 

students (Hofstein & Lunetta, 2003). Assessment tools should examine the 

students’ inquiry skills, their perceptions of scientific inquiry, and related 

scientific concepts and applications identified as important learning outcomes 

for investigation or the series of investigation. Knowledge about how to assess 

learning in the school science laboratory has increased substantially, and new 

techniques and media that can support the assessment of students’ practical 

skills and associated understanding have been developed. According to 

Hofstein and Lunetta (2003), authentic and alternative assessment methods 

have been developed and validated to measure outcomes of school science 

programmes, including inquiry and activity in the laboratory. The laboratory 
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assessments require students to design an investigation, collect and analyze 

data, and formulate findings. The students’ visual representation and interpret-

ation of their quantitative data is incorporated in the analysis. Criteria are used 

by researchers and teachers to unobtrusively observe and rate each student 

during normal laboratory activities. Students are assessed according to the 

following broad phases: planning and design; performance; analysis and 

interpretation; and application.  

     Hofstein and Lunetta (2003) further contend that recent developments in 

the use of new technology tools being used in science classrooms have high 

potential to help researchers and teachers to monitor students’ work and ideas. 

The new practical assessment resources and strategies can be used by 

researchers and teachers to assess learning associated with inquiry and 

laboratory performance. The most promising efforts in assessment reform are 

those that address directly the relationship of assessment and instruction, 

specifying precisely how assessment can be used to support improved 

instructional practice. If we truly value the development of knowledge, skills 

and attitudes that are unique to practical work in science laboratories, 

appropriate assessment of these outcomes must be developed and 

implemented continuously by teachers in their own laboratory classrooms 

(Hofstein & Lunetta, 2003). Ossei-Anto (1996) also confirms that teachers 

trust and value tests and performance tasks they have developed because these 

serve their needs most. All the students’ learning experiences should be 

assessed and the assessment should be authentic. Researchers, teachers, and 

testing jurisdictions whose goal is to assess comprehensively the learning that 

takes place in school science generally, or in the school laboratories more 
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specifically, should use appropriate assessment tools and methodologies to 

identify what the students are learning (conceptual as well as procedural). 

According to Eubanks (1997) students who are most successful in 

examinations are those who use similar problem-solving techniques as the 

individual who wrote the items. Laboratory assessment should be based on the 

notion that laboratory knowledge should be demonstrated rather than through 

questions that can often be answered without actually having had to do any 

laboratory work at all (Eubanks, 1997). 

 

Gender Differences in Science Performance Assessments 

     Ossei-Anto (1996) reported that, statistical differences were found with 

gender on the performance tasks, where males scored higher on the refraction 

of light planning task, while females scored higher on the reflection of light 

performing and reasoning tasks. Ossei-Anto (1996) went on further to assert 

that this finding was both surprising and encouraging for girls to outperform 

boys on a physics laboratory activity. According to him some questions to 

ponder about is whether girls did better than boys on the tasks that involved 

mirrors because girls, in everyday life experiences, use mirrors than boys.       

     Ruiz-Primo and Shavelson (1999) also reported from a study that, results 

show that on 5 of the 10 performance assessments used in the study no gender 

effect was found. Differences on the other 5 assessments seemed to be related 

to the particular science content that was assessed. They therefore concluded 

that students’ prior experiences, their interaction with instruction, and 

teachers’ preconceptions all play an important role in testing students’ 

performances. In yet another study in California, it was found that girls tended 
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to have higher overall mean scores than boys on the performance measures, 

but boys tended to score higher than girls on certain types of questions within 

a performance task (Klein et al., 1997). Proponents of education reform 

recommend replacing traditional multiple-choice tests with performance 

assessments. A factor cited in support of this recommendation is that females 

usually score lower than boys on traditional multiple-choice tests (Klein et al., 

1997).  

     Several hypotheses have been advanced to explain gender differences in 

test scores. One theory is that the multiple-choice format itself favours males. 

It is believed that multiple-choice tests reward students who guess, and boys 

are more willing to guess than girls (Klein et al., 1997). Again, it has been 

postulated that students do better on test items that deal with objects or events 

that are drawn from their own “sphere of experience”; and that boys would 

have advantage on tasks that are sensitive to experiences with science-related 

activities.  It has also been postulated that gender-related differences in 

specific cognitive abilities may lead boys to perform differently on certain 

items. Proponents of alternative assessments have suggested that performance 

assessments will reduce differences among groups by reinforcing appropriate 

curriculum changes and by providing students with hands-on opportunities to 

demonstrate their knowledge and understanding of scientific principles, not 

simply by recalling facts, but by constructing solutions (Klein et al., 1997). 

These measures emphasize the process by which students generate solutions, 

not just the correctness of the solution itself. The underlying theory is that 

individuals approach problem-solving differently because of varying styles 

and not because of different abilities. Therefore performance assessments are 
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expected to narrow the differences in scores among groups because they are 

designed to allow for individual variation and they put less emphasis on 

guessing, exposure to science-related activities outside the classroom, 

testwiseness, and other extraneous presumed factors.  

     Science achievements in several content domains were explored with 

performance assessments, and it was found that males and females had similar 

mean scores. The few significant differences that emerged depended on the 

specific science content domain assessed. It was found that girls tended to 

score slightly higher than boys on the performing assessments (Klein et al., 

1997). However, although certain types of performance tasks favour girls, 

other types favour boys. It is believed these performance patterns are related to 

the emphasis a question or task places on certain cognitive abilities or skill 

experiences. Therefore differences between boys and girls on performance 

assessments are sensitive to the specific types of tasks (Klein et al., 1997). 

Ssempala (2005) cites Chou that in a study in Taiwan girls consistently 

performed better than boys in all achievement variables. Ssempala (2005) 

found in a study conducted in Kampala District in Uganda that, there was no 

statistically significant differences between girls and boys in their ability to 

manipulate the apparatus/equipment, take observation, report/record results 

correctly, and compute/interpret/analyze results during chemistry practical.  

     The Programme for International Student Assessment (PISA) is a triennial 

survey of knowledge and skills of 15-year-olds. It is the product collaboration 

between participating countries and economies through the Organization for 

Economic Cooperation and Development (OECD), and draws on leading 

international expertise to develop valid comparisons across countries and 
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cultures (OECD, 2007). More than 400 000 students from 57 countries making 

up close to 90% of the world economy took part in PISA 2006. The focus was 

on science. One of the main findings of PISA 2006 is that: males and females 

showed no difference in average science performance in the majority of 

countries, including 22 of the 30 OECD countries. In 12 countries, females 

outperformed males on average, while males outperformed females in 8 

countries. Most of these differences were small (OECD, 2007). 

     According to Spelke (2005), long standing claims have been made that 

seek to explain gender differences in scientific and mathematical performance 

of males and females. One claim asserts that males and females are predispo-

sed from birth to learn about different things: male infants learn about objects 

and their mechanical relationships, whereas female infants learn about people, 

emotions, and personal relationships (Spelke, 2005). From the beginnings, 

boys are more apt than girls to develop the knowledge and skills required by 

mathematics and science. Another claim is that genetically males have a better 

command than females on specific cognitive systems that give rise to effective 

reasoning in science and mathematics. A third claim is that males show greater 

variability in inherent mathematical and scientific talent than females, 

therefore they predominate in the pool of highly talented students from which 

future mathematicians and scientists  will emerge. According to Spelke (2005) 

these claims have been reviewed in the light of research on the developmental 

and cognitive foundations of mathematical and scientific thinking. A review of 

evidence from studies of infants, children and adults yields little support for 

these claims. 
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     Infants show few cognitive differences and no male advantage in the 

processing of objects, space or number. Although research on older children 

and adults has revealed differences between the performance of males and 

females on specific cognitive tasks, this research provides no evidence for sex 

differences in overall aptitude for mathematics or science at any point in 

development (Spelke, 2005). Spelke (2005) asserts that studies suggest that 

human talent for mathematical and scientific thinking has a considerable 

genetic basis in a set of core systems for representing objects, space and 

number. These systems emerge early in infancies, remain present throughout 

life, are harnessed by children when they learn mathematics, and are used by 

adults when engaging in mathematical and scientific thinking. Evidence 

suggests that these core systems are equally available to males and females 

(Spelke, 2005). Males and females show somewhat different cognitive profiles 

when confronted with complex tasks that can be solved by multiple strategies, 

but they show equal performance on tasks that tap the core foundations of 

mathematical thinking. Moreover, males and females show equal abilities to 

learn advanced, college-level mathematics. Insofar as mathematical ability is 

central to students’ progress in the sciences, males and females would seem to 

be equally capable of learning and performing in science (Spelke, 2005).    

     An evolutionary account of sex differences in mathematics and science 

supports the conclusion that, although sex differences in math and science 

performance have not directly evolved, they could be indirectly related to 

differences in interests and specific brain and cognitive systems (Halpern et 

al., 2007). According to Halpern et al. (2007), experience alters brain struct-

ures and functioning, so causal statements about brain differences and success 
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in math and science are circular. A wide range of sociocultural forces 

contribute to sex differences in mathematics and science achievement and 

ability – including the effects of family, neighbourhood, peer, and school 

influences; training and experience; and cultural practices. Halpern et al. 

(2007) are of the view that there are no single or simple answers to complex 

questions about sex differences in science and mathematics.  

     Shaw and Nagashima (2009) undertook a study in which they examined 

student learning in science as measured by performance assessments 

embedded within inquiry-based units of instruction. Using mean scores as the 

basis for comparison, results showed the majority of students achieving at the 

proficient level as defined by initiative-developed rubrics. According to Shaw 

and Nagashima (2009) depending on the performance assessment and the 

student subgroup (male or female), potential factors related to performance 

include science discipline and access to economics-related resources such as 

computers. While findings from various performance assessments indicate 

mixed achievement gaps by gender (male and female), the combined findings 

from these various studies indicate females outperforming males (Shaw & 

Nagashima, 2009). They also found in their study that the mean scores for 

females in all three performance tasks were consistently above the mean 

scores for the total sample; while the mean scores for the males on all three 

performance tasks were consistently below the mean scores for the total 

sample. This means that the mean scores for females on all three performance 

tasks were consistently above those for males; which imply that females 

consistently outperformed their male counterparts on all three performance 

tasks. Shaw and Nagashima (2009) also assert that the over-performance of 
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females in relation to their male counterparts have been found in studies by 

Geier and colleagues, Johnson and colleagues, and Lee and colleagues. They 

contend that gender gaps have been shown to be sensitive to assessment type 

and content orientation. While the general pattern is one of girls outperforming 

boys; it has been found that boys outperform girls on multiple-choice tests; 

and girls outperform boys on performance assessments. In yet another study 

on performance assessment, it was found that females perform comparably 

with males on physical science tasks while girls outperform boys on the life 

science tasks. Shaw and Nagashima (2009) on their part, found in their study 

on performance assessment that females outperform males on both life and 

physical science. They assert that these apparent contradictions might be 

explained by the strong connection of the particular physical science content 

to the life science. 

 

Types of Schools Differences in Science Performance Assessments 

     According to Downs (2007) the level of performance of a student depends 

on the type of school he/she attends. In a study, Downs (2007) found that 

students attending virtual schools do have greater success in mastering the 

important subjects and skills of science and mathematics than any public 

schools. Stranahan, Borg and Borg (2002) reported that education in the state 

of Florida in 1997 relied heavily on standardized test scores as a measure of 

school effectiveness. In this education reform, known as School Recognition 

Programme, letter grades from “A” through “F” were given to schools as a 

measure of their effectiveness. The primary criteria by which these letter 

grades are assigned are individual students’ scores on standardized assessment 
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tests given in a year. According to Stranahan et al. (2002) the grade that a 

student receives has a major financial impact on the funding of public schools. 

Stranahan et al. (2002) conducted a study to determine if a school’s grade 

depends on the intrinsic qualities of the school or on the qualities of the 

individual students who go to that school. They found that students attending a 

school with higher rates of teacher turnover have lower scores on assessment 

tasks. In these schools a higher proportion of the teachers are new to the 

school. It was also found that the performance of students on the assessment 

tasks depend on the levels of education (advanced degrees) of the teachers as 

well as their years of experience in teaching. They also found that the 

performance of students on performance assessments in a school depend on 

the class size as well as the effectiveness of the leadership in the school. 

Students in schools with smaller class sizes tend to perform better on 

assessment tasks.  

     Underwood and McCafferey (1990) reported in the findings of their study 

that, when single-gender group worked together there was an increase in the 

level of activity in response to the task that was assigned to them, and this was 

associated with an increase in the number of correct completions. When 

mixed-gender group worked, however, there was no noticeable increase in the 

number of attempts or number of correct completions. The report went on 

further to say that single gender groups of boys and girls improved in their 

number of attempts and in their correct attempts, but mixed groups did not. 

Single gender groups show an improvement relative to the performance of the 

same children (students) when working individually, but groups composed of 

boys and girls show no improvement. There was indeed a tendency for the 
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mixed-gender group to perform at a level slightly poorer than their previous 

individual level (Underwood & McCafferey, 1990). Underwood and 

McCafferey (1990) state that, in general, the single-gender groups worked by 

discussion and agreement, with each member of the group contributing to the 

decision. Children working in mixed gender groups tended not to work by 

negotiation to achieve joint problem-solving, but co-operated by instruction. 

There was very little discussion of alternative solutions in the mixed -gender 

groups. Harvey (1985) also reported that there is significant difference in the 

performance in physics between boys taught in single-sex and mixed schools. 

Also, there is significant difference in performance in physics between girls 

taught in mixed and single-sex schools. However, there was no significant 

difference in performance in physics between boys taught in mixed schools; 

likewise there was no significant difference in performance in physics between 

girls taught in mixed schools.  

 

Summary of Major Findings of Review of Related Literature 

1. To ensure that instruction goes on in the classroom as planned, there is the 

need for regular assessment and evaluation of teaching and learning.  

2. In order to make educational decisions, there is the need to obtain high 

quality information; and for sound subjective judgment to be made. 

3. Making educational decisions, evaluations and assessments call for the use 

of tests and other techniques to measure educational achievement. 

4. Thus tests, measurements, assessments and evaluation are closely connected 

and relevant for educational practice. 
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5. To measure educational achievement, the learning targets or terminal 

behaviours of instruction must be clearly defined. 

