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Editorial

Dear authors, reviewers, and readers

It has been a month since | was given the privilege to serve as the Chief Editor of the International Journal
for Innovation Education and Research (IJIER). It is a great pleasure for me to shoulder this duty and to
welcome you to THE VOL-7, ISSUE-4 of IJIER which is scheduled to be published on 30* April 2019.

International Journal for Innovation Education and Research (IJIER) is an open access, peer-reviewed and
refereed multidisciplinary journal which is published by the International Educative Research Foundation
and Publisher (IERFP). IJIER aims to promote academic interchange and attempts to sustain a closer
cooperation among academics, researchers, policy makers and practitioners from a wide range of
disciplines, which contribute to state of the art in science, education, and humanities. It provides a forum
for the exchange of information in the fields mentioned above by welcoming original research papers,
survey papers, and work-in-progress reports on promising developments, case studies, and best practice
papers. The journal will continue to publish high-quality papers and will also ensure that the published
papers achieve broad international credibility.

The Chief Editor, appointed by the Associate Editors and the Editorial Board, is in charge for every task for
publication and other editorial issues related to the Journal. All submitted manuscripts are first
screensed by the editorial board. Those papers judged by the editors to be of insufficient general interest
or otherwise inappropriate are rejected promptly without external review. Those papers that seem most
likely to meet our editorial criteria are sent to experts for formal review, typically to one reviewer, but
sometimes more if special advice is needed. The chief editor and the editors then make a decision based
on the reviewers' advice.

We wish to encourage more contributions from the scientific community to ensure a continued success
of the journal. We also welcome comments and suggestions that could improve the quality of the
journal.

| would like to express my gratitude to all members of the editorial board for their courageous attempt,
to authors and readers who have supported the journal and to those who are going to be with us on our
journey to the journal to the higher level.

Thanks,

Dr Eleni Griva

Ass. Professor of Applied Linguistics
Department of Primary Education
University of Western Macedonia- Greece
Email: chiefeditor@ijier.net
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FACTORS INFLUENCING STUDENTS’ ACADEMIC PERFOMANCE
IN KENYA CERTIFICATE OF SECONDARY EDUCATION IN
KIRINYAGA CENTRAL SUB-COUNTY, KIRINYAGA COUNTY,
KENYA

STEPHEN WANYONYI LUKETERO, EDITH WAMBUI KANGANGI
UNIVERSITY OF NAIROBI, Kenya

ABSTRACT

This paper is on factors students’ academic performance in Kenya Certificate of Secondary Education in
Kirinyaga Central Sub-county of Kirinyaga County, Kenya. Literature review dwelt on global examination
of academic performance, Africa review and regional including Kenya case. The study was guided by five
objectives including but not limited to: factors that influence KCSE performance that include students-
teachers ratio, peer pressure, school resources, student’s motivation and family background. The study
used descriptive survey research design. The sample comprised of 136 respondents of whom 68 were
Heads of department, 34 deans of studies and 34 school captains from all the 34 schools in Kirinyaga
Central Sub-county. Results on teacher-students ratio was seen to be highly influencing students’
performance. All the respondents (100%) agreed that high teacher-student ratio influence KCSE
performance by either leading to low physical contact between teachers and students hence poor
understanding of concepts and poor individual attention to every students. Peer influence influences
students’ academic performance. 67.6% of the respondents agreed that some learners might not be
interested in academic excellence hence dragging others behind. Peers also influence each other on drug
and substance abuse, premarital indecency, dressing indecently, coupling and laziness. It was observed
that 94.1% of the respondents agreed that school resources influence students’ performance. These
include enough teachers, textbooks, buildings, revision materials etc. on students motivation it was found
that attitude of students influence academic performance by 73.3%. It was also noted that 86.7% of the

respondents agreed that family background had influence on academic performance.

Keywords: Absenteeism, Academic performance, Adult literacy, KCSE, Parallel programme, peer
pressure, school based, school resources, teacher student’s ratio, staffing.

INTRODUCTION

Education is a leading instrument for economic growth. The cognitive skill of the population rather than
mere school attainment is related to economic growth (Elsiever, 2010). Education and training are the tools

to develop the country and therefore exam performance cannot be overlooked. KCSE in Kenya was first
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held in 1989 and had at least 10 subjects that were reviewed twice to seven. Candidates are graded using
mathematics, at least two sciences, at least two languages, humanity and a technical.

Academic performance determines whether the students will proceed to the university and other tertiary
institutions (Lezotte, 2002). This therefore dictates a student’s academic life to some extent. Secondary
education has been included as basic. The government provides teachers, textbooks and other learning
materials. Kenya hopes to provide a globally competitive quality education training, research and
development. The overall goal of 2012 was to do away with illiteracy and make education accessible,
increase the number of transition from primary to secondary and raise the quality and relevance of
education. KCSE performance in Kirinyaga Central sub-county is influenced by many factors and it is
dismal at secondary school level. The secondary school stakeholders may be concerned about the poor
results posted in KCSE exam despite the same county taking a leading position in KCPE as illustrated by

the table below for the last seven years.

Table 1.1 KCPE/KCSE Performances
YEAR. KCPEPOS NOOF SCHOOLS IN TOP 100 (IN KCSE) PER. SUBCOUNTY

Kinnyaga Kinvag Kinnyaga Mwega Mwega

Central west East East West
2010 1 0 1 0 0 0
2011 1 0 0 0 0 0
2012 1 1 1 2 0 0
2013 1 0 0 0 0 0
2014 1 0 0 0 0 0
2015 1 0 0 0 1 Osnil
2016 1 0 0 1 0 0

The aim of this study is to examine factors that influence KCSE performance in Kirinyaga Central sub-

county. Most of the students who join secondary school do not transit to university.

Significant Terms

Academic performance - Attainment of KCSE grades that allow a student Proceed to University

Kenya Certificate of Secondary Education— is the final examination taken by secondary Students in
order to determine who qualifies for University entry

School Resources - These are physical and human inputs in a school meant for Learning

Peers Pressure - Influence of agemates either positively or negatively Within students that can influence
academic performance.

