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Abstract:

To combat exam malpractice in crowded examination rooms, the Ethiopian University Entrance
Examinations have been administered in four coded booklets of different reshuffling of item
orders. However, research has revealed that systematic item position changes have significant
effects in achievement scores. The main purpose of this study was to find out if random item
order reshuffling would also have mean achievement score differences depending on which of
the exam booklets test-takers were tested with. To address this purpose, the Entrance
Examination 5 subjects (English, Mathematics, and 3-sciences) for 6-years for 21 sample public
schools (11,376 grade 12 students) was received from National Education Assessment and
Examinations Agency. In addition to the usual descriptive statistics, the data was analyzed with
Spearman’s rank-order correlation to determine if the item distributions in the four booklets of
the same exam significantly differ with each other. Besides, one-way ANOVA was used to
determine if there are statistically significant differences in students’ achievement mean scores
by booklets. The Spearman’s rank-order analysis shows weak to moderate item position order
differences among booklets. In contrast to this, statistically significant mean achievement
differences were found in 66.67% of the exams, which put at a serious disadvantage up to
16.64% of test-takers due to which exam booklets they were tested with. Hence, it was
recommended that all stakeholders: test developers, exam booklet developers, result publishers
and decision makers be aware of the unfairness of the current practice with item reordering and
therefore take appropriate compensatory measures.

Keywords: Achievement scores, Exam Malpractice, Item Position, Test Fairness, Test Anxiety

Introduction

Background of the Study
Large-scale assessments play a critical role in enhancing educational systems by offering a

structured mechanism to monitor and evaluate student performance at various levels (American

Educational Research Association [AERA] et al., 2014). These assessments serve multiple

purposes, ranging from measuring student achievement and certifying attainment to informing

policy decisions that affect educational planning and outcomes (Kellaghan & Greaney, 2019).

Furthermore, they provide valuable data that support decisions related to student placement,

admission to higher education institutions, and workforce entry, thus aligning educational

outcomes with societal and economic needs (Ollennu & Etsey, 2015).
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However, the challenge of exam malpractice is panic in the sector of test administration. One of
the challenges of exam malpractice is to administer examinations in crowded examination
rooms, and the convenience of using several alternative forms of a test to reduce the possibility
of exam cheating (Anastasi, 1976; Carlson & Ostrosky, 1992). But questions are frequently
raised on these alternative forms of examinations such as: are these alternative item position
booklets equivalent in their total scores, even though the contents are identical? The concern
about whether alternative forms of examinations maintain equivalence in total scores, despite
identical content, is a significant issue in educational assessment. This question arises from the
need to ensure fairness, validity, and reliability when using alternative test formats, such as
rearranged item booklets. The concept of equivalence in alternative test forms revolves around
the idea that different versions of the same test should yield similar outcomes in terms of total
scores, reflecting consistent measurement of the same constructs (Brennan, 2013). When item
positions are altered, the test should still measure students' abilities accurately, without
introducing biases due to differences in the cognitive load or strategies triggered by the sequence

of questions (Frey, 2018).

Normally it is advised by test experts and researchers to order examination items from easy-to-
hard ordering systems for the measurement and psychological advantages stated in common
measurement texts (Anastasi & Urbina, 1997; Cronbach, 1990; Mehrens & Lehmann, 1991;
Plake, 1980). If the position of items changes and administered in different alternate forms of
tests to different students, then attention should be on the nature and treatment of psychometric
properties (AERA et al., 2014; Colwell, 2013; Ollennu & Etsey, 2015; Wu et al., 2016).
However, Pettijohn II and Sacco (2007) reported that many of test developers mix up the order
of test questions in alternate test forms without thinking of the consequences. This might also
be true for testing organizations. The consequence may have an impact on students' examination
performance, stress, perceptions, test reliability, and expectations of students’ easy-to-hard
ordering of items (Opara & Ogbanu, 2023; Plake, 1980). Wu et al. (2016), pointed out that if
either test-takers’ performance or items’ characteristics are affected due to item position

changes, then the validity of the test in interpretation will also be threatened.

National examination in the young Ethiopian modern education system which suffered
disruption from 1936 to 1941, began in 1946 after liberation from Italian occupation. Soon
after, the national examination at grades 8 and 12 started in 1950 with tests coming from
London, Grate Britain (Alamneh, 2017; Mamaru et al., 2023). Mamaru and coauthors (2023)
who studied the history of the national exam in Ethiopia from 1946 to 2023, noted that the
constructed-response essay type London-based General Certificate of Education (GCE) exam
was overtaken by locally developed and administered Ethiopian School Living Certificate
Examination (ESLCE) by 1955. The ESLCE retained the GCE exam format for some time till

marking and scoring by those subject experts who developed the exam became difficult due to
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increasing number of examinees. While at the beginning the GCE for grade 12 consisted of five
subjects: English Language, Mathematics, General Science, Geography, and Ethiopian History
and Civics, the ESLCE came by 1955 with additional subjects and included: Ambharic, English,
Mathematics, Biology, General Science, Chemistry, Physics, Geography, History, French,
Geez, Economics, and Accounting (Chala & Agago, 2022 and Mamaru et al., 2023). The list of
exam subjects changed further slightly in 1975 and 1991 following government and ideology
changes (Alamneh, 2017 and Mamaru et al., 2023).

Though the exam format started to change by including partly multiple-choice items in some of
the ESLCE subjects till 1966, it remained including the constructed-response items in all
subjects until 1974 (Alamneh, 2017). To resolve the marking problem that was gaining weight
due to the ever-increasing test takers population, the ESLCE abolished the partly essay type
exam format in favour of total multiple-choice format in all subjects since 1977 (Alamneh,
2017). The reliance of the National exams on just the multiple-choice exam formats, despite
resolving the marking difficulty by making the speedy and reliable machine marking possible,
came up with additional exam malpractices in the examination halls. To manage this (while
still maintaining the benefits of the objective type curriculum-based examinations) the exam
development and administration body first introduced the parallel exam forms (4-booklets)
approach in 1996 and shifted the exam centers from secondary high schools to university
premises since 2022 (Alamneh, 2017; Chala & Agago, 2022; Mikre et al, 2023).

