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Abstract

This research examines the impact of multiple-choice question (MCQ) sequencing—forward
(instructional order) versus randomized—on undergraduate student performance in edu-
cation courses. Grounded in cognitive perspectives on memory organization and retrieval,
the study investigates whether question order influences test outcomes. Using a 2 x 2
mixed repeated-measures design across four courses at an Arab Gulf university, data
were collected from 212 students who completed two MCQ-based assessments adminis-
tered under alternating sequencing conditions. Repeated-measures Analysis of Variance
(ANOVA) and Analysis of Covariance (ANCOVA) were employed to analyze performance
differences while controlling for testing phase and academic achievement (GPA). Results
indicated no statistically significant main effects of question order or testing phase, nor any
significant interaction between sequencing and testing phase. GPA did not moderate the
relationship between sequencing format and performance. However, descriptive trends
suggested slightly higher performance under forward sequencing conditions, pointing to
the possibility of small or context-dependent sequencing influences. Overall, the study
findings indicate that undergraduate students perform similarly across forward and ran-
domized MCQ formats under typical classroom conditions. By integrating within- and
between-subject analyses and controlling for individual academic achievement, the study
strengthens the methodological evidence base on MCQ sequencing. The findings provide
cautious support for the use of randomized sequencing as a fairness-oriented assessment
strategy, highlighting the importance of test design features and contextual factors. Future
research should examine sequencing effects in high-stakes settings, assessments targeting
higher-order cognitive skills, and diverse disciplinary contexts.

Keywords: MCQ sequencing; academic integrity; assessment fairness; question order;
cognitive psychology; repeated-measures design; undergraduate education

1. Introduction

Student overcrowding in classroom testing contexts often leads educators to design
multiple versions of the same assessment. One common strategy involves administering
identical multiple-choice question (MCQ) examinations that differ only in question order, a
practice widely used to reduce academic dishonesty and improve test security (Geiger &
Simons, 1994; Haasnoot et al., 2025; Pettijohn & Sacco, 2007). Recent scholarship charac-
terizes academic dishonesty as both a moral and practical issue, given its demonstrated
implications for students” future professional conduct (Eshet et al., 2023). As assessment en-
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vironments expand, institutions increasingly adopt strategies such as multiple test versions
and question randomization to deter dishonest behavior while maintaining fairness.

Two principal sequencing formats are typically used: a forward version that presents
questions in alignment with the instructional sequence, and a randomized version that
disrupts this structure and may separate conceptually related items. To prevent cheating,
instructors commonly create multiple test forms by mixing up the order of MCQs across
exam versions (Pettijohn & Sacco, 2007), often by randomly reordering items from an
original forward-sequenced version, such that the forward format serves as the base from
which randomized alternatives are derived (Haasnoot et al., 2025). The forward version
reflects the order in which students encountered course content (Kagundu & Ross, 2015),
offering a logical progression consistent with instructional delivery. Although rearranging
exam questions has become a widely adopted approach to mitigate cheating in higher
education, its cognitive implications remain insufficiently explored, and educators often
administer MCQ versions without considering how such changes may influence cognitive
processing or performance (Carlson & Ostrosky, 1992; Pettijohn & Sacco, 2007).

From a cognitive psychology perspective, chaining models suggest that information is
encoded via associations between successive items, whereby the retrieval of one item cues
the activation of the next (Lashley, 1951; Lewandowsky & Murdock, 1989). Test-takers may
rely on contextual cues from preceding items (Woodford & Bancroft, 2005), and research on
cued-recall practice further indicates that students frequently rely on cue-driven retrieval
strategies (Badali et al., 2023). Chunking (grouping adjacent items) can further facilitate
sequential retrieval from long-term memory (Cowan & Chen, 2009; Orban et al., 2008;
Perlman et al., 2010). These mechanisms support the hypothesis that instructional order
consistency in testing may facilitate retrieval and reduce cognitive load.

