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Keywords Abstract: The term "cognition" refers to all types of knowing and consciousness. In
Civil Engineering, cognitive engineering, information processing in a participant's or operator's mind
Question Order, or brain is often regarded to represent cognition. This study investigates whether
Normality Test,

presenting the same questions to students in different orders affects the exam
performance of university students. The exam performances of the students to the
multiple choice mid-term and final exam questions were evaluated. In this context,
"Engineering Management and Human Relations”, a final year course in the
curriculum of the Civil Engineering Department of Erciyes University in Tirkiye,
was examined. Within the scope of the course, a total of 1,342 students covered six
semesters between the 2016 and 2019 years. The questions were presented in the
same sequence as the weekly flow of the course, (S) as A-type and randomly
ordered (R) tests as B-type. The distributions of the answers given to the exam
questions were analyzed via normality test and one-way ANOVA, and no
significant differences between the test types were observed. This study covers
only civil engineering students and whether similar results can be obtained for
students in different disciplines should be examined in future studies.

Homogeneity Test,
One-way ANOVA

Soru Sirasinin Sinav Performansi Uzerindeki Etkisi: Ingaat Miihendisligi Ogrencileri
Uzerinde Alt Yanyillik Bir Calisma

Anahtar Kelimeler Ozet: “Bilis” terimi tiim bilme ve biling tiirlerini ifade eder. Bilissel miihendislikte,
Ingaat Mithendisligi, bir katihmcinin veya operatériin zihninde veya beyninde bilgi islemenin genellikle
Soru Siras, bilisi temsil ettigi kabul edilir. Bu calisma, 6grencilere ayni sorularin farkh

Normallik Testi, siralarda sunulmasinin iiniversite 6grencilerinin sinav performansini etkileyip
Homojenlik Testi, etkilemedigini aragtirmaktadir. Ogrencilerin goktan segmeli ara sinav ve final sinav
Tek yonlii ANOVA 8 > U8 ¢ ¢

sorularina yonelik smav performanslari degerlendirilmistir. Bu baglamda,
Tiirkiye'de Erciyes Universitesi insaat Mithendisligi Béliimii miifredatinda son simf
dersi olarak yer alan “Miihendislik Yonetimi ve insan iliskileri” incelenmistir. Ders
kapsaminda 2016 ve 2019 yillar1 arasinda toplam 1342 &grenci alti yariyih
kapsamistir. Sinav sorulari, dersin haftalik akisiyla ayni sirada, A tipi olarak sirali
(S) ve B tipi olarak rastgele sirali (R) testlerden olusmustur. Sinav sorularina
verilen cevaplarin dagilimlar1 normallik testi ve tek yonlii ANOVA ile analiz edilmis
ve test tiirleri arasinda anlamli bir farklihk gézlenmemistir. Bu calisma sadece
insaat mithendisligi 6grencilerini kapsamakta olup farklh disiplinlerdeki 6grenciler
icin benzer sonuglarin elde edilip edilmeyecegi gelecek c¢alismalarda
incelenmelidir.
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1. Introduction

The term "cognition" refers to all types of knowing and consciousness [1]. More widely, cognition refers to a
person's knowledge, awareness, and opinions about an object, as well as that person's attitude toward the thing,
or more specifically, the facts, knowledge, and beliefs about the object [2]. In a variety of contexts, including
those found in the disciplines of linguistics, psychology, and education, the processes of cognition are examined
from numerous angles. In cognitive engineering, information processing in a participant's or operator's mind or
brain is often regarded to represent cognition [3].

Test anxiety in education is a problem frequently encountered by families, students, and educational institutions
[4]. Studies show that there is a positive relationship between test anxiety and cognition [5]. The most commonly
used exam type for large groups of students is multiple-choice tests [6]. When administering multiple-choice
tests, instructors often use alternative formats without taking into account the potential impact of item order on
test results [7]. Scientific research on organizing the order of exam items has a long history. Studies on this
subject are presented below in chronological order.