The Ethiopian University Entrance Examination (EUEE), as mentioned above, is a high-stakes
test with multiple-choice item format where its score determines the future of students' academic
life. So, it is exposed to multiple exam malpractices inside as well as outside of the examination
room (Chala & Agago, 2022; Mikre et al., 2023). To combat some of the exam-room
malpractices, the examination has been administered in four coded booklets of different
reshuffling of item order. However, some research interventions inform that the position
changes of items be considerate of such psychometric characteristics as item difficulty level
(Anastasi & Urbina, 1997; Cronbach, 1990; Plake, 1980). But, in EUEE examinations are
prepared by an independent body (namely, the Addis Ababa University’s Institute of
Educational Research) in line with subject structures. After the development process is
completed, final examination booklets with four codes are made ready to be printed, published,
administered, and scored under the responsibility of Educational Assessment and Examinations
Service (EAES) (FDRE-Council of Ministers, 2012; Federal Democratic Republic Government
of Ethiopia (FDRGE), 1994, sec. 3.3.7). Consequently, the item-position reshuffling to come up
with a different exam booklet, shatters the arrangement based on item difficulty levels. Finally,
the cutoff scores for test-takers to be admitted to higher education is decided by high
stakeholders considering the universities’ in-take capacities, gender, socio economic status of

regions from where test-takers come, and disabilities. But when such decisions were made, no
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reflections about item position effects and equivalence of scores with different exam booklets
were made (AERA et al., 2014, European Federation of Psychologists Associations (EFPA) and
European Association of Work and Organizational Psychologists (EAWOP), 2007). Colwell
(2013) explains that when high-stakes decisions are based on the test scores obtained from such
examinations, the issues item position must be addressed to ensure that tests provide fair

representations of all students’ abilities.

Despite such recommendations by testing experts and researchers (AERA et al., 2014), and
while there are good practices in different countries (EFPA & EAWOP, 2007), in Ethiopia the
University Entrance Examination results are understood as if there are no differences among
test forms (Chala & Agago, 2022; Mikre et al., 2023). Even though these decisions are generally
considered as fair, the judgmental fairness must be empirically questioned. In the case of the
EUEE, which determines the future of hundreds of thousands of students every year, decisions
must be based on meticulous considerations of position effects. Maybe in these exams, item
position effects are considered to be minimized due to the non-systematic distributions of items
in different booklets. However, such high-stakes decisions should not be left to general
assumptions, instead searching for empirical evidences to what extent item position affects

students’ results and how much those are affecting decisions must be conducted.

Review of Related Literature
One of the test development principles repeatedly appearing in textbooks and examination

guidance documents is to arranging test items in a systematic pattern in ascending order of
difficulty (Anastasi & Urbina, 1997; Ollennu & Etsey, 2015; Opara & Ogbanu, 2023). The idea
behind this is that if candidates answer the easier questions first and are successful, it will build
their confidence and give them a mental boost, which will stimulate them, lower their exam
anxiety, and promote more successful answers to the following difficult questions (Holzknecht
etal., 2021; Mehrens & Lehmann, 1991). However, candidates who encounter the more difficult
items first (descending order), especially in a timed test, may spend a lot of time on one specific
question and not finish the test with the simpler items done. Also, researchers argued that fatigue
and pressure to finish could account for poorer performance on easy items when they appear
later in the test than when they appear earlier in the test (Hambleton & Traub, 1974; Wu et al.,
2016). On the other hand, Hambleton and Traub (1974) explain that when test items are arranged
in reverse order, difficult-to-easy order of items, a student with experience and expectation of
the common order of items from easy-to-difficult encounters difficulty. When faced with
difficult items at the beginning, the test taker expects even more difficult items at later stages
and more stressful test situation. This might make test takers more anxious with the likely result

that test performance would be adversely affected.
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Items may also be placed in an inconsistent order (mixed order); this method involves placing
difficult items throughout the test at specified intervals, and then followed by subsequently
easier ones. The idea behind this method is that an ascending order technique disappoints the
candidate when they encounter and attempt too many difficult items in a row. Consequently,
they end up with not answering these items at all, guessing, and cheating on them, and this can’t
show the candidates’ true ability on that trait (Ekele, 2002 as cited in Opara & Ogbanu, 2023).

However, different researchers found different results about the achievement score differences
and psychometric nature of items in the examination booklets produced by item position
changes. Many research findings suggested and cited that item arrangements significantly
influenced test performance, but this influence occurs when the examination is administered at
a speed test2 rather than a power test3 (Hambleton & Traub, 1974; Opara & Ogbanu, 2023;
Plake, 1980). However, power tests have no practical significance, but some researchers suggest
that easy-to-hard ordering is still preferable, citing student expectation as the rationale (Flaugher
et al., 1966; Monk & Stallings, 1970; Plake et al., 1982). In multiple-choice items, MacNicol
(1960 as cited in Plake, 1980) investigated the effects of changing an “easy-to-hard”
arrangement to either hard-to-easy or a random arrangement. He found out that the hard-to-easy
arrangement was significantly more difficult than the original easy-to-hard order while the
random arrangement was not significantly different in their scores. This finding was argued by
different scholars (Anastasi, 1976; Ollennu & Etsey, 2015; Plake, 1980; Plake et al., 1982;
Shepard, 1994).