Teacher students’ ratio - Number of students to be taught in a class by a single Teacher

Statement of the problem
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International Journal for Innovation Education and Research Vol:-7 No-04, 2019

The Kenyan government is investing a lot of resources through free primary and free day secondary
schooling which was rolled out in 2008.Under this programme, each student is allocated shs 10,625 pear
year with1.7 million students benefitting from the programme in the year 2011.Education ministry takes
the lions share in the Kenyan budget. Kirinyaga Central Sub-county in Kirinyaga County is accredited for
exemplary performance in Kenya Certificate of Primary Education but the performance in Kenya
Certificate of Secondary Education is dismal, as illustrated in table 1.1 above. The trend is also worrying
in other sub counties in Kirinyaga. Vision 2030 aims to provide a globally competitive quality education
training research and development. With this background in mind the study investigated the factors that

influence Kenya Certificate of Secondary Education performance in Kirinyaga Central.

Objectives of the study
The study was guided by the following objectives;
i.  To determine the influence of teacher-students ratio on students’ academic performance in KCSE
in Kirinyaga Central Sub-county.
it.  To determine the influence of peer pressure on students’ academic performance in Kirinyaga
Central Sub-county.
iii.  To establish how availability of school resources influence students’ academic performance in
KCSE in Kirinyaga Central Sub-county.
iv.  To establish how students motivation influence students’ academic performance in KCSE in
Kirinyaga Central Sub-county.
v.  To determine how family background influence students’ academic performance in KCSE in

Kirinyaga Central Sub-county.

LITERATURE REVIEW

The study reviewed literature based on academic performance of students locally, in Africa and in global
perspective. Areas reviewed included teachers students ratio, peer pressure, school resources, motivation

of students and family background.

Teacher Students Ratio

Smaller classes are always perceived as allowing teachers to focus more on needs of individual students
and reducing the amount of time needed to deal with disruptions. Smaller classes allow greater flexibility
for innovation in classroom, improved teacher morale and job satisfaction (Hattle 2009: OECD 2009). The
ratio of teachers to students also dictates how resources are to be shared. Researchers have found that class
reduction has narrowed the achievement gap as the cost of reform has hindered the implementation of
smaller classes over the years (Adams, 2014).

It has been noted that students learn better in smaller groups and are able to learn from each other, share
knowledge, build better personal relationship with their peers and teachers and stay enlightened. There are
also differences in achievement variability between small and large classes. (Black 2001) notes that smaller

teachers students ratio often have always been weighed against higher salaries for teachers, increased
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professional development greater teacher training and greater investment in teaching technology and
widespread use of assistant teachers.

Many countries are considering class reduction with the objective of improving academic performance
(Krueger 1999) indicate that the average student achievement in small class (15 students) was significantly
higher in smaller classes. Reducing class size is a promising intervention that will increase academic

achievement on average of all students.

Peer Pressure

A peer group is a group of similarly aged fairly close friends sharing the same activities. Peers can influence
positively or negatively in an adolescent life. In adolescence, this is the stage of development where one’s
state of identity is so unstable (Castrogiavani, 2002). Peers play a strong influence in academic
achievement. Their effect is independent of other factors such as race, ethnicity, gender income and other
background variables.

Peer perception is seen to appear stronger in females than males. The peak of peer influence is at
adolescence between the ages of 11 to 13 and is prominent in risky and antisocial behaviours (Ryan, 2000).
At this time individuals make important decisions about their commitment to academics family and perhaps
religion. They question if school is really important to them. They make choices on motivation, engagement
and achievement in school.

Peer groups are also influential regarding to changes in students intrinsic values for school as far as liking,
enjoying and achievement. Associating with friends who have positive motivation towards school enhances
students’ satisfaction with school while associating with those with negative motivation reduces it (Biddle,
bank & Martin 2001).Many adolescentsparents are not actively involved in their lives, they do not provide
appropriate supervision and are unlikely to clearly communicate their values. This exposes adolescents
greatly to peer pressure.Separating students according to their achievement abilities in school is another

drawback. They may end up forming a groups own peer culture Alderman (2000).

School Resources

Educational resources play a significant role in order to provide equal opportunities to students by
diminishing the effects of social economic factors on social development.

Several factors including instructional resources, if scarce, constrain educational system from responding
more fully tomeeting crises in educational demands. To meet crises in education, education systems will
need real resources that can buy a fuller share of nation’s manpower and raise its quality, efficiency and
productivity.

Guthnie, (2013) stresses the importance of having appropriate personnel plan and adequate physical
facilities to support educational effort. Environment that is not conducive for learning can lead to poor
performance (Juma 2011), links performance in examination to the state of teaching and learning resources
in the school. According to him human resource as a factor of production is affected by in adequacy as well
as it’s reflected by the level of teaching and motivation.
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It is important to have sufficient and adequate human resource in terms of teacher quality. Without teachers
as the implementing factor the goal of education cannot be achieved.

Lack of basic facilities like laboratory compromises the teaching of science subjects. Topics meant to be
covered practically might end up being covered theoretically (Mayama 2012). Provision of adequate
learning facilities at all levels including equipment’s and learning resources enhance the quality and
relevance of imparted skills of learners (Grubb, 2009).

Students Motivation

A relationship exists between parental involvement, student motivation and academic performance. A
student who is motivated to do well in school is likely to make effort and achieve high scores. Kusukar,
Croiser and Cate (2012) there are several factors that motivate a student to engage in a lesson activity,
example teacher’s creativity and competency to use textbook encourages student’s participation in
classroom activities.

Ells (2002) a student’s most powerful motivation to learn comes from his/her prior success in that subject.
(Levi 2004) motivation affects students’ attitude by causing them to have more positive attitude and
confidence in themselves. Students that lack motivation put in less effort which in turn leads to poor
academic performance. Motivation influences performance through its effects on self-regulatory
behaviours and study strategies (Killian 2005).

It is important for students to be actively engaged in their learning for success. Motivation affect attitude
by causing students to have more positive attitude and confidence in themselves. Students attitude to

reading when they are children produce adults who continue to read in their life.