6. Tests and other measuring instrument must be valid and reliable to ensure 

that inferences and interpretations based on their scores are accurate and 

appropriate. 

7. Paper-and-pencil tests have been criticized for not measuring all and other 

important learning outcomes. 

8. New trends in assessment practices call for the use of performance and 

authentic assessments to measure and tap hands-on and minds-on skills. 

9. Science performance assessments involves assessment of students as they 

are engaged in scientific investigations in real-life or simulated situations. 

10. Laboratory assessment is a typical example of science performance 

assessment. 

11. Factors affecting the achievements of students in science performance 

assessments include: gender of the students, type of school the student attends, 

type of task assessed (physical science, biological science etc.). 
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CHAPTER THREE 

METHODOLOGY 

Overview 

     The chapter covers the procedures taken to carry out the research. The 

chapter highlights the research design employed for the study. It also talks 

about the population, sample and sampling procedure, the instruments (tasks) 

used and how it was developed for the study. The chapter finally gives account 

of how the data was collected and analysed. 

 

Research Design 

     The “basic skills assessment” method also known as the “psychometric 

assessment testing” approach was employed in this research to assess 

laboratory skills proficiencies of physics students in selected topics in 

mechanics and optics, to determine if they exhibit adequate laboratory skills of 

planning, performing and reasoning. Psychometric tests were designed to 

produce effective and consistent measures of the levels of planning, 

performing and reasoning skills possessed by the physics students. 

Performance tasks were administered to the students that were scored right or 

wrong. The research design allowed the levels of skills possessed by the 

students to be quantified in numerical terms, and were analyzed using 

statistical methods.  The “psychometric assessment testing” approach also 

enabled relationships between the independent and dependent variables to be 

determined. 

61 



The research questions were specific, measurable and capable of rigorous 

statistical analysis (Somekh & Lewin, 2005).  The respondents were provided 

with laboratory equipment, problems were posed to them, and they were 

allowed to use those resources to generate solutions to the tasks. 

     Weaknesses of the research design include difficulty in controlling the 

abilities of the students used for the study. Again, it was difficult to 

manipulate the independent variables to randomly assign a student to any type 

of school (boys, girl or mixed); and to randomly assign a student to any gender 

(male or female). 

 

Population 

     There were nine SHSs in Sekondi-Takoradi metropolis that offer physics as 

a subject to students. The targeted population for the research was all SHS 3 

physics students in the nine schools within the metropolis. The accessible 

population, however, was all SHS 3 physics students in seven schools in 

Sekondi-Takoradi metropolis.   

     There were a total of 551 physics students in SHS 3 in the seven selected 

schools. SHS 3 physics students were used for the research because they had 

spent at least two years studying physics in their schools. It was therefore 

hoped that after two years of receiving instruction in physics laboratory 

(practical) activities, they may have acquired at least minimum laboratory 

skills and competencies to be able to respond to the tasks on the instrument. 
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Sample and Sampling Procedure 

     The seven schools used for the main research comprised of two boys, one 

girls, and four mixed schools. Only one girls school was involved in the study 

because that was the only girls school within Sekondi-Takoradi metropolis 

which offer physics as a subject to females. The types of schools chosen for 

the study were guided by the research questions. Sekondi-Takoradi metropolis 

was used for the main research because there were nine senior high schools 

within the metropolis that made it feasible for the study to be carried out in the 

city. Computer (MS Excel) generated random numbers were used for 

sampling the students.  

     Probability sampling methods were used in sampling the students. In this 

way it was ensured that each student in the population had equal chance of 

being selected for the study (David & Sutton, 2004).   Stratified and simple 

random sampling procedures were used. Many schools put students of 

different abilities in different classes. Therefore the stratified random sampling 

method was used to produce more representative samples of the students for 

the research. There were two SHS 3 physics classes in school A. Stratified 

random sampling was used to sample 40 students from the school. Twenty 

students were randomly selected from each class in school A. In school B, 

there were four SHS 3 physics classes in the school. Stratified random 

sampling was used to sample 10 students from each of the four classes in 

school B. Thus, a total of 40 students were selected from the school. However, 

there was only one SHS 3 physics class in each of schools C, D, E and F. 

Simple random sampling was used in schools C, D, and E to select 40 students 

from each of the schools; while all the 49 students in school F were used for 
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the study. There were two SHS 3 physics classes in school G, and stratified 

random sampling was used to select 40 students from the school. Twenty 

students were selected from each class in school G.   In all a total sample size 

of 289 SHS 3 physics students was used for the main research. This 

represents52.5% of the population of the (551) SHS 3 physics students 

accessible for the research. The notion of large sample size was to allow the 

researcher to state, with a certain level of confidence that findings using the 

sample would also be found in the population (David & Sutton, 2004).  

 

Instruments   

     The instruments for the research were performance (practical) tasks that 

were administered to the students. The instruments were designed by the 

researcher to assess laboratory skills of physics students in selected topics in 

mechanics and optics. There were three performance tasks or instruments. 

Task A was a planning task, which demanded the respondents to design a 

laboratory procedure or state the steps they would take to move a drum full of 

engine oil from the garage onto a raised platform in the compound of a 

construction firm. Task B was a performing task that required the respondents 

to carry out actual experiments, manipulate materials, make observations, 

record data, and to take decisions on a practical strategy to determine the 

relative density of sand. Task C was a reasoning task which demanded the 

respondents to make measurements, record data, process the data, explain 

relationships, form generalizations, discuss data accuracy and to state sources 

of errors and limitations on passage of light rays through a triangular glass 

prism. The tasks were designed in such a way that they were independent of 
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each of other – knowledge and information on one task was not needed to 

respond to the other tasks.  

 

Validity and Reliability of Instruments 

     Experts opinions from the team of supervisors were sought, as well as 

references from textbooks were made to determine the face, content and cons- 

truct validity of the instruments. Consensus from the experts’ opinions of the 

team of supervisors and textbook writers concerning important objectives, 

skills, and content in performance assessment, adequately defined the validity 

of the instruments (Schwart et al., 1962). This was a sound conclusion to 

make, for these experts have studied the field carefully and have a good idea 

of what are valid objectives, skills and content. Pilot-testing of the instruments 

was done in three selected senior high schools within Cape Coast metropolis 

prior to the main research to check the reliabilities of the instruments. 

Reliabilities of the instruments were improved through the use of diagrams to 

clarify the tasks. Clear directions on the tasks administration were given to 

students to remove ambiguities and help improve reliabilities of the 

instruments. The researcher personally administered the tasks to respondents 

to ensure that each student was given fair and adequate time and resources to 

complete the tasks. This further improved reliabilities of the instruments 

greatly. Scoring formats (schemes) were used to score the responses of the 

respondents to ensure uniformity in scoring which also improved reliabilities 

of the instruments. 

     The main research was done using a sample of 289 SHS 3 physics students 

in Sekondi-Takoradi metropolis. Responses of the students were scored by the 
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researcher. Another physics teacher was given 111 sub-samples of the 

students’ responses to score independently.  The two sets of the students’ 

scores, from the researcher and the physics teacher, were correlated to 

estimate the inter-rater reliabilities of the instruments. Statistical package for 

social sciences (SPSS) programme was used to calculate the reliability 

coefficients.  Cronbach alpha coefficients of the tasks were determined to find 

the internal consistency of the items on each instrument. Moreover, inter-tasks 

correlations of the instruments were estimated to ensure that the tasks were 

independent from each other. The inter-rater reliabilities were: 0.93 for Task 

A, 0.96 for Task B, 0.94 for Task C, and 0.93 for the Total Tasks. The inter-

tasks correlations were: 0.073 between Task A and Task B, 0.015 between 

Task A and Task C, and 0.000 between Task B and Task C. The Cronbach 

alpha reliabilities were: 0.83 for Task A, 0.90 for Task B, 0.88 for Task C, and 

0.76 for the Total Tasks. 

     An opinionnaire was also administered to the sample of students to solicit 

their opinions on the difficulty of the tasks they performed, as well as the 

adequacy of the time given to them to complete the tasks. Samples of the tasks 

or instruments for the research are shown in appendices B, C, D and E. 

 

Pilot Test of Instruments 

     Pilot-testing of the instruments was done prior to the main research to test 

the appropriateness of the research questions; to check the intended statistical 

and analytical procedures; and to carry out evaluation of the research instrum-

ents before the main data collection. Pilot-testing of the instruments was done 

in Cape Coast metropolis of the Central Region. There were a total of seven 
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senior high schools in Cape Coast metropolis that offer physics as a subject to 

students. However, three schools: one boys, one girls and one mixed schools 

were used for piloting the instruments. Stratified random sampling method 

was used to select 10 students from each of the three schools. A total sample 

size of 30 students was involved in the pilot test. Experts’ opinion from the 

team of supervisors and textbook references were sought to determine the 

face, content and construct validities of the instruments prior to the test. 

Permission was sought from the headmasters, assistant headmasters and 

physics teachers to do the pilot test in their schools. The instruments were 

administered to the students on specific dates and their responses were 

independently scored by the researcher and another physics teacher. Scores 

obtained by the respondents were analysed to determine and estimate the 

validity, reliability and usability of the instruments. The inter-rater reliabilities 

were: 0.82 for Task A, 0.88 for Task B, 0.85 for Task C and 0.88 for the Total 

Tasks. These high inter-rater reliabilities indicated that the scoring formats 

could produce consistent measures of the students’ responses, and that there 

was no bias in scoring the students’ responses. The Cronbach alpha values 

were: 0.66 for Task A, 0.71 for Task B, 0.83 for Task C and 0.74 for the Total 

Tasks. The high Cronbach alpha values also suggested that the items on the 

instruments were internally consistent; and that the instruments were good for 

assessing laboratory planning, performing and reasoning skills of the students. 

Inter-tasks correlations were: 0.05 between Task A and Task B; 0.18 between 

Task A and Task C; and 0.24 between Task B and Task C. The low inter-tasks 

correlations showed that the tasks were independent from each other, and that 

information on one task was not needed to respond to the other tasks. Other 
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analyses of the scores were done to determine the suitability and 

appropriateness of the research questions. After analysis of students’ responses 

from the pilot test, and with suggestions from the team of supervisors, minor 

corrections were made to the research instruments to ensure high validity and 

reliability before the instruments were used for the main data collection. 

 

Data Collection Procedure 

     The researcher obtained a letter of authorization from the Department of 

Science and Mathematics Education of the University of Cape Coast to carry 

out the research in the selected schools. The researcher went to the selected sc-

hools to meet the headmasters/headmistresses and physics teachers to ask for 

permission and their cooperation to do the study. The researcher paid regular 

visits to the schools prior to the research to familiarize himself with the 

schools, and established rapport with the staff and students for the study.      

After sampling the students for the main research, the researcher had 

discussions with the physics teachers in the seven schools to arrange for 

convenient dates for administration of the instruments. The researcher 

explained the nature of the tasks (instruments) to the students and teachers. 

The students were told in advance to bring calculators, rulers and 

mathematical sets along with them on the actual dates set for administration of 

the tasks. The researcher made advance arrangements to obtain laboratory 

equipment for administration of the instruments. Materials obtained by the 

researcher for the research include relative density bottles, electronic balances 

and beakers, measuring cylinders, beam balances, water and sand. 
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     On the actual days for administration of the tasks, the sampled students 

were confined in classrooms. Answer booklets, graph sheets, laboratory equi-

pment and the tasks were given to them. The researcher spelt out the rules and 

regulations guiding the conduct of the tasks to the students; and allowed them 

to ask questions for clarification of any point regarding the rules and regulat-

ions that was unclear to them. Five minutes and a further 25 minutes were 

given to the students to read through and to respond to each task. A total 

of1:30 minutes was used to respond to the performance tasks in each school. 

The researcher collected the answer booklets after the students had finished 

responding to the tasks. The researcher then distributed the opinionnaire to the 

students for them to respond to it. The researcher collected the opinionnaire 

from the students after they had responded to it. The researcher cleaned and 

packed the laboratory equipment used for the main study at their appropriate 

places after completion of the tasks administration. The researcher then 

thanked the headmasters/headmistresses, physics teachers and the students and 

left the schools. Responses of the students were scored using marking rubrics. 

Samples of the marking rubrics are shown in Appendixes F, I and K. Scores 

obtained by the students were input into SPSS programme for analysis. Again, 

responses of the respondents to the items on the opinionnaire were input into 

SPSS and coded for analysis. 

 

Data Analysis 

     Data from the main research were analysed using the research questions as 

guide. The data were organized, coded and input into SPSS programme for 

analysis. Means, standard deviations, correlation coefficients, frequencies and 
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percentages of the data were determined. ANOVA and t-test of the data were 

also determined. Most of the statistical tools used to analyse the data are 

parametric techniques. Parametric techniques are generally more powerful 

than nonparametric techniques and hence much more likely to reveal a true 

difference or relationship if one really exist (Fraenkel & Wallen, 2000). 

Parametric techniques, however, make various kinds of assumptions about the 

nature of the population from which the samples involved in the study are 

drawn. The analysis of the data was presented using the following parameters: 

i. Age. 

ii. Skills of Planning, Performing and Reasoning. 

iii. Gender. 

iv. Types of school. 

Quantitative analysis rather than qualitative analysis of the data was done. 

This sort of analysis gave precise magnitudes of outcomes of the research. The 

quantitative analysis allowed objective discussions of the results to be made 

rather than vague approximations. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

Overview 

     This chapter gives full account of the statistical and analytical procedures 

used for the research. The results and discussions of the research have been 

organised along the lines of the research questions. The results have been 

presented under the following subheadings: (a) the scoring of the booklets; (b) 

distribution of sample for the study; (c) students’ characteristics; (d) inter-rater 

reliabilities for tasks; (e) Alpha reliability coefficients for the tasks; (f) inter-

tasks correlations; (g) levels of competency exhibited by the physics students 

in laboratory skills of planning, performing and reasoning; (h) differences in 

laboratory skills of planning, performing and reasoning shown as a result of 

differences in gender (males and females); (i) differences in laboratory skills 

of planning, performing and reasoning shown as a result of differences in the 

types of schools (boys, girls or mixed) of the respondents; and (j) students’ 

comments to the performance tasks administered.  