The primary aim of this study is to determine the conditions under which main-
taining consistency with instructional order influences student performance, and when
randomized sequencing has a cognitively neutral effect, thereby informing evidence-based
assessment design that balances academic integrity with pedagogical equity. The present
study investigates whether the sequencing of MCQ items (either in a forward or random-
ized order) significantly influences student performance across multiple courses at the
College of Education and Arts, while controlling for variables such as testing phase and
cumulative grade point average (GPA).

1.1. Literature Review
1.1.1. Theoretical Foundation

Research grounded in cognitive psychology’s chaining models suggests several mech-
anisms through which the content and order of test items may influence performance on
subsequent questions. When questions are thematically related, they can provide contex-
tual cues and priming effects that facilitate memory retrieval (Haasnoot et al., 2025). Order
association further suggests that students often organize their learning and preparation
according to the instructional sequence, making them more likely to perform well when
examinations reflect that structure (Sue, 2009). Associative models of serial recall indicate
that items encoded in sequence form structured links, whereby the retrieval of one element
increases the likelihood of recalling adjacent or contextually related information, and that
memory performance is shaped by the organizational structure established during learning
(Lewandowsky & Murdock, 1989; Slamecka, 1985). Students may therefore benefit from
increased retrieval cues when test items are presented in the same sequence as instructional
delivery during the course, suggesting that forward sequencing may reduce cognitive load
and enhance retrieval accuracy. Building on these theoretical assumptions, the present
study proposes that:
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Hypothesis 1. Student performance on multiple-choice assessments may vary as a function of
question sequence, such that students receiving forward-sequenced and randomized item orders will
perform differently on MCQ assessments.

1.1.2. MCQ Sequencing and Student Performance

Beyond content creation, the structure and sequencing of MCQ assessments have
important implications for educational outcomes. Researchers have therefore extensively
examined the impact of question order on student performance. This includes investiga-
tions into randomized question order, sequencing questions from easiest to hardest (or
vice versa), grouping questions by topic, and maintaining the instructional sequence of the
course (Gohmann & Spector, 1989; Gray, 2004; Taub & Bell, 1975).

Regarding difficulty-based ordering and related sequencing effects, early research
indicated that organizing exam questions from easiest to hardest can lead to improved
student performance (Leary & Dorans, 1985). A large-scale field experiment showed that
students who started with easier items completed more questions and performed signif-
icantly better (Anaya et al., 2022), while analyses of PISA (Programme for International
Student Assessment) data revealed that harder-first formats increased question abandon-
ment and lowered scores (Balart & Oosterveen, 2019). Beyond performance, question order
also shapes metacognitive processes: students beginning with easier items consistently
overestimated their performance, while those starting with harder items underestimated it,
an anchoring bias unaffected by repeated exposure (Bard & Weinstein, 2017). Applying
Capaldi’s (1994) Sequential Theory, R. M. Miller and Andrade (2020) found that item se-
quencing influenced persistence rather than performance in technology-based and online
learning environments. The use of control questions as an agility mechanism for test-takers,
for example, to establish a “physics mindset,” i.e., problem-solving techniques, at the start
of an exam, has also been proposed (Gray et al., 2002). Although this line of research focuses
primarily on difficulty-based sequencing, it highlights the broader impact of item order
on cognitive engagement and provides important insights for examining instructional
order consistency.

With respect to instructional order consistency, which is the specific variable exam-
ined in the present study, the importance of question sequencing has been demonstrated
across diverse assessment contexts. In a study of second-year medical students, LaRochelle
et al. (2016) found that coherence scores, quantifying the logical sequencing of diagnostic
questions, were positively correlated with both checklist scores and global performance
ratings, with the association strengthening at higher levels of student performance. In
MCQ contexts, early studies in business and economics reported that forward-ordered
examinations were associated with higher scores than randomized versions (Taub & Bell,
1975). No performance differences were observed when MCQs were organized under topi-
cal headings, although forward formats again showed advantages over reversed sequences
(B. R. Dunn, 1979). Subsequent research confirmed variability in findings depending on
subject area, sample size, and test design (Marso, 1970; Pettijohn & Sacco, 2007; Sad, 2020),
and similar inconsistencies across disciplines suggested that contextual and disciplinary
factors may moderate the influence of question order on performance (Perlini et al., 1998;
Schmitt & Scheirer, 1977; J. A. Dunn, 1976; Tal et al., 2008).

