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Abstract 

“Education for All” and the attainment of the Millennium Development Goals have placed pressure on 

carrying capacity of Nigeria’s educational system, resulting in significant increase in the number of 

children in her educational system. This led to very large class sizes and the inherent challenge of 

ensuring that the learning goals and quality of education are sustained. Provision of fair assessment with 

timely feedback for students is a difficult task with science laboratory classes, hence, the use of 

subjective assessment. This study sought to develop and use multiple choice items as new instrument for 

science performance measure for large classes with a view of automating the process if the results are 

worthwhile. Biology (a natural science) and Physics (an applied science) were used for this study. First 

year students of Michael Okpara University of Agriculture, Umudike offering 100 level courses in 

Biology and Physics Laboratory courses of the University’s College of Natural and Applied Science are 

the population while the sample consists of the 100 level students of College of Agricultural and Science 

Education offering the required laboratory courses. The practical work for the identified courses will be 

simultaneously assessed by the College subjective mode of assessment while the researchers will also 

assess the same courses using the developed multiple choice items targeting goals of the subjective 

assessment measure. The content validity of the test items were determined with test blue prints while 

the reliability of 0.81 was established using Pearson product moment correlation coefficient. SPSS 21 

was used to carry out the data analysis. Pearson product moment correlation was used to determine the 

coefficient of correlation between the laboratory subjective examination scores and the multiple choice 

scores and paired t-test was used to test mean differences. Results showed a significant coefficient of 

correlation and a significant different between the means as revealed by the t-test result. Since there was 

a significant correlation coefficient the process involved will be proffered for adoption and 

implementation to the university and other institutions challenged by the assessment of practical work of 

large classes.]  
 

Keywords: fair assessment, science laboratory classes, large class sizes, multiple choice items,  

                   Biology practical, physics practical, new performance measure, automation. 
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Introduction 

“Education for All” and the attainment of the Millennium Development Goals have resulted in rapid 

expansion in Nigeria’s higher education. Students’ numbers have grown considerable in many courses 

and subjects especially at the undergraduate levels. Large classes pose significant teaching challenges 

not least in the assessment of student learning especially for laboratory classes because there has not 

been commensurate expansion of facilities especially human resources. Hence, the Nigerian science 

teacher is faced with overwhelming task of handling large classes especially in laboratory practical 

activities. The student cohort is becoming ever more diverse and more active, and student class sizes are 

increasing. Classes of more than two hundred students are becoming more common. The class size 

presents real challenges to the design, management and fairness of assessment practices.  

 

Globally, the student cohort is becoming ever more diverse and more active, and student class sizes are 

increasing. For some faculties, classes of 1000 – 2000 are becoming more common; for others a class of 

80 would seem to be a large class; doubling or tripling class numbers can present real challenges in the 

design, management and fair assessment practices especially when student – centered learning is the 

University expectation (Strong, 2013). This global trend is the case with Nigerian university system 

especially for science laboratory classes at 100 and 200 levels where students do general science 

courses. These large classes present assessment challenges for teachers and for learners. Some of the 

challenges already identified in literature (Strong, 2013:1) are also applicable to Nigerian educational 

system. These have issues for both staff and students. 

 

Issues for staff 

 Engaging students and encouraging deep learning 

 Difficulty giving high quality, individual feedback 

 Ensuring consistency in marking 

 Heavy workload in managing assessment 

 Assessing graduate attributes 

 Avoiding plagiarism 

 

Issues for students 

 Feeling included in the discipline, relevance of tasks to program 

 Inadequate opportunities for feedback, and timing of feedback 

 Unclear about assessment methods and marking criteria/standards 

 Inadequate support for completing assessment tasks 

 Lack of diversity in assessment tasks 

 Managing assessment workload 

 

Strong (2013) observed that some of the issues arose from the fact that teachers tend to use traditional 

assessment methods – such as examinations and lengthy written assessments in large classes. The 

National Policy on Education (FME, 2004) defines class size as the population of a given class in terms 

of number of students and recommends an average class size of forty learners to a teacher whereas, class 

size in this study surpassed two hundred students in a laboratory class activity. Thus, in response to the 

pressure and challenges of assessing large groups of students, academics are responding through: 

 Greater attention to the communication of clear assessment criteria to students; 

 The development and use of marking guides to be used by teaching and assessment teams; 
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 The increase of various forms of exemplars to guide student effort – as well as guide marking 

and grading – including the modeling of disciplines – based thinking, writing and performance; 

and  

 The continuous refinement and dissemination of assessment policy and practice in relation to 

large student groups. 

