
   
 

  

IBORO 1 

 

W RI
    World Journal of Interactive Research (WJIR) Vol. 4, Issue 1, Oct/Dec., 2021. 

eISSN:2672-5665,  pISSN: 2672-5657       University of Uyo. 
 

Effects of Practicals and Alternative-to-Practicals on Student’s Performance in Chemistry 

in Eket Local Government Area of Akwa Ibom State 

 

Umoh, Simon Walter 

Department of Chemistry 

College of Education, Afaha Nsit 

 

Abstract 

The present study investigated the effect of laboratory practical on academic achievement of 

chemistry students in selected secondary schools in Eket Local Government Area of Akwa 

Ibom State. The design of the study was quasi experimental, pretest post-test design- 

nonequivalent group. The population of the study was 1450 chemistry students drawn from 

eight secondary schools in the study area. The sample size was 124 chemistry students 

obtained through the use of Multi-stage sampling procedure. Firstly, simple random sampling 

technique was used to select two schools from the eight schools, secondly, two intact classes of 

chemistry students from the two schools were purposively assigned to experimental and 

control groups. Two instruments were used for data collection; Chemistry Achievement Test 

(CAT) and lesson plans for treatment of the experimental group and control groups. These 

instruments were validated for content and face validation by three experts; two from the 

Department of Science Education, University of Uyo and one from School of Science, College 

of Education, Afaha Nsit. A trial testing using test-retest of 30 students who did not take part in 

the main study was drawn from another school that deemed to possess the same trait as those 

used in the present study and a reliability coefficient of .78 was realised. The data collected 

was analyzed using mean and standard deviation to answer the research questions while 

Analysis of Covariance was used to test the null hypotheses at 0.05 level of significance. The 

finding shows that students exposed to chemistry practical (Experimental Group) performed 

significantly better than those taught with alternative-to-practical (Control Group). It was 

recommended among others that the establishment of functional laboratories in schools must 

be ensured as it would enhance effective teaching and learning of chemistry for sustainable 

National development. 
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Introduction 

Chemistry is a branch of science which deals with matter, its composition, properties, 

uses and the reactions which matter undergoes (Ababio, 2010). It is a natural and applied science 

that studies and analyses the physical phenomenon of nature. Chemistry, which is one of the 

three main branches of pure sciences (besides physics and biology) has its application in all 

spheres of life; some of which include transportation, pharmaceuticals, medicine, building and 

construction, agriculture, clothing and textiles, petroleum and petrochemicals etc. (Ababio, 
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2010).  Based on its importance and conspicuous contribution to our world, the study of 

chemistry is greatly encouraged in the face of the fast changing scientific and technological 

advancement. As an applied science, Ajagi and Kpangban  (2000) noted that the importance of 

the practical aspects of chemistry cannot be over emphasized and chemistry students need to be 

frequently exposed to the practical aspect of the subject as an integral part of the curriculum. One 

of the problems facing students of chemistry in senior secondary schools in Akwa Ibom state and 

Nigeria by extension is the lack of sufficient exposure to practical laboratory teaching; (Akusoba, 

2012). Practical chemistry at the laboratory is designed to help teachers and students to execute 

the study of chemistry more successfully and with better understanding. 

A laboratory is a facility that provides controlled conditions in which scientific or 

technological research, experiments, and measurements may be performed. Laboratory services 

are provided in a variety of settings: physicians' offices, clinics, hospitals, and regional and 

national referral centers. The organisation and contents of laboratories as researched by 

Lazarowitz and Tamir (2011) has determined that a physics laboratory might contain a particle 

accelerator or vacuum chamber, while a metallurgy laboratory could have apparatus 

for casting or refining metals or for testing their strength. A chemist or biologist might use a wet 

laboratory, while a psychologist's laboratory might be a room with one-way mirrors and hidden 

cameras to observe behavior. In some laboratories, such as those commonly used by computer 

scientists, computers (sometimes supercomputers) are used for either simulations or 

the analysis of data. Scientists in different fields use various types of laboratories. Engineers use 

laboratories to design, build, and test technological devices. 

Laboratory organization involves the physical establishment and its operation. It is 

perhaps simplest to divide the laboratory into its component sections and discuss each separately. 

Laboratory activity, here, is used to describe the practical activities which students undertake 

using chemicals and equipment in a chemistry laboratory. Scientific laboratories as ascertained 

by Boud, Dunn and Hegarty-Hazel (2019) can be arranged as research room and learning 

spaces in schools and universities, industry, government, or military facilities, and even 

aboard ships and spacecraft. 