Several studies have concluded that question order does not significantly affect stu-
dent performance (Bresnock et al., 1989; Davis, 2017; Sue, 2009). Gohmann and Spector
(1989) recommended incorporating measures of academic ability, such as GPA, to account
for individual differences. Sue (2009) found no significant order-related bias in Macroe-
conomics and Microeconomics examinations, attributing this to the small class sizes and
closer instructor-student interaction that may reduce reliance on order-based recall strate-
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gies. Similarly, Davis (2017) reported that reordering examination questions across two
psychology courses did not significantly influence student performance. Norman (1954)
was among the first to explore this issue, and although no significant differences across
forward, reversed, and random formats were found (Hughes et al., 1974), a later study
reported marginally better performance for forward-ordered versions (Balch, 1989).

In contrast, Haasnoot et al. (2025) found that students who received scrambled
versions of a microeconomics test were at a disadvantage, as correct responses were
more likely when an MCQ followed a conceptually related question from the same or a
previous lecture. The authors interpreted these results as evidence that related questions
provide contextual cues, promote order association, and facilitate memory priming, thereby
reducing cognitive effort and improving recall under forward sequencing conditions.
Randomization has also been recommended in large classes, as it has been associated
with improvements in student grades and reductions in cheating (McLeod et al., 2003),
and as test developers commonly designate two-thirds of response options as distractors
(Haladyna & Downing, 1993), the sequencing of items may influence how students allocate
cognitive resources across questions.

Given these mixed findings, the present study hypothesizes that:

Hypothesis 2. Student performance may vary across testing phases due to learning progression
and increased familiarity with course content, independent of question sequencing.

Hypothesis 3. An interaction effect between testing phase and question sequencing is anticipated,
such that the influence of forward versus randomized sequencing may differ across testing phases.

1.1.3. Academic Integrity and MCQ Test Fairness

Recent debates have focused on the cognitive validity, fairness, and design features
of MCQs, with particular attention to the sequencing of questions and response options
(Rodriguez & Albano, 2017; Das et al., 2021). Several studies called for a balance between
academic integrity and test fairness to prevent creating unfair advantages when utilizing
different MCQs sequencing (Becker et al., 2022; Gray et al., 2002; Haasnoot et al., 2025). Prior
research indicates that students” engagement in academic dishonesty is often facilitated
by mechanisms of moral disengagement, whereby responsibility for unethical behavior is
displaced onto external factors, including evaluations perceived as unfair or poorly struc-
tured (Eshet et al., 2023; MclIntire et al., 2024). Academic dishonesty is often rationalized
as a response to institutional pressures, emphasizing the importance of transparent and
equitable assessment practices.

Under time-constrained conditions, students’ performance was significantly influ-
enced by item ordering, as test-takers managed time differently depending on the structure
and organization of questions (Becker et al., 2022), and although multiple test forms may
reduce cheating, they may introduce inequity when speediness becomes a factor. Haasnoot
et al. (2025) recommended maintaining a similar proportion of forward-sequenced ques-
tions across all test versions, identifying instructional order consistency as a key condition
for balancing academic integrity with assessment fairness. Contrary to these concerns,
Sue (2009) and Davis (2017) suggested that scrambled MCQ versions could be safely used
without biasing results, and that scrambling questions appeared fair and did not produce
significant performance differences.