According to MacNicol (1956), as a pioneering study, ordering the exam questions randomly and from easy to
tough produced a considerably higher test score than ordering them from tough to easy [8]. Brenner (1964) on
the other hand pointed out that no significant differences were observed in terms of random, easy to tough,
tough to easy [9]. Moreover, Spies-Wood (1980) concluded that ordering the questions from easy to tough
produced a considerably higher test score than randomly prepared questions [10]. Laffittee (1984), from a
different perspective, ordered the questions in four different ways; tough to easy (in terms of section and in
general separately) and random (in terms of section and in general separately), and concluded that no significant
differences were observed [11]. Balch (1989) conducted a study examining the effect of item order on student
performance in multiple-choice tests. In this context, he administered a multiple-choice test consisting of 14
units with a total of 75 questions to students with three different ordering methods. The approaches he used in
ordering are as follows: (1) ordering the questions by the order in which they were covered in the course and the
order in the textbook (sequential), (2) randomly mixing the questions in each unit and changing the order of the
unit (section contiguity), and (3) completely random ordering of the questions. As a result, it was found that the
order in which the questions were arranged by the course and book order resulted in significantly higher test
scores compared to the others [7]. Neely, Springston, and McCann (1994) investigated the effects of sequenced
(S) and random (R) format tests as well as the test anxiety levels of the students. It was concluded that no
significant differences were observed for test formats. However, it was determined that there is a significant
common effect between the ordering of the questions and anxiety levels [12]. In terms of current studies,
Pettijohn II and Sacco (2007) investigated the effects of sequentially ordered, randomly ordered, and reverse-
ordered test exams on students’ exam performances, exam difficulty perceptions, and exam completion times.
Significant differences were observed only for exam difficulty perceptions and the order of questions [13]. Tan
(2009) investigated how question order affects item difficulty and item discrimination skills in multiple-choice
tests. The sample was 996 first-year students from the Faculty of Education at Uludag University. He found that
question order in multiple-choice tests can have a statistically significant effect on both item difficulty and item
discrimination. Significant differences were observed in 11 out of 50 questions in terms of item difficulty and
only three questions in terms of item discrimination difficulty [6]. Sad (2020), in his study examining the effect of
question order on test performance and item statistics, applied two different test forms in which the same
multiple-choice questions were ordered from easy to difficult and from difficult to easy for 554 students. As a
result, he found that item order did not have a significant effect on the achievement levels of test takers [14].

The aforementioned literature review indicates that there are no desirable studies on the effect of question order
on item statistics. In the context of measurement and evaluation, the impact of structural features of tests on
student performance is as important as the reliability and validity of tests. In this case, the order of test items is
one of the variables that has been emphasized for a long time but has not been sufficiently analyzed. This study
investigates whether there are significant differences in basic item statistics when multiple-choice test items are
presented to students in different orders. The findings of the study will not only provide an understanding of the
effect of question order on student performance but also provide recommendations for assessment and
evaluation experts, professionals preparing question banks, and academics involved in test preparation.
Furthermore, this study aims to make an original contribution by emphasizing whether the effect of question
ordering should be considered one of the possible reasons for unexpected item statistics. In this study, some
items obtained from classical test theory statistics, the effect of the order in which the questions were asked in
the test to put it into practice. One of the main features of the performed studies is that they are handled within
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the scope of a single exam. The present study, on the other hand, aims to examine both a 6-semester period and
both the mid-term and final exams in the same semester.

2. Material and Methods

The undergraduate course, "Engineering Management and Human Relations", is offered as an elective course in
both fall and spring semesters in the fourth and final year at the Civil Engineering Department of Engineering
Faculty, Erciyes University. The purpose of the course is to inform students about project management, human
resources management, and marketing management, ethics, business ethics besides the points to be considered
during presentations. The weekly content of the course is provided in Table 1.

Table 1. Weekly Course Content for Engineering Management and Human Relations Course

Week Topic

1 Project management

2 Project management

3 Morality, ethics, business ethics

4 Morality, ethics, business ethics

5 Entrepreneurship

6 Entrepreneurship

7 Marketing management

8 Marketing management
Mid-Term Exams

9 Successful management techniques

10 Successful management techniques

11 Decisive and ordering in management

12 Public relations in management

13 The concept of presentation and presentation techniques

14 The concept of presentation and presentation techniques
Final Exams

The research question that inspired this paper is “Does item order affect performance on multiple-choice
exams?” Two test forms (Forms A and B), namely sequentially ordered (S) as A-type and randomly ordered (R)
tests as B-type, were developed for this purpose. Please note that the questions in the same sequence as the
weekly flow of the course and considered as (S). The same questions were included in both test forms. In both
test forms A and B, the order of the questions (4, B, C, D or E) was not changed. Thus we focused on the mid-term
and final exam results of the "Engineering Management and Human Relations" course for 6 semesters. The
number of questions and student frequencies for each semester are presented in Table 2.