However, some researchers found no significant difference in performance when items were
arranged according to easy-to-hard, hard-to-easy arrangement, or random order (Gerow, 1980;
Ollennu & Etsey, 2015; Soyemi, 1980). Also, researchers discovered that different arrangements
of items could affect performance adversely or positively depending on the levels and subjects
in question. For instance, Ollennu & Etsey (2015) worked on English, mathematics, and Science
subjects of the Basic Education Certificate Examination in Ghana, found significant differences
in the performance of each subject. Also, the mean score on a mathematics test of a high school
grade 11 course with items arranged in the order difficult-to-easy was significantly lower than
the mean score on a test with the same items arranged in the order easy-to-difficult (Hambleton
& Traub, 1974). But Nagy et al. (2018) found weak differences with Science, Mathematics, and
reading tests of PISA 2016 analysis where the strongest effect was observed in the reading
sections.. Flaugher et al. (1966) indicated that moderate rearrangement of items on the College
Entrance Examination Board, Scholastic Aptitude Test was associated with significantly

different test scores in the Verbal portions of the test but not in the Mathematical portions (Monk

2 Time-restricted test
3 Time unrestricted test
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& Stallings, 1970). Even Abdullahi et al. (2020) in a college-level experiment on the subject of
Mathematical-Economics course of randomized distribution of items had significantly greater
achievement mean scores than easy to hard items order and no significant differences were
observed. Also, Satti et al. (2019) noted that of Sth-year medical graduate examinations
composed of form-A ordered according to the content sequences, form-D prepared in the reverse
order of form-A, and the remaining B and C prepared in a randomized order. There were no
statistical differences among the mean scores of the different forms (A, B, C, and D).

In the preceding literature review it has been observed that the research on item position effects
was going on over the decades with experimental studies and based on high stake exam records
(Abdullahi et al., 2020; Hambleton & Traub, 1974; Plake et al., 1982; Soysal & Kogar, 2021).
In most of these studies, either comparison between systematically ordered item arrangements
(easy-to-difficult and difficult-to-easy) or between ordered and disordered item arrangements
(easy-to-difficult and moderately disordered or different clustering) were considered. Few of
these studies considered high-stake international examinations such as PISA and TIMSS, in
which item-position effects are already recognized (Wu et al., 2016) and such measures as
booklet design are used to curb the negative effects (Hartig & Buchholz, 2012; Soysal & Kogar,
2021). However, the study of item-position effects in totally random and non-clustered item

arrangements such as in the case of the EUEE are rare.

Even though recognizing item position effects in alternate forms of exam booklets and booklet
designs are trusted to limit one or the other form of position effects, studies still show that
individual and group differences in final scores are persisting (AERA et al., 2014; Hartig &
Buchholz, 2012). In the Standards for Educational and Psychological Testing, AERA et al.
(2014) suggest the need for the final score equating to make final judgments and use of
examination results fair and defensible. Further, by way of establishing evidences for equating
scores from alternate forms, the “Standards” recommends to make an appropriate choice from
four alternate measures. These measures are:
1. administering the forms to be equated to the same sample of examinees or to
equivalent samples;
2. administering alternate forms to equivalent samples, usually through random
assignments;
3. administering a common set of items, referred to as anchor items, to the samples taking
each form; or
4. use an external anchor test in which the anchor items are administered in a separate
section and do not contribute to the total score on the test.
(AERA et al., 2014, p. 97-98)
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In the case of EUEE, neither during exam development nor in publishing and administering
processes that the existence of item position effects is recognized (Chala & Agago, 2022; Mikre
et al., 2023). At the same time, when the high-stake decisions are made based on exam results,
there are no evidence of measures to equate scores from alternate forms (AERA et al., 2014;
Gregory, 2011; Zelman, 2013). Therefore, it is critical to conduct research on item position
effects in the EUEE and present to educational and examination stakeholders about the existence
and extent of effects of item position changes. Such research will not only contribute to the
practical judgmental validity of the EUEE, but it also contributes to the literature bases by
illuminating the status of item position effects in alternate forms with random item distribution
(AERA et al., 2014; Hartig & Buchholz, 2012; Wu et al., 2016).

Purpose of the study
The purpose of this Study was to explore the effect of item position changes on the achievement

scores of the Ethiopian University Entrance Examinations (EUEE) across selected subjects.
Research has consistently shown that test item positioning can influence student performance,
with early or late placement of items potentially affecting cognitive load, fatigue, and anxiety
levels (Haladyna & Downing, 2004; Schweizer et al., 2017). In high-stakes exams like the
EUEE, understanding the effect of item position is crucial, as it has implications for fairness,

validity, and reliability of the test scores, which in turn impact university admissions decisions.

More specifically, the study sought to:
1. Identify whether significant item position effects exist among different test
booklets for each of the five EUEE subjects (English, Mathematics, Biology,
Chemistry, and Physics) when items are randomly distributed across versions.
2. Determine the extent to which item position changes influence test-takers’ scores
based on the booklet versions they received during the examination (e.g.,
Booklets 01, 02, 03, or 04).

Methods

Research Design

This study is exploratory ex-post facto design research aiming at determining if there were
achievement differences in grade 12 students mean scores in the EUEE based on item
positioning in different booklets of the same exam. And further, if item position effects are
observed, the Study aims to estimate the extent of the effect on test-takers scores. For these
purposes, the EUEE scores for five subjects were categorized by year and booklet groups and

analyzed by comparing mean scores by quartets.
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Data Source

For various analysis at national level, the National Examination Agency samples 21 public
preparatory Schools (recently named high schools) based on proportionate stratified random
sampling from nine federal regions and two city administrations (National Education
Assessment and Examinations Agency [NEAEA], 2017). The same was taken in this Study.
This resulted in 6,498 (Biology-2020) to 11,376 (English-2015) number of test-takers (student
population), where the variation is depending on the type of subject. Six years of exam records
for years 2015-2020 from NEAEA (recently named as Educational Assessment and
Examinations Service, EAES) record were taken with permission from the organization. This
resulted in 30 examinations (5 subjects per year) and 120 (4 booklets per exam) booklets. The
examination subjects sampled in this study were: English, Mathematics, Biology, Chemistry,
and Physics. These subjects were selected because, until recently 70% of student population
was from natural science stream required to take these subject-examinations (Japan International
Cooperation Agency (JICA), 2017; NEAEA, 2017; Teferra et al., 2018) and that makes the
research give picture of the larger proportion of test takers. Care was taken to keep anonymous
individuals whose scores were used in the study. For this purpose, the data received from EAES
was with name codes for individuals and schools. In the Excel sheet from EAES, test takers’
names (TestTaker) were replaced with such codes as TestT0001, TestT0002, ... and similarly,
schools names (School) was coded as SchC01, SchC02, ... However, as the goal of the study
was not about test takers and their schools, data analysis was not affected at booklets groups

level.