Family Background

Economic, cultural and parenting styles are indicators of family background. There are interrelationships
that connect family background to students’ academic achievement. Cultural capital indicators to measure
are parents’ educational level, parents’ frequency in reading books, using internet and attention to current
affairs. There are many factors that contribute to a child’s level of academic success but the most important
unit of a child’s academic success is family. This is because it is the first source of informal education to a
child. Parenting style, discipline techniques, involvement with children and home environment are shown
to affect a child’s ability to academically achieve (Ferlazzo, 2015).

Studies on negative effects of alcohol use on children by Mcwey and Herdrson (2010) shows that fathers
who abuse alcohol are unlikely to engage with children hence lack of academics follow-up. Parents
demonstrating tolerant ideas related to not only their own use of alcohol but alcohol use in general are more
likely to have adolescents who engage in excessive drinking or have alcohol related behavior
(Mares.et.al.2011).

Parental alcohol use is linked to maladaptive outcomes in children development, health behaviour and
academic success. With no proper education, children will encounter hardships such as illiteracy,

unemployment and shame. (James, Jurich& Estes 2001) Family cohesion also affects students’ academic
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performance students who reside in low income neighborhoods are more likely to perform poorly in schools
as compared to those who reside in affluent neighborhood.

METHODOLOGY
Study Design

The study employed descriptive survey design. The design was ideal since it describes a situation or an
area of study factually and accurately. Descriptive research describes areas like possible behavior attitudes,
values and characteristics. The results of KCPE and KCSE from county education office schools offered
the necessary information needed for study. Schindles and Coopers (2003) state that descriptive studies are
structured with clearly investigative questions Variables used included teacher-students ratio, peer

pressure, school resources, students’ motivation and family background.

Target Population
The target population was 34 secondary schools all from Kirinyaga Central Sub-county. The information

was sort from 34 school captains, 68 teachers who are heads of departments and 34 deans of studies.

Sample Size and Sampling Technique
This study adopted census survey where each and every member of the target population comprising of 34
school captains, 34 heads of departments and 68 school captains were used in the study. Census survey was

adopted since the target population was deemed not large enough.

Instruments Validity

The researcher used the supervisor who is an expert to fine tune the questionnaire. The researcher pre tested
the questionnaire using representative from target audience in three schools whereby a few respondents
were chosen later the researcher adjusted the questionnaire as per the suggestions given by the respondents
during pretesting.

Reliability of the Instrument

This research study used test retest method that involved administering the same scale or measure to the
groups of respondents at two separate times. The study assessed the consistency of the responses to make
judgment on their reliability.

Data Collection Procedure

Three sets of questionnaire were used to collect data i.e. from school captain, head of department and dean
of studies. The questionnaires gave respondents adequate time to express their views and opinions and
make suggestions due to their descriptive nature, their use was more economical and provided a safe basis
of generalization (Kaothari, 2014).

The study used semi structural questions with a mixture of focused and response items to enable researcher

to collect qualitative date from open ended question and quantitative data close ended question. A letter of
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introduction from University of Nairobi was issued. The principal of the participating schools were
contacted before administering the questionnaire. Respondents were assured strict confidentiality of their

responses. The respondents were also informed the significance of the study.

Correlational analysis of responses
A correlation of factors influenced KCSE performance in Kirinyaga Central. These were run under SPSS
to establish their strength

Teacher student ratio academic performance
Pearson product-moment correlation 1000 r=0.985
Sig. (2Tiled) 0.002.
N 5 5
Teacher student ratio
academic performance r=0.985 1000
0.002
5 5

**xxxCorrelational significant at the 0.005

A Pearson product-moment correlation coefficient was computed to assess the relationship between
the amount of Teacher-student ratio and academic performance. There was a positive correlation
between the two variables, r = 0.985, n = 5, p = 0.002. Overall, there was a strong, positive
correlation Teacher-student ratio and academic performance. Increases in Resource allocation and

Teaching time and decreases in class size were correlated with increases in academic performance.

Peer pressure academic performance
Pearson product-moment correlation 784 r=0.644
Sig. ( 2Tiled) 0.012.

N 7 7

Peer pressure
academic performance r=0.644 784

0.012

7 7

*rxxxCorrelational significant at the 0.005

A Pearson product-moment correlation coefficient was computed to assess the relationship between

the amount of Peer pressure and academic performance. There was a positive correlation between
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the two variables, r = 0.644, n = 7, p = 0.012. Overall, there was a strong, positive correlation
between Peer pressure and academic performance. Increases in Peer pressurewere correlated with

increases in academic performance.

school resources academic performance
Pearson product-moment correlation 990 r=0.780
Sig. ( 2Tiled) 0.029.

N 15 15

school resources
academic performance r=0.780 990

0.029

15 15

rxekCorrelational significant at the 0.005

A Pearson product-moment correlation coefficient was computed to assess the relationship between
the amount of school resources and academic performance. There was a positive correlation between
the two variables, r = 0.780, n =15, p = 0.029. Overall, there was a strong, positive correlation
between school resources and academic performance. Increases in school resources were correlated

with increases in academic performance.

students motivation academic performance
Pearson product-moment correlation 920 r=0.805
Sig. ( 2Tiled) 0.044.

N 4 4

students motivation
academic performance r=0.805 920

0.044

4 4

*x&xCorrelational significant at the 0.005

A Pearson product-moment correlation coefficient was computed to assess the relationship between
the amount of student’smotivation and academic performance. There was a positive correlation
between the two variables, r = 0.805, n =4, p = 0.044. Overall, there was a strong, positive correlation
between student’smotivation and academic performance. Increases in student’smotivation were

correlated with increases in academic performance.

family background academic performance
Pearson product-moment correlation 720 r=-0.882
Sig. ( 2Tiled) 0.044.
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N 4 4
family background
academic performance r=-0.882 720
0.044

rxxxCorrelational significant at the 0.005

A Pearson product-moment correlation coefficient was computed to assess the relationship between
the amount of family background and academic performance. There was a negative correlation
between the two variables, r = -0.882, n =4, p = 0.044. Overall, there was a strong, positive
correlation between family background and academic performance. Increases in family background

were correlated with increases in academic performance.