Laboratory activities have had a distinctive and central role in the science curriculum and 

science educators have suggested that many benefits mount up from engaging students in science 

laboratory activities (Boud, Dunn and Hegarty-Hazel 2019). Over the years, many have argued 

that science cannot be meaningful to students without worthwhile practical experiences in 

laboratory. Some laboratory activities have been designed and conducted to engage students 

individually, while others have sought to engage students in small groups and in large-group 

without demonstration setting called alternative-to-practical.  Teacher guidance and instructions 

have ranged from highly structured laboratory activities to without demonstration setting called 

alternative-to-practical 
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Alternative to practical means a practical aspect of a laboratory training which is done 

outside the laboratory preferably in the class room. This is carried out after taking into 

consideration cost, existing technology, and logistics in light of overall project purposes, and 

having less impact to critical areas. On the other hand, practical chemistry as asserted by 

Hofstein and Lunetta (2004) is a collection of experiments that demonstrate a wide range of 

physical concepts and processes. Some of the experiments can be used as starting-points for 

investigations or for enhancement of activities. Jrajick, Mamlok and Hug (2001) asserted that 

alternative to practical assessment is a written paper that tests the knowledge of the students in 

the process of conducting practical experiments in the laboratory.  

Practical work in chemistry at secondary school lays emphasis on the student’s 

acquisition of thorough knowledge of apparatuses and their uses; laboratory skills and 

understanding of intriguing calculations that deepens the students grasp of basic theoretical 

concepts. Students that are frequently exposed to practical work with guidance by their teachers 

have better understanding of theoretical concepts and can easily associate them with the 

practical work (Akusoba, 2012). 

Statement of the Problem 

The importance of frequent laboratory practicals in chemistry and the sciences in general 

cannot be over-emphasized. Due to the importance of chemistry practical as a major requirement 

for achievement in chemistry examinations, various researches have advocated for effective 

teaching of chemistry practicals more frequently (Ajayi and Kpangban, 2000; Ayaya, 2000).   

Alternative-to-practical has been criticized as a practical training which is done outside 

the laboratory preferably in the class room as the training having less impact to critical practical 

areas. On the other hand, practical chemistry which involves a collection of experiments that 

demonstrate a wide range of physical concepts and processes has not been left out in the low 

elicitation of performance among students. It is not out of place to notice that some of the 

experiments could not be used as starting-points for investigations or for enhancement of 

activities.  

In recent times, there has been a growing public concern and criticism on the falling 

standard of education in Nigerian secondary schools and colleges. Students' performance in 

internal and external examinations especially in science subjects relating to practical has been a 

cause for concern. This failure is greatly attributed to poor performances in the practical aspect 

due to lack of frequent practical exposure. 

Based on these, it becomes necessary to research on the effect of exposure to practicals 

and alternative-to-practicals on the academic achievement of chemistry students in selected 

secondary schools in Eket Local Government Area. 
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Purpose of the Study 

The purpose of this study is to determine the effect of practical and alternative-to-

practicals on the academic achievement of chemistry students in Eket Local Government Area 

of Akwa Ibom State. 

 

Research Question 

What is the difference in the academic performance of students in chemistry when taught 

practical in laboratory and using alternative to practical method in Secondary Schools in 

Eket Local Government Area of Akwa Ibom State? 

Null Hypothesis 

There is no significant difference in the mean score of students’ academic performance 

taught practical chemistry in laboratory and using alternative to practical method in Secondary 

Schools in Eket Local Government Area of Akwa Ibom State 

Significance of Study 

The findings of this study will help chemistry teachers to expose students to frequent 

practical work so as to enhance effective teaching and learning. These would produce a team of 

scientifically literate citizens that would serve as the catalyst for national sustainable 

development. 

Secondly, the study will help the Ministry of Education (MOE) to provide adequate tools 

to enhance the teaching of chemistry at all levels of education. The study will enable public and 

private institutions, and parents to determine how best to prepare students for better academic 

achievement in Chemistry, not only in Eket Local Government Area but also in Akwa Ibom 

State and the nation at large for sustainable national development. 

Finally, the research study is expected to arrive at results that would provide the bases for 

further research studies in the area of pedagogy and enhancement of academic achievement in 

chemistry in particular and the sciences in general, which is the bedrock of national 

development. 

