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ARTICLE INFO ABSTRACT

Article History Different types of test items influence students' test anxiety, and physiological measures such as heart
Received 30.08.2024 rate provide a means of measuring this anxiety. This study aimed to explore the connection between
Received in revised form test anxiety and examination item formats. It centered on 20 junior university students in Western
02.01.2025 Tiirkiye. The research monitored students' heart rate changes during assessments, encompassing
Accepted 02.02.2025 both multiple-choice and open-ended formats. Using a relational survey model, the study focused
Article Type: Research on statistically significant differences in mean rank scores for students' state and trait-based test
Article anxiety, assessed through the Friedman test. Additionally, it examined heart rate variance, a

physiological stress indicator, shedding light on heart rate fluctuations experienced by students
@ ®®@ during and outside exams. Participants exhibited higher levels of trait test anxiety. Moreover, heart
N/ Ev Ne ND | rate changes during multiple-choice items exceeded those during open-ended items. These findings
imply that multiple-choice items may trigger elevated anxiety in students, whereas open-ended items
may elicit less anxiety, encouraging flexible thinking skills utilization.
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1. Introduction

Anxiety is defined as a state of worry and unease about a subjective situation that may or may not happen in
the present or future, or may even be unlikely to occur (Lazarus & Folkman, 1984; Sahin, 2019). Spielberger et
al. (1968) posit that the crux of anxiety lies in an individual's subjective interpretation of environmental stimuli
as personal threats. Spielberger (1966) proposed that anxiety comprises two distinct factors: state anxiety and
trait anxiety. A substantial distinction has been identified between state anxiety and trait anxiety (Cattell &
Scheier, 1961; Spielberger, 1980). State anxiety is defined as a transient emotional state, which is more
associated with the activation or mobilisation of the autonomic nervous system. It is characterised by the
conscious experience of fear and tension/excitement. Conversely, trait anxiety is considered a component of
an individual's personality. Individuals with chronic anxiety tend to perceive a wide range of conditions,
physically or psychologically, as threatening even when they are not genuinely dangerous (Kapur et al., 2019).
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As is evident in the extant literature, anxiety is a recurrent focus of concern, given its association with
psychological aspects associated with performance. Researchers commonly explore the intricate relationship
between anxiety and performance across various domains, including sports, public speaking, foreign
language proficiency, and academic examinations (Cassady, 2010). It is a common expectation that state
anxiety tends to emerge before the actual performance and subsequently diminish afterwards. Anxiety has
been shown to function as a potent motivational catalyst, augmenting an individual's capacity for heightened
focus and improved learning (Oztiirk & Ulusahin, 2018), thereby resulting in enhanced performance efficacy,
increased efficiency, and heightened intellectual acuity (Guil et al., 2019). However, it is equally acknowledged
that an excessive degree of pressure experienced during performance can potentially erode the overall
attainment of goals (Giimiis, 2002). Consequently, the multifaceted relationship between anxiety and
performance is pivotal in understanding how it can either propel individuals toward success or hinder their
accomplishments.

Test anxiety, a form of anxiety, is characterised by a range of emotional, cognitive and behavioural responses
that emerge in response to the perception of an examination as a threat to one's future prospects. During the
period of examination, the occurrence of physiological signs such as increased heart rate, stomach aches, and
sweaty palms are indicative of the emotional aspect of anxiety. Concurrent internal dialogues, including
statements such as "l can't do it," "It's too hard," and "If I fail,” both before and after exams, reflect the cognitive
dimension of anxiety (Dogan-Altun et al., 2017; Onat-Kocabryik & Donat-Bacioglu, 2020).

A body of research has revealed a noteworthy correlation between test anxiety and academic performance.
The findings have consistently demonstrated that moderate levels of test anxiety can act as a motivating force,
yielding positive outcomes in terms of academic performance. Conversely, when test anxiety escalates to
excessive levels, students are prone to exhibit cognitive responses that deviate from anticipated norms,
resulting in detrimental effects on their overall performance (Spielberger & Vagg, 1995).