Hypothesis 4. In light of these considerations, academic achievement (GPA) will moderate the rela-
tionship between question sequence and performance, such that students with different achievement
levels may respond differently to forward and randomized MCQ formats.
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1.1.4. Gaps

Despite extensive research, significant gaps remain, particularly within higher ed-
ucation. Much of the existing literature focuses on either secondary education contexts
or narrowly defined subject areas such as business education or economics, limiting the
generalizability of findings. While some studies suggest that sequential ordering facilitates
cognitive recall and improves student performance (e.g., Balch, 1989; Haasnoot et al., 2025;
Kagundu & Ross, 2015), others argue that randomization does not significantly influence
outcomes (Davis, 2017; McLeod et al., 2003; Sue, 2009). Methodological constraints, in-
cluding a lack of control for individual differences such as GPA, limited sample diversity,
and the absence of repeated-measures designs, further complicate interpretation. Cru-
cially, studies reporting non-significant differences are often underemphasized, leaving a
gap in understanding whether MCQ sequencing truly matters for student performance
or whether cognitive adaptability accounts for null effects. This is particularly signifi-
cant in undergraduate education, where assessment design carries both pedagogical and
ethical implications.

The study addresses this gap by empirically examining the effects of MCQ sequencing
on student performance using a 2 x 2 mixed repeated measures design, while controlling
for GPA. Conducted across diverse content areas and academic levels, this research analyzes
both within- and between-subject effects of forward and randomized sequencing across
multiple testing phases using ANCOVA. To address this gap and achieve the study’s
objectives, the following research questions are examined:

(1) Does the sequence of MCQs (forward vs. random) affect student performance?

(2) Are there significant differences in performance across two testing phases, and does
this vary by question sequence?

(3) Is there an interaction effect between test phase and question sequence on student
performance?

(4) Does GPA moderate the relationship between question sequence and student performance?

2. Materials and Methods
2.1. Sample

Over the course of one academic term, four different courses were taught by four
different instructors. The study sample comprised N = 212 undergraduate students en-
rolled in four Education and English Language courses offered at a Gulf Arab University.
These courses included Child Psychology, Teaching Methods, Sustainable Development,
and Foundations of Education. Each course was taught by a different instructor to ensure
instructional variability, and the student population was predominantly Arab. No demo-
graphic data beyond course enrollment was collected. The student GPA was collected
through the Banner system following participant consent.

2.2. Procedure

Two tests (quizzes) were developed for each of the four courses highlighted earlier.
Each test covered different material and was administered at a different time. Each quiz
consisted of 10 multiple-choice questions created by the instructor to assess students’
understanding of the course content. The instructors ensured the validity of the questions
by carefully reviewing them for clarity and relevance. Each assessment was designed to
evaluate students’ understanding in alignment with Bloom’s taxonomy.

For each testing phase, the quizzes were offered in two formats: one in which the
questions were scrambled (referred to as the “random” format) and another in which
the questions were presented in the instructional sequence used in the course (referred
to as “forward”). The forward order was determined based on the instructor’s planned
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teaching sequence. Although both test formats included identical questions, they differed
in the arrangement of items. In the second testing phase, students were assessed on newly
introduced course material. A crossover design was implemented where students who
received the first quiz in the forward format completed the second quiz in the random
format, while those who initially received the random format completed the second quiz in
the forward format.

To ensure proper randomization, the sequence of the 10 forward-order questions
was randomized using an open access number generator (Calculator Soup; https://
www.calculatorsoup.com/calculators/statistics /random-number-generator.php, accessed
on 28 September 2025), which generated unique numbers within the specified range with-
out repetition. To assign students to the forward or random groups, a random list was
generated for each class by entering half the total number of enrolled students into the
number generator. Students were numbered sequentially based on their course registration
order. For example, in the Child Psychology class, which included 38 students, numbers
from 1 to 38 were entered into the generator, and 19 numbers were randomly selected.
Students corresponding to these numbers were assigned the forward quiz format, while
the remaining students received the random (scrambled) format. In the second testing
phase, the sequencing conditions were switched between the two groups.

During each quiz session, both versions were administered simultaneously to control
for time-related variables. A pre-prepared allocation list ensured that the student received a
forward or a randomly formatted quiz and was accurately implemented in the second quiz,
with item order alternated accordingly. Students were seated freely in a large examination
room for each class, with sufficient distance maintained between them. They were also
informed that multiple versions of the test were being used to help reduce opportunities
for cheating. This procedure followed a mixed repeated-measures analysis of variance
(Geisser, 1961; Richardson, 2018), which allows control of order effects. In practice, this
meant that half of the students received the forward-ordered quiz first and the randomized
version second, while the other half experienced the reverse sequence.