(Australian University Teaching Committee, 2002) 

 

Recent rises in students’ numbers have led the authors to have a re-think on the mode of assessment for 

laboratory practical works and the observation made by Strong (2013) that some of the issues arose from 

the fact that teachers tend to use traditional assessment methods – such as examinations and lengthy 

written assessments in large classes. Marking large number of students’ laboratory work exercises 

subjectively is time – consuming, labour intensive and prone to errors of consistency (Newstead and 

Dennis, 1994). Thus the use of multiple choice items will allow for more efficient examination of 

students because the questions can be marked rapidly using computers, optical mark reader or staff 

members with no special knowledge in the area being assessed. It also eliminates the need for double 

marking, thereby saving time after the examination process. Besides, it enables the lecturer to test a wide 

range of topics in a single assessment. 

 

Nowadays, objective testing is widespread. It is used for widespread, large scale national objective tests. 

For instance, it is used as the American College Testing examination (ACT), the Scholastic Aptitude 

Tests (SAT), the Graduate Record Examinations (GRE). While the Law Society Admissions Test 

(LSAT), are used as performance indicators for all students seeking admission to undergraduate and 

postgraduate courses (Good Practice Guide in Question and Test Design. These tests are increasingly 

delivered via computer networks (http://www.ets.org). In Nigeria, the Joint Admission and 

Matriculation Board (JAMB) also uses objective test as performance indicators for admission of 

students into Nigerian higher institutions of learning. Many universities now operate widespread 

objective testing in a range of departments. The National Open University of Nigeria (NOUN) uses 

objective testing for formative assessment of learners at all levels of undergraduate programmes and is 

also used for summative assessment at 100 and 200 levels of the undergraduate programmes because of 

the large class size. In the United Kingdom, use of objective testing for formative and summative 

examinations is increasingly popular. The Open University of United Kingdom (OUUK) use large scale 

testing across a range of disciplines. UK Medical schools, including University of Birmingham, 

University of Bristol and University of Dundee also use objective testing. These institutions employ 

objective testing most of which involves computers or optical mark readers. 

The authors of this paper are interested in the use of multiple choice items for assessing laboratory 

practical exercises in Nigerian Universities at 100 levels because of the large class sizes involved so as 

to cue – in to the advantages of using this test format over the subjective format hitherto used. These 

advantages are: 

 Significant reduction in marking time; 

 Wider coverage of topic content; 

 Easy of analysis of individual questions; 

 Prompt provision of feedback to students and teachers; and 

 Pre-testing of items in order to evaluate their effectiveness and level of difficulty. 

 

http://www.ets.org/
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The authors sort to develop and use multiple choice items as new instrument for science performance 

measure for large classes with a view to automating the process if the results are worthwhile. The 

success of this study will lead to possible deviation from the norm – use of traditional approach of 

examination with lengthy subjective assessment items; and the benefits therein. Moreover, multiple 

choice items have often been used successfully to assess learning in large classes, and is sometimes the 

most efficient way to conduct assessment (Strong, 2013). With careful design, multiple choice items 

could be used to assess deep learning; diagnose students’ learning difficulties and give valid and reliable 

results (Okonkwo 2008; 2005). Use of technology for automating the process of assessment on the other 

hand would help manage the assessment process (Okonkwo 2010a, 2010b; 2011 and Okonkwo and 

Ikpe, 2008). The National Open University of Nigeria (NOUN) uses technology in the assessment of 

students learning outcomes in the University. The Institution has computerized formative assessment for 

undergraduates, postgraduate diplomas and for masters’ programmes. Technology is also successfully 

used in her summative assessment of learners at the 100 and 200 levels of undergraduate programmes 

successfully. It should be noted that item writing for multiple choice items demands training of the items 

writers to ensure quality and good spread of the items across all difficulty levels of the domains of 

Blooms (1956) taxonomy of educational objectives. 