Table 2. Numerical Data on Examinations with Sequential and Randomised Test Forms

Mid-Term Exam Final Exam
NE. Type Numbgr of Frequency Frequency Numb?r of | Frequency | Frequency
Questions (A-type) (B-type) Questions (A-type) (B-type)

1 2016-2017 Fall 20 59 64 25 65 58

2 2016-2017 Spring 25 39 36 25 36 38

3 2017-2018 Fall 25 58 57 30 55 59

4 2017-2018 Spring 25 53 51 30 54 52

5 2018-2019 Fall 30 82 80 30 81 81

6 2018-2019 Spring 30 45 46 30 48 45
Sub-Total 336 334 339 333
TOTAL NUMBER OF STUDENTS 1,342

In the exam, the students made their answers in the optical form, the exam papers were read with an optical
reader and the data were transferred to the electronic environment. The distributions of the answers given to
the exam questions were analyzed and it was evaluated whether there were significant differences between the
correct answers given. The statistical analyses have been performed using IBM SPSS Statistics Version 15
software.
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3. Results
This section presents the results of normality analysis and ANOVA analysis. First, the suitability of the data set
for normal distribution was evaluated by calculating skewness and kurtosis values, and the results are presented

in Table 3.

Table 3. Results of Normality Analysis

Nr. Term Type Frequency Skewness Kurtosis

Mid-Term Exam 123 -0.387 -0.087

1| 2016-2017 Fall Final Exam 123 -0.358 -0.025
) Mid-Term Exam 75 -0.630 1.320

2 | 2016-2017 Spring Final Exam 74 -0.738 -0.347
Mid-Term Exam 115 -0.654 0.781

3 | 2017-2018 Fall Final Exam 114 -0.632 0.334
) Mid-Term Exam 104 -0.018 -1.034

4 | 2017-2018 Spring Final Exam 106 -0.611 0.347
Mid-Term Exam 162 0.055 -0.343

5 | 2018-2019 Fall Final Exam 162 -0.466 0.170
. Mid-Term Exam 91 -0.161 0.157

6 | 2018-2019 Spring Final Exam 93 -0.611 0.852

The previous studies indicate that the skewness/kurtosis values in the range of +2 show a normal distribution
[15, 16]. The skewness and kurtosis values were obtained for the current dataset as -0.738 to +0.055, and -1.034
to +1.320 respectively. These values confirm that the data ‘fit’ the normal distribution. The histograms of the
datasets for the skewness value of -0.018 and kurtosis value of -0.025, which are closest to zero, are presented in
Figure 1, respectively.
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Figure 1. Histogram Distribution of A and B Group Exam Scores

The two categories of statistical tests are (i) Parametric tests (t-test, analysis of variance, Pearson correlation,
ANOVA, etc.) and (ii) Non-parametric tests (Mann-Whitney U, Kruskal-Wallis H, Wilcoxon, Spearman correlation
analysis, etc.), [17]. In this study, one-way analysis of variance (One-Way ANOVA), which is one of the parametric
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tests, was selected within the scope of the analysis since the data distribution is suitable for normal distribution.

In this context, the null hypothesis ‘Ho: There is no significant difference between the correct answers given to
Group A and Group B tests in the same exam’ was tested.