 

Overview of Statistical Procedures 

     Statistical Package for Social Sciences (SPSS) programme was used for the 

statistical analysis. Responses of the students were scored independently by 

the researcher and another physics teacher using the scoring formats shown in 

Appendices F, H and J. The two sets of scores from the two raters were 
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correlated to find the inter-rater reliabilities of the tasks. The results obtained 

and the discussions on the results are shown below. Means, standard 

deviations, frequencies, percentages, t-tests and ANOVAs of the data were 

determined.  

 

Distribution of Research Sample 

     The distribution of the sample for the main research is as shown in Table 1 

and Figure 1. 

Table 1  
Distribution of Research Sample by Type of School and Gender 
School       Type of School             Gender             Number of Respondents 
                                                Male           Female 
A                     Boys                  40                  0                  40 

   

D                     Mixed                23                 17                          40 

E                      Mixed               14                 35                          49 

B                     Boys                  40                   0                          40 

C                     Mixed                19                 21                          40  

F                      Mixed               22                 18                          40 

G                      Girls                   0                 40                          40 

N = 289. 

From Table 1 and Figure 1, the sample for the main research was drawn from 

s ern Region 

or high school 3 (SHS 3) physics 

even senior high schools in Sekondi-Takoradi metropolis of West

of Ghana. The respondents were 289 seni

students from the seven schools in Sekondi-Takoradi. The sample size 

represents 52.5% of the population of 551 SHS 3 physics students accessible 

for the research. The respondents were male and female students sampled 

from boys, girls and mixed schools within the metropolis. 
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Figure 1. Distribution of Research Sample by Types of Schools and Gender 

 

     Table 2 shows distribution of the research sample by schools. 

Table 2  

Distribution of Research Sample by Schools 

School                        Number of Respondents           Percentage (%) 

0
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10
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25
30
35
40
45

School A School B School C School D School E School F School G

Male

A                    40       13.84 

B        40                       13.84 

C                                                40                                      13.84 

D                                                40                                     13.84 

G                                        40                                 13.84 

E                                                49                                      16.96 

F                                                40                                      13.84 

N = 289. 

F ere randomly 

sam

49 students in school E, representing 16.96% of the sample were used for the 

study.  

rom Table 2, 40 students representing 13.84% of the sample  w

pled from each of the six schools – A, B, C, D, F and G. However, all the 
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 mple type of 

school. 

Table 3 

on of Research Sample by Types of Schools 

    Table 3 and Figure 2 show the distribution of the research sa

Distributi

Type of School                 Number of Students                      Percent (%) 

Boys                                              80                                          27.7 

Girls                                               40                                         13.8 

Mixed                                          169                                         58.5 

N = 289. 

 

Distribution of Research Sample by Types of Schools 

 

Results from Table 3 and Figure 2 show that 80 students representing 27.7% 

of the sample were selected from the two boys schools – A and B; 40 students 

representing 13.8% of the sample were selected from the girls school - G; 

while 169 students representing 58.5% of the sample were sampled from the 

four mixed schools – C, D, E, F. 
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Table 4 

Distribution of Research Sample by Gender 

Gender                      Number of Students                       Percent (%) 

Male                                      158                                            54.7 

Female                                   131                                           45.3 

 N = 289. 

Figure 3: Distribution of Research Sample by Gender 

 

From Table 4 and Figure 3, there were 158 boys representing 54.7% of the 

research sample; and 131 girls repre ng 45.3% of the research sample. The 

number of girls sampled for the main research was slightly less than the 

number of boys. This was due to fact that the mixed schools selected for the 

re pling was 

no er. 

     Table 5 and Figure 4 show distribution of ages of the research sample. 
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senti

search had many girls offering elective science. Moreover, the sam

t done with the view to give advantage to any gender over the oth
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Table 5  

Distribution of Ages of Research Sample  

Age(years)                 Number of Respondents               Percentage (%) 

16                                             14                                             4.8 

17                                           141                                           48.8 

18                                             98                                           33.9 

19                                             29                                           10.0 

20                                               7                                             2.4 

N = 289. 

 

Figure 4: Distribution of Ages of Research Sample 
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o  laboratory 

investigations and to respond the tasks in the study. 

 

S

  ols (SHSs) 

that offer physics as elective science subject to students within Sekondi-

Takoradi metropolis. The respondents were SHS 3 physics students who had 

spent at least two years studying physics. The students were supposed to have 

acquired at least minimum skills and competencies in physics laboratory 

(practical) work. At SHS 3 the students know how to handle science 

equipment, make observations, record data, and process data to look for 

patterns, establish relationships between variables and to make 

generalizations. 

     After scoring the students’ responses to the tasks, the scores were coded 

and input into SPSS software for analysis. There were three performance tasks 

for the students to respond to. 

Tasks and Inter-Tasks Reliabilities and Correlations 

     Table 6 shows the inter-rater reliabilities for the individual and total tasks. 

Table 6 

Inter-Rater Reliabilities 

Task                                                                  Correlation Coefficient 

perational stage, and potentially had the abilities to engage in

tudents Characteristics 

   The students (respondents) were drawn from senior high scho

Total Tasks                                                                      0.93 

Task A (Planning)                                                            0.93 

Task B (Performing)                                                        0.96 

Task C (Reasoning)                                                         0.94 

N = 289. 
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As shown for the two raters (researcher and the other physics teacher who 

tudents performance tasks booklets), the inter-rater 

 could be used to produce consistent and accurate measures of 

cients (Pearson) between the performance 

ion Coefficient (Pearson) Values between Tasks 

sk A                      Task B                    Task C 

scored 111 subsample of s

reliability was 0.93 for the total performance tasks with 35 maximum number 

of credits. The proportion of agreement for the planning task with 8 credit 

points was 0.93. The proportion of agreement for the performing task with 11 

credit points was 0.96; while the proportion of agreement for the reasoning 

task with 16 credit points was 0.94. The various correlations were at a 

significant level of 0.01. The inter-rater reliabilities determined by the 

researcher and the other physics teacher were very high. These show that the 

scoring formats (schemes) used for scoring the three performance tasks were 

very reliable and

students’ responses to the tasks. The reliability coefficients also showed that 

there were no biases in scoring the students’ responses. 

     The values of correlation coeffi

tasks are as shown in Table 7. 

Table 7  

Correlat

                                      Ta

Task A                               -                             0.073                       0.015 

       0.000 

          - 

Task B                            0.073                            -                    

Task C                            0.015                         0.000                 

N = 289. 

Correlation coefficient between Task A (Planning Skills) and Task B 

( etween Task A 

kills) and Task C (Reasoning Skills) was 0.015; while the 

Performing Skills) was 0.073. The correlation coefficient b

(Planning S
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correlation coefficient between Task B (Performing Skills) and Task C 

(Reasoning Skills) was 0.000. The low values of the correlation coefficients 

between the tasks indicated that they were independent from each other; and 

that information on one task was not needed to respond to the other tasks. The 

low values of the reliabilities also point to the fact that the level of competency 

demonstrated by a student in one task is not dependent on or does not affect 

the level of competency demonstrated by the student on the other tasks. 

     Table 8 shows Cronbach alpha reliability values for the individual and the 

total tasks. 

Table 8  

Cronbach Alpha Reliability Coefficients for Individual and Total 
Performance Tasks  

Task                                   Points/Items                        Alpha Coefficient 

Task A (Planning)                     8                                            0.83 

Task B (Performing)               11                                            0.90 

Task C (Reasoning)                16                                            0.88 

 Total Tasks                              35               0.76                    

N = 289. 

Alpha reliability coefficients of the individual tasks (Task A, Task B and Task 

C oeffi-

c  total 

tasks was 0.76 as shown in Table 8. The reliability coefficient was 0.83 for the 

planning skills which had 8 items. The performing skills with 11 items had a 

alue of 0.90; while the reasoning skills with 16 items 

) as well as the total tasks were determined. Values of the reliability c

ients for the tasks were high. Cronbach Alpha reliability value for the

reliability coefficient v

had reliability value of 0.88. These high values of Cronbach alpha indicate that 

the items on the tasks were internally consistent. The high values also show 
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that the tasks on the instrument were good for assessing laboratory skills of 

planning, performing and reasoning of physics students in the selected topics 

in mechanics and optics. 

Response Patterns 

     Details of the response patterns to the performance tasks are shown on 

Table 9 through Table 16. 

Research Question 1: 

To what extent do senior high school physics students engaged in laboratory 

 

ing? 

Means and Standard Deviations of Individual and Total Performance 
T

     

shown in Table 9. 

T
 
M
 

Task                        Number of Items          Mean          Standard Deviation 

work exhibit adequate competencies in the skills of: 

i. Planning?

ii. Perform

iii. Reasoning 

asks 

The mean scores and standard deviations for the performance tasks are as 

able 9  

ean Scores and Standard Deviations of Performance Tasks 

Task A (Planning)               8                           5.8                       2.36 

Performing)         11                           9.6                       2.55 Task B (

Task C (Reasoning)          16                         13.3                       3.50 

Total Tasks                        35                        28.7                       5.78 

N = 289. 

Using the scoring formats provided for the planning, performing and reas-

oning tasks, as are shown in Appendices F, H and J, the median scores were 4 
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for the planning skills; 5.5 for the performing skills; 8 for the reasoning skills 

and 17.5 for the total performance tasks. Scores at the median marks show 

average levels of proficiency in laboratory skills. Scores above the median 

marks show high levels of proficiency, while scores below the median marks 

show low levels of proficiency. The overall attainment of the respondents in 

the research was high. The mean scores for the tasks were: 5.8 for the planning 

.5% of the total marks of 8; 9.6 for the performing skills 

ning 

ut of the total marks of 16. The total performance 

 of 28.7 representing 82.0% out of the total marks of 

edian scores of 4, 5.5 and 

ning, performing and reasoning skills respectively. These values 

t that the students exhibited high levels of proficiency in the 

ning, performing and reasoning in the selected topics in 

nce 

tasks of 28.7, which is above the median mark of 17.5 further suggests that on 

the whole the students showed high levels of competency on the performance 

tasks. It can also be inferred from the mean scores of 9.6 (87.3%) for the 

erforming skills; 13.3 (83.1%) for the reasoning skills and 5.8 (72.5%) for the 

lanning skills that the students exhibited the highest level of proficiency in 

the performing skills. Reasoning skills was the next high level of proficiency 

showed by the students, while the level of proficiency showed in the planning 

skills was the least among the three laboratory skills. The standard deviation 

for the planning skills was 2.36; standard deviation for the performing skills 

skills representing 72

representing 87.3% out of the total marks of 11; and 13.3 for the reaso

skills representing 83.1% o

tasks had a mean score

35. The values of the mean scores for the planning skills, performing skills 

and reasoning skills from Table 7 were above the m

8 for the plan

therefore sugges

skills of plan

mechanics and optics. Again, the high mean score for the total performa

p

p
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w hile the 

standard deviation for the total performance tasks was 5.78. These low values 

of standard deviations suggest that there were no much differences in the 

le the skills 

o and that 

individually and collectively the respondents exhibited high proficiencies in 

laboratory skills of planning, performing and reasoning. 

     After scoring the students’ responses to the tasks, the responses were class-

ified into two. One group was responses that received full credit of one point 

on an item, and the other group was responses that received no credit on the 

same item. Each item on a task was scored dichotomously. A response to the 

item either received full credit of 1 point for correct and appropriate answer, or 

no credit for wrong and inappropriate answer. 

Planning Skills (Task A) 

     The distribution of credits for Task A is as shown in Table 10 and Figure 5. 

Table 10 

Component Assessed

as 2.55; standard deviation for the reasoning skills was 3.50; w

vels of proficiencies exhibited by the individual students in each of 

f planning, performing and reasoning in the main research; 

Distribution of Credits for Planning Skills (Task A) 
b               Full Credit (%)               No Credit (%) 

1  General Strategy                   88.9                               11.1 

2  Sequential Plan                            83.0                                17.0 

3  Detailed Plan                               72.0                                28.0 

4  Workable Plan                             65.1                                34.9 

 5  Materials                                     65.4                                34.6 

6  Outlines/Diagrams                       64.4                                35.6 

7  Safety Procedure (S1)                  76.1                                23.9 

 8 Safety Procedure (S2)                  66.4                                33.6 

N = 289. 
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b. Details of items are in scoring format (Appendix F). 

 

Figure 5: Distribution of Credits for Planning Skills (Task A) 

 

The planning skills (Task A) required the students to provide detailed, step by 

step procedure on how three workers in a construction firm intend to move a 

drum full of engine oil from the garage onto a raised platform in the compo-

und of the firm. Eight items were assessed on the planning skills (Task A). 

senting 64% of the respondents 

 eight items assessed under planning skills. This 

nts representing 35.6% 

o l r their 

Two hundred and fifty seven out of the 289 students representing 88.9% of the 

respondents had full credit on general strategy, while 240 out of the 289 

students representing 83.0% of the respondents had full credits on sequential 

plan. These results suggest that majority of the students demonstrated 

excellent levels of competency in general strategy and sequential plan.  

     More than 185 out of the 289 students, repre

had full credits on all the

indicates that majority of the students showed high levels of proficiency in 

laboratory planning skills. On the other hand 103 stude

f the respondents cou d not draw appropriate diagrams and outlines fo
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p t of the relevant 

materials out of the list provided for their plans. These showed that many of 

the students exhibited some inadequacies on some aspects of the planning 

s ry planning 

s

     Two examples of students’ wrong and inappropriate answers as well as two 

examples of students’ correct and appropriate answers on the planning skills 

(

E

1.  Arrange the steel rollers in a straight line with the car with the jack. The 

platform is raised in such a way that it is arranged in between the steel rollers 

car. The wooden board is made to incline to the platform raised. The 

cked to the jack of the car. 

The drum is then roll on the 4 steel rollers and the car jack then folded the rope 

tied to the car. This causes the drum containing the engine oil to roll on the 

wooden board and finally onto the platform. 

2.  I roll the heavy drum of engine oil out of the garage. Arrange the wooden 

board on the platforms for the person to roll the heavy drum of engine oil in it 

well. Use the rope to tie the drum of engine oil very well. Roll the drum of 

engine oil from the floor gradually on the wooden board and the truck. Use the 

rope to left it from the wooden board on the truck gentle. 

lans; while 100 ou  the 289 students could not choose 

kills. This means that the students need more practice on laborato

kills for them to improve on these inadequacies. 