Literature Review 

A hallmark of science is that it generates theories and laws that must be consistent with 

observations. Much of the evidence from these observations is collected during laboratory 

investigations. A school laboratory investigation is defined as an experience in the laboratory, 

classroom, or the field that provide students with opportunities to interact directly with natural 

phenomena or with data collected by others using tools, materials, data collection techniques and 

models (National Research Council, 2006). Throughout the process, students should have 

opportunities to design investigations, engage in scientific reasoning, manipulate equipment, 
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record data, analyse results, and discuss their findings. These skills and knowledge, fostered by 

laboratory investigations, are an important part of inquiry-the process of asking questions and 

conducting experiments as a way to understand the natural world (National Science Teachers 

Association, 2004). While reading about science, using computer simulations, and observing 

teacher demonstrations may be valuable, they are not a substitute for laboratory investigations by 

students (NRC, 2006). 

For science to be taught properly and effectively, laboratory work must be an integral 

part of the science curriculum. The National Science Teachers Association (NSTA) 

recommended that all prek-16 teachers of science provide instruction with a priority on making 

observations and gathering evidence, much of which students experience in the laboratory or the 

field, to help them develop a deep understanding of the science content, as well as an 

understanding of the nature of science, the attitude of science and the skills of scientific 

reasoning (NRC, 2006). Furthermore, NSTA is committed to ensuring that all students-including 

students with academic, remedial, or physical needs; gifted and talented students, and English 

language learners have the opportunity to participate in laboratory investigations in a safe 

environment. 

NSTA strongly believes that developing appropriate laboratory investigations are 

essential for students of all ages and ability levels. These should not be rote exercises in which 

students are merely following directions, as though they were reading a cookbook, nor should 

they be a superfluous after thought that is only tangentially related to the instructional sequence 

of content. Properly designed laboratory investigation should: 

i. Have a definite purpose that is communicated clearly to students, 

ii. Focus on the processes of science as a way to convey content; 

iii. Incorporate ongoing student reflection and discussion, and  

iv. Enable students to develop safe and conscientious laboratory habits and procedures 

(NRC, 2006) 

Inquiry-based laboratory investigations at every level should be at the core of the science 

programme and should be woven into every lesson and concept strand. As students move 

through the grades, the level of complexity of laboratory investigations should increase. 

Laboratory skill is the art of mental and manipulative exercise which can lead to 

discovery and evaluation of knowledge. Creativity is necessary and should be encouraged by 

setting original and thought-provoking problem-solving experiments or exercises (Mayer, 2012). 

Many skills are needed for effective performance in Chemistry. According to Zales (2010), 

learning skills in chemistry include: 
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i. Experimentation, observation and recording of data 

ii. Recalling the theory and making tables; 

iii. Analysis of result 

Developing favorable attitude towards science has often been listed as one of the 

important goals of science teaching. Generally, writers have assumed that the availability of a 

wide variety of instructional materials will enable teachers to vary classroom procedures, avoid 

monotony and arouse interest and attention (Ben-Zvi 2010; Walberg, 2011; Smith, 2012). Olson 

(2010) for example, found that students enjoy laboratory work in all science courses and this 

generally results in positive and improved attitude towards interest in the sciences. 

In a research study conducted by Ben-Zvi (2010), integrated science students were asked 

to rate the relative effectiveness of instructional methods. Students reported that personal 

laboratory work was the most effective instructional method for promoting their interest and 

learning when contrasting with teacher demonstrations, group discussion, filmed experiment and 

lectures. Similar results were obtained by Bybec (2015), in comparing laboratory versus lecture 

demonstration in a College level Earth Science course. 

Methodology 

The study adopted the quasi experimental design, pretest-posttest, non-equivalent control 

group design. The design was adopted since condition did not permit random selection of the 

sample as well as assigning subjects to group without disrupting academic activities of the 

school participating in the investigation. This study was conducted in Eket Local Government 

Area of Akwa Ibom State. The headquarters is Eket. Eket Local Government Area has a 

population of 77,509 (1991 provisional census) and a land mass of 175,477 sq.km. The Local 

Government Area is made up of about 71 villages, 4 clans and Il wards. It occupies the south-

central part of Akwa Ibom State. The territorial boundary spans between latitude, 4
0
4.5

0 

Northwards and longitude 7.52
0 

- 5.02
0 

Eastwards. Eket Local Government Area is bounded by 

Nsit Ubium, Ibeno, and Onna Local Government Areas; and the bight of Bonny. The physical 

relief of Eket Local Government Area is basically flat though with some marshy river washed 

soils around the banks of Qua Iboe River. Eket Local Government Area falls within the tropical 

zone where its dominant vegetation is the green foliage of trees/shrubs and the oil palm belt. The 

Local Government Area has two seasons; the wet and the dry seasons. The population of the 

study was 1450, made up of all senior secondary two (SS2) Chemistry students for the 

2017/2018 school session in all the secondary schools in Eket Local Government Area of Akwa 

Ibom State.  