SUMMARY OF THE FINDINGS AND CONCLUSION

The findings revealed that many respondents established that there is an influence of teachers-students ratio
on students’ academic performance. The findings reviewed by the deans of students that teacher student’s
ratio affect academic performance. 53.5% of the respondents indicated that there is good contact time
between teachers’ time to teach being diverted to other duties and lack of creativity among students.

The study reviewed also that 94.1% of the respondents said peer pressure affects students’ academic
performance in various ways; some not being interested in academic excellence hence pulling others down,
(67.6%) following friends in what they do and students copying the people they associate with. Most
students are influenced by peers to drugs premarital sex and indecent dressing. 40% of the students are
influenced by peers as compares to laziness, dressing and premarital sex.

School resources influenced academic performance by 100%. These are teachers, textbooks, buildings labs,
revision materials and ICT support materials 53.3% felt that the government need to avail funds to enable
schools get the needed resources e.g. CDF. It was also found that 1 textbook was shared by four students
in some school and in others three students.68.8% of the respondents stated that motivation of students
influences students’ academic performance. The attitudes of the students in the following ways: students
work hard in the subjects they like and if they like the student. Students cannot perform well if they are not
ready to learn.

Negative attitude affects performance; students having positive attitude perform better than those thinking
negative. Positive attitude bring positive academic performance. A student doesn’t like his school is
unlikely to perform poorly in academics. Motivation and confidence influence students attitude; those who
do extra work on their own perform well in school.

On family background, the respondents 867% agreed that family background influences academic
performance. Parents may fail to pay school fees student is sent home hence not taught. Students from well
nurtured and organized families carry themselves with good behaviours and traits that influence positive
performance. Proper family background gives a student a stable emotional foundation and when study

materials are not bought a student will not study well.
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Parental level of education had high impact on academic performance. The study showed that in most
parents, the income was lo while few were high. In addition some parents follow up their children’s

academic performance while others do not. Poor reading culture was also present among many students.
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Abstract

This study was based on the assessment of model fit for 2016 and 2017 Biology multiple choice test items
of the National Business and Technical Examination Board. It aimed at empirically investigating the model
fit of the 1, 2, and 3 Parameter Logistic Models (PLM) of the examinations using Item Response Theory.
Three research questions were raised with two hypotheses formulated and tested. The expo-facto research
design was adopted for this study. The population for the study was 5,115 and 4600 candidates in public
and private schools in south-south geo-political zone in Nigeria for 2016 and 2017 respectively. A total of
2000 students were sampled using Simple random sampling technique. The instruments for data collection
was the NABTEB 2016 and 2017 Biology multiple choice question papers. The instruments are said to be
valid and reliable as they were developed by a standard examination body. The responses from the
instruments were used for data analysis. The results obtained from the study revealed that the 1, 2 and 3
PLM fit the 2017 and 2016 NABTEB May/June Biology multiple choice test items. However, the 1PLM
provided a better fit to the data than other models. Based on the findings of the study, it was
recommended among others that the examining bodies should make sure that model fit the data well
before they are used to make inferences regarding the data.

Key words; Item Response Theory, Biology multiple choice test items, model fit and unidimensionality
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Background to the Study

Researchers in the field of educational assessment are continually developing new approaches to
improve efficiency of assessments. They are often concerned with methodologies that can extract the most
useful and accurate information from students’ responses to test items. Psychometric theory is the statistical
framework for measurement in many fields of psychology and education. These measurements may
concern abilities, personality traits, attitudes, opinions, and achievement.

Item Response Theory (IRT) models play a prominent role in psychometric theory. In these models,
the properties of a measurement instrument are completely described in terms of the properties of the items,
and the responses are modeled as functions of item and person parameters. While many of the technical
challenges that arise when applying IRT models have been resolved (example, Model Parameter
Estimation), the assessment of model fit remains a major hurdle for effective IRT model implementation
(Hambleton & Han, 2005).

The assessment of the IRT model fit to item response data is one of the crucial steps before an IRT
model can be applied with confidence to estimate proficiency or ability levels of examinee (Stone & Zhang,
2003). The assessment of fit of IRT models usually involves the collection of a wide variety of diagnostic
evidences for model fit and then making an informed judgment about model fit and usefulness of a model
with a particular set of data (Hambleton & Han, 2005). Model data misfit can be attributed to violation of
model assumptions or the specific parameterization for the IRT model (number of parameters). That is,
exclusion of relevant item or ability parameters may influence the appropriateness of IRT model.

The model should be able to explain aspects of the data that influences the inferences made using
the IRT model otherwise, the conclusions obtained using the model might not be relevant. IRT models are
based on explicit assumptions; therefore, the methods for evaluation of model fit focus on these
assumptions. IRT models are based on a number of explicit assumptions, so the method for the evaluation
of model fit focus on these assumptions. The most important assumptions underlying these models are the
unidimensionality of the items, the form of the Item Characteristic Curve (ICC), local stochastic
independence, and item score pattern. Researchers have proposed significant number of fit statistics for
assessing fit of IRT models. These statistics were developed to be sensitive to specific model violations
(Jansen & Glas, 2005; Glas &Suarez-Falcon, 2003; Maydeu-Olivares & Joe, 2005).

Once an IRT has been applied to a set of data, its appropriateness should be investigated with data-
model fit analysis otherwise, the researcher is under the risk of drawing incorrect conclusion regarding the
scientific problem of interest. Substantial lack of fit should result in the replacement or extension of the
model if possible (Sinharay, 2005). Traditional methods are most widely used to assess model fit;
especially, the likelihood ratio, chi square goodness of fit statistics and these are provided in the most
popular current software packages, such as BILOG, BILOG-MG and PARSCALE (Zhao, 2008). The most
common criticism about the chi-square statistics is that they are sensitive to sample size (Hambleton &
Swaminathan, 1985). An essential feature of these statistics is that they are based on information that is
aggregated over persons; therefore they will be referred to as aggregate test statistics. Hence, to measure
the underlying traits or abilities of examinees such as intelligence, mathematical prowess or stochastic

aptitudes, these characteristics cannot be quantified directly as one would measure height or eye colour.
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Instruments in the form of examination or questionnaire are commonly used to assess the desired latent
variables.