Task A) are shown below. 

xamples of students’ wrong and inappropriate answers 

and the 

drum containing the engine oil is tied with a rope atta

Some students provided either incorrect or incomplete answers to the planning 

kills (Task A) as shown in the examples above.  s

     Two examples of responses provided by students that were found to be 

appropriate and correct are listed below. 
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Examples of students’ appropriate and correct answers 

1.  The wooden board is placed inclined to the truck where the drum of oil 

is. The drum of oil is pushed on the incline plane onto the truck. The truck 

is pulled to the compound where the platform is. The wooden board is 

again placed inclined to the truck and the drum of oil is rolled down to the 

ground. The wooden board is then placed inclined to the raised platform. 

The drum of oil is pushed on the incline plane to the top of the platform. 

2.  In the first place I will put the drum of engine oil on the four steel rollers 

on the ground. Now I will gradually push the drum of oil slowly with the 

help of the steel rollers out of the garage till it gets to the raised platform. 

The wooden board will now be inclined to the raised platform. I will push 

the drum of engine oil on the incline plane till it gets to the top of the 

platform. 

 
     Table 11 and Figure 6 show the total scores obtained by the respondents on 

the planning skills (Task A). 

Ninety four out of the 289 students representing 32.5% of the respondents 

scored the total marks of 8; while 61 students representing 21.1% of the 

respondents scored a total of 7 marks as shown in Table 11 and Figure 6. In 

all, 155 out of the sample of 289 students representing 53.6% of the 

respondents scored 7 and 8 marks. It can be inferred from these results that 

many of the students exhibited excellent levels of proficiency in laboratory 

skills of planning. Two hundred and fourteen out of the 289 respondents 

representing 74.1% of the research sample scored a total marks of 5 and 

above. This shows that majority of the students exhibited high levels of 

competency in laboratory planning skills in the main research. 
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T
 
D
 

                  Percent (%) 

able 11  

istribution of Total Scores for Planning Skills (Task A) by Sample 

Total Score                   Number of Students    

0                                                 9                                            3.1 

1                                               12                                            4.2 

2                                               21                                            7.3 

3                                               13                                            4.5 

4                                               20                                            6.9 

5                                               25                                            8.7 

                 21.1 

6                                               34                                          11.8 

7                                               61                         

8                                               94                                          32.5 

N = 289. 

a: Total marks for Task A is 8. 

 

Figure 6: Distribution of Total Scores for Planning Skills (Task A) by Sample 
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On the other hand, 55 students representing 19% of the research sample scored 

a total marks of 3 and below. This result suggests that many of the students 

exhibited some inadequacies on the planning skills. 

 

Performing Skills (Task B) 

   Table 12 and Figure 7 show distribution of credits for the performing skills. 

Eleven items were assessed under the performing skills. 

Table 12 

Distribution of Credits for performing Skills (Task B)

N

b: Details of item

From Table 12 and Figure 7, 274 students representing 94.8%; 273 students 

r 63 students 

Component Assessed

  

 
b                Full Credit (%)             No Credit (%) 

  1.  Value of m1                                  94.8                             5.2 

  2.  Value of m2                                  88.9                           11.1 

  3.  Value of m3                                  91.7                             8.3 

  4.  Value of m4                                  94.5                             5.5 

  5.  Value of (m2 – m1)                       86.2                           13.8 

  6.  Value of (m3 – m2)                       86.5                           13.5 

  7. Value of (m4 – m1)                        91.0                             9.0 

  8. Value of (m4 – m1) – (m3 – m2)    83.7                            16.3 

  9. Relative Density of Sand              83.0                           17.0 

10. Safety Procedure (S1)                   81.3                           18.7 

11. Safety Procedure (S2)                   76.1                            23.9 

 =289. 

s are in scoring format (Appendix H). 

epresenting 94.5%; 265 students representing 91.7% and 2
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r ents had full 

credits for the values of m , m , m  and (m  – m ) respectively. 

Figure 7: Distribution of Credits for Performing Skills (Task B) 
 

Again, 257 students representing 88.9%; 250 students representing 86.5%; 249 

students representing 86.2%; 242 students representing 83.7%; 240 students 

representing 83%; and 235 students representing 81.3%, out of the sample of 

size of 289 students had full credits for the values of m2, (m3 – m2), (m2 – m1), 

(m4 – m1) – (m3 – m2), relative density of sand and first safety procedure 

respectively. These results indicate that majority of the students showed 

adequate levels of proficiency in responding to items 1, 4, 3, 7, 2, 5, and 9 

respectively. In all, about 220 students representing 76.1% of the sample had 

full credits on all the eleven items that were assessed. It can therefore be 

deduced from Table 12 and Figure 7 that majority of the respondents exhibited 

high levels of competency in the orming skills. On the other hand, 69 

students representing 23.9% of the sample had difficulty stating the second 

safety procedure correctly. 

epresenting 91.0%, out of the research sample size of 289 stud
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Examples of students’ incorrect measurements and calculations on the 

performing skills (Task B) are shown in a and b below. Few students involved 

arch made this type of incorrect measurements and calculations.  

lculations 
a. 
 

Mass of                     Mass of bottle       Mass of bottle+       Mass of Water     Relative 
empty bottle (m1)        +Sand (m2)       Sand + Water (m3)      only (m4)             Density (RD)

in the rese

Examples of Students’ Incorrect Measurements and Ca

      30.0g                   70.0g               100.0g               70.0g                  4 

 
b
 

 Relative 
Density (RD)

. 

Mass of                     Mass of bottle       Mass of bottle+      Mass of Water     
empty bottle (m1)        +Sand (m2)       Sand + Water (m3)      only (m4)            
      20.0g                   70.0g               105.0g               100.0g             1.8 

 
Examples of students’ correct measurements and calculations on the perfor-

ming skills (Task B) are shown in c and d below.  Majority of the respondents 

in orrect within 

th

Examples of Students’ Correct Measurements and Calculations 

c. 

 Relative 
e 1 2 3 4 Density (RD)

volved in the research had the measurements and calculations c

e range of the marking scheme prepared by the researcher. 

Mass of                     Mass of bottle       Mass of bottle +      Mass of Water    
mpty bottle (m )        +Sand (m )       Sand + Water (m )      only (m )            

      29.8g                    65.0g                101.5g                81.2g             2.36 

 

d

                   Mass of bottle       Mass of bottle+       Mass of Water     Relative 
1)        +Sand (m2)       Sand + Water (m3)      only (m4)            Density (RD)

. 

Mass of  
empty bottle (m
      30.0g                    66.2g                 101.5g              80.1g             2.45 

 

     Table 13 and Figure 8 show the distribution of total scores obtained by the 

students on the Performing Skills (Task B). 

89 



Table 13  

Distribution of Total Scores for Performing Skills (Task B) b
 

y Sample 
 
Total Score                        Number of Students                  Percentage (%) 
   0                                                    0                                           0.0 

   1                                                    5                                           1.7 

   2                                                    5                                           1.7 

   3                                                    8                                           2.8 

   4                                                    5                                           1.7 

   5                                                  10                                           3.5 

   6                                                  11                                           3.8 

   7                                                    3                                           1.0 

   8                                                    1                                           0.3 

3.5 

 10                                                  68                                         23.5 

 11                                                 163                                        56.4 

   9                                                  10                                           

N = 289. 

Figure 8: Distribution of Total Scores for Performing Skills (Task B) by 
Sample 
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One hundred and sixty three respondents representing 56.4% of the sample 

scored the total marks of 11 on the performing task as is shown in Table 13 

nts 

k B). A 

tal of 256 students representing 88.5% of the research sample scored 6 

m  

m  

levels in laboratory performing skills. On the other hand, 33 students 

resenting 11.4% of the research sample scored a total of 5 marks and 

b  of 

com

 

easoning Skills (Task C) 

     The reasoning skills (Task C) required the students to measure incident 

angles and the corresponding angles of deviation of rays of light passing 

through triangular glass prism; record their measurements and use the values 

to plot graphs; and answer questions based on the graphs drawn.  

     Table 14 and Figure 9 show distribution of credits for the reasoning skills 

(Task C). Sixteen items were assessed under the reasoning skills. 

T  

r arch 

sample size of 289 students scored full credits on items 1, 3 and 2 respect-

ively as shown in Table 14 and Figure 9. Again, 256 students representing 

and Figure 8. Again, 68 students representing 23.5% of the sample scored a 

total of 10 marks. In all 231 students representing 80.0% of the sample scored 

a total of 10 and 11 marks. These results indicate that many of the stude

exhibited excellent levels of proficiency in the performing skills (Tas

to

arks and above. It can therefore be inferred from Table 13 and Figure 8 that

ajority of the respondents in the research demonstrated high competency

rep

elow. This result suggests that few students exhibited low levels

petency in laboratory performing skills. 

R

wo hundred and sixty six  students representing 92%; 265 students

epresenting 91.7%; and 264 students representing 91.3%, out of the rese
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8 .8%; 

2  

the research sample of 289 students scored full credits on items 4, 10, 11, 9 

nd 6 respectively. Furthermore, 242 students representing 83.7%, and 242 

Component Assessed

8.6%; 252 students representing 87.2%; 248 students representing 85

45 students representing 84.8%; and 242 students representing 83.7%, out of

a

students representing 83.7% of the sample scored full credits on items 7 and 8 

respectively. 

Table 14 

Distribution of Credits for Reasoning Skills (Task C) 
b               Full Credit (%)               No Credit (%) 

   1. Pair values of i  and D              92.0                                8.0 

   2. Pair values of i3 and D3             91.3                                8.7 

   5. Pair values of i6 and D6             79.9                              20.1 

   6. Horizontal axis labelled             83.7                              16.3 

   9. i1 and D1 plotted                       84.8                              15.2 

10. i2 and D2 plotted                         87.2                              12.8 

13. i5 and D5 plotted                        71.6                              28.4 

6 6

16. Deduced Relationship                69.2                              30.8 

2 2

   3. Pair values of i4 and D4             91.7                                8.3 

   4. Pair values of i5 and D5             88.6                              11.4 

   7. Vertical axis labelled                 83.7                              16.3 

   8. Scale Chosen                             83.7                              16.3 

11. i3 and D3 plotted                        85.8                              14.2 

12. i4 and D4 plotted                        81.3                              18.7 

14. i  and D  plotted                        82.7                              17.3 

15. Description of Curve                  69.9                              30.1 

N = 289. 

92 



 

0
10
20
30
40
50
60
70
80
90

100 Full Credit

No Credit

Figure 9: Distribution of Credits for Reasoning Skills (Task C) 

 

Two hundred and thirty nine students representing 82.7% and 235 students 

representing 81.3% of the sample scored full credits on items 14 and 12 

respectively. These results indicate that majority of the students exhibited 

adequate levels of proficiency in responding to items 1, 3, 2, 4, 10, 11, 9, 6, 7, 

8, 14 and 12 respectively. About 200 students representing 69.2% of the 

sample scored full credits on all the 16 items assessed under the reasoning 

skills. It can therefore be inferred from the results that majority of the students 

showed high competency levels in laboratory reasoning skills in the research. 

     On the other hand, about 87 students representing 30.1% of the sample had 

difficulties in describing the shape of the curve drawn from their plots; and 89 

students representing 30.8% of the sample could not deduce correct relation-

ship between the incident angles and the angles of deviation. These results 
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indicate that many of the students exhibited some inadequacies on the 

 by sample. 

 
ample 

 

reasoning skills. It further indicates that many of the students need more 

practice on laboratory reasoning skills for them to improve on these 

inadequacies. 

Table 15 and Figure 10 show distribution of total scores for Task C

Table 15 

Distribution of Total Scores for Reasoning Skills (Task C) by S

Total Score                     Number of Students                        Percentage (%) 

  1                                                   5                                                1.7 

  2                                                   3                                                1.0 

  3                                                   2                                                0.7 

  4                                                   2                                                0.7 

  5                                                   5                                                1.7 

  6                                                   4                                                1.4 

  7                                                   4                                                1.4 

  8                                                   8                                                2.8 

  9                                                   7                                                2.4 

                                        5                                                1.7 

              1.4 

12                                                  23                                                8.0 

  9.0 

19.0 

15                                                  45                                              15.6 

16                                                  91                                              31.5 

10           

11                                                   4                                  

13                                                  26                                              

14                                                  55                                              

N = 289. 
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Figure 10
Sample  
 

Ninety one students representing 31.5% of the research sample scored the total 

marks of 16 as shown in Table 15 and Figure 10; while 45 students represent-

i  representing 

4 t many of the 

respondents exhibited excellent levels of proficiency in laboratory reasoning 

skills in the research. From Table 15, 256 students representing 88.6% of the 

r therefore be 

rom Table 15 that majority of the students showed high proficiency 

levels in reasoning skills in the research. On the other hand 25 students 

representing 8.6% of the sample scored 7 marks and below. This shows that 

few of the students exhibited some inadequacies on the reasoning skills. 

 

Total Performance Tasks 

     Table 16 shows the distribution of total scores obtained by the respondents 

on the total performance tasks. 
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: Distribution of Total Scores for Reasoning Skills (Task C) by 

ng 15.6% of the sample scored 15 marks. In all 136 students

7.0% of the sample scored 15 and 16 marks. This indicates tha

esearch sample scored a total of 9 marks and above. It can 

deduced f
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Table 16  
 
Distribution of Total Scores for Total Performance Tasks by Sample 
 

Total Score                    Number of Students                     Percentage (%) 

1 – 5                                           0                                              0.0 

      6                                           2                                              0.7 

      7                                           1                                              0.3 

      8                                           0                                              0.0 

      9                                           1                                              0.3 

    10                                           1                                              0.3 

    11                                           1                                              0.3 

    12                                           1                                              0.3 

.7 

    14                                           1                                              0.3 

    13                                           2                                              0

    15                                           2                                              0.7 

   16                                            1                                              0.3 

   17                                            0                                              0.0  

   18                                           7                                               2.4 

   19                                           6                                               2.1    

   20                                           3                                               1.0 

   21                                           5                                               1.7 

   22                                           5                                               1.7 

   23                                           7                                               2.4 

   24                                           9                                               3.1 

   25                                           9                                               3.1   

   26                                         14                                               4.8 
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(Table 16 Continued). 