Data Analysis

The first step in the analysis was to filter out scores of each subject by booklet code with their
respective year. Even though there were four booklets (coded with Code-01, 02, 03, and 04 for
analysis purpose) per examination for every subject and for every year, the EAES codes were
retained when the data was exported to the SPSS for further statistical analysis. This helped in
presenting analysis results as relevant to specific exam booklets in the final report. Applying
descriptive statistics of mean, median, and standard deviations was important to see the score

distributions of each coded booklet.

Before making the mean score comparison among booklets, which was the focus of the
objectives of this Study, Spearman’s rank-order correlations were used to see to what extent
item distributions in the four booklets of an exam are different /similar with each other. This
was important because of the assumption that item position effects would be minimized in
random item distribution cases (AERA et al., 2014; Soysal & Kogar, 2021), in the cases of
comparison of alternate forms with easy-to-difficult and difficult-to-easy item distributions,

there is the least similarity (rtho ~ 0.0).
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To determine if there are statistically significant differences in students mean scores by booklets,
one-way ANOVA was used. After finding the exams with significant mean score differences
for the examinations from 2015-t0-2020, the post-hoc analysis was used for pair-wise analysis

and locating the statistically significant difference between pairs of booklets of an exam.

Finally, to address the second purpose of this research, that is to estimate to what extent test-
takers are affected by the item-position effects, the pooled standard deviation was calculated for
each exam pairs with significant mean differences observed in the post-hoc analysis. By dividing
the mean difference by the pooled standard deviation of the respective pairs, the absolute mean
differences were calculated. This absolute mean difference (in unites of pooled standard
deviation) was used to estimate the population within the range between the mean and the
absolute mean difference in the standard normal distribution for each exam pairs (Peck et al.,
2008). This resulted in estimation of the proportion of test-takers who were affected by the item

position effects.

Results

Relative item distributions among exam booklets

Inspection of the different exam booklets revealed that test items in booklets were not ordered
according to test development principles advise, from list difficult to most difficult. Thus,
instead of the ideal order in terms of items psychometric characteristics, when the item
positioning in the four booklets of the same exam was considered, the relative order with respect
to each other was considered. Thus, the first observation was made with EUEE exams by
comparing the relative randomness of distributions of items in four booklets of the same exam

Table 1

Mean Spearman's rho for list and most item order randomization difference
among booklets by subject (p<0.01)

Test Year N Mean STD
English 2016 120 0.9870 0.00539
2018 120 0.9935 0.00269
Biology 2016 100 0.9725 0.00568
2018 100 0.9653 0.00844
Chemistry 2018 80 0.9942 0.00383
2019 80 0.9215 0.02188
Mathematic 2016 65 0.9918 0.00217
2017 65 0.9043 0.04021
Physics 2017 50 0.5915 0.09700
2019 50 0.8292 0.04366

(same year and same subject) using Spearman’s rank-order correlation. Here in Table 1, the
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mean of Spearman’s rho for randomly selected two exams for each of the five subjects are

presented. Revealed

As can be seen from the data in the table, the Spearman’s rho varied from p,,;;, =0.592
(SD=0.097) among Physics 2017 exam booklets to p;, 4, =0.994 (SD=0.004) among Chemistry
2018 exam booklets. In addition, it could be observed from the data in Table 1 that except for
Physics examinations, the item order differences for all the other cases were minimal (rho in
very strong range). However, Physics exams showed moderate to strong item order differences
(Schober, 2018) in the range of p,,;,, =0.592 (SD=0.097) to pmin =0.829 (SD=0.044).
Furthermore, there appeared to exist correlations between number of items and Spearman’s rho.
The correlation coefficient between number of items and Spearman’s rho was found to be
r=0.530 (p=0.008) which is in moderately strong range. This is to be expected as Spearman’s

coefficient increases with sample size.

The maximum item order randomization difference was observed between Physics 2017 exam
booklets Code 69 and Code 70, with Spearman’s rho of 0.318 (p<0.05), next between booklets
Code 67 and Code 70 of the same exam with Spearman’s rho of 0.574 (p<0.01). In general, the
item order difference among booklets of this exam were the highest of all the 30 exams with
mean rho 0.592 (p<0.01). On the other hand, the minimum observed randomization difference
was between Chemistry 2018 exam booklets of Code 38 & 39, Code 38 & 40, and Code 39 &
40, all with Spearman’s rho of 0.998 (p<0.01). The next were booklets from English 2018
between Code 22 & 23 and Code 23 & 24, with tho 0f 0.997 (p<0.01). In general, the coefficient
rho was randomly distributed between rho of 0.318 for Physics 2017 and 0.998 for Chemistry
2018 exams. The only exceptionally different item order differences, as described above were
among Physics 2017 which were in the range of weak to strong correlation (Schober et al.,
2018). This means, even if the exam items were reordered in the different booklets of the same
exam, the order differences were not that strong in many of them to expect significant
achievement difference among test-takers (students) due to item position effects (AERA et al.,
2014; Soysal & Kogar, 2021).

In general, there were no strong differences in items distributions among booklets of the same
exam. Booklets inspections revealed that the items are not redistributed individually in a
complete random fashion. Item groups (blocks) containing random numbers of items (between
1 to 7) are picked randomly and put at random positions in the different booklets. Therefore,
some of the items kept their relative positions with respect to some of the item group members.
Probably this was the reason for low observed randomization difference (or high Spearman’s
rho).
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Mean scores and standard deviations of students’ scores from 2015 to 2020

The main purpose of this research was to find out if the item order randomization differences
among exam booklets had effect on students’ achievement. To see this, the crude data received
from NEAES (National Education Assessment and Examinations Service) data center was
classified based on the booklets’ codes and mean achievement scores for each subject and year
were calculated by booklets. The item numbers in the six years in EUEE (Ethiopian University
Entrance Examination) differ by subjects from 45 to 120. As mean scores were to be compared
specific for subjects and years or examination, the item number difference from exam to exam,
and/or from year to year did not matter in addressing the research objectives. The analysis result
was based on row scores of 120 items in English, 80 items in chemistry, and 100 items in
Biology. In Mathematics exams 65 items were used except in 2020 (61 items) and similarly in
physics, 50 items were counted except 45 items in 2017. In table 2 on the next page, a sample
of 10 exams (2 for each subject) are presented to show variability in students’ mean achievement
score from booklet to booklet. The full-length data that is used for analysis is found in Appendix
A.