There have been arguments among researchers about the appropriateness of some models among
the dichotomous models of IRT to be used in assessing multiple choice examinations conducted by
examining bodies. However, IRT model fit studies have not received the attention they deserve among test
practitioners. Possible reasons for this neglect are the complexity of assessing fit, the lack of understanding
of the fit statistics and the absence of comprehensive model fit software (Zhao, 2008). An important part
of any modeling process is assessing or checking the fit of a model before using the model to make
inferences regarding the data. This is because, it is important to establish that the model fits the data well
enough due to some criteria. Researches in assessment of model fit have been carried out across different
countries. For example, Kose (2014) carried out the study on assessing model fit of unidimensional Item
Response Theory model in simulated data ,using the IRT software (BILOG) for the assessment of the fit
of the model through the analyses it was revealed that the 2PL IRT model fits significantly better than the
3PL IRT model. Adedoyin and Mokobi (2015) carried out a study using IRT Psychometric analysis in
examining the quality of Botswana 2010 Junior Certificate Mathematics multiple choice examinations in
Botswana, using dichotomous IRT models with IRT software — MULTILOG 3.0 and BILOG MG through
the analyses, it was found that out of the twenty three (23) item that fitted the 3PL IRT model, twelve (12)
items were classified as poor test items, ten (10) items were classified as fairly good test items which could
be revised or improved on and one (1) item was considered to be good test item.

Kyong, Won, and Timothy (2007) carried out a study on the assessment of IRT model data fit for
mixed item format test of the IOWA tests of basic skills of IOWA City, U.S.A. They examined the various
model combination and calibration procedures for mixed item format test (multiple choice items and
constructed response test items) under different IRT models (dichotomous and polytomous models), the
analyses revealed that the 3PLM combined with the generalized partial credit model among various IRT
model combinations led to the best fit to the given data sets. Psychometric Quality of the Common
Educational Proficiency Assessment (CEPA) — English test in school of Pittsburgh in the United Arab
Emirates was investigated by Salma (2009) with dichotomous models of IRT, using the IRT software
BILOG-MG and MULTILOG, the analyses revealed that the CEPA — English test demonstrated good

psychometric properties and the test developer may want to evaluate items that misfit the 3PL model.

Statement of the Problem

One of the main emphases of the Nigerian education policy is that citizens must acquire scientific
and technological education. Biology is one of the science subjects and has links with other science
subjects. It is the general field of knowledge concerned with the study of all aspects of living organisms.
According to Parker (1992), Biology embraces those principles of widest application to the origin, growth
and development, structure, function, evolution and distribution of plants and animals. It is also the bedrock
upon which some science subjects derive their being (origin). The students’ poor performance in Biology
has drawn attention of researchers and curriculum planners towards Biology as a subject (Kareem, 2003).

Inspite of popularity and importance of Biology among Nigerian Students, performance in Biology at
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Senior Secondary School level has been poor (Ahmed, 2008). Specifically, Auwalu, Mohd and Muhammad
(2014) noted that in Kano State, Nigeria, 25.5%, 32.6%, 29.6%, 23.4% and 24.1% were the percentage
passes of students with credit and above grades in Biology WAEC certificate examinations from 2007 to
2011 respectively.

Sakiyo and Badau (2015) also gave the average academic performance of students in WAEC
examinations from 2008-2012 in Science subjects and Mathematics and English Language. According to
them, Physics recorded the best average academic performance with mean of 56.01%, followed by English
Language with 52.52% then, Mathematics with 47.44%, Chemistry 46.30% and the least was in Biology
with 37.27%. It was also found that Biology had the highest failure rate of 28.66% followed by
Mathematics with 24.39%, Chemistry with 22.52%, English Language with 21.89% and the least rate was
in Physics with 13.08%. The desire to know the causes of the poor performance in Biology has been the
focus of researchers for some time now. Researchers attributed the poor performance in Biology to some
factors like teachers’ laxity, poor study habit, parents’ poor attitude to their children education and so on
without much consideration of the quality of the assessment tools used for assessing the subject.

National Business and Technical Examination Board (NABTEB) is a specialized assessment and
certification body in Nigeria that combines professional and general education, specially designed its test
methods to meet the twin needs of education and the requirements of the world of work and in line with
international best practices. The body without doubt, employs modern psychometric method (IRT model)
for the calibration of test items. Since there are various arguments among researchers according to
Chernysheko, Stark, Chan and Williams (2001) about the best model among the dichotomous models of
IRT for assessing multiple choice examination conducted by examining bodies, this study sought to assess
the model that fit the 2016 and 2017 Biology multiple choice test items of the National Business and

Technical Examination Board.

Research Questions

To successfully attain the set objectives of this study, the following research questions were raised

to guide this study.

1. How do the NABTEB May/June NBC/NTC 2016 and 2017 Biology Multiple choice test items fit
into the 1PL, 2PL, and 3PL (dichotomous) IRT models?

2. Is there a difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models in NABTEB
May/June NBC/NTC 2016 Biology objective test items?

3. Is there a difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models in NABTEB
May/June NBC/NTC 2017 Biology objective test items?

Hypotheses

Research questions 2 and 3 were hypothesized for the study:
1. There is no significant difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models in
NABTEB May/June NBC/NTC 2016 Biology objective test items.
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2. There is no significant difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models in
NABTEB May/June NBC/NTC 2017 Biology objective test items.

Methods

The expo-facto research design was adopted for the study. The population of the study comprised
all senior secondary school (SS3) Biology students who sat for NABTEB certificate examination in south-
south geo political zone of Nigeria. According to the statistics from NABTEB statistical (2017) A total
number of five thousand, one hundred and fifteen (5,115) and Four thousand six hundred (4600) students’
responses in south-south geo-political zone in Nigeria for 2016 and 2017 NABTEB Biology examination
were used for the study. A sample size of 2000 students which consisted of 1000 males and 1000 females
were randomly selected for the study. The instrument for data collection is a 50-item multiple choice
question paper of NABTEB for 2016 and 2017 examinations.