    27                                           9                                               3.1   

    28                                         13                                               4.5 

    29                                         23                                               8.0 

                                   30                                             10.4  

    34                                        28                                                9.7 

    35                                         20                                               6.9 

    30                                         24                                               8.3 

    31      

    32                                         28                                               9.7 

    33                                        36                                              12.5 

N

T he total 

marks of 35 as shown in Table 16. Twenty eight students representing 9.7% of 

the sample scored 34 marks; while 36 students representing 12.5% of the 

s  sample 

s ondents 

exhibited excellent levels of proficiency in the total performance tasks. 

Moreover, 263 students representing 91.0% of the sample scored 18 marks 

a  16 that 

generally, m

laboratory planning, performing and reasoning skills in the research. 

Research Question 2: 

T oratory 

work exhibit adequate competencies in: 

1. One aspect of the skills of planning, performing and reasoning? 

 = 289. 

wenty students representing 6.9% of the research sample scored t

ample scored 33 marks. In all, 84 students representing 29.1% of the

cored 33 marks and above. These results show that many of the resp

nd above. The median score is 17.5. It can be inferred from Table

ajority of the students exhibited high levels of competency in 

o what extent do senior high school physics students engaged in lab
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2

 

Planning Skills (Task A) 

 lanning 

s  It can 

therefore be deduced that generally the students exhibited high competency 

levels in laboratory planning skills in the main research. One hundred and 

eighty five out of the 289 students, representing 64.0% of the respondents had 

full credits on all the eight items assessed under the planning skills as shown 

in Table 10. Moreover, results from Table 11 show that 214 students out of the 

289 respondents, representing 74.1% of the sample scored a total of 5 marks 

and above on the planning task. Results from Tables 10 and 11 therefore 

suggest that the students exhibited high levels of proficiency in planning skills 

in the research. 

 

Performing Skills (Task B) 

ble 9, the mean score obtained by the students on the performing 

skills is 9.6. This result represents 87.3% of the total marks of 11. The result 

shows that on the whole the students exhibited high proficiencies in laboratory 

performing skills in the research. Two hundred and twenty students out of the 

sample of 289, representing 76.1% of the respondents scored full credits on all 

the 11 items that were assessed under the performing skills as is shown in 

Table 12. Again, results from Table 13 show that 256 students, representing 

88.5% of the sample scored a total of 6 marks and above on the performing 

. All the three skills of planning, performing and reasoning? 

    From Table 9, the mean score obtained by the students on the p

kills is 5.8. This result represents 72.5% of the total marks of 8.

     From Ta
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task. It can be inferred from the results in Tables 9, 12 and 13 that the students 

demonstrated high proficiencies in performing skills in the study. 

 

Reasoning Skills (Task C) 

 score obtained by the students on the reasoning 

nts demonstrated high levels of competency in 

reasoning skills in the research. Results from Table 14 show that 

l the 

1 256 

students representing 88.6% of the sample scored a total of 9 marks and above 

on the reasoning task. It can therefore be deduced from the results in Tables 9, 

1 petency in 

l

 

Total Performance Task 

  n the total 

p al marks of 

35. The mean score therefore indicates that the students exhibited high levels 

of competency in the total performance tasks in the study.  Two hundred and 

s ting 91.0% 

o n Table 16. 

These results suggest that the students exhibited high levels of competency in 

the to

     From Table 9, the mean

skills is 13.3. This represents 83.1% of the total credits of 16. The result 

therefore indicates that the stude

laboratory 

about 200 students representing 69.2% of the sample had full credits on al

6 items assessed under reasoning skills. Moreover, Table 15 shows that 

4 and 15 that majority of the students exhibited high levels of com

aboratory reasoning skills in the study. 

   From Table 9, the mean score obtained by the students o

erformance tasks is 28.7. This value represents 82.0% of the tot

ixty three students out of the sample size of 289 students, represen

f the respondents scored a total of 18 marks and above as shown i

tal performance tasks. 
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 ve that the 

students demonstrated high levels of competency in all the three laboratory 

skills of planning, performing and reasoning. 

R

T ilful than 

their female counterparts in planning, performing and reasoning skills? 

     The scores of boys and girls from the performance tasks were compared 

a

 

Planning Skills (Task A) 

     Table 17 shows the independent samples t-test for gender difference on the 

p

T

Independent Samples t-test for Gender Difference on Planning Skills 
(
 
Variable        Group        N        Mean           SD           t             df          p 

     It can therefore be inferred from the results and discussions abo

esearch Question 3: 

o what extent are male senior high schools physics students more sk

nd the results are as shown in Tables 17 through 20.  

lanning skills.  

able 17  

Task A) 

                     Male         158        5.88          2.270      0.498        287  

Gender                                                                                                   0.619 

                    Female       131        5.74         2.480      -0.498       287 

   > 0.05 

From Table 17, boys had a higher mean score of 5.88 as against a lower mean 

score of 5.74 for girls in the planning skills. This appears to indicate that boys 

o gain, the 

s n for girls 

was 2.480. This suggests that scores obtained by the girls on the planning 

skills were much spread out than the scores of boys. 

                                                                               Not Significant, P

utperformed girls in laboratory planning skills in the research. A

tandard deviation for boys was 2.270 while the standard deviatio
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  there is a 

difference of 0.14 in the mean scores for boys and girls. However, the P-value 

of 0.619 which is greater than the statistically significant level of 0.05, 

s rls is not 

y significant. It can therefore be deduced from table 17 that both 

(Task B) 

Variable       Group        N        Mean         SD            t             df            p 

  From the t-test for equality of means shown on Table 17, 

uggests that the difference in mean scores for boys and gi

statisticall

boys and girls exhibited similar levels of competency in laboratory planning 

skills in the study. (M=5.74, SD=2.48), t(287) = 0.498, P > 0.05 (2-tailed), 

d=0.14. 

 

Performing Skills (Task B) 

     Table 18 shows the independent samples t-test for gender difference on the 

performing skills. 

Table 18  
 
Independent Samples t-test for Gender Difference on Performing Skills 

 

                    Male         158       9.33         2.876      -1.802       287  

Gender                                                                                                   0.073 

                    Female      131      9.87         2.066        1.802      287 

                                                                                  Not Significant, P > 0.05 

From Table 18 girls had a higher mean score of 9.87 as against a lower mean 

score of 9.33 for boys in the performing skills. The mean scores apparently 

suggest that girls outperformed boys in laboratory performing skills. A 

possible reason for the apparent better performance of girls than boys on the 

performing skills may be due to the relatively smaller sample of girls in the 

research sample. Again, girls had a lower standard deviation of 2.066 as 
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against a higher standard deviation of 2.876 for boys. This shows that scores 

obtained by boys were much spread out than scores obtained by girls.  

     From the independent samples t-test for equality of means, there is a 

difference of -0.54 for the mean scores of boys and girls. However, the P-

value of 0.073 which is greater than the statistically significant level of 0.05 

shows that the difference in the performing skills exhibited by boys and girls 

is not statistically significant. This further suggests that both boys and girls 

demonstrated similar levels of competency in laboratory performing skills in 

e research. 

24) = -1.857, p > 0.05 (2-tailed), d = -0.54. 

Independent Samples t-test for Gender Difference on Reasoning Skills 

Variable        Group      N        Mean         SD            t             df             p 

th

(M = 9.33, SD = 2.88), t(281.5

 

Reasoning Skills (Task C) 

    Table 19 shows the independent samples t-test for gender on the reasoning 

skills. 

Table 19  

(Task C) 

                      Male       158      13.05        3.867     -1.225       287  

Gender                                                                                                   0.221 

                     Female     131      13.56       2.995       1.225        287 

                                                                                Not Significant, P > 0.05 

From Table 19 girls had a higher mean score of 13.56 as against a lower mean 

score of 13.05 for boys in the reasoning skills. These results apparently 

suggest that girls outperformed boys in laboratory reasoning skills. Again, 

girls had a lower standard deviation of 2.995 as against a higher standard 
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deviation of 3.867 for boys. These values indicate that scores obtained by boys 

were much spread out than scores obtained by girls.  

     From the independent samples t-test on Table 19, there is a difference of -

0.51 in the mean scores of boys and girls. The P-value of 0.221, however, is 

greater than the statistically significant level of 0.05, and it can be inferred 

from Table 19 that there is no statistically significant difference in the 

reasoning skills of boys and girls in the research. Thus boys and girls exhibited 

e same proficiency levels in laboratory reasoning skills in the study. (M = 

 -1.225, p > 0.05 (2-tailed), d = -0.51. 

Tasks 

Variable         Group        N        Mean        SD            t             df           p 

th

13.05, SD = 3.87), t(287) =

 

Total Performance Tasks 

     Table 20 shows the independent samples t-test for gender on the total per-

formance tasks. 

Table 20  

Independent Samples t-test for Gender Difference on Total Performance 

                       Male        158       28.27       6.133     -1.313       287  

Gender                                                                                                   0.190 

                       Female     131      29.17       5.309       1.313       287 

                                                                                                              P > 0.05 

From Table 20 girls had a higher mean score of 29.17 as against a lower mean 

score of 28.27 for boys in the reasoning skills. The values appear to suggest 

that girls outperformed boys in the total performance tasks. Again, girls had a 

lower standard deviation of 5.309 as against a higher standard deviation of 
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6.133 for boys. This shows that the scores obtained by boys were much spread 

 girls.  

owever, the P-value of 0.190 is greater than the statistically 

 level of 0.05. This indicates that the difference in the performance 

0 that both boys and girls exhibited the same competency levels in laboratory 

performance skills in the research. 

R

T g 

demonstrated by a student related to the type of school (boys, girls or mixed) 

the student attends? 

 

School 

Type of School             n                    Mean              Standard Deviation 

out than scores obtained by

     Table 20 shows that there is a difference in mean scores of -0.90 between 

boys and girls. H

significant

of boys and girls is not statistically significant. It can be inferred from Table 

2

esearch Question 4: 

o what extent are the skills of planning, performing and reasonin

 

Planning Skills (Task A) 

     Table 21 shows the means and standard deviations for the planning skills 

by type of school. 

Table 21  

Means and Standard Deviations for Planning Skills (Task A)   by Type of 

 

Boys                             80                    5.83                        2.343 

Girls                             40                    5.88                        2.493 

Mixed                         169                   5.80                        2.357 

Total                           289                   5.82                        2.364  
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From Table 21, students from the girls school had the highest mean of 5.88 

followed by students from the boys schools with a mean of 5.83, while 

udents from the mixed schools had the lowest mean among the three types of 

These results apparently suggest that there were 

 the research. Students from the girls school appeared to 

ighest level of planning skills followed by students from the boys 

lanning skills. 

     Table 22 shows ANOVA for types of schools for the planning skills. 

T

A

Source                         df         Sum of          Mean              F              P  

st

school with a score of 5.80. 

differences in planning skills exhibited by students from the three different 

types of schools in

show the h

schools; while students from the mixed schools appeared to show the lowest 

p

able 22  

NOVA for Planning Skills (Task A) by Types of Schools 

                                                 Square           Square 
Between Groups          2           0.196            0.098           0.017       0.983 

Within Groups         286     1609.1                5.626 

Total                        288     1609.3 

                                                                             Not Significant, P > 0.05 

The P-value of 0.983 for F(2, 286) from the analysis of variance is greater 

than the statistically significant level of 0.05. This shows that the differences 

in the mean scores of the three types of schools are not statistically significant. 

It can therefore be inferred from Table 22 that students from the three types of 

schools (boys, girls and mixed) exhibited similar levels of proficiency in 

laboratory planning skills in the study.  F(2, 286) = 0.017, p > 0.05. 
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Performing Skills (Task B) 

     Table 23 shows the means and standard deviations for the three different 

types of schools on the performing skills (Task B). 

Table 23  

Means and S
 

tandard Deviations for Performing Skills (Task B)   by Type 
of School 

Type of School           n                    Mean              Standard Deviation 
 

Boys                          80                      9.83                        2.305 

Girls                           40                     9.68                         2.443 

Mixed                       169                    9.43                         2.688 

Total                         289                    9.57                          2.551 

 
From Table 23, students from the boys schools had the highest mean score of 

9.83, followed by students from the girls school with a mean score of 9.68, 

w re of 9.43 

a ly 

suggest that there were differences in levels of performing skills demonstrated 

by students from the different schools involved in the study. It further appears 

 of 

el of 0.05. This indicates 

that the differences in the mean scores of students from the three types of 

hile students from the mixed schools had the lowest mean sco

mong the three different types of schools. These mean scores apparent

to indicate that students from the boys schools exhibited the highest level

performing skills in the research; and they were followed by students from the 

girls school; while students from the mixed schools appeared to have exhibited 

the lowest level of performing skills.  

     Table 24 shows ANOVA for the different types of schools on the 

performing skills. The P-value of 0.508 for F(2, 286) from the analysis of 

variance is greater than the statistically significant lev
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schools are not statistically significant. It can be deduced from the results that 

students from the three types of schools (boys, girls and mixed) exhibited the 

same levels of proficiency in performing skills in the study.  F(2, 286) = 0.679, 

p > 0.05. 

Table 24  

ANOVA for Performing Skills (Task B) by Types of Schools 

Source                         df         Sum of          Mean              F              P  
                                                 Square           Square 
Between Groups          2           8.858            4.429           0.679       0.508 

1865.8                6.524 Within Groups         286     

Total                        288     1874.7 

                                                                             Not Significant, P > 0.05 

     Table 25 shows the means and standard deviations for students in the three 

different types of schools on the reasoning skills (Task C). 

T
 
M e 
of School 
 

ation 

 

Reasoning Skills 

able 25  

eans and Standard Deviations for Reasoning Skills (Task C)   by Typ

Type of School           n                       Mean               Standard Devi

Boys                          80                      13.54                         3.628 

Girls                           40                      14.35                         2.558 

Mixed                       169                     12.91                         3.558 

Total                         289                     13.28                         3.502 

N = 289. 
 