Each quiz was administered as a 10 min speed—power test designed to assess students’
ability to process and respond to questions efficiently. The focus was on cognitive processing
rather than completion of extended tasks. Research suggests that students who complete
tests more quickly often perform slightly better, although differences in outcomes are
typically minimal (Lovett et al., 2017). The standardized 10 min duration across all four
courses provided a consistent timeframe considered sufficient for evaluating students’
cognitive understanding of the material, allowing responses to be influenced primarily by
item difficulty and individual response times.

2.3. Data Analysis

Data analysis followed a quantitative approach. Both descriptive and inferential statis-
tics were calculated and presented in tabular form. The first phase involved summarizing
sociodemographic characteristics, including nationality, gender, and major, using means
and standard deviations. The second phase involved paired-samples t-tests with indepen-
dent groups and unequal variances (Xu et al., 2017). These tests compared performance
across question order formats (forward and random) during the first and second testing
periods. In the third stage, a mixed repeated-measures analysis of variance (ANOVA) was
conducted to examine the main and interaction effects of question order across two testing
occasions. The mixed design increases statistical sensitivity and power by accounting for
individual variability, thereby facilitating the detection of differences that might not be
observable in independent-group comparisons. Question order (forward vs. random)
functioned as the between-subjects factor, while testing time (first vs. second assessment)
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served as the within-subjects (repeated-measures) factor, where participants’ scores across
the two testing phases were compared, and individuals effectively served as their own
controls (Beyer, 2021).

The mixed analysis assessed whether student performance changed over time and
whether the sequencing of questions influenced assessment outcomes. This was followed
by repeated-measures ANOVA and repeated-measures analysis of covariance (ANCOVA).
The repeated-measures ANOVA included two independent variables: question order
(forward vs. random), treated as a between-subjects factor, and testing time, treated as
a within-subjects factor (Cardinal & Aitken, 2006; Roberts & Russo, 1999). This design
enabled the comparison of sequencing effects and testing-period differences across groups.

In the final phase, ANCOVA was conducted with GPA included as a covariate. Includ-
ing GPA allowed the analysis to control for variance in performance outcomes attributable
to academic achievement, thereby isolating the effect of assessment order. Prior to conduct-
ing ANCOVA, mean differences between assignment groups were examined in terms of
GPA and overall performance across the two testing phases. Because ANCOVA reduces
error variance, it enhances the sensitivity of statistical tests and increases the likelihood
of detecting group differences after controlling for extraneous factors (Field, 2013; G. A.
Miller & Chapman, 2001). This final analysis also explored the potential influence of
extraneous factors not directly measured in the study, but that may have contributed to
performance variance.

3. Results
3.1. Sample Demographics

The sample comprised 212 students in education programs at Aab-Gulf University.
The mean age was 24.78 years (SD = 4.08; n = 172). The sample was predominantly female,
with only five male participants. This is common in education programs in the Arab
context and highlights a significant gender imbalance. The majority of the participants
were from the English Language Teaching program (n = 132), while the remaining were
from the Counseling and Mental Health Program (n = 40). Although the study was
conducted in Qatar, the majority of participants were non-Qatari students from various
Arab countries, reflecting the regionally diverse nature of the student population (see
Table 1 for further details).

Table 1. Study Demographics.