 

Concept of Assessment 

Assessment according to Brookhart (1999;9) means to gather and interpret information about students’ 

achievement, and achievement means the level of attainment of learning goals set for a course. His 

notion that good assessment yields good information about the result of the instruction; and it is itself a 

necessary component of instruction is supported by the authors. Thus, accordingly, assessments are an 

instructor’s way of gathering information about what students have learned, which could be used to 

make important decisions about students and their learning materials. Hence, it is important that 

student’s assessment of science laboratory practical activities give dependable information – meaningful 

and accurate. That is, the results of assessment should be valid and reliable in order to serve as indicators 

of the particular learning goals for the courses being assessed for the results/scores to accurately 

represent the levels of achievement attained by the learners. Therefore, assessment of students’ 

laboratory work in higher education is important because important consequences follow from it. This 

calls for the use of valid and reliable instrument for assessment of the learning outcomes.   

 

It is necessary to ensure that whatever assessment used is really congruent with whatever objectives for 

teaching are. It is not desirable to teach a whole bit of a course and the not have them examined as is 

always done with the use of subjective assessment such as essay test items. Because, even though 

students are expected to be intrinsically interested in the learning content but they can easily slide out of 

the content that they perceived will not be examined as a result of human nature. Hence, course 

development and assessment should be synonymous with each other. It should not be a process in which 

academics set out to design courses and then the assessment is the add-on, where suddenly marks have 

to be provided as evidence of teaching of the courses. The Cross Sectoral Assessment Working Party 

(2011:7) opined that “Assessment of and for students’ learning is the process of gathering and analyzing 

information as evidence about what students know, can do and understand. It is part of the ongoing 

cycle that includes planning, documenting and evaluating students’ learning”. Thus, assessment should 

be regarded as a key professional skill for teachers; part of effective planning for teaching and learning; 

and recognized as central to classroom practice. 
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On the other hand, performance based assessment is the process of using students’ activities rather than 

tests or surveys to assess skills and knowledge. It is supposed to be used when activities can be linked 

directly to the course; in academic programmes that develop complex integrated skills whose focus is on 

the creation of products or performances as in science oriented programmes. Therefore, they are not 

ideal in the large class sizes currently challenging higher institutions due to limitations of time and/or 

scope of courage; and as such other assessment techniques such as tests can better serve the needs of the 

assessment. The authors nevertheless advocate that performance assessment of the students should 

continue to be taken care of by building on their daily laboratory activities as formative assessment 

measures. This is necessary to enable the faculty to determine students’ skills and abilities and for 

students to learn more about how to improve their own skills; and to link their teaching to desired 

learning outcomes. While the multiple choice items should be used for summative assessment 

 

Teachers should realize that assessment is the driving force behind student learning (Beevers, Cherry, 

Foster & McGuire, 1991; Brown, Bull, & Pendlebury, 1997). It is a common practice for students not to 

read additional materials made available to them to practice. They most often do not read such 

supplementary materials because such materials are rarely assessed due to marking load an indication 

that students are becoming more strategic in their study habits and they are reluctant to undertake work 

which does not count towards their final grade. However, computer aided assessment (CAA) offers the 

opportunity to test students more regularly without increasing the marking load on staff. Computer aided 

assessment lends itself to: use of multiple choice items to help students diagnose their strength and 

weaknesses in their courses; the result provides feedback to teachers and students as they work through 

the learning materials and practical activities; a sequence of tests taken throughout a course of study 

with all the relevant feedback leads to course improvement, and assessment is always a learning 

opportunity for students. Hence, a good assessment system must ensure that students use this 

opportunity for effective learning.  

 

Assessing with Multiple Choice Items 

Test must be carefully constructed in order to avoid the contextualization of knowledge (Paxton, 1998) 

and it is wise to use objective testing as only one of a variety of assessment methods within a module. 