Table 4. Results of One-way ANOVA

Homogeneity | ANOVA
Nr. Term Type € .
P (sig) (sig)
1 2016-2017 Fall 1.1. Mid-Term Exam 0.883 0.204
a 1.2. Final Exam 0.300 0.670
. 2.1. Mid-Term Exam 0.576 0.479
2 | 2016-2017Spring 1= i ] Exam 0.730 0.592
3.1. Mid-Term Exam 0.034 0.319
3 | 2017-2018 Fall 3.2. Final Exam 0.115 0.659
4 2017-2018 Sprin 4.1. Mid-Term Exam 0.038 0.479
PrNg 14 2 Final Exam 0.035 0.798
5.1. Mid-Term Exam 0.147 0.490
2018-2019 Fall

5 | 2018-2019Fa 5.2. Final Exam 0.941 0.558
6 2018-2019 Sprin 6.1. Mid-Term Exam 0.674 0.096
PrNg 16 2 Final Exam 0.434 0.500

A homogeneity test should be performed to decide whether ANOVA can be used [18]. According to Table 4, since
the significance values for items other than items 3.1, 4.1, and 4.2 were greater than 0.05 (sig.>0.05), a
homogeneous distribution was observed. Therefore, ANOVA significance values for the related items are
important. According to Table 4, since the significance values for all items are greater than 0.05 (sig.>0.05), there
is no significant difference between the scores of the students and the test type. In other words, hypothesis Ho
(No significant difference between the correct answers given to Group A and Group B tests in the same exam) is
accepted.

4. Discussion and Conclusion

Classical test theory (CTT), one of the most widely used theories in measurement and evaluation, provides a
basic framework for examining the reliability and validity of tests. CTT, which is widely used in education,
psychology and other social sciences, is frequently applied to simplification and scale development [19, 20]. In
this study, examining the effects of presenting exam questions in the same order as the weekly flow on students'
exam performance, a field study was conducted covering 12 examinations over 6 semesters within the scope of
the 'Engineering Management and Human Relations' course in the civil engineering curriculum. The suitability of
the dataset for normal distribution was evaluated through skewness and kurtosis parameters, and it was
observed that the entire dataset belonging to 12 semesters showed a normal distribution. Within the scope of the
field research, examinations in the form of different types of tests were handled and it was investigated whether
there were significant differences between the answers given by the students to the exams prepared randomly
and according to the subject order in the course. The significance values of the related datasets were analyzed
and it was concluded that there was no significant difference between the correct answers given to Group A and
Group B tests in the same exam. In other words, it can be stated that question order does not affect student
scores. There are different results in the literature on the effect of question order on student performance. The
findings of this study, in line with Brenner (1964) and Laffitte (1984), suggest that question order does not affect
student performance. However, Balch (1989) found that the presentation of questions in the order of the course
and the book led to higher achievement levels than randomly ordered tests. Mean scores of 70.00% and 71.17%
were obtained from sequentially ordered (S) A-type and randomly ordered (R) B-type exams respectively.
Although this score difference is not statistically significant, it is thought that this difference may be
pedagogically significant and cannot be ignored. In this case, the possibility that item order may make a
difference, especially on test solution strategies and may have indirect effects on the student's cognitive process,
should be taken into consideration. The student's motivation, attention level or use of prior knowledge about the
subject may be affected by the test order. Although the close average scores obtained indicate that the effect of
question ordering may be limited, more pronounced effects may be observed at the individual level or in certain
subgroups (e.g. students with low achievement levels).

The findings of this study reveal that item order does not have a statistically significant effect on overall
achievement level. However, in a field such as project management, which requires multidimensional thinking
and decision-making skills and has a high cognitive intensity, the effects of test structures should not be limited
to statistical significance. In particular, project management education requires students not only to acquire
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knowledge but also to have the ability to structure this knowledge and apply it to different situations. In this
context, the order of test questions may indirectly affect the way students perceive conceptual integrity and the
way they associate information.

One of the most striking features of this study is that it differs significantly from previous studies in the literature
in terms of sample size. For example, while Laffitte (1984) included 82 participants in his study, Pettijohn and
Sacco (2007) included 66 participants in their study, and Sad (2020) included 554 participants in his study, the
present study analyzed the data obtained from 1342 university students. This increases the generalizability of
the findings and significantly increases the statistical power of the results. Therefore, this study has the potential
to make a valuable contribution to the literature.

However, the study has some limitations. The study covers only civil engineering students and similar research
can be conducted on larger sample groups, including students from different disciplines. Future studies can also
examine the effects of individual differences such as student achievement level, learning style and cognitive skill
levels on responses to question ordering. In terms of different test formats, open-ended questions, scenario-
based assessments and project-based assignments can be used to examine the effect of question ordering. This
method can help yield more meaningful data, especially in areas that require applied knowledge, such as project
management.
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