Nationality n % Gender n % Program n %
Qatari 23 10.8 Female 167 78.8 English Language Teaching 132 62.3
Non-Qatari 149 70.3 Male 5 24 Counseling Mental Health 40 18.9
Missing 40 18.9 Missing 40 18.9 Missing 40 18.9
Total 212 100.0 Total 212 100.0 Total 212 100.0

3.2. Data Normality

The data underwent a normality test using a Shapiro-Wilk test for scores from the
two tests conducted during the first and second rounds, both for the forward and random
conditions. The results of the Shapiro-Wilk test showed W =0.90, p = 0.00, and W = 0.93,
p = 0.00, respectively, indicating that the distribution was significantly deviating from
normality. A nonparametric analysis was conducted using Friedman’s test to compare the
differences between the two testing periods. The results revealed no significant differences
across the two periods, x?(df = 1) = 0.01, p = 0.94. Thus, this finding should be supported
by the non-significant difference between the time points of taking the test, as detailed
below. It is noteworthy that repeated-measures ANOVA is comparatively resilient to
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normality violations, particularly in within-subjects designs; therefore, the results can still
be considered reliable and robust, and the conclusions drawn from the analysis are unlikely
to be substantially affected by these assumption violations.

3.3. Comparisons Between Forward and Random Groups: Testing for Hypotheses 1 and 2

Table 2 presents the mean scores and the results of f-tests comparing the two test
versions administered in forward and random formats across all courses. No statisti-
cally significant difference was found between the forward and random test formats,
tdf =101) =150, d = 0.12, p = 0.14. Also, during the second testing phase, no signifi-
cant difference was found between the random and forward formats, t(df = 105) = —0.78,
d = —0.08, p = 0.44, observed power = —0.08 (see Table 2, first two rows). Overall, the results
indicated no significant performance differences across courses, as students performed
similarly in both assessment formats regardless of question order (see Table 2 for each
course comparing forward and random, and second run random versus forward). There
were near-significant differences at a p-value of 0.01. The forward format also had higher
average scores than the random format in the Sustainable Development courses. This
means that a structured progression of content may support students” comprehension and
performance. However, the effect size associated with it (7% = 0.20) indicates a relatively
small magnitude of difference. This implies that despite the forward format advantage,
the practical significance of this difference is still limited. Thus, while the trend appears
to be towards the forward format, the results should be treated with some caution, as
the observed differences were not large enough to support strong conclusions about the
effects of instructional sequencing aligned with the quiz format. The statistical power
of 0.08 was considered low, and the effect sizes observed were small, indicating limited
sensitivity to detect meaningful differences. Conventionally, a statistical power of 0.80
(80%) is regarded as adequate. Accordingly, Hypothesis 1 was not supported. Similarly, no
statistically significant differences were observed between testing phases across all courses
(see Table 3), irrespective of whether participants completed the assessments in forward or
random formats. Therefore, Hypothesis 2 was also not supported.

Table 2. Means and Standard Deviations for Forward and Random Conditions Across Courses.

Source N l;(/)lr:;g;i I;Zr:goDr;l Mean Diff. t df p Effect Side ngzvr;/:d
Overall 102 771?;’9“"’(2?3 6 ; 4%:8‘;2 4 3.65 1.50 101 0.14 0.15 0.32
Overall 106 ; 41.{7"‘1“?2%? " ; 6%’;‘2“1?;8) ~152 ~0.78 105 0.4 —0.08 0.12
Child Psychology 19 7;;’;‘2“1?‘33) 6513??2‘;?2) 12.63 229 18 0.04 0.53 0.58
Child Psychology 19 75;‘;‘?2?’;‘5) 671;’9“("1&&‘;19) 3.68 0.85 18 0.41 0.20 0.13
suwile o fewd | fdm o um e o o ox
T N
Teaching Methods 2 791.:;’?("2220) 9538‘3?;“1) ~105 -1.93 21 0.07 —0.41 0.45
Teaching Methods 21 90%;?1%?8) 95%%;?8) 238 090 20 0.38 020 0.13
Foggii:t‘l’gi of 18 751?§%a&3r'g3) . 41.2::?1(311.161 " 10.81 1.81 17 0.09 043 0.40
F"Eld‘ii;igg‘i of 24 73%5‘8%?9) 671.:8;’("1&;‘; " 6.22 147 23 0.156 0.30 0.29
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Table 3. Within-Subject Effects.