However, in terms of growing students’ numbers and decreasing resources, objective testing can offer a 

viable addition to the range of assessment types available to a teacher. Multiple choice items are forms 

of Objective Test Items. This form of test items requires the user to choose a response to an item whose 

correct response is pre-determined. Multiple choice items are well suited for CAA that involves 

automated marking. The electronic marking of the responses is completely non-subjective because no 

judgment has to be made on the correctness or otherwise of the answer at the time of marking. It should 

be noted that the items are as objective as the test designer makes it. Multiple choice items are strongly 

associated with assessing lower order cognition such as recall of discrete facts. Because of this, their use 

in higher education has been questioned (Velan, James, McNeil & Kimar (2008). Nevertheless, multiple 

choice items can be designed to assess higher order cognition (such as synthesis, creative thinking and 

problem solving). Some educationist (McBeath, 1992; Okonkwo, 2005) have surmised that all six levels 

can be tested using multiple test items. These researchers have developed valid and reliable objective 

test items at different levels of Bloom’s taxonomy. But the questions must be drafted with considerable 

skill if such items are to be valid and reliable. This needs training and takes time. When multiple choice 

items are to be used for assessment purposes, either formatively and/or summatively, for easy of 

marking them and/or for solid educational reasons, they are to be integrated effectively into the 
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assessment design as we have done in this study. Multiple choice items can aid teaching and learning in 

the following ways already identified (UNSW Australia, 2013): 

 Providing students with rapid feedback on their learning; 

 Being continually available without increasing the marking load (if delivered online, with 

automated feedback); 

 Lending themselves to design using quiz software tool either within or independently of 

Learning Management Systems such as Blackboard or Moodle. With such software, multiple 

choice items presentation can be automated and it facilitates test administration, scoring and 

feedback provision. 

 Allowing objective scoring. There can only be one right answer to a well-designed item, so 

marker bias is eliminated. 

 Allowing scoring by anyone, even automatically, thereby increasing efficiency, particularly in 

teaching large group of learners. 

 Being immune to students’ diverse capabilities as writers. 

 Containing recyclable items. Across the discipline, test writers can progressively develop and 

accumulate items in pools or banks for re-use in different combinations and settings.  

 

Nevertheless, multiple test items have challenges. Among the challenges identified by UNSW Austratia 

(2013) are that: 

 They are time consuming to develop and require skill and expertise to design well. 

 They are generally acknowledged to be poor at testing higher order cognition such as synthesis, 

creative thinking and problem solving. 

 They can be answered correctly by guessing. If poorly designed, they can provide clues to 

encourage guessing. 

 

Overview of Science Practical Work 

Practical work is the teaching of practical skills (Cilliers, Basson, Kirchner and Rutherford, 2000). 

Researchers like Bradley & Meaker (1998) have posed serious questions about the cost effectiveness 

and purpose of practical work. While, Motlhabane (2013) have observed that there has been global 

efforts to reduce cost involved in the manufacturing and distribution of science equipments in schools. 

The initiative has been welcomed by many teachers according to Motlhabane because the usual 

observed practice has been: 

 Lack of equipment previously in some schools; 

 Lack of proper use of equipment even when available in schools; 

 Inadequate time for laboratory activities; 

 Lack of trained personnel to handle the equipment; 

 Inadequate number of equipment compared to class sizes  

 

One of or combination of these usual practice has resulted in demonstration of science practical to group 

of learners by teachers of science. Therefore, learners observe what the teacher is doing and if the group 

is too big, they will not be able to see what is happening because of the size of the equipments. In order 

words, learners in most cases will not be able to manipulate equipments and participate actively in the 

actual doing parts. But, by implication, science practical work should generally incorporate three 

components namely: 
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1. Learners must “hear” what is happening. 

2. They must “do” the actual science practical. 

3. They must “see” what is happening. 

These components are necessary to make practical activities complete. However, in practice, due to 

large class sizes, lack of proper training of teachers to handle the equipments and/or even proper use of 

equipment have led to teachers theorizing practical activities. Hence, it is better to use well designed and 

articulated interactive computer programmes and simulations to teach science practical. The teaching 

will be simultaneously examined by the use of multiple choice items. Then the teacher will be able to 

guide the learners from the feedback obtained from the test results. This process will enhance active 

participation of the learners and is capable of taking care of the lapses inherent in the current practice. 