From Table 25 students in the girls school had the highest mean score of 

14.35, followed by students in the boys schools with a mean score of 13.54, 
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while students in the mixed schools had the lowest mean score of 12.91 among 

the three different types of schools. These mean scores apparently show that 

 

OVA for students in the different types of schools on 

ing Skills (Task C) by Types of Schools 

Source                         df         Sum of          Mean                F              P  
                                                 Square           Square 

there were differences in levels of reasoning skills demonstrated by students in 

the different types schools used for the study. The results further appear to 

suggest that students in the girls school exhibited the highest level of 

reasoning skills in the research; and they were followed by students in the 

boys school; while students in the mixed schools appeared to have exhibited 

the lowest level of reasoning skills.

     Table 26 shows AN

the reasoning skills. 

Table 26  

ANOVA for Reason

*Between Groups          2           74.825            37.412         3.095       0.047  

    288       3532.3 

Within Groups         286       3457.5                12.089 

Total                    

                                                                                      *Significant, P < 0.05 

e statistically significant level of 0.05. This indicates that the differences in 

the mean scores of students in the three types of schools are statistically 

s s in the three 

t nt levels of 

proficiency in reasoning skills in the study. F(2, 286) = 3. 095, p < 0.05. 

Tukey HSD post-hoc tests were done for the pair wise comparison of means. 

The P-value of 0.047 for F(2, 286) from the analysis of variance is less than 

th

ignificant. It can therefore be inferred from Table 26 that student

ypes of schools (boys, girls and mixed) exhibited differe
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 s be een the 

types of schools. 

Table 27  

Post Hoc Tests on Reasoning Skills (Task C) by Types of Schools 

Type of                  Type of                 Means                             p 

    Table 27 shows Tukey HSD pair wise comparison of mean tw

 

 

School (I)               School (J)             Difference  (I – J)  
Boys                        Girls                      -0.8125                       0.450 

Girls                         Boys                      0.8125                       0.450 

Girls                         Mixed                   1.4447*                        0.049 

Mixed                      Boys                     -0.6322                       0.374 
*  

Boys                        Mixed                    0.6322                        0.374 

Mixed                      Girls                     -1.4447                     0.049 

N = 289.                * The mean difference is significant at the 0.05 level. 

From Table 31, the mean difference between students in the boys and girls 

e 0.05 

tatistical significance, and suggests that the difference between the 

not statistically 

s s and 

g cy in reasoning skills in 

the research. Again, the difference in 

a 0.374. Since this result is 

greater than the 0.05 level for statistical significance, the difference in mean 

scores between students in boys and mixed schools is not statistical 

both 

school is -0.8125 and the p-value is 0.450. This value is greater than th

level for s

mean scores of students in boys and girls schools is 

ignificant. It can be deduced from Table 27 that students in both boy

irls schools demonstrated similar levels of proficien

mean scores between students in boys 

nd mixed schools is 0.6322 and the p-value is 

significant. It can therefore be inferred from Table 27 that students in 

boys and mixed schools exhibited the same levels of competency in reasoning 

skills in the study. The difference in mean scores between students in girls and 

mixed schools is 1.4447 and the p-value is 0.049. Since this value is less than 

the statistically significant level of 0.05, the difference in mean scores between 
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the students in girls and mixed schools is statistically significant. It can be 

deduced from Table 27 that students in the girls school exhibited higher levels 

f competency in reasoning skills than students from the mixed schools. 

nce tasks. 

ce Tasks 

o

 

Total Performance Tasks 

     Table 28 shows the mean scores and standard deviations for students in the 

three different types of schools on the total performa

Table 28  
 
Means and Standard Deviations for Types of Schools on Total 
Performan
 
Type of School            n                     Mean            Standard Deviation 

Boys                            80                    29.21                      5.474 

Girls                             40                    29.90                      5.118  

Mixed                         169                   28.14                      6.029 

Total                           289                   28.68                      5.782 

 
F ean score of 

ean score of 29.21, while students 

rom Table 28 students in the girls school obtained the highest m

29.90. Students in the boys schools had a m

in the mixed schools obtained the lowest mean score of 28.14 among the three 

different types of schools. This appears to indicate that students in the girls 

school demonstrated the highest proficiencies in laboratory skills, while 

students in the mixed schools exhibited the lowest levels of proficiency in 

laboratory skills among the three types of schools used for the study. Again, 

the standard deviation for students in the girls school is the lowest with a value 

of 5.118, while the standard deviation for students in the mixed schools is the 

highest with a value of 6.029. This shows that scores obtained by students in 
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the mixed schools were much more spread out than scores of students in the 

boys schools; which in turn are much spread out than scores of students in the 

                                                 Square           Square 

girls school. 

     Table 29 shows ANOVA for students in the three different types of schools 

on the total performance tasks. 

Table 29  

ANOVA for Total Performance Tasks by Types of Schools 

Source                         df         Sum of          Mean                F              P  

Between Groups          2           1322.2           66.108         1.991       0.138 

Within Groups         286           9494.9           33.199 

                 288           9627.1 Total       

                                                                                                            P > 0.05 

T an the 

s at the differences in the 

m not 

s rred from Table 29 that 

generally, students in the girls, boys and mixed schools demonstrated similar 

levels of competency on the total performance tasks in the research. 

tudents’ Comments on the Performance Tasks 

to the items on the opinionnaire were coded and 

dents on the time 

r completing the Planning Skills (Task A). 

he p-value from the analysis of variance is 0.138, which is greater th

tatistically significant level of 0.05. This shows th

ean scores of students in the girls, boys and mixed schools are 

tatistically significant. It can therefore be infe

 

S

     Responses of students 

input into SPSS programme and analyzed.  

     Table 30 and Figure 11 show responses of the respon

provided fo
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Table 30  
 
Distribution of Students’ Responses on Time Provided for Planning Skills 
(Task A) 
 
Response                         Number of Students                 Percentage (%) 

No Response                                   7                                         2.4 

Not Enough                                   32                                       11.1 

About Right                                 227                                      78.6 

Too Much                                       23                                        8.0 

N = 289. 

 

Figure 11: Distribution of Students Responses
Skills (Task A) 
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 on Time provided for Planning 

Figure 11, majority of the students, 227 out of the 289 

s, representing 78.6% of the research sample agreed that the time 

three students 

r

Task A was too m

86.6% of the students were of the view that time provided for completing Task 

 
 

From Table 30 and 

respondent

provided for completing Task A was about right. Twenty 

epresenting 8.0% of the sample said that the time provided for completing 

uch. In all, 250 out of the 289 respondents representing 
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A he 

sample said that time provided for completing Task A was not enough, while 

another seven students representing 2.4% of the sample did not respond to the 

i

el 

(Task A) 

 was sufficient for them. Only 32 respondents representing 11.1% of t

tem. 

     Table 31 and Figure 12 show the students’ responses on the difficulty lev

of the Planning Skills (Task A). 

Table 31  

Distribution of Students’ Responses on Difficulty Level of Planning Skills 

Response                      Number of Student                  Percentage (%) 

No Response                             14                                         4.8 

Easy                                           78                                       27.0 

About Right                            181                                       62.6 

Difficult                                     16                                         5.5 

N = 289. 

 

Figure 12: Distribution of Students Responses
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From Table 31 and Figure 12, majority of the students, 181 out of the 289 

respondents, representing 62.6% of the research sample said the difficulty 

level of the Planning Skills (Task A) was about right. Seventy eight students 

representing 27.0% of the sample said Task A was easy. In total, 259 out of 

the 289 students representing 89.6% of the sample agreed that the difficulty of 

Task A was within their reach. Only 16 students representing 5.5% of the 

sample said that Task A was difficult, while 14 students representing 4.8% of 

the sample did not respond to the item. 

      Table 32 and Figure 13 show responses of the students on the time 

provided for completing the Performing Skills (Task B). 

Table 32  

Distribution of Students’ Responses on Time Provided for Performing 

 

 

Skills (Task B) 

Response                   Number of Students                        Percentage (%) 

No Response                          11                                                  3.8 

Not Enough                            43                                                14.9 

About Right                         193                                                66.8 

Too Much                              42                                                 14.5 

N = 289. 

From Table 32 and Figure 13, majority of the students, 193 out of the sample 

of 289 students, representing 66.8% of the research sample said the time 

provided for completing the Performing Skills (Task B) was about right. 

Another 42 students representing 14.5% of the sample said time provided for 

ompleting the performing skills was too much. Two hundred and thirty five 

resenting 81.3% of the respondents agreed that time 

provided for completing the task was sufficient. Only 43 students representing 

c

out of the (289), rep
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1 as not 

enough, while another 11 students representing 3.8% of the sample did not 

respond to the item. 

4.9% of the sample said the time provided for completing Task B w

 

Figure 13: Distribution of Students’ Responses on Time Provided for 
Performing Skills (Task B)  
 

     Table 33 and Figure 14 show responses of the students on difficulty of the 

Performing Skills (Task B). 

Table 33  
 
Distribution of Students’ Responses on Difficulty Level of Performing 
Skills (Task B) 
 
Response                     Number of Students                  Percentage (%) 

No Response                           13                                            4.5 

Easy           

150

200

250
Number of Students

Percent

0

50

100

No Response Not Enough About Right Too Much

                            122                                          42.2 

 6                                            2.1 

About Right                          148                                          51.2 

Difficult                                    

N = 289. 

 

 

115 



 

ty level of 

e Performing Skills was about right. One hundred and twenty two students 

 easy. In total, 270 out of 

. 

   Table 34 and Figure 15 show the distribution of the students’ responses on 

ovided for completing the reasoning task. 

leting 

Task C was about right. Thirty five students representing 12.1% of the 

respondents said the time provided for Task C was too much. Table 34 and 

Figure 15 show that a total of 242 students out of the sample of 289 students, 

0

20

Figure 14: Distribution of Responses of Students on Difficulty of Performing 
Skills (Task B) 
 

From Table 33 and Figure 14, majority of the respondents, 148 out of the 289 

students, representing 51.2% of the research sample said the difficul

th

representing 42.2% of the sample said Task B was

the 289 students, representing 93.4% of the sample agreed that the difficulty 

level of the task was within their reach.  Only six students representing 2.1% 

of the sample said that Task B was difficult, while another 13 students 

representing 4.5% of the sample did not respond to the item

  

the time pr

From Table 34 and Figure 16, 207 students out of the 289 research sample, 

representing 71.6% of the respondents said the time provided for comp
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r pleting the 

reasoning skills was sufficient. On the other hand 36 respondents representing 

12.5% of the sample said the time provided for completing Task C was not 

e ple did not 

 the item. 

Table 34  
 
Distribution of Students’ Responses on Time Provided for Reasoning 
Skills (Task C) 
 

Response                    Number of Students                   Percentage (%) 

epresenting 83.7% of the sample said the time provided for com

nough, while another 11 students representing 3.8% of the sam

respond to

No Response                          11                                             3.8 

Not Enough                            36                                           12.5 

About Right                          207                                          71.6 

Too Much                                35                                          12.1 

N = 289 

Reasoning Skills (Task C) 

difficulty level of the reasoning skills (Task C). 

 

Figure 15: Distribution of Students’ Responses on Time Provided for 
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     Table 35 and Figure 16 show distribution of the students’ responses on the 
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Table 35  

Distri
 

bution of Students’ Responses on Difficulty Level of Reasoning 
Skills (Task C) 

Response                        Number of Students                   Percentage (%) 
 

No Response                                  7                                           2.4 

Easy                                            113                                         39.1 

ght                                161                                        55.7 About Ri

Difficult                                           8                                          2.8 

N

 

Figure 16: Distribution of Students’ Responses on Difficulty of Reasoning 
Skills (Task C) 
 

One hundred and sixty one out of the sample of 289 students, representing 

55.7% of the respondents said the difficulty level of the reasoning skills was 

about right as shown in Table 35 and Figure 16. One hundred and thirteen 

ple said task C was easy. In total, 274 

ed that the difficulty of the reasoning skills was within their 

 = 289. 
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reach. Only eight students representing 2.8% of the sample said that Task C 

was difficult, while another seven students representing 2.4% of the sample 

did not provide any response to the item. 

 

Summary of Findings 

     The summary of the findings are as follows:  

1. The students demonstrated high levels of competency in laboratory 

planning skills in the selected topics in mechanics and optics. 

dents exhibited high proficiencies in laboratory reasoning skills in 

. The students demonstrated high levels of competency in all three laboratory 

skills of planning, performing and reasoning. 

5  on the 

p oficiency 

shown on the planning skills were the least among the three. 

6. There was no significant difference in th etency in 

la  physics 

7. There was no significant difference in the levels of proficiency in laboratory 

8. There was no significant difference in levels of competency in laboratory 

2. The students demonstrated high competency levels in laboratory performing 

skills in the selected topics in mechanics and optics. 

3. The stu

the selected topics in mechanics and optics. 

4

. The students demonstrated the highest level of proficiency

erforming skills, followed by the reasoning skills; while levels of pr

e levels of comp

boratory planning skills demonstrated by the male and female

students. 

performing skills demonstrated by the male and female physics students. 

reasoning skills exhibited by the male and female physics students. 
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9. There was no significant difference in levels of proficiency shown in 

laboratory planning skills by students in boys and girls schools. 

10. There was no significant difference in levels of proficiency shown in 

laboratory planning skills by students in boys and mixed schools. 

11. There was no significant difference in laboratory planning skills exhibited 

by students in girls and mixed schools. 

12. There was no significant difference in levels of competency in laboratory 

performing skills exhibited by students in boys and girls schools.  

13. There was no significant difference in competencies demonstrated in 

laboratory performing skills by students in boys and mixed schools. 

14. There was no significant difference in competencies in laboratory 

performing skills demonstrated by students in girls and mixed schools. 

15. There was no significant difference in levels of proficiency in laboratory 

reasoning skills demonstrated by students in boys and girls schools. 

 difference in levels of competency in laboratory 

reasoning skills shown by students in boys and mixed schools. 

17. Students in girls school demonstrated higher levels of competency in 

 students in mixed schools. 

8. The time provided for completing the Planning Skills (Task A) was 

1  of the 

students. 

20. Time provided for completing the Performing Skills (Task B) was 

s

16. There was no significant

laboratory reasoning skills than

1

sufficient. 

9. The difficulty of the planning skills (Task A) was within the reach

ufficient. 
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2  reach of the 

students. 

22. Time provided for completing the Reasoning Skills (Task C) was 

 

3. The difficulty of the reasoning skills (Task C) was within the reach of the 

udents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. The difficulty of the performing skills (Task B) was within the

sufficient.