The scores of 2016 and 2017 May/June NBC/NTC Biology Examinations of NABTEB were
obtained from the board. A Principal Component Factor Analysis was used to assess the most important
assumption common to IRT models (unidimensionality) with the help of SPSS statistical software. The
examinees responses were analyzed using IRT statistical software EIRT Item Response Theory Assistant
for Excel (Germain,Valois & Abdous,2007) to determine item parameters based on IRT framework. EIRT
estimates coincides satisfactorily with those from BILOG-MG (Galdin & Laurencelle, 2010). The output
include: Item parameter estimates, test of fit, and Item characteristics curves. The result from this analysis
was used to answer research questions 1 while Cochran’s Chi-square test statistics was used to test
hypotheses 1 and 2 at 0.05 significant level.

The unidimensionality of the instruments that were used for data collection in this study are

presented below.
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Fig. 1: The Eigen Value Scree Plots of the Component Factor Analysis for 2016 NABTEB
May/June, 2016 Biology Multiple Choice Test Items.
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The Figure 1 shows the principal component accounts for a maximum percentage of total variance
and the variance is used as index of unidimensionality hence a knee point emerged after the first factors,
this is a sign of unidimensionality. Also it could be seen that in 2016 that the first Eigen value 4.22 is
greater than the next Eigen value 2.21, which showed that there is a dominant factor in the scree plot for
the year 2016, thus the instruments satisfied one of the most important assumption necessary for IRT

analysis.
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Fig. 2: The Eigen Value Scree Plot of the Component Factor Analysis for 2016 NABTEB
May/June, 2017 Biology Multiple Choice Test Items.

The Figure 2 shows a knee point emerged after the first factors, therefore it could be seen that in
2017 that the first Eigen value 4.17 is greater than the next Eigen value 2.71, which showed that there is a
dominant factor in the scree plot for the year 2017, thus the instruments satisfied one of the most important
assumption necessary for IRT analysis. This concurred with the submission of Udom (2004); Wiberg
(2004) who affirmed that a dominant factor is a confirmation of unidimensionality.
Research Question 1: How do NABTEB May/June NBC/NTC 2016 and 2017 Biology Multiple choice
test items fit into the 1PL, 2PL, and 3PL(dichotomous) IRT models?
Table 1: NABTEB May/June 2016 and 2017 NBC/NTC Biology multiple-Choice Test Items Fit

Analysis
IRT Models No of Fitted Items No of Non Fitted  No Of Fitted Items  No Of Non Fitted
(2016) ltems (2016) (2017) ltems (2017)
1PL 44(88%) 6(12%) 23(46%) 27(54%)
2PL 29(58%) 2(4%) 29(58%) 21(42%)
3PL 35(70%) 15(30%) 32(64%) 18(36%)

International Educative Research Foundation and Publisher © 2019 pg. 17



International Journal for Innovation Education and Research Vol:-7 No-04, 2019

The Table 1 shows that 44, 29 and 35 items representing 88%, 58% and 70% items that fitted 1PL, 2PL
and 3PL IRT models for NABTEB 2016 Biology multiple choice items while 6, 2 and 15 items representing
12%, 4% and 30% did not fit into the IRT (dichotomous) IRT models used for its analysis, hence the table
also showed that 1PL IRT model is the model that showed a better fit of the items for the NABTEB
May/June,2017 NTC/NBC Biology multiple choice test items while 27, 21 and 18 items representing 54%,
42% and 36% items did not fit into the IRT dichotomous models. Hence most of the NABTEB May/June
2017 Biology multiple choice items fitted the dichotomous models used for its analysis without a
significant difference.

Hypotheses Testing

Hypothesis 1: There is no significant difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models
in NABTEB May/June NBC/NTC 2016 Biology objective test.

Table 2: Cochran Test of 1PL, 2PL, 3PL. Model Fit of 2016 NABTEB Biology Multiple Choice Test
Items.

Logistic Model Value Cochran Q Asymp. Significance
0 1
1PL 6 44
2PL 21 29 11.793 0.003
3PL 15 35
N=50,¢ =0.05.

Table 2, shows the Cochran’s Q of 11.793% with the P-Value of 0.003, tested at the Alpha level of 0.05,
thus since the P-value is less than the Alpha level of 0.05, the null hypothesis which states that there is no
significant difference in the fit of 1pl, 2PL and 3PL (dichotomous) IRT models in NABTEB May/June
2016 Biology multiple choice test items is rejected. Therefore there is a significance difference in the fit of
1PL, 2PL and 3PL (dichotomous) IRT models in NABTEB May/June 2016 Biology multiple choice test

items.

Table 3: Cochran Test of 2PL and 3PL Model Fit of 2016 NABTEB Biology Multiple Choice Test
Items.

Logistic Model Value Cochran Q Asymp. Significance
0 1

2PL 21 29 1.3852 0.239

3PL 15 35

N=50, «=0.05
As the result of the significance difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models in
NABTEB May/June 2016 Biology multiple choice test items, further comparison of the 2PL and 3PL IRT
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model was done. Thus, Table 3 showed that there was no difference between the 2PL and the 3PL IRT
models, hence the significant difference lies in the 1PL.This is because the number of fitted items in the
1PL IRT model is greater than that of the 2PL and 3PL IRT models.

Hypothesis 2: There is no significant difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models
in NABTEB May/June NBC/NTC 2017 Biology objective test items.
Table 4: Cochran Test of 1PL, 2PL, 3PL Model Fit of 2017 NABTEB Biology Multiple Choice Test

Items.

Logistic Model Value Cochran Q Asymp. Significance
0 1
1PL 27 23
2PL 21 29 4.50 .105
3PL 18 32
N=50,x =0.05.