 

In this study, science laboratory classes mean hands – on as well as minds – on practical work activities 

such as laboratory experiments. With hands-on activities learners do experiments on their own, while the 

teachers act as facilitators. But, in distance education, learners can engage in distance practical work. In 

which case, learners can observe practical work via video or television without hands-on participation 

(Motlhabane, 2013). In the case of demonstrations, learners can observe a practical being demonstrated 

by the teacher in the classroom. Learners can also participate by making, doing, measuring, observing, 

asking and answering questions (Bradley and Maake, 1998:4). Thus, in that case, well designed multiple 

choice items such as ours, coupled with video demonstration of experiments and/or simulations can 

adequately serve the purpose of practical activity and assessment for large class sizes. Since, in general, 

practical work can include all types of investigations or experimentations by learners on their own or in 

groups, as well as demonstrations by teachers (Van der Linde et al, 1994:49). Furthermore, a review of 

research in science teaching (Shulman and Tamir’s, 1973) identified the rationales generally advanced 

for the use of the laboratory in science teaching as: 

 The subject matter of science is highly complex and abstract; 

 Students need to participate in enquiry to appreciate the spirit and methods of science; and 

 Practical work is intrinsically interesting to students. 

 

Hence, the advocates of the practical work were to train students in the way of practicing scientists so 

that students could become good scientists in the future (Abimbola, 1994). Abimbola (1994:5) opined 

that “continuity to accord a central role to laboratory work in science teaching does not seem reasonable 

and feasible anymore in the developing countries”.  He suggested recording on video tape well-planned 

demonstration experiments that can be showed to students at appropriate times. The practice would save 

teachers and administrators some money without further expenses on many consumable items; and 

modern day students are likely to enjoy watching a video recording that carry out laboratory work. He 

noted that most traditional laboratory activities are gradually being banned in developed countries either 

because of their health hazards or special interest groups.  

 

A typical example is animal dissection that used to be the core of biological experiments being gradually 

phased out because of the influence of animal right activists (Abimbola, 1994), despite the spirited 

defense of the animal use in the guidelines issued by the National Association of Biology Teachers 

(1980). Alternatively, computer simulations of dissection experiments interactive computer activities 

could be used in place of real life laboratory experiments; while computer programmes for problem-

solving exercises could be used in the major sciences. Already, the West African Examination Council 

are using alternative to practical for Senior School Certificate Examination for private candidates for 
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sciences in Nigeria. Therefore, the authors of this paper are proffering is by extension, practicable 

considering the fact that the students are to be already exposed to practical activities either in real time 

or by alternative and modern approaches – simulations and interactive computer programmes. Also, 

according to Abimbola (1996),  

The objective stated for any unit of instruction has been found to be generally 

in the ratio of the cognitive domain, 50%; the psychomotor domain, 25% and 

the affective domain 25%. If this proportion is so, and if students are able to 

master the cognitive component of their lessons, it should have transfer value 

on the affective and psychomotor domains. 

Thus, Abimbola and Danmole (1995) have recommended the use of content analysis method by concept 

maps to help students to understand the conceptual knowledge in science. Since, according to Bloom 

(1956), most of the subject matter content of most disciplines is informational. Whereas, we are 

proffering the use of multiple choice items as new instrument for science performance measure for large 

classes with a view of automating the process. This assessment paradigm will complement simulation 

and use of computer interactive programmes in science classrooms for large classes as worthwhile 

approach for science teaching and learning. This approach if well planned and executed, will inform 

good practice for standard setting and large scale assessment.   

Research Questions 

1. Is there a correlation between students performance in the Physics multiple choice test items and 

their performance in the subjective test items?   

2. Is there a correlation between students performance in the Biology multiple choice test items and 

their performance in the subjective test items?   

Hypotheses 

1. There is no significant relationship between the means of multiple choice scores and the 

subjective scores from examinations in Biology. 

2. A significant relationship does not exist between the means of multiple choice scores and the 

subjective scores from examinations in Physics. 

 

Methodology 

The design of the study is a correlation design. The population of the study consists of all first year 

students of Michael Okpara University of Agriculture, Umudike offering 100 level courses in Biology 

and Physics Laboratory courses of the University’s College of Natural and Applied Science   while the 

sample consists of the 100 level students of College of Agricultural and Science Education offering the 

required laboratory courses. The sample consists of all first year students in the college of Agricultural 

and Science Education of Michael Okpara University, Umudike who offered, PHY 117 (Practical 

Physics) and BIO 111 (Introduction to Biology) the practical aspect. The total number that offered 

Physics was 83 and Biology was 134. This is because integrated science/Education and 

Biology/Education students did not offer Practical Physics (PHY 117). The instruments for data 

collection were the subjective practical examinations conducted by the College of Natural Science and 

Applied Science for biology (BIO 111) and Physics (PHY 117) . A fifty items multiple choice questions 

were developed for Biology and Physics by the researchers using the same course outline used to teach 

and examine the said students. The instruments were content validated using test blue prints and test-

retest on some other students from Colleges not part of the study was used to establish the reliability of 

the test items. Pearson product moment correlation coefficient was used to determine reliability index. It 
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was found to be 0.81. Data were analyzed with SPSS 21. The coefficient of correlation and the mean 

differences were determined using Pearson product moment correlation coefficient and paired t-test. 