Inspection of Table 2 (and also Appendix A) show that the mean achievement scores populated
the lower half of the ideal mean (50%) in every subject with more than 30% variability (SD>0.30
of mean). Only in the case of 11 exams (out of 30), that students mean scores were at or barely
above the ideal mean. While in all of the English and Physics exams students mean scores were
totally below the 50% mark, there was one Mathematics, four Chemistry, and six (all) biology
exams in which the mean scores were found to be at or barely above the ideal mean. Besides,
it was only in Biology 2019 and Chemistry 2019 that in the sample schools the maximum

possible score was achieved.

The other observation that could be made from the data in Table 2 is that in most of the
examinations the mean scores showed very little variations from booklet to booklet. With each
of the 30 examinations analyzed in this study, there are 4 different booklets that make 6
independent booklet pairs. That means, the total 30 examinations constituted 180 pairs of
booklets showing mean score differences between each other. However, if we just count those
with mean differences greater than one point, there would be 39 pairs of booklets. That means,
21.67% of the booklet pairs showed more than 1 point mean score differences. In this respect,
Biology Exams showed the largest number of mean differences between pairs of booklets with
15 out 36 booklet pairs. The other four subjects exhibited 5 mean differences of more than 1-

point between 5 or 6 booklet pairs.
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The largest mean score difference between booklets was observed in Chemistry 2020 exam. A
5.11 difference was observed between Code 35 and Code 37 booklets in Chemistry 2020 exam.

In the same exam the second largest mean score difference was also observed between Code 36

and Code 37 booklets in Chemistry with mean score difference of 4.57. Still the same exam

exhibited the third largest mean score difference of 3.09 between booklet Code 35 and Code 38.

Apart from that exhibited by Chemistry 2020 exam, Mathematics 2020 exam booklets of Code
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48 and Code 50, Physics 2020 booklets of Code 39 and Code 42, Biology 2015 booklets of Code
31 and Code 32, and English 2018 booklets of Code 22 and Code 23, showed maximum of mean

score differences of 3.066, 2.474, 2.332 and 1.991, respectively.

Significance of Mean score differences among booklets of exams from 2015 to 2020

From the descriptive analysis it was observed that 39 (21.67%) out of a total of 180 EUEE exam
booklet pairs exhibited more than 1-point mean score differences. 1-point minimum was
arbitrarily taken to make sense of the extent of difference observed among different booklet
pairs. However, all booklet pairs exhibited mean score differences ranging from a minimum of
0.014 to 5.109. Now the question is are these observed differences statistically significant to

claim that students’ achievements were affected by item positioning in different booklets.

After checking and confirming that all the group of data (by subject, year of examination, and

booklets) satisfy the assumptions for ANOVA analysis, one-way ANOVA was used for

statistical significance of mean score differences. The one-way ANOVA analysis showed that

21 out of 30 of the exams (70%) had statistically significant differences among the respective 4

booklets. However, the post-hoc analysis resulted in dropping of Physics 2018 exam score as
Table 3

ANOVA table for exams exhibiting statistically significant mean score difference in
students’ achievement scores between pairs of exam booklets (p=0.05)

Test- Mea
Item  taker Std. n
Exam n N Mean Dev. Diff. df F Sig.
1.  English 2018 120 9840 51.58 1532 1.157 3 8.706  0.000
2. English 2019 120 10577 4228 13.64 0.706 3 4478 0.004
3. English 2020 120 9612 53.17 1886 0.860 3 3.245 0.021
4.  Math 2017 65 7778 2400 886 0405 3 4.820 0.002
5.  Math 2018 65 6623 27.02 8.58 0.607 3 5.543 0.001
6. Math 2019 65 7012 22.03 8.00 0445 3 4.684 0.003
7. Math 2020 61 6503 30.62 963 1543 3 30.563 0.000
8. Biology 2015 100 8203 62.29 1645 1293 3 8.873 0.000
9. Biology 2018 100 6621 56.22 1492 0980 3 4713 0.003
10. Biology 2020 100 6498 5324 1419 0970 3 5.094 0.002
11. Chemistry 2015 80 8200 45488 11.67 1.202 3 13.473 0.000
12. Chemistry 2016 80 7665 37.25 993 0.644 3 5.284 0.001
13. Chemistry 2018 80 6624 4221 1237 1.109 3 9.547 0.000
14. Chemistry 2019 80 7006 36.26 11.33 0.667 3 3816 0.010
15. Chemistry 2020 80 6501 4399 11.84 2980 3 67.648 0.000
16. Physics 2015 50 8218 19.25 629 0315 3 3.148 0.024
17. Physics 2016 50 7659 21.37 698 0314 3 2.707 0.044
18. Physics 2017 50 7787 2004 6.10 0.336 3 3.896 0.009
19. Physics 2019 50 7006 17.47 561 0254 3 2.742  0.042
20. Physics 2020 50 6500 2395 7.17 1406 3 39.626 0.000
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there was no statistically significant pairwise mean score differences among the 4 booklets,
even-if the F-value (F(3,6626)= 2.883; p=0.034) was statistically significant. Therefore, in
Table 3 below, the relevant descriptive statistics and ANOVA analysis for 20 (66.67%) of the

exams are presented.