The sample size for this investigation was 124 SS2 students in chemistry. The sample 

size selection was based on the table provided by Krejice and Morgan (1970) on sample 

selection for research purposes. The random sampling of the cluster (from a total of 124 
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clusters) with the associated population was done to obtain the actual sample size in the form of 

intact classes. The randomly selected cluster with 124 SS2 chemistry students constitute the two 

intact classes that participated in this investigation. The researcher then assigned the two intact 

classes into experimental group with 63 SS2 chemistry students and 61 SS2 chemistry students 

into control group. 

The instrument for data collection in this study was the researcher made instrument, 

tagged “Chemistry Achievement Test” (CAT) consisting of 50 multiple choice questions. 

Students’ performance scores in pre-test and post-test constituted the data for statistical 

analysis. The researcher developed a chemistry experimentation guide/lesson plans on five 

topics for treatment of chemistry students in the laboratory and alternative-to-practical in the 

class room. CAT constituted the measuring tool for the performance of chemistry students in 

experimental and control groups. Chemistry experimentation, specific objectives, entry 

behaviour, instructional materials and instructional procedures were indicated in each 

experimental guide. Details of steps, content development, students’ activities, remedial level 

of performance and skills acquired were presented in the instructional procedure. The 

chemistry experimentation guide/ lesson plan and the “Chemistry Achievement Test” (CAT) 

were validated by three experts, two from the Department of Science Education, University of 

Uyo, and one from School of Science, College of Education, Afaha Nsit. The contributions and 

corrections from the three experts were incorporated in the final copy of the instrument. 

Chemistry Achievement Test” (CAT) was administered to 30 chemistry students who 

will not participate in the final investigation but were found to be equivalent to the research 

group under investigation. The reliability coefficient was determined using Pearson’s Product 

Moment Correlation (PPMC) statistical tool after test- retest method was used.  The result 

revealed that CAT had a reliability of .78 and the instrument was reliable and capable of 

measuring the intended events with consistency. This reliability technique is appropriate for 

the study as it involved repeated measurements with the same instrument. 

 The researcher with the assistance of the regular class teachers subjected the intact 

classes into pretesting exercise on Chemistry Achievement Test” (CAT) to test the students 

already acquired knowledge of the subject under investigation. Thereafter the experimental 

group and the control groups were subjected to treatment after which the post-test were 

administered to both groups. The scores of the experimental group in both pre-test and post-

test were recorded and compared with the pretest and post-test scores in the control group 

 

Experimental Conditions 

   To avoid experimental bias, the researcher was not directly involved in the administration 

of the test, rather the regular class teachers in the participating schools taught their own students 

in the experiment and control groups. 
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To control the invalidity and maintain uniformity in standard, the researcher personally prepared 

the practical instrument covering topics in Qualitative Analysis and Chemistry Achievement Test 

(CAT). The participating teachers received briefing on the modalities on the use of the laboratory 

guide and on the administration of the Chemistry Achievement Test (CAT). They did not have 

access to the test instrument until the time of administration  

Experimental Procedure 

Chemistry teachers were instructed to teach the Experimental Group. The treatment 

covered a period of about five weeks; covering topics in Qualitative Analysis (experimental 

group) using laboratory activities and the Control Group (alternative-to practical), the 

conventional talk and chalkboard method.  
 

Data Analysis 

The mean and standard deviation was used to answer research questions while analysis of 

covariance (ANCOVA) was used to test the null hypothesis at .05 level of significance. The 

purpose of employing ANCOVA for data analysis is to control or adjust for the effect of one or 

more uncontrolled variables (covariate or concomitant variables) and permit a valid evaluation of 

the outcome of the experiment.  
 

Decision Rule 

In answering research question, where the mean gains between students’ performance in 

the pretest and post-test scores in any of the experimental methods, the one with the highest 

mean would be taken as the best laboratory method. 

When a calculated p-value is less than the stipulated alpha level, the null hypothesis is rejected in 

favour of the alternative one.  Where the calculated p-value is greater than the stipulated alpha 

level, the reverse decision holds. 

 

Result  

Research Question: What is the difference in the academic performance of students in 

chemistry when taught practical in laboratory and using alternative to practical method in Eket 

Local Government Area of Akwa Ibom State? 