 

 

Results: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Paired Samples Test of Subjective Examination and MCQ of Physics Scores 

  Paired Differences 

t df Sig. (2-tailed) 

  

Mean 
Std. 
Deviation 

Std. Error 
Mean 

95% Confidence Interval of the 
Difference 

  Lower Upper 

Pair 1 exam 
- 
MCQ 

1.41566 16.12335 1.76977 -2.10497 4.93629 .800 82 .426 

Table 3 shows a non significant t of 0.800. This means that hypothesis 1 is tenable. 

 

Table 1: Correlation Coefficients of Biology 

  A B 

Exam Pearson Correlation 1 .531
**
 

Sig. (2-tailed)  .000 

N 134 134 

MCQ Pearson Correlation .531
**
 1 

Sig. (2-tailed) .000  

N 134 134 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 1 shows 0.531 Correlation Coefficient  which is 
significant at 0.01 level of significance for Biology.  

Table 2: Correlation Coefficient of Physics  

  exam Aptitude 

Exam Pearson Correlation 1 .538
**
 

Sig. (2-tailed)  .000 

N 83 83 

MCQ Pearson Correlation .538
**
 1 

Sig. (2-tailed) .000  

N 83 83 

**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 2 shows a Correlation Coefficient  of 0.538 at 0.01 
level of significance for Physics. 
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Table 4: Paired Samples Test of Subjective Examination and MCQ of Biology Scores 

  Paired Differences 

t df Sig. (2-tailed) 

  

Mean 
Std. 
Deviation 

Std. Error 
Mean 

95% Confidence Interval of the 
Difference 

  Lower Upper 

Pair 1 exam 
- 
MCQ 

4.84328 11.58678 1.00095 2.86345 6.82311 4.839 133 .000 

Table 4 shows a significant difference exists between the two tests scores. This means that the 

hypothesis 2 is rejected. 
 

Discussion 

Results showed a significant relationship between the subjective examination and multiple choice 

question scores for both Physics and Biology. This actually answered the research questions in 

affirmative. Since a significant relationship exists between the subjective examination scores and that of 

the multiple choice question scores, the challenges encountered by teachers and learners in the 

assessment of large sized Science practical classes as identified by Strong (2013.1) can be eliminated if 

adopted. The use of multiple choice questions in assessment of large size classes has already been in by 

JAMB, NOUN, OUUK to mention but a few. Automating or use of computers in the assessment will 

even make it easy as the marking can be done faster and even if it is marked or graded manually, it does 

not need any expertise as anyone can use the key to grade them. This also ensures fair assessment and 

prompt release of feedback to students. 

Adoption of MCQ for Science practical work addresses the issues raised by Bradley et al (1998) and 

Motlhabane (2013). However a significant difference exists in the result of paired t-test for Biology 

while it was not so in Physics. It could be attributed to view of Shulman and Tamirs (1973) who believe 

that practical work plays a role in conceptualizing Science. However Abimbola (1994) believes that a 

well planned demonstration can be shown to students and this will reduce expenditure and assessment 

could be done using MCQ. The researchers believe that MCQ can be used to assess large size classes at 

the 100 and 200 levels when almost all the Science students offer similar courses at these levels. 

Conclusion 

It is worth noting that the significant correlation means that MCQ could be adopted and automated 

because of the benefits of early release of results.It also eliminates subjective which is possible in 

subjective practical examinations where laboratory equipment are not enough. 

Recommendations 

The following recommendations are made: 

1. Multiple Choice Questions could be used to assess large-sized practical Science classes 

especially at 100 and 200 levels. 

2. It is possible automate the assessment process since it is easier to manage.   

3. The study be repeated by other researchers for other science subjects.  
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