As can be seen from the table, 15 of the examinations (50%) have statistically significant test-
takers’ achievement mean score differences at less than 0.01 while only 5 of them (16.67%)
showed difference at 0.05 significance level. As noted in the descriptive analysis, Chemistry
2020 examination is with the highest mean difference of 2.98 points (25.17% of the mean
standard deviation). Like Chemistry, Physics exhibited significant differences in most of the
exams (5 out of 6 exams), even if the mean differences among those booklets are as low as 0.25
points (4.53% of the mean standard deviation). This means, even if the mean differences are
very small, there are chances that those differences are statistically significant and occur due to
the difference in item position order in the different booklets. In terms of the frequency of
statistically significant difference among exam booklets, next to Chemistry and Physics exams,
Mathematics exhibited 4 out of 6 times, and English and Biology 3 times out of 6 exams.
Table 4

Pairwise comparison of mean score difference between booklets of the same exam
showing significance of minimum and maximum (p<0.05)

Minimum significant difference Maximum significant difference
Mean Mean
Exam Booklet pairs Diff. Exam Booklet pairs  Diff.
English 2018 Code 24 & 22 1.299 | English 2018 Code 23 & 22 1.991
Math 2015 Code 16 & 15 0.707 | Math 2020 Code 48 & 50 3.066

Biology 2015 Code 34 & 32 1.433 | Biology 2015 Code 31 & 32 2.332
Chemistry 2019  Code 27 & 30 1.004 | Chemistry 2020  Code 35 & 37 5.109
Physics 2019 Code 23 & 26 0.500 | Physics 2020 Code 42 & 39 2.474

To identify where the significant mean score differences lie, post-hoc analysis was conducted.
Table 4 presents the sample of exam booklet pairs with the minimum and maximum significant
mean score differences. For detail analysis, see to the data in Appendix B. The post-hoc
analysis revealed that out of 180 independent pairs of booklets, there were 44 (24.44%) pairs
with statistically significant mean differences. As observed in the descriptive analysis and the
one-way ANOVA analysis, still Chemistry exams were the leading pairs in significant mean
score difference with 15 (41.67%) of the booklet pairs. Mathematics and physics followed
Chemistry each with 9 (25%), and Biology with 6 (16.67%) of booklet pairs. English
examination booklet pairs were with the least (5 or 13.89%) number of booklet pairs to show
statistically significant mean score differences. This means nearly in a quarter of EUEE there
were statistically significant achievement mean score differences among students due to item

position differences among booklets.

38 May 2024



E_’_JFE‘_L Volume 2 Number 2 Article ID.: 02020224

On the other hand, Physics and mathematics occupied the two least mean score differences with
0.50 and 0.71, respectively. These differences are 8.9% for Physics and 8.3% for Mathematics
of their respective mean standard deviations. In another extreme, Chemistry and Mathematics
occupied the top two positions of mean score differences with 5.11 and 3.07, respectively. These
are 43.15% for Chemistry and 31.84% for Mathematics of their respective mean standard

deviations. These are very large differences.

Estimation of Proportions of test takers significantly affected by Item Position Changes

The second measure purpose of this research was to estimate to what extent test-takers are
affected by the item-position effects. To address this purpose, after identifying the exam pairs
with significant mean differences, the mean differences were calculated in terms of the pooled
standard deviation units. This absolute mean difference was used to estimate the population
within the range between the mean and the absolute mean difference in the standard normal
distribution for each exam pairs (N=44, 24.44%). Table 5 presents the maximum and minimum
mean score differences by subject, and the mean population proportion with significant item

position effects by subject and overall mean. The detail of the population proportion estimate

is presented in Appendix B along with other relevant data.

Table 5
Estimation of the proportion of the test-taker population with minimum and maximum
IP effects (p<0.05)
. £
E 2%
Mean 2 £ §‘ ?’\3
Exam Booklet pairs  Diff. <8 A~A&T S (p)

Minimum  English 2018 Code 22 & 24 1.299  0.0916  3.59 0.016
Maximum English 2018 Code 22 & 23 1.991  0.1269 497 0.000

Average 5(13.89%) 1.656  0.1012  3.94
Minimum Math 2015 Code 15 & 16 0.707  0.0811  3.18 0.036
Maximum Math 2020 Code 48 & 50 3.066 0.2996 11.6 0.000

Average 9(25.00%) 1.462 0.1581 6.16
Minimum Biology 2015 Code 32 & 34 1.433  0.0850 3.19 0.029
Maximum Biology 2015 Code 31 & 32 2332 0.1432 557 0.000

Average 6(16.67%) 1.866  0.1206  4.64
Minimum  Chemistry 2019  Code 27 & 30 1.004  0.0909  3.58 0.044
Maximum Chemistry 2020  Code 35 & 37 5109  0.4300 16.64 0.000

Average 15(41.67%) 2.153  0.1843  7.22
Minimum  Physics 2019 Code 23 & 26 0.500  0.0869  3.38 0.042
Maximum Physics 2020 Code 39 & 42 2474 03504 13.68 0.000

Average 9(25.00%) 1.1251 0.1641  6.36

Grand mean 44 (24.44%)  1.698 0.157 6.10
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As it can be observed from Table 5, there is a mean population proportion of 6.10% with a mean
difference of 1.698 (15.7% of mean standard deviation). A simple statistical analysis (with
normal distribution) shows that a one-standard deviation changes from the mean results in
34.1% change in the population and a half- standard deviation change from the mean results in
19.1% change (Peck et al., 2008). Further it can be observed from the data in table 5, that the
item position effect is the strongest in Chemistry, with 16.64% affected population proportion
for 0.43Std (p<0.001) absolute mean difference in mean score. This occurred in Chemistry 2020
examination for booklet pairs Code 35 and 37. This means, up to 16.64% of the test takers in
EUEE could be either unfairly lost or unfairly advantaged just by the booklet they were
examined with due to item position effects. In this case, Mathematics and Biology seem to be
with the minimum population proportion to be affected with item position effects. The
minimum proportion for Mathematics was 3.18% (p=0.036) and for Biology 3.19% (p=0.029).
However, it is in English EUEE exams that the least mean population (3.94%) that was observed
with minimal item position effect, while chemistry (with 15 out of 36 (41.67%) of the exam
booklet pairs that demonstrated the maximum population proportion of exam takers at 7.22%

mean population proportion.