 

  

Table 1: Students achievement score under laboratory and alternative to practical method  

variables N    pretest 

   ̅       SD 

   posttest 

   ̅       SD 

Mean 

gain 

Mean 

difference 

Experimental group 63 59.73  10.24 74.75   8.08 15.02  
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(laboratory) 

     3.38 

Control group 

(alternative to practical 

method) 

61 59.18  8.86 71.02   6.48 11.64  

 

Data presented in Table 1 shows the students pre-test mean score of achievement through 

their exposure to Qualitative Analysis using laboratory experimentation and alternative to 

practical methods. The students pretest mean score under experimental group (laboratory 

experimentation) was 59.73 while posttest score was 74.75.  The pretest mean score for students 

under control group (alternative-to-practical method) was 59.18 and 71.02 for post-test. The 

mean gain of the students in the experimental group was 15.02 and the mean gain of students in 

the control group was 11.64, leaving a mean difference between the groups to be 3.38 in favour 

of the laboratory experimental group.  The inference therefore is that the students taught 

Qualitative Analysis using laboratory experimentation performed better than the students taught 

Qualitative Analysis using alternative-to-practical 

Null Hypothesis: There is no significant difference in the mean score of students’ academic 

performance taught practical chemistry in laboratory and using alternative to practical method in 

Eket Local Government Area of Akwa Ibom State. 

Table 2: covariance Analysis ANCOVA of students’ post-test classified by Method with pretest 

as covariate 

source Sum of 

square 

df Mean 

square 

F Sign at 

P<.05 

Decision 

Covariate 

(pretest) 

4091.64 1 4091.64 115.10 .029 * 

Main effect       

Method 651.45 1 651.45 18.33 .013 * 

Model 4743.08 2 2371.54 66.71 .019 * 

Residual 7713.84 122 35.55    

Total 12456.93 124 56.88    

*= significant at .05 level of significance 

 

As shown in Table 2, the calculated p-value .019 of the main effect of method is less 

than the declared p-value (alpha level) of. 05. Therefore, null hypothesis one is rejected in 

favour of the alternative hypothesis. This implies that there exists a significant difference 

between the student academic mean performances in Qualitative Analysis when exposed to 

laboratory experimentation than students exposed with alternative to practical. 
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Discussion of Findings 

The result shows the difference in the mean achievement scores of experimental and 

control groups. The difference is attributed to the effect of treatment for both groups. The 

research hypothesis is therefore rejected; meaning that there is a statistically significant 

difference in the mean achievement scores of students taught Chemistry using laboratory 

activities (practical) and those taught with alternative-to-practical. This result indicates that 

laboratory activities positively affect students’ achievement in Chemistry instruction. Practical 

exposure leads to a better understanding of the subject matter and an improved students’ 

performance.  

This result is in consonance with the findings of (Hofstein, & Lunetta, 2004) who 

asserted that experimentation demonstrate a wide range of physical concepts and processes as 

some of the experiments could be used as starting-points for investigations and for enhancement 

of student’s performance. Also the present day result is in paripassua with the finding of Matiru, 

Mwangi, and Schelette, R (2019) that laboratory experimentation provides a facility that 

provides controlled conditions in which scientific and technological research, experiments, 

and measurement may be performed for better understanding of the student achievement. Hence, 

laboratory services are provided in a variety of settings: for physicians' collection of experiments 

that demonstrate a wide range of physical concepts and processes.  

Conclusion 

The research finding shows that students’ high academic performance is attributable to 

laboratory activities (practical work) adopted by science teachers. Laboratory activities also 

promote students' interest in the learning of sciences. Researchers must examine the goal of 

science teaching and learning with a view to identifying optimal activities and experiences from 

all modes of instruction that will best facilitate these goals. 

 

Recommendations 

Based on the Findings and their discussion as well as conclusion the following 

recommendations are proffered. 

1. Akwa Ibom State Government through the ministry of education should consider it a 

matter of necessity, the establishment of functional laboratories where they do not exist.  

2. Chemistry teachers should ensure that chemistry is taught in laboratories instead of using 

alternative to practical. 

3. The examination bodies such as the West African Examination Council (WAEC) and the 

National Examination Council (NECO) should desist from setting chemistry 

examinations using alternative to practical as the result has shown that students’ 

performance is not enhanced with this method of teaching. 
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4. Chemistry Teachers should be trained and retrained on improvisation of various 

resources and materials for chemistry teaching and learning. 
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