It is well-documented that students experiencing test anxiety often find themselves engulfed in a web of
negative thoughts, which can include apprehensions of failure and personal inadequacy in the period leading
up to an examination. Moreover, such individuals may encounter impediments in information recall and
retrieval during the actual test-taking process. A notable illustration of this relationship emerged in a study
involving a cohort of 200 second-year medical school students. The study utilised a multifaceted approach to
evaluate test anxiety, employing physiological indicators such as salivary cortisol, heart rate, and blood
pressure. The findings of this research established a direct correlation between heightened sympathetic
nervous system activity and heightened test anxiety (Hahn et al., 2017).

The primary indicator of test anxiety is the increase in physiological arousal levels. Researchers frequently
utilise physiological measurements, such as heart rate, or electrodermal measurements, including skin
conductance response, to assess the arousal experienced in examination contexts. These measurements
provide an objective perspective through which to assess the extent of students' arousal during the
examination process, and researchers have noted that these measurements are challenging to suppress or
control (Harley, 2015; Houtveen & de Geus, 2009; Wilhelm & Grossman, 2010).

A wide variety of methodologies can be employed to gather physiological measurements. These include self-
reporting, behavioural assessments involving facial expressions, neuroimaging techniques such as functional
magnetic resonance imaging (fMRI), and observations of environmental physiological processes, including
heart rate and skin conductance (Roos et al., 2021). Among these physiological metrics, heart rate (HR) is of
particular significance as a cardiovascular indicator, denoting the frequency of heartbeats within a given time
span, commonly expressed as beats per minute (bpm) (Hugdahl, 1995). The normal resting heart rate is known
to range between 60 and 100 beats per minute (bpm) (Spodick, 1993; Avram et al, 2018). It has been
demonstrated that heart rate provides insights into the autonomic nervous system's modulation of cardiac
activity (McCraty et al., 2001). Furthermore, the hypothesis has been postulated that heart rate may serve as a
direct reflection of anxious arousal, indicating a positive correlation between higher heart rate and heightened
levels of test anxiety (Calvo & Miguel-Tobal, 1998).

It is evident that heart rate, functioning as an objective physiological metric, assumes a pivotal role in the
comprehensive exploration of test anxiety. This is evident by drawing a connection between the preceding
discourse concerning physiological measurements and heart rate and the subsequent examination of the
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interplay between test anxiety and different item types in testing contexts. Beyond this physiological
dimension, the impact of the varying types of test items has garnered considerable attention in the research
literature.

Researchers have undertaken studies with the objective of scrutinising the intricate relationship between the
nature of test items and test anxiety. Significant among these investigations are those that have explored the
factors influencing test anxiety, as highlighted by Revilla (2009). Revilla emphasises that test anxiety is
influenced by an array of elements, including the specific instructions provided and the formats adopted in
the design of the tests themselves. The broad categorization of tests can be divided into objective item types,
which include true-false, matching, multiple-choice and open-ended formats. These formats have been the
focus of particular scrutiny.

The extant literature presents empirical findings that shed light on the varying levels of test anxiety associated
with different item types. For instance, Elfiana (2005) reported that test anxiety is more prevalent when faced
with open-ended items as opposed to multiple-choice items. In a similar vein, the research by Oktaviani and
Sastrawijaya (2017) revealed that test anxiety is notably higher in response to multiple-choice items as
compared to true-false formats. In a similar manner, the work of Wahyuni et al. (2021) has highlighted that
multiple-choice items tend to evoke higher levels of test anxiety in comparison to matching item formats.

In parallel with these insights, Asci et al. (2015) embarked on an inquiry delving into the effects of the
measurement tools used in higher education examination settings. This investigation compared the impact of
these tools to an alternative examination format closely linked to real-life situations encountered by the
students. The researchers' findings indicated that students demonstrated more favourable responses when
confronted with examination items that held personal relevance. This observation was accompanied by a
decline in test anxiety and an enhancement in students' self-perceived success.

Furthermore, the research conducted by Temizkan and Sallabas (2009) dealt with a comparative analysis
between written examinations and multiple-choice tests, particularly in the assessment of students' reading
comprehension skills. Their results underlined the improved performance of students in the context of
multiple-choice items related to reading comprehension.

In addition, Little et al. (2012) explored the differences between written examinations and multiple-choice test
formats. They highlighted the benefits of the latter, emphasising the presence of cues that facilitate students'
ability to recall the correct answers. Taken together, these diverse investigations provide a nuanced
understanding of the complex dynamics linking test anxiety to different item types, and highlight the
multifaceted nature of this phenomenon.