Discussions
The main purpose of this research is to find out in EUEE (Ethiopian University Entrance

Examination) if there are test-takers achievement mean score differences among different exam
booklets. Furthermore, the study aimed at estimating the proportion of exam takers who would
be affected by item position effects, if a significant achievement mean scores were observed. To
address these objectives, there was a secondary question to raise: how significantly were the
booklets of the same exam differing from each other? In EUEE, there were four booklets per
exam containing the same items but in different orders. Therefore, to answer the question, the
extent of difference in item positions were statistically determined. Unlike in other studies on
the effect of exam item position on students (test-takers) performance (Ollennu & Etsey, 2015;
Pettijohn & Sacco, 2007), the items in the EUEE were not ordered based on any assessment
logic. By inspection of exam booklets from the sample of EUEE between 2015-t0-2020, it was
observed that the production of alternate booklets resulted in high similarity in item positioning.
With spearman’s correlations analysis it was found that all of the 180 booklet pairs, except one
pair of Physics 2017 exam where those were with more than moderate similarity (Schober et al.,
2018), all of the exams exhibited more than strong similarity of item distributions.

Due to the high degree of similarity between booklets and the lack of order based on test
construction principles in the random item distribution case of EUEE, it was unlikely to find
achievement differences among test-takers due to item position differences. Even if those

differences appear, their magnitudes would not be as large as observed in other similar studies
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(for example in Ollennu & Etsey, 2015 and Opara & Ogbanu, 2023). Added to that, researchers
suggested that random item distribution may minimize the item position effects (AERA et al.,
2014; Soysal & Kogar, 2021; Wu et al., 2016), implied that the likelihood of finding significant
mean score differences based on booklet differences is minimized. However, the results in this
research contradicted the consensus among researchers in the likelihood of occurrence and in

significance of the difference.

After observing that for majority of the EUEE examinations from 2015 to 2020 were not
exhibiting strong difference of item positioning patterns, the data was analysed to address the
main research purpose. It was observed that 66.67% (20 out of 30) of the exams showed
statistically significant mean score difference based on booklet differences in item arrangement.
In contrast to the mean score differences observed in other previous researches (for example
Alakayleh, 2017; Ollennu & Etsey, 2015), the magnitudes of the mean difference observed in
the current study appeared small. As the number of items per exam differs from subject to
subject (from about 50 to 120), the small mean differences could not be compared meaningfully,
even though those are statistically significant. However, by using the standard deviation as a
unit of measure of the mean difference, it was observed that the absolute mean difference varies
between 0.0811 (for Mathematics 2015 exam) to 0.4300 (for Chemistry 2020 exam). Therefore,
from this result we can see that the item position effect is contributing to such strong differences

in students (test-takers) achievement scores in the EUEE.

This is significant not only to the local practical context, but the result in a way confirms the
general findings in other researches (Alakayleh, 2017; Hartig & Buchholz, 2012; Ollennu &
Etsey, 2015; Soysal & Kogar, 2021; Wu et al., 2016). Even though many of the previous studies
on item-position effects were by comparing alternate exam forms (booklets) with systematic
item arrangements (for example by Abdullahi et al., 2020 and Alakayleh, 2017), and sometimes
with a different purpose such as analysis of performance persistence of test-takers throughout a
test (for example by Soysal & Kogar, 2021, Wu et al., 2016), all asserted that test-takers
performances are significantly affected by item positioning. The result in this Study further
illuminates the case of exam booklets with non-systematic (or random) item arrangements in
which case research is scares and the assumption is item position effects to be minimized by

random item arrangements (AERA et al., 2014).

The difference in mean score of students is not unique to specific subject instead it was observed
in 20 out of 30 examinations investigated in this research with all the five subjects. As discussed
above, this was unexpected to occur among booklets which have so high degree of similarity in
item ordering. In similar studies so far (Alakayleh, 2017, Ollennu & Etsey, 2015, Opara &
Ogbanu, 2023) the comparisons were between a random and either easy-to-difficult or difficult

to easy item sequencing. Therefore, even if the number of items in general are less than the
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number of items in any of the EUEE exams, the difference in item ordering were very high
(either tho= —1 or very close to zero). But, in the current Study, it was found that none of the
booklets were sequenced according to psychometric characteristics and yet the random
sequencing in the different booklets did not result in significant differences among them. In
contrast to this, statistically significant achievement differences were found in 66.67% of the

€xams.

The disparity observed between the mean score differences among exam booklets and the high
degree of similarity among the booklets is a fundamental finding. So far research on this issue
was focused on the difference in item ordering (Alakayleh, 2017, Baffoe, 2021, Ollennu &
Etsey, 2015, Opara & Ogbanu, 2023, Pettijohn, & Sacco, 2007). However, the finding in the
current study is suggestive of the existence of a more profound factor other than mere reordering
of items in exam booklets resulting in a significant difference in students (test-takers)

achievement. This requires probably a more complex analysis of the data at item levels.

In addition to investigating the existence of item position effects in the EUEE, this Study also
attempted to estimate the population proportion of exam takers affected by the position effects.
It was found that in between 3.1 up to 16.64% of test takers were affected by item position
effects with examinations in different years and subjects. Furthermore, it was observed that
position effects were varying from year to year by subject. While the effect was minimal but
significant for English examinations with 3.94%, it was Chemistry with the highest affected
population size with mean of 7.22%. In many of the item-position effects studies, the magnitude
of the impact on test-takers were not reported except the consensus that it has significant effect
on students’ performance (Hartig & Buchholz, 2012; Ollennu & Etsey, 2015; Wu et al., 2016).
However, fairness is one of the major principles of assessment (AERA et al., 2014; EFPA &
EAWOP, 2007). Therefore, at least in reporting high-stake exam results, the item position
effects and those who would be affected by it should be reported (AERA et al., 2014; Soysal &
Kogar, 2021; Wu et al., 2016).