Table 4 shows the Cochran’s Q OF 4.500%and P-level of 0.105tested at the alpha level of 0.05. Hence since
the value of the P-value is greater than the Alpha level of 0.05, therefore the null hypothesis which states
that there is no significant difference in the fit of 1PL, 2PL and 3PL (dichotomous) IRT models in NABTEB
May/June 2016 Biology multiple choice test items is retained. It shows there is no disparity among any of
the 3 models in the model fit.\

Discussion of Findings/Results

The result revealed that 44, 29 and 35 items representing 88%, 58%, and 70% items fitted 1PL, 2PL
and 3PL IRT models for NABTEB Biology multiple choice items while 6, 2 and 15 items representing
12%, 4% and 30% did not fit into the IRT (dichotomous) IRT models used for its analysis. It was also
found that 1PL IRT model is the model that showed a better fit of the items for the NABTEB May/June,
2016 NTC/NBC Biology multiple choice test items. Hence 23, 29 and 32 items representing 46%, 58%
and 64% fitted the IRT dichotomous models while 27, 21 and 18 items representing 54%,42% and 36%
items did not fit into the IRT dichotomous models for NABTEB May/June,2016 NTC/NBC Biology
multiple choice test items. Most of the NABTEB May/June 2017 Biology multiple choice items fitted the
dichotomous models used for its analysis without a significant difference.

Findings revealed that there is a significant difference between the dichotomous IRT models in
NABTEB May/June 2016 Biology test items, which was in favour of the 1PL (dichotomous) IRT model.
The findings of this study is in line with that of Leeson and Fletcher (2003); Si, (2002), and Kose (2014)
who claimed that the 1PLM and 2PLM respectively is superior to others. Contrary to the finding of this
study, Chon, Lee and Arisley (2007) claimed that the 1PLM had the largest misfit in items.

It was also revealed that there is no significant difference among the 1, 2 and 3 parameter logistic
model fits in NABTEB May/June 2017 Biology test items which shows that the 1, 2 and 3PLM fit the 2017
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data. The implication of this empirical finding that supports the IRT theoretical claim is that, for data to be
amenable to the IRT analysis there should be a fit of the model to the data set, in other words the data
available must be, such that, allows the item to be modeled with an ICC that is derived from an Item
Response Function otherwise, the conclusion obtained using the model might not be relevant. However,
this finding is in disagreement with Chon, Lee, and Arisley (2007), who claimed that the 1PLM had the

largest misfit in items.

Conclusion

It is concluded that the estimated ability in the 1, 2 and 3PL Models are not the same and that there
is a significant difference between the 1, 2 and 3 parameter IRT models in NABTEB May/June 2016
Biology test items, which is in favour of 1PL(dichotomous) IRT models but no significant difference was
found in NABTEB May/June 2017 Biology test items. Therefore, all the parameter logistic models fits the
data for NABTEB May/June 2017 Biology multiple choice test items hence non is empirical superior to

others.

Recommendations

The following recommendations are made based on the finding of this study;

1. The examining bodies should make sure that model fits the data well before they are used to make
inferences regarding the data

2. Examination bodies should embrace IRT in item generation, assessment of candidates and analysis of
results.

3. Examining bodies should engage the services of trained Psychometricians (measurement experts)
who are proficient in Item Response Theory in order to ensure objectivity in assessment of
examinees.

4. Ttems diagnosed misfit with any models should not be discarded instead it may be removed from that

test form and rewritten or replaced in future test forms
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Abstract

Labs are needed in science education, and schools usually lack appropriate conditions to provide active
learning activities with experience. In schools, the lack of labs for science education is usual. The new
technologies of 3D virtual worlds allow the user, through immersive virtual worlds, or metaverses, to
experience situations similar to those possible in a real environment. A solution to the lack of labs is the
virtual labs, which consist of virtual representations that reproduce the environment of a real lab. These
are applications based on simulations, offering computational representations of reality. The simulation
of concrete and real situations gives the student the opportunity to experiment, actively participating in
the learning process by performing experiments that would otherwise not be possible due to safety issues
(possible damage to students or the environment) or economy (cost of components involved and derived
from the creation and operation of the lab). These virtual labs can be implemented on personal computers
that exist in schools or even in the student's home. Users can work in the virtual lab, through their avatars,

using experiments provided there, as well as acting collaboratively.

Keywords: Experience; Science Teaching; Real Labs; Virtual Worlds; Virtual Labs;

1. Teaching Sciences

As we investigate the teaching of science in schools, we can see that there are still tendencies of teaching
based on an exposition of programmatic contents, in a fragmented and decontextualized way. Although the
National Curricular Common Base (BRASIL, 2017) prioritizes the teaching of science through an
articulated view of the various fields of knowledge, allowing students access to diverse knowledge,
practices, and procedures of scientific research.

On the other hand, there is consensus about the importance of experimentation in science teaching and
its presence in natural science classes, for teachers and even students. In this context, Kapici et al. (2019)
states that the use of laboratories is essential for scientific education, since it enables science to be taught
by students, based on the practical experiences that can be realized.

Research related to this teaching has been growing in recent years, discussing the most diverse
methodologies and pedagogical practices, among them the use of experimental activities as a teaching
strategy for the construction and understanding of concepts in science (Moreira, 2018). Gonzales et al.
(2018) the literature has presented different ideas for the teaching of Science, so that an advanced way with

the use of different dynamics for the education in this discipline is traced.
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The National Curriculum Parameters state that learning Biology in basic school allows broadening the
understanding of the living world. Playful teaching, marked by direct interaction with phenomena, facts,
and objects favors learning in a general way by developing skills and competences (BRASIL, 2000).

To achieve these objectives, experimentation can be an interesting tool, since it promotes and favors
student interaction, teamwork, raises questions, generates hypotheses and allows abstract explanations.
Experimental activities allow students to exercise their skills, concentration, organization, and experience
the steps of the hypothetical-deductive method. Through such experiences it may be possible for the student
to re-sign theoretical concepts and learn how to develop solutions to complex problems, and to be able to
control and manipulate different variables to test possible hypotheses.

In addition, students have the opportunity to build their knowledge by experimenting, which is not an
easy task, since it requires time and also adequate facilities (Kapici et al., 2019). In results already acquired,
it was possible to perceive that the students when they have the opportunity to explore experimental
activities are able to obtain more success in the development of concepts, develop investigative attitudes
and have a better engagement in carrying out these activities (Deboer et al., 2017). The authors also noted
that the conceptual understanding of the students was supported in view of the possibility of manipulating
the materials and of learning actively.