Within the existing academic literature, the study of test anxiety typically revolves around the administration
of anxiety measurement scales and the subsequent reporting of results based on these scales. However, there
is an intriguing gap in the literature that concerns the exploration of the intricate relationship between test
anxiety and item types, while measuring this interplay through the lens of physiological indicators, specifically
heart rate. Remarkably, no previous instances of such investigations have been documented in the literature.
As such, this study represents an innovative and pioneering contribution to the existing scientific discourse.

It is important to acknowledge that a predominant feature of examinations used for student selection and
placement in Turkey is the prevalence of multiple-choice item formats. The significance of this research lies in
its ability to illuminate the nuanced ways in which the prevalence of multiple-choice items in major academic
assessments affects students' test anxiety. The implications of this research extend to the areas of item type
selection, not only by national measurement and assessment authorities, but also by educators at different
levels of education. Indirectly, students represent a key stakeholder group that may be influenced by the
results of this study. The potential implications are far-reaching, including improvements in critical areas such
as academic achievement, the cultivation of academic confidence, and the overall well-being of students. These
improvements are expected to materialise as test anxiety is reduced through sensible choices of item types in
assessments.

In light of these central considerations, the present study aims to investigate the relationship between test
anxiety and item type by measuring heart rate variability during different item types (open-ended and
multiple-choice) encountered by participants during an exam. The following sub-objectives will be addressed:
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e  What is the self-perceived level of test anxiety among the participants within the examination setting?

e How do participants' heart rate fluctuations change outside the exam environment?

e  What are the variances in participants' anxiety levels as they engage with both multiple-choice and
open-ended test items during the examination?

2. Methodology

2.1. Design

This study employs a quantitative research method with a descriptive research design. Descriptive research
aims to accurately portray a past or present situation. This design is especially beneficial for offering a
comprehensive overview of the variables of interest without altering the study environment (Erkus, 2013).

2.2, Study Group

Participants in the study were third-year students enrolled in the Department of Guidance and Psychological
Counselling. At the beginning of the 2021-2022 academic year, students were given full details of the research
project. Potential participants who expressed an interest in volunteering for the study were then identified.
Out of the total cohort of 98 students in the class, a total of 76 students agreed to participate. In the following
week, these 76 students were asked to complete a demographic information survey. The students' responses
to this demographic information survey are tabulated and presented in Table 1.

Table 1. Distribution of Participating Students by Gender and Age

Gender and Age Frequency Percentage (%)
Female 56 73.7
Male 20 26.3
18-20 35 46.1
21-29 41 53.9

Of the participants, 73.7% were female and 26.3% were male. In terms of age distribution, 46.1% of the students
were in the 18-20 year age group, while 53.9% were in the 21-29 year age group. Data were then systematically
collected on variables that could potentially influence the students' heart rate. These variables included
questions about the presence of chronic and mental health conditions, pregnancy status (for female
participants), smoking habits and the predominant hand used by the participants. The tabulated results of this
data collection are presented in Table 2.

Table 2. The Distribution of the Variablest that May Affect the Heart Rate of the Students

Variables Frequency Percentage (%)
Chronic disease There is 6 7.9
None 70 92.1
Psychological illness There is 3 3.9
None 73 96.1
Smoking Yes 27 35.5
No 49 64.5
Dominant hand Right 64 84.2
Left 11 14.5
Both right and left 1 1.3
Pregnancy Status Yes 0 0
No 76 100

Within the cohort of participating students, 92.1% reported no chronic conditions, while 7.9% reported the
presence of such conditions. Of the students who reported the presence of chronic conditions, specific
conditions were mentioned, including one student who reported polycystic kidney disease and another who
reported urticaria. The nature of the conditions of the remaining four students was not disclosed.

Conversely, concerning psychological health, a substantial proportion of 96.1% of the students attested to the
absence of psychological disorders, while 3.9% acknowledged the presence of such conditions. Of the students
who reported having a mental disorder, two specifically reported experiencing anxiety, while one student
reported having an impulse control disorder.
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Regarding smoking habits, 35.5% of the students were smokers and 64.5% were non-smokers. Of the students,
84.2% predominantly used their right hand, 14.5% predominantly used their left hand and 1.3% used both
hands equally. All responses regarding pregnancy status indicated that none of the students were pregnant.
On the basis of these variables with potential effects on heart rate, the inclusion criteria for the study were
structured to include students who did not report any chronic or mental health conditions, were identified as
non-smokers, and preferred to use their right hand.