2

st
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

     The previous four chapters of this study treated the background of the 

study, relevant literature reviewed, methodology, results and major findings of 

the research. This chapter states the conclusions from the results and major 

findings; and states recommendations based on these findings to educational 

practice. Suggestions for further studies have also been stated in this chapter. 

 

Overview of the Problem 

earch was geared towards assessing the laboratory skills of senior 

s a result of that, the study set out to find whether senior high school physics 

students engaged in laboratory activities demonstrate adequate laboratory 

p ntification of 

a ances of the 

students, could inform and provide the basis for science teachers and educators 

to improve upon the methods of science instruction and assessment; as well as 

to for science 

 

 

 

 

     The res

high school (SHS) physics students in selected topics in mechanics and optics. 

A

lanning, performing and reasoning skills. It was hoped that ide

t least minimum laboratory (performance) skills from the perform

 parents and administrators to provide adequate resources 

education.
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Overview of Research Methodology 

     The targeted population for the study was all SHS 3 physics students in 

Sekondi-Takoradi metropolis of the Western Region of Ghana. Due to the 

enormity of work involved, however, the accessible population for the 

research was students in seven senior high schools in Sekondi-Takoradi 

metropolis. The researcher obtained formal permission from the headmasters, 

headmistresses, heads of science department, and physics teachers of the 

schools before the study was conducted. A sample of 289 students were drawn 

from the seven senior schools within Sekondi-Takoradi metropolis for the 

ple of 30 students were drawn from three  schools 

in Cape Coast metropolis for the pilot study. Simple random and stratified 

random sampling methods were used to select the students for the study.  The 

respondents were drawn from boys, girls and mixed schools that offer physics 

s a subject to students. The sample prised of 131 female, and 158 male 

 trate 

adequate laboratory planning, performing and reasoning skills, four research 

questions were put forth as follows: 

1 laboratory 

w

i. Planning? 

ii. Performing? 

ing? 

2. To what extent do senior high school physics students engaged in laboratory 

work exhibit adequate competencies in: 

main research; while a sam

a  com

students. 

    In order to find out whether SHS 3 physics students could demons

. To what extent do senior high school physics students engaged in 

ork exhibit adequate competencies in the skills of: 

iii. Reason
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i. One aspect of the skills of planning, performing and reasoning? 

ii. All the three aspects of planning, performing and reasoning? 

3. To what extent are male senior high school physics students more skilful 

than their female counterparts? 

4. To what extent are the skills of planning, performing and reasoning 

exhibited by a student related to the type of school (boys, girls or mixed) the 

student attends? 

     In addition to the tasks, an opinionnaire was used to sought the respondents 

pinions, to find out whether their performances were affected by the time 

me they spent every two weeks doing physics laboratory work in their 

ing skills; 

.88 for the reasoning skills and the total tasks had alpha reliability of 0.76. 

rrelations were determined as follows:  0.073 between 

 Task C; and 0.000 between 

o

provided for completing the tasks; the difficulty level of the tasks; and the 

ti

schools, as well any suggestions they could give to help modify the tasks. 

     Responses of the students to the tasks were hand-scored by the researcher. 

Another physics teacher was given 111 subsamples of the booklets of the 

students’ responses to score. This helped the researcher to estimate the inter-

rater reliabilities of the instruments (tasks). Statistical procedures were used to 

analyse the scores. The inter-rater-reliabilities for tasks were: 0.93 for the 

planning skills; 0.96 for the performing skills; 0.94 for the reasoning skills; 

and the total tasks had reliability of 0.93. Again, Cronbach alpha reliabilities 

of the tasks were: 0.83 for the planning skills; 0.90 for the perform

0

Moreover, inter tasks co

Task A and Task B; 0.015 between Task A and

Task B and Task C. 
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     Means, standard deviations, frequencies, and percentages were used to find 

the levels of proficiencies of laboratory planning, performing and reasoning 

analysis to find out whether there 

 type of schools (boys, girls or 

eviation of 2.55; the reasoning skills had mean score of 13.3 and a 

r the 

hievement 

otal credits of 

showed that 

total tasks. The results further showed 

k C); while 

proficiency level in the planning skills (Task A) was the least. The results also 

skills demonstrated by the respondents in the research. The data was also 

subjected to t-tests, ANOVAs and post-hoc 

were significant differences in laboratory skills exhibited by the students due 

gender differences; and due to differences in

mixed) they attended. 

 

Summary of Results 

     The planning skills (Task A) had a mean score of 5.8 and standard devia-

tion of 2.36; the performing skills (Task B) had a mean score of 9.6 and a 

standard d

standard deviation of 3.50; while the total performance tasks had a mean score 

of 28.7 and a standard deviation of 5.78. The mean score of 5.8 fo

planning skills represented an achievement of 72.5% out of the total marks of 

8. The mean score of 9.6 for the performing skills represented an ac

of 87.3% out of the total credits of 11. The mean score of 13.3 for the 

reasoning skills represented an attainment of 83.1% out of the t

16; while the mean score of 28.7 for the total performance tasks represented an 

attainment of 82.0% out of the total credits of 35. These results 

majority of the respondents demonstrated high levels of laboratory planning, 

performing, reasoning skills and in the 

that the students demonstrated the highest level of proficiency in the 

performing skills (Task B); followed by the reasoning skills (Tas
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showed that majority of the students exhibited high proficiencies in all the 

three aspects of laboratory planning, performing and reasoning skills. 

 stand- 

irls on the 

. This indicated 

rated similar levels 

ale students had a higher mean score of 9.87 and a lower standard 

eviation of 2.876 for the male students on the performing skills 

 the male students on the performing skills. However, after the 

an 0.05 level of statistical significance. Thus it came out that the 

owed similar levels of competencies in the performing skills.  

eviation of 2.995; as against a lower mean score of 13.05 and higher 

andard deviation of 3.867 for the male students on the reasoning skills. 

hese values apparently showed that girls performed better than boys on the 

asoning skills. However, the p-value of 0.221 from the t-test was greater 

     The male students had a higher mean score of 5.88 and lower standard 

deviation of 2.270; as against a lower mean score of 5.74 and a higher

ard deviation of 2.480 for the female students on the planning skills (Task A). 

These results apparently showed that boys performed better than g

planning skills. However, the p-value of 0.619 from the t-test for equality of 

means was greater than the 0.05 level of statistical significance

that the difference in the mean scores of the male and female students was not 

statistically significant. Thus both boys and girls demonst

of proficiency in laboratory planning skills.  

     The fem

deviation of 2.066; as against a lower mean score of 9.33 and a higher 

standard d

(Task B). These results appeared to show that the female students performed 

better than

means were subjected to t-test analysis, the p-value of 0.064 was found to be 

greater th

difference in the mean scores was not statistically significant. Hence both boys 

and girls sh

     Again, the female students had a higher mean score of 13.56 and a lower 

standard d

st

T

re
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than the statistically significant level of 0.05. Therefore the difference in the 

ean scores was not statistically significant. Thus both male and female 

udents demonstrated similar levels of competency on the reasoning skills. 

oreover, girls had a higher mean score of 29.17 and a lower standard 

eviation of 5.309; as against a lower mean score of 28.27 and a higher 

andard deviation of 6.133 for the male students on the total performance 

sks. This appeared to indicate that girls performed better than boys on the 

tal performance tasks. However, after the mean scores were subjected to t-

st analysis it was found that the p-value of 0.184 was greater than the 0.05 

vel of statistical significance. Thus the difference in the mean scores for 

oys and girls was not statistically significant. Hence, both the female and 

ale students exhibited the same levels of proficiency on the total perform-

nce tasks. 

   Students from the girls school had the highest mean score of 5.88 on the 

lanning skills (Task A); and they were followed by students from the boys 

hools with a mean score of 5.83;  while students from the mixed schools had 

the lowest mean score of 5.80. These scores appeared to show that there were 

differences in the performances of th dents as a result of the type of school 

they attended. However, when the mean scores were subjected to analysis of 

variance, the p-value of 0.983 was found to be greater than the statistically 

signif cores 

m

st

M

d

st

ta

to

te

le

b

m

a

  

p

sc

e s ut

icant level of 0.05. This suggested that the differences in the mean s

of the students were not statistically significant. Therefore the level of 

proficiencies in laboratory planning skills demonstrated by the students in the 

research did not depend on the type of school they attended.  
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     Students from the boys schools had the highest mean score of 9.83 on the 

performing skills (Task B); and they were followed by students from the girls 

hool with a mean score of 9.68; while students from the mixed schools had 

3 on the performing skills. These scores apparent-

h a mean score of 13.54; while students from the mixed schools 

ad the lowest mean score of 12.91 on the reasoning skills. These scores 

owed that there were differences in laboratory reasoning skills exhibited by 

e students as a result of the type of school they attend. When the mean 

riance, the p-value of 0.047 which was 

sc

the lowest mean score of 9.4

ly suggested that there were differences in the proficiencies of performing 

skills demonstrated by the students as a result of differences in the types of 

schools they attended. However, the p-value of 0.508 from the analysis of 

variance indicated that the differences in the mean scores of the students were 

not statistically significant. Therefore the level of competencies in laboratory 

performing skills exhibited by the students in the research did not depend on 

the type of school they attend. 

     Students from the girls school had the highest mean score of 14.35 on the 

reasoning skills (Task C). They were followed by students from the boys 

schools wit

h

sh

th

scores were subjected to analysis of va

less than the statistically significant level of 0.05 did indicate that the 

differences in the mean scores were statistically significant. The mean scores 

were therefore subjected to post-hoc analysis to find the pair wise comparison 

of the means. It was found out that there was no statistically significant 

difference between the means scores of students from the boys and girls 

schools. Likewise there was no statistically significant difference between the 

mean scores of students from the boys and mixed schools. These results 
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indicated that students from boys and girls schools demonstrated similar levels 

of competency in laboratory reasoning skills. Likewise students from boys and 

mixed schools exhibited similar levels of competency in reasoning skills. 

However, the post-hoc analysis did show that there was significant difference 

between the mean scores of students from the girls and mixed schools. Thus 

students from the girls school demonstrated higher levels of competency in 

laboratory reasoning skills than students from the mixed schools. 

 the list provided to produce their plans. 

the compound. Furthermore, many students could not draw 

rams and outlines for their plans; and yet other students could 

nd safety procedure correctly. 

 second safety procedure correctly. 

the students 

 of the graph 

 and deviation from their measurements. 

lts and findings of the study, it was concluded that the senior 

high school physics students used for the study did demonstrate high levels of 

     The students also showed some major inadequacies on the performance 

tasks. On the planning skills, many of the students had difficulty in choosing 

the relevant materials/equipment from

Again, many of them could not produce a workable plan that could lead to 

successful movement of the drum of engine oil from the garage onto the raised 

platform in 

appropriate diag

not state the seco

     On the performing skills, the major inadequacy showed by the students was 

the inability of many of them to state the

     On the reasoning skills, the major inadequacies showed by 

include the inability of many of them to describe the shape

correctly; and the inability of many of them to deduce a correct relationship 

between the angles of incidence

 

Conclusions 

     From the resu
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proficiency in laboratory planning, performing and reasoning skills; as well as 

on the total performance tasks. These findings were supported by the findings 

of Addai (2001) in which the results on the whole indicated a high student 

achievement on all the non-traditional tasks (planning, performing and 

reasoning skills). Again these findings were supported by the findings of 

develop all the three skills necessary for complete and 

 of the students was independent of the performance of 

e students on the interpreting, inferring and predicting tasks. Again, Seshie 

Ossei-Anto (1996) in which the students exhibited the highest level of 

proficiency on the performing skills, followed by the reasoning skills, and the 

lowest was on planning skills.  Results and findings from this study has 

brought to the fore that if senior high school physics students are given 

opportunities to practice more laboratory planning, performing, and reasoning 

skills, they will exhibit high levels of competency in these skills.  

     It was also clear from the results and findings of the research that the 

physics students engaged in the study did demonstrated high competencies in 

all the three aspects of laboratory planning, performing and reasoning skills.  

This has also brought out to light that if physics students are given 

opportunities to engage in hands-on, performance, and laboratory activities it 

will enable them to 

holistic science education.  

     Again, results and findings from the study has shown that there were no 

significant differences in the laboratory planning, performing and reasoning 

skills shown by male and female physics students. In fact, the female students 

seemed to outperform the male students on performing and reasoning skills. 

These findings were also supported by the findings of Anthony-Krueger 

(2001) in which the sex

th
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(2001) also found that both male and female chemistry students engaged in 

ters that 

laboratory work exhibited similar levels of proficiency on the planning and 

performing skills. These results and findings therefore run counter to the 

notion that is held by many people that science, and physics for that matter is a 

preserve for male students alone. 

     Moreover, results and findings from the study did show that there were no 

significant differences in the laboratory planning and performing skills 

exhibited by the students as a result of differences in the type of school (boys, 

girls, or mixed) they attended.  However, it was found out that there were 

significant differences in the laboratory reasoning skills shown by students 

from different types of schools; particularly the difference between students 

from the girls and mixed schools were prominent. This finding is supported by 

the findings of Johnson (2001) in which the type of school the student 

attended had a relationship with his/her performance; with students from girls 

schools having the highest mean score, followed by students from boys 

schools; while students from mixed schools had the lowest mean score.    

     From the results it was also clear that many of the students showed some 

major inadequacies on the planning, performing and reasoning skills. 

     To sum up, there have been numerous reports from many quar

point to the fact that senior high school physics students and graduates do not 

show adequate laboratory skills of planning, performing and reasoning when 

engaged in non-traditional, laboratory-based work; However, results and 

findings from this study has shown clearly that if these students are given 

more opportunities to practice hands-on and performance activities, they are 
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capable of demonstrating high levels of competency in laboratory planning, 

performing and reasoning skills. 

 

Recommendations 

     Although this study was conducted using SHS 3 physics students within 

Sekondi-Takoradi metropolis of the Western Region of Ghana, and given the 

difficulty in generalizing results and findings from performance assessments, 

it is recommended that: 

1. Science teachers and educators should give senior high school physics 

students more opportunities to engage in laboratory, hands-on and authentic 

activities that will enable them to develop laboratory skills of planning, 

performing and reasoning. 