Mikeska et al. (2018) observed that investigating makes students have access to high-quality science
teaching because they can make sense of real-world phenomena by engaging in activities that need to be
investigated, analyze and interpret data while also building their knowledge and understanding. During the
experimental activities, students have the opportunity to answer questions that can be tested. These can
start from data collection, analysis of secondary data or even from research (Mikeska et al., 2018).

In general, it is perceived that providing students with their previous knowledge, concrete materials and
that can perceive the occurrence of certain phenomena, can favor the process of knowledge construction
and understanding about concepts that are often abstract in relation to the level of understanding of the
students.

The teaching of science has been worked in different ways and with the most varied methodologies,
such as: experimentation activities, videos, lectures, reading science books, however, it is proven that
activities in which students can “put the hand in the mass” also allow teachers to interact with students and
to incorporate themselves into the context in which activities take place (Mikeska et al., 2018).

Although experimental activities have an excellent methodological strategy, it is still little used in
teaching, with a large number of variables as obstacles to its use. Experimenting requires time for students
to engage in experimental activities, which have now been seen as a hindrance, as well as having adequate
space, materials, products, and the responsibility of using this equipment during classes in one laboratory.

Kapici et al. (2019) point out that chemicals pose susceptible and costly hazards, as well as the lab
equipment and materials required to carry out the activities. The number of students in the class usually
constitutes an important factor that makes difficult the use of experimentation due to the lack of conditions
to provide the opportunity of each student's individual performance in the experiment.

As highlighted by Moreira (2018) several situations are perceived:
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e The teaching of Sciences must have the experimentation so that there is an understanding of what
happens in the sciences;

e Expand the horizons of the student in such a way, that the experiment refers to future classes;

e In experimental teaching, both correctness and error contribute to the process of knowledge
construction;

e The practice in teaching science is fundamental in the structuring of learning;

e The short time and sometimes a large number of students in the class makes it difficult to carry out
many activities.

However, despite these difficulties, it is agreed that the experimental activity, influences the teaching-

learning process since it modifies the action and reflection of those involved.

2. Science Labs

Science labs have a central role in teaching because in order for students to actually understand certain
activities it is necessary that they can experiment, visualize, understand and reflect on the experimentation
activities carried out. Kapici et al. (2019) support this argues that to learn science through research and the
use of labs is still one of the most effective ways of learning since it allows the student to build his/her
knowledge by experimenting.

The use of labs allows learning to occur through experimentation and research so that scientific
knowledge is delineated. To develop activities in the lab is not trivial, because it requires that both teacher
and student are engaged and that they can develop strategies for the activities to generate the hypothesis,
the interpretation of data, reflections and also conclusions from the results obtained.

In addition, the previous knowledge presented and the collaborative work developed by the students can
also favor the development of these activities since they imply directly in the discoveries and the creative
thinking of them (Grobmann & Wilde, 2018).

Although experimental activities are of great relevance for the construction of learning, the lab (hands-
on or virtual) environments still present some disagreements regarding the use in the school context. On
the other hand, real labs (hands-on) allow students to observe events during activities, as well as understand
certain concepts that for students can be abstract.

In the same way, these experiments do not always bring clear and objective answers to the students,
which in turn can generate more doubts or confuse them in relation to the observed situation, making it
difficult to generate a hypothesis, to extract data and to obtain conclusions from the results obtained during
the experimentation (Kapici et al., 2019).

Other factors that may be responsible for restricting the use of labs in schools refer to costs, time,
expensive equipment and the need to apply activities to small groups (Estriegana et al., 2019), which causes
difficulties in the planning of classes and the development of activities by the teacher.

Expanding ideas about the use of laboratory experimentation, Kapici et al. (2019) report that the use of
virtual labs also begin to be part of schools, either by using them from their capacities and individually or
even for the development of sequenced activities where the use of real and virtual labs are used in

combination.
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Gunawan et al. (2018), the use of virtual labs can solve the problem of students’ conceptual
understanding and increase the interest in learning in the classroom, providing better learning outcomes.
The authors also point out that the use of virtual labs is essential for learning, especially physics because,
through experimental activities, students can become more curious and practice their scientific attitudes,
as well as observing concepts about the content studied and so understand it easily.

The use of virtual labs can also be used by the student remotely through the access of an experiment
interface and thus has the opportunity to experiment and contemplate the expected educational objectives
(Sypsas & Dimitris, 2018).

2.1 Experiment activity

Developing activities aimed at the use of experimentation can help students to build their knowledge
since the process starts with an experiment and then examines what happened. Kolb (2015) argues that the
activities of experimentation allow learning also with the life experience since the student is in direct
contact with the reality of study. For this, the emphasis is on direct experience, along with the senses and
also actions in the context.

Although there are opposing ideas to experimentation activities, Metcalf et al. (2018) affirm that in
experimental activities students can generate a large number of evidences, allowing to construct concepts
so that they can better promote learning. In addition, the authors emphasize that the involvement of students
in scientific activities contributes to the construction of explanations, phenomena, as well as the
development of cooperative work.

Enable students to develop activities with experiments, allow them to seek evidence for the explanation
of phenomena, analyze, reflect, verify the concepts involved and then take advantage of them partially,
totally or even have subsidies to create and develop a new experience.

In experiencing and realizing an experience, you can act to develop it because it refers to a particular
situation. Aiming to achieve this, it is necessary to evolve perceptual acts and anticipate concepts, which
by the way involves both knowledge and evaluation of objects used, the steps that will be developed and
also the situation itself.

During a trial activity, all modes of the Kolb Learning Cycle (2015) are present, from the Concrete
Experimentation to the Active Experimentation and for this reason, it is important for the process of

knowledge construction by the student.

2.2 Kolb Learning Cycle
In Kolb’s view (2015), learning happens in an experiential way, that is, from experimentation to the
context of learning and is defined by a transformation that occurs in an experience, and from which
knowledge is created.
Experiential learning theory offers a fundamentally different view of the learning process from that of the
behavioral theories of learning based on an empirical epistemology or the more implicit theories of
learning that underlie traditional educational methods, methods that for the most part are based on

a rational, idealist epistemology. From this different perspective eme