Source Mean Square E af Sig. Partial Eta

Squared
Within First and Secor.1d Perlod.(whether Forward or Sphericity 288.75 0.98 1 032 0.002
Random first and vice versa) Assumed
Between-Forward and Random Sphericity 11.18 019 1 089 0.00
Assumed
Type of Questions (Forward or Random) x Period Sphericity 661.81 2.24 1 0.14 0.01
Assumed ’ ’ ’ ’

3.4. Main and Interaction Effects: Testing Hypothesis 3

Table 3 reports that the repeated-measures ANOVA was used to analyze the effects of
question order and testing time. Assumption testing showed that the requirements were
satisfied: Box’s M test was not significant (M = 6.10, F = 2.00, p = 0.11), supporting the
homogeneity of covariance matrices. In addition, Levene’s tests were non-significant at
both measurement points (F(1, 206) = 0.62, p = 0.43; F(1, 206) = 0.82, p = 0.37), confirming
the homogeneity of variance. There were no significant main effects of testing period or
question order, F(1, 206) = 0.98, p = 0.32, and no significant interaction between question
order and timing of assessment, F(1, 206) = 2.24, p = 0.14. These results do not support the
interaction between order and time hypothesized in Hypothesis 3.

3.5. ANCOVA Results Using Grade Point Average

To examine differences in cumulative GPA for the forward and random sequencing
groups, an independent-samples t-test was used. Assumption testing was carried out, and
Levene’s test was non-significant, F(1, 210) = 0.15, p = 0.70, indicating that homogeneity
of variance was met. Results showed that there was no significant difference between the
GPA of those who completed the random format first (M = 2.63, SD = 0.83) and those who
completed the forward format (M = 2.68, SD = 0.81), £(210) = —0.50, p = 0.62, d = —0.07,
showing a minimal effect. Additional analyses using GPA as a covariate revealed no
significant interaction with the assessment phase, F(1, 209) = 0.82, p = 0.37. However, the
GPA demonstrated a significant main effect, F(1, 209) = 33.23, p < 0.001, 172 =0.137, but the
effect size was modest. In sum, these findings do not support Hypothesis 4.

4. Discussion
4.1. Synthesis

In response to Research Question 1, which explored whether the sequence of MCQs
(forward vs. random) affects student performance, the findings indicate that no statistically
significant main effect of question order was detected under the conditions of this study
(Rejecting Hypothesis 1). However, descriptive inspection of the data revealed a consistent
directional tendency toward higher performance in the forward-order condition across most
comparisons, student groups, and course contexts. Although this tendency did not reach
statistical significance within the present modelling framework, it suggests the possibility
of small or context-dependent sequencing effects that warrant cautious interpretation.

Overall, the results align with previous studies (B. R. Dunn, 1979; McLeod et al.,
2003; Sue, 2009), which reported negligible differences in performance across sequencing
formats. Importantly, the present study extends this body of work by examining sequencing
effects under stricter methodological controls, including a mixed repeated-measures design
and the inclusion of multiple course contexts. These findings therefore suggest a general
robustness of student performance across different MCQ sequencing conditions. At the
same time, descriptive inspection of the data revealed a consistent tendency toward higher
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mean scores under forward sequencing in several course contexts, particularly in Child
Psychology, Sustainable Development, and Foundations of Education (see Table 2 above).
Although these differences did not reach statistical significance, this directional pattern may
tentatively suggest subtle cognitive mechanisms related to thematic progression, primacy-
related retrieval cues, or increased cognitive effort when encountering less structured item
orders. However, these interpretations remain speculative and should be treated cautiously.
It is also possible that characteristics of the assessments themselves reduced the sensitivity
to detect very small sequencing effects. These include relatively short test length, moderate
item difficulty, and the use of instructor-developed MCQs that were not formally piloted.