2. Science teachers and educators should modify their modes of assessments in 

school and outside the school to include hands-on and laboratory activities. 

3. Assessment results from hands-on, laboratory-based performances should 

be given adequate weight in the grading and certification of senior high school 

physics students. 

4. School and educational administrators should endeavour to provide 

adequate equipment, resources and motivation for the science teachers to 

engage physics students in laboratory work. 

 

Suggestions for Further Studies 

i. It is suggested that the study should be replicated with students in SHS 1 and 

2 to see if the results and findings can hold true for them. 
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ii. It is also suggested that this study should be replicated in schools in other 

metropolises and rural towns of Ghana to check if the same results and 

findings hold true for these places.  

iii. It is further suggested that the study should be conducted using other topics 

selected in physics to check if the results and findings can hold true. 

iv. It is again suggested that a study be carried out to find why students from 

the mixed schools consistently perform lower than their counterparts from the 

girls and boys schools. 
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Appendix A 
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Appendix B 

Task A: Planning 

Instruction: 

     You have 5 minutes to read carefully through the task, and another 25 

 of the period your work will be 

for 

o questions will be entertained 

bjects 

rollers 

 by tying 

s. 

Figure 17: Diagram of Drum of Engine Oil and Raised Platform 

Problem: 

     The task is that three of you have been employed in a construction firm and 

you are to move a heavy drum full of engine oil from the garage onto a raised 

platform in the compound. Indicate in the space provided for “PROCEDURE” 

the materials and steps you will use to complete the task. You may draw 

diagrams to show your plan. 

minutes to respond to the task. At the end

collected from you. During the period of reading you may ask questions 

clarification of any point that seems unclear. N

when you start responding to the task. 

Information: 

Workers in Construction firms use simple machines to move heavy o

from one place to another. Heavy objects are moved by rolling them on 

on the ground; pushing them on inclined planes onto platforms; and

the objects to ropes and pulling them along pulleys onto tops of building

 

 

 

 

 

Drum of engine 
Oil 

Raised 
 Platform 
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Materials: 

(a) 4 steel poles (b) car jack (c) rope (iv) wooden beam (d) trolley truck 

 

 

(e) ladder (f) Crowbar (g) Pulley 

Procedure: 

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

Note: State below any two (2) safety precautions you should have to take to

complete the task. 

Safety Precautions: 

1. 

2. 

 

 

144 



Appendix C 

Task B: Performing 

Instruction:  

     You have 5 minutes to read carefully through the task, and another 25 

rk will be 

collecte s for 

tertained 

various 

weigh the mass and record it (m2). 

). 

 the (mass of bottle and       

ottle, 

ass of bottle and water 

p 8 to 

minutes to respond to the task. At the end of the period your wo

d from you. During the reading period you may ask question

clarification of any point that seem unclear. No questions will be en

when you start responding to the task. 

Information: 

     Density measurements are made to determine the densities of 

substances and their suitability for use in various works. 

Procedure: 

1.  Weigh the empty density bottle and record its mass (m1). 

 2.  Half fill the density bottle with sand, 

 3.  Add water to the sand to fill the bottle, weigh the mass and record it (m3

 4. Pour the sand and water away and thoroughly clean the density bottle. 

 5.   Fill the bottle with water only, weigh the mass and record it (m4). 

 6. Subtract the (mass of the empty bottle – m1) from

sand – m2) to find the mass of sand = (m2 – m1). 

7. Subtract the (mass of the bottle and sand – m2) from the (mass of b

sand and water – m3) to find the mass of water added to sand = (m3 – m2). 

8. Subtract the (mass of empty bottle – m1) from the (m

only – m4) to find the mass of water only = (m4 – m1). 

9. Subtract the answer you got in step 7 from the answer you got in ste

find the mass of water of equal volume as sand = (m4 –m1) – (m3 – m2). 
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10. Divide the answer you got in step 6 by the answer you got in step 9 to find 

the relative density of sand = 
 water)of  volumeequal of (mass

sand) of (mass           

                                       =        
)()(

)( 12

mmmm
mm

−−− 234 1

−  

Record your results in the space provided below.

Materials: 

     You are provided with the following materials:  

Density bottle, sand, water, beam balance/electronic balance, measuring 

cylinder. 

  State below two (2) safety precautions you have to take to complete the 

task. 

Safety Precautions: 

1. 

2. 

Results: 

 

Note:
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Appendix D 

Task C: Reasoning 

struction: 

   You have 5 minutes to read carefully through the task, and another 25 

inutes to respond to the task. At the end of the period your work will be 

ollected from you. During the reading period you may ask questions for 

larification of any point that seem unclear. No questions will be entertained 

hen you start responding to the task. 

formation: 

he direction of a light ray changes as it moves from air into a glass prism. 

he light ray is deviated from its original path onto a new path as it enters and 

merges from the glass prism. The angle between the incident ray and the 

ormal is the incident angle (Io), and the angle between the incident and the 

emergent rays is the angle of deviation (Do). The line drawn perpendicular to 

the surface of the glass prism at re the incident light strikes the 

glass prism is called the normal (N). 

Problem: 

In an effort for a student to investigat the paths taken by light rays as they 

move from air into triangular glass prism, the student incident light rays at 

different angles of incidence on the gl s prism and traced the corresponding 

deviations in the paths of the light as th y emerge out of the prism. The angles 

of incidence (Io) and the corresponding angles of deviations (Do) are shown in 

diagrams a, b, c, d, e, and f below (Figures 18a and 18b). Measure the angles 

of incidence and the corresponding angles of deviations. Record your 

measurements in a tabular form as shown in the table below. An example of 

the measurements taken and the recordings are shown in Table 36 below. 

In

  

m

c

c

w

In

T

T

e

n

 the point whe

e 

as

e
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Figure 18a: Diagrams Showing Traces of Light Rays Through Triangular 

 

 

 

Glass Prism at Different Angles. 

148 



 

 

 

 

 

Figure 18b: Diagrams Showing Traces of Light Rays Through Triangular 
Glass Prism at Different Angles. 
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Table 36  

Table Showing Angles of Incidence and Deviation 

Angle of Incidence/io                                          Angle of Deviation/Do 

              30.00                                                                  47.10 

 

 

 

1. Choosing convenient scales draw vertical and horizontal axes. 

2. Label the horizontal axis incident angle and the vertical axis angle of  

deviation. 

   

ent angle versus angle of deviation. 

escribe the shape of the graph. 

rom the graph deduce a relationship between angle of incidence and angle 

f deviation. 

 

 

 

3. Plot a graph of incid

4. D

5. F

o
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Appendix E 

Task D: Opinionnaire 

This section is meant to solicit your opinion about the performance tasks you 

.....  

........... 

......................................... 

..... 

.................................... 

                         About Right................................................................................ 

                         Too Much................................................................................... 

Difficulty of Task: Easy...................................................................................... 

                              About Right........................................................................... 

                              Difficult................................................................................ 

Any other comments:......................................................................................... 

............................................................................................................................. 

............................................................................................................................. 

have just completed. 

1. Task A 

    Planning    

Time Provided:  Not Enough ........................................................................

                           About Right: .................................................................

                           Too Much: .............................................................................. 

Difficulty of Task: Easy.........................................

                                   About Right....................................................................... 

                                   Difficult........................................................................

Any other comments:........................................................................................... 

.........................................................................................

2. Task B 

    Performing 

Time Provided: Not Enough................................................................................ 
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3. Task C 

Reasoning 

nough............................................................................... 

                     About Right............................................................................... 

                     Too Much.................................................................................. 

 of Task: Easy...................................................................................... 

                            About Right........................................................................... 

                            Difficult................................................................................ 

ny other comments:......................................................................................... 

........................................................................................................................... 

........................................................................................................................... 

. How would you commend revising these tasks to make them better? 

  ......................................................................................................................... 

  .......................................................................................................................... 

 .......................................................................................................................... 

. How much time every two weeks do you spend doing physics practical in      

the school? 

  ............................................................................................................................ 

........................................................................................................ 

Time Provided: Not E

     

     

 Difficulty

  

  

A

..

..

4

  

  

  

5

  ....................

   ........................................................................................................................... 
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Appendix F 

Scoring Format: Planning 

General Strategy                                                                       (0         1) 

Sequential Plan                                                                         (0          1) 

Detailed Plan                                                                            (0          1) 

Workable Plan                                                                          (0          1) 

Materials                                                                                   (0          1) 

utline                                                                      (0          1) 

Workable Plan 

        Score 1 if a student’s plan seems workable. 

Materials 

       Score 1 if a student uses correct materials. 

Diagrams/Outline 

       Score 1 if a student draws appropriate diagram of the plan. 

Safety Procedure (S1) 

Score 1 if a student states the 1st correct safety procedure. 

Diagrams/O

Safety Procedure S1                                                                  (0          1) 

Safety Procedure S2                                                                  (0          1) 

Scoring Details 

General Strategy 

           Score 1 if a student demonstrates any sort of planning. 

Sequential Planning 

          Score 1 if a student’s plan is sequenced logically or scientifically. 

Detailed Plan 

         Score 1 if a student’s plan is detailed enough. 

153



Safety Procedure (S2) 

      Score 1 if a student states the 2nd correct safety procedure. 

Total: 0     1     2     3     4     5     6     7     8 
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Appendix G 

A Model Answer: Planning 

The four steel rollers are arranged horizontally on the floor of the garage near 

the drum of oil. The three of us (construction workers) gently lower the drum 

of oil onto the steel rollers on the floor. The drum of oil is then pushed to roll 

it out of the garage into the compound till it gets to the foot of the raised 

platform. Rollers that are left behind as the drum is being rolled toward the 

platform are rearranged on the ground in front of the drum. At the foot of the 

raised platform, one end of the wooden board is placed on the ground while 

the other end is placed against the platform to form in inclined plane. The 

three of us then roll the drum of oil gently on the wooden incline plane until it 

gets to the top of the platform. The ladder is then placed against the platform. 

The three of us climb the ladder to the top of the platform. On the platform we 

gently raise the drum of oil to make it stand upright onto it’s base. 

Safety Procedures: 

. The drum of is gently lowered onto the rollers. 

. The wooden board is inclined at a low angle (not steep) to the platform. 

ured that the wooden board is strong enough to support the weight 

 

 

 

 

 

1

2. The drum of oil is tightly covered to prevent oil spillage. 

3

4. It is ens

of the drum of oil. 
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Figure 19: Diagrams Showing D  Oil on Rollers and on Raised 
Platform.   
 

rum of Engine
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Appendix H 

Mass of water added to sand correctly determined                    (0         1) 

Mass of water only correctly determined                                    (0         1) 

Mass of equal volume of water as sand correctly determined    (0          1) 

Relative Density of sand correctly determined                           (0          1) 

Safety Procedure (S1)                                                                  (0          1) 

 

Scoring Format: Performing 

Mass of empty density bottle correctly measured                      (0        1) 

Mass of bottle and sand correctly measured                              (0         1) 

Mass of bottle, sand and water correctly measured                   (0         1) 

Mass of bottle and water only correctly measured                     (0         1) 

Mass of sand correctly determined                                             (0         1) 

Safety Procedure (S2)                                                                  (0          1) 

Total:  0     1     2     3     4     5     6     7     8     9     10     11 
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Appendix I 

A Model Answer: Performing 

Mass of empty density bottle (m1) = 23.1g 

Mass of bottle + Sand (m2) = 48.5g 

Mass of bottle + Sand + Water (m3) = 62.4g 

Mass of bottle + Water (m4) = 48.0g 

Mass of Sand (m2 – m1) = 25.4g 

Mass of Water added to Sand (m3 – m2) = 13.9g 

Mass of Water only (m  – m ) = 24.9g 

Mass of equal volume of water as sand (m  – m ) – (m  – m ) = 11.0g 

4 1

4 1 3 2

Relative Density of Sand = 
 water)of  volumeequal of (mass

 sand) of (mass

                                          = )( 12 mm −  
)()( 234 1 mmmm −−−

                                          =    25.4g/11.0g 

                                          = 2.31 

Safety Procedures: 

1.  The density bottle should be thoroughly cleaned to remove any particle in it 
fter filling it with sand. 

.  The density bottle should not be held in warm hands to prevent evaporation 
 

3. Avoid parallax error when reading the beam balance. 

4. Zero error of the balance must be accounted for. 

 

 

 

 

 

a

2
of water.
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Appendix J 

Scoring Format: Reasoning 

1st incident angle and corresponding angle of deviation correct   (0        1) 

 

rd  

4th incident angle and correspo iation correct   (0        1) 

th ing angle of deviation correct   (0        1) 

Convenient Scale correctly chosen                                                (0        1) 

Horizontal axis correctly labelled                                                  (0        1) 

Vertical axis correctly labelled                                                      (0         1) 

 

 

                  (0         1) 

ly plotted                                                              (0        1) 

                       (0        1) 

rrectly plotted                                                              (0        1) 

                          (0        1) 

ip Deduced from graph                                    (0        1) 

16 

2nd incident angle and corresponding angle of deviation correct  (0        1)

3  incident angle and corresponding angle of deviation correct   (0        1)

nding angle of dev

5  incident angle and correspond

1st point correctly plotted                                                              (0         1) 

2nd point correctly plotted                                                             (0         1)

3rd point correctly plotted                                           

4th point correct

5th point correctly plotted                                       

6th point co

Correct description of curve                                

Correct Relationsh

Total: 0   1   2   3   4   5   6   7   8   9   10   11   12   13   14   15   
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Appendix K 

A Model Answer: Reasoning 

Measurements 

Incident Angle                                                      Angle of Deviation               

30.0                                                                                   47.1 

40.0 ± 1                                                                            38.5 ± 0.5 

50.0 ± 1                                                                            36.3 ± 0.5 

60.0 ± 1                                                                            38.9 ± 0.5 

70.0 ± 1                                                                            42.9 ± 0.5 

80.0 ± 1                                                                            49.2 ± 0.5 

 

Description of Graph 

.  The graph is parabolic in shape. 

. The graph is U – shaped. 

. Minimum curve graph. 

escription of Relationship between Incident angle and angles of Deviation

1

2

3

D  

ngle of deviation decreases to a minimum point and then increases while the 
incident angle increases continuously. 

 

A
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