Except in chemistry exams, the achievement mean score differences among booklets do not look
that much alarming. For many of the examinations the mean score differences were by about 1
and 2 points. However, when these differences were converted to absolute difference (by
comparing with the standard deviation) those results become more meaningful. The alarming
face of the item position effects became apparent when it is translated to victims count. In this
study it was observed that overall, 6.10% of test-takers were disadvantaged by taking one of the
exam booklets and not the other one. In the latest Educational Statistics Annual Abstract
(Federal Ministry of Education, 2023) the total number of students who registered for the EUEE
were 845,099 out of which 356,878 were from Natural Science stream. Natural Science stream

students take these five subjects in the EUEE. Therefore, the mean effect obtained in this study
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(6.10%) means well above 21,700 students (test-takers) are affected by item position effects.
When this is compared with the number of students who have scored more than 50% in EUEE
and said to have possessed to higher education last year, that is 22,974 (6.8%) (Federal Ministry
of Education, 2023), judgement based on EUEE is unfair to such large proportion of students
and put the judgemental validity in question (AERA et al., 2014; EFPA & EAWOP, 2007;
Wilson, 2023).

Conclusions and Recommendations

Conclusions

The main purpose of this exploratory ex-post facto research was to find out if there were mean
achievement score differences between test-takers depending on which of the exam booklet (01,
02, 03, or 04) they were tested within the subjects: English, Mathematics, Biology, Chemistry,
and Physics.  The results are that while direct inspection of a set of booklets for an exam
showed item position differences, these differences were not statistically significant; majority
of the exams in all of the five subjects exhibited significant achievement mean score differences
regardless of insignificant differences in item ordering among exam booklets; and significant
number of students are affected by the booklet based mean score differences. Therefore, it has
been concluded that the observed differences are strong enough to raise questions about the
fairness of the EUEE, which puts at a serious disadvantage on average up to 6.10% of test-takers

(in tenths of thousands) just due to which exam booklets they were tested with.

Recommendations

In this study it was found that item reordering is consequential to test-takers while assessment
authorities are warning exam developers against malpractices with respect to assessment
fairness (AERA et al., 2014; EFPA & EAWOP, 2007; Wilson, 2023). In order to maintain exam
fairness, the Standards for Educational and Psychological Testing (AERA, et al., 2014),
recommends that “Tests and testing programs should be designed and developed in a way that
supports the validity of interpretations of the test scores for their intended uses” (pp. 85).
Furthermore, the authors of the Standards emphasize that “Fairness is a fundamental validity
issue and requires attention throughout all stages of test development and use.” (pp. 49). Mark
Wilson (2023), in relation to test items, declared that “The fundamental fairness requirement of
the items design is that, across important subgroups, items function in a similar way for
respondents who are at the same [ability] location” (pp. 239). Despite the fact that random item
distribution is implied as a factor minimizing item-position effects by such assessment
authorities as AERA et al, (2014), strong effect has been observed in this study. This anomalous
finding may suggest further and deeper investigations into the nature and behavior of the items
in such high-stake tests and test-takers behaviors (Hartig & Buchholz 2012; Soysal & Kogar,
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2021; Wu et al., 2016). Thus, for high-stake examinations such as EUEE, in order to address the
requirements of the fundamental principle of validity and fairness:

1.

Examination (test) development experts (such as those in EAES) be aware of the
existence of test takers performance variations due to construct irrelevant factors such
as item position changes as observed in this and many other studies. There are many
alternative ways of addressing the issue recommended by researchers and assessment
authorities to minimize the effect (AERA et al., 2014; Wu et al., 2016). Thus it is
professional responsibility of test developers to get familiar with nature of the issue and
the suggested measures so that appropriate decisions will be taken to make the EUEE
fair and valid.

Exam developers, responsible for production of alternate exam booklets, either have to
look for other ways of producing alternate tests or practice great caution, should they
still use the option of item reordering to curb the exam room malpractice (Mehrens &
Lehmann, 1991; Ollennu & Etsey, 2015). Exam development experts (as those in
EAES) should be aware of the findings in this study showed that even the insignificant
reordering in different booklets put a significant number of test-takers at a serious

disadvantage.

In the current understanding of validity, validity is in the final argument based on
assessment products. Among other things, in high-stake examinations individuals’ fates
are determined based on test-takers scores. Faulty interpretation of assessment results,
lead to unfair judgments by exam result users (AERA, et al., 2014, Colwell, 2013) and
victimizes individuals. Therefore, exam result publishers and users should identify the
existing exam inconsistencies and apply compensatory approach for the disadvantaged
groups by such effects as item positions. Furthermore, result publishers should organize
and document evidences about the fairness, reliability and validity of exam results to

support decision processes about individuals and systems.

While majority of research in this area of high-stake assessment is focused on the effects
of item reordering (item positioning) on various students learning outcomes, the causes
why item position effects occur were not studied. What is in the nature or characteristics
of items that is resulting in change in their functioning in different test forms need to be
studied to come up with effective measures against item position effects. However, in
the current research indicative result about the seriousness of the problem beyond mere
item reordering was found. Therefore, further research should be continued in
determining the hidden variables and the extent of their effects in test takers

achievements results due to alternate tests with or without item positioning.
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5. Many of the studies referred to in this study revealed that item-position effects are not
the only factors contributing to individual performance differences in such high-stake
examinations. Therefore, research in this area should be extended to determining the

particular contribution of item-position effects among other factors.

Limitation of the study

Having noted the extent to which item position effects can be, the result here has to be moderated
by paying attention to the limitations of the study. Item position researchers acknowledge
several factors contributing to achievement differences beside item position effects (Hartig &
Buchholz 2012; Soysal & Kogar, 2021, Wu et al., 2016). However, in this study only item
position effect was considered as factor behind the observed achievement mean score
differences between test takers with different booklets. Thus, the present result should be taken
as strong evidence of the existence of item position effects to the extent to challenge the fairness
of test results but, the exact determination of the extent has to be further researched by taking
into account other variables impacting achievement differences (AERA et al., 2014; Soysal &
Kogar, 2021, Wu et al., 2016).

Even though we observed the existence of achievement differences based on exam booklets over
all of test subjects in this study, we did not study the relationship between the pattern of
achievement mean score difference and subject matter. This was partly due to the limited
number of years of examination data we secured and exclusion of those subjects other than
Natural Science fields in the high schools. Besides, other than working on the data, the EAES
experts responsible for the EUEE preparation, administration, marking and publishing were not
contacted to secure critical information about the development of the exam booklets and nature

and process of high-stake decisions based on students’ achievement scores in EUEE.
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