Research Question 2 examined whether student performance differed across two
testing periods and whether such differences varied by question sequence. The repeated-
measures ANOVA did not reveal any main effect of time or a significant interaction between
sequencing and assessment timing (Rejecting Hypothesis 2). These findings suggest that
performance remained relatively stable across administrations, regardless of whether
students received forward or randomized versions first. This pattern is consistent with
earlier research reporting similar outcome stability when sequencing conditions were
counterbalanced (Gohmann & Spector, 1989; Kagundu & Ross, 2015).

Research Question 3 explored the interaction between test timing and question se-
quence. Although no statistically significant interaction was detected (Rejecting Hypothesis
3), some course-specific variations emerged, particularly in Child Psychology and Teaching
Methods. These patterns resonate with prior suggestions that sequencing under time
constraints may introduce fairness concerns in certain contexts (Becker et al., 2022; Gray
et al., 2002). Although the current findings do not strongly support such effects, they
emphasize the significance of contextual factors, such as course design, item characteristics,
and student familiarity with the content, in influencing potential sequencing effects.

Research Question 4 examined whether GPA moderated the relationship between
question sequence and performance. The ANCOVA results indicated that prior academic
achievement did not significantly interact with sequencing conditions (Rejecting Hypothe-
sis 4). This contributes to the literature by addressing long-standing calls for better control
of individual differences (Gohmann & Spector, 1989) and suggests that randomized MCQ
formats are unlikely to disadvantage students across achievement levels.

4.2. Limitations and Future Directions

Several limitations should be considered when interpreting these findings. First,
the study relied primarily on overall response accuracy, which represents a relatively
coarse indicator of potential item-order effects. Sequencing influences may operate at
the level of cognitive processing rather than final correctness, affecting response time,
perceived difficulty, or confidence. Future research should therefore utilize more fine-
grained measures, including response-time analysis, confidence ratings, or process-tracing
methods such as eye-tracking.

Second, the study may have limited sensitivity to detect small or item-specific se-
quencing effects. Analyses were conducted at the aggregated test level, and the binary
scoring approach did not capture partial knowledge or strategic elimination of distractors.
Previous research suggests that common scoring methods, such as number-right scoring,
may obscure distinctions between full understanding and guessing (Bereby-Meyer et al.,
2002; Bradbard et al., 2004; Choppin, 1988; Frary, 1980).

Although no statistically significant sequencing effect was identified, descriptive
forward-order tendencies suggest that subtle effects may not have been fully detectable.
The relatively short assessments, moderate item difficulty, and use of instructor-developed
MCQs that were not formally piloted may have reduced score variability and overall test
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sensitivity. Future studies should therefore employ longer assessments, validated items,
and experimental manipulation of sequencing structures.

Finally, the study findings are based on specific course contexts and assessment
formats, which may limit generalizability to other disciplines or high-stakes settings.
Emerging technological approaches, including Al-supported item generation and adaptive
testing systems, offer promising avenues to systematically examine sequencing effects and
enhance assessment validity (Kiyak et al., 2024; Shwe et al., 2024; Yigit & Amasyali, 2023).

5. Conclusions

This study contributes to the literature on MCQ sequencing by examining the effects
of question order in undergraduate assessment contexts using a mixed repeated-measures
design and controlling for prior academic achievement. Within the scope of accuracy-based
outcomes, no statistically significant sequencing effect was detected at the test level. These
findings are broadly consistent with earlier research suggesting minimal performance
differences between forward and randomized MCQ formats (McLeod et al., 2003; Sue,
2009), while extending the evidence base through stronger methodological controls and
the inclusion of multiple course contexts. At the same time, descriptive trends indicating
slightly higher performance in forward-order conditions suggest that small or context-
dependent sequencing influences cannot be entirely ruled out. The findings, therefore,
provide cautious support for the use of randomized MCQ sequencing as a fairness-oriented
assessment practice under typical classroom conditions and highlight the importance
of test design features and contextual factors in shaping potential sequencing effects.
Future research should build on these results by employing item-level analyses, longer
and psychometrically validated assessments, and more fine-grained measures of student
performance and cognitive processing. Such work will help clarify the conditions under
which sequencing may influence assessment outcomes and further inform evidence-based
test design in higher education.
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