After careful consideration of the above criteria, the selected students were assessed using the Test Anxiety
Inventory (TAI) and the State-Trait Anxiety Inventory (STAI). On the basis of the scores derived from these
instruments, a subgroup of 32 students was identified as meeting the criteria for inclusion in the working
group, with an average level of anxiety. As a result, a total of 20 students remained consistently engaged in all
research-related procedures throughout the academic year, thus forming the cohesive working group for this
study.

2.3. Data Collection Tools and Procedure

Demographic Information Form: A demographic information form was administered to collect comprehensive
details of the students' demographic characteristics. This included questions on gender, age, medical
conditions, mental disorders, smoking habits, coffee consumption and pregnancy status. The formulation of
this form was inspired by "The Health Survey-SF-36" and the research conducted by Hardacre Cerqueira
(2015).

Test Anxiety Scale: The Test Anxiety Scale, developed by Benson and El-Zahhar (1994) and adapted into
Turkish by Akin et al. (2012), was used to determine students' test anxiety levels. Benson and El-Zahhar (1994)
provided the final version of the scale, consisting of 20 items and 4 subscales, in both American and Egyptian
samples. The Cronbach's alpha reliability coefficient of the scale varied between .76 and .91 in the American
sample. In the Egyptian sample, the Cronbach's alpha reliability coefficients were .60 for the tension subscale,
.68 for the thoughts unrelated to exams subscale, .84 for the worry subscale, and .73 for the physical symptoms
subscale (Benson & El-Zahhar, 1994). In the adapted Turkish version of the scale by Akin et al. (2012), it was
found that the twenty items were retained in their original form, forming four dimensions, and the four-
dimensional model showed a good fit (x? = 332.20, sd = 160, RMSEA =.056, CFI = .92, IFI = .92, GFI =.91, SRMR
=.051). The internal consistency coefficients of the scale were calculated as .78 for the tension subscale, .77 for
the physical symptoms subscale, .71 for the worry subscale, .80 for the thoughts unrelated to exams subscale
and .88 for the total scale. The test-retest coefficients obtained at three-week intervals were .75, .64, .74 and .70
for the subscales and .65 for the total scale. The item-total correlation coefficients of the scale ranged from .37
to .58. The Cronbach's alpha of the test anxiety scale used in this study was found to be .89.

State-Trait Anxiety Inventory: The State-Trait Anxiety Inventory, developed by Spielberger (1966), is a 40-item
scale that reflects state and trait anxiety levels. The adaptation of the inventory to Turkish culture was carried
out by Oner and Le Compte (1983). The reliability values for the trait anxiety scale ranged from .83 to .87 and
for the state anxiety scale from .94 to .96 (Cronbach's alpha). Within the framework of this study, the reliability
values of the data obtained were found to be between .80 and .86 for the trait anxiety scale and between .91
and .93 for the state anxiety scale (Cronbach's alpha).

The Polar M430 Wristband: The Polar M430 wristband uses optical technology to measure heart rate through a
sensor placed on the back of the wristband (Polar, 2018). In the research, the Polar M430 device was used to
measure the heart rates of the working group both outside of the examination environment and during the
examination. The Polar M430 has emerged as a prominent data collection tool in various studies (Batalik et al.,
2018; Haney, 2018; Kons et al., 2018; Kons et al., 2019), with a parallel focus on assessing its validity and
reliability (Hanzel et al., 2018; Patterson et al., 2018; Shryack et al., 2018).

For data collection in the study, a total of four tests consisting of open-ended and multiple-choice items were
developed to measure the gains from the Principles and Techniques of Psychological Counselling course in
the preliminary application phase of the study. A content validity table and expert opinion were used in the
development of these tests. Two experts were involved in this process - one from the Department of
Measurement and Evaluation in Education and the other from the Department of Guidance and Psychological
Counselling. The experts provided recommendations, particularly for the formulation of open-ended items.
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These open-ended items were designed to create real-life situations related to the subject to be measured and
required students to reflect and make inferences related to the subject. In addition, two multiple-choice tests
were developed, each consisting of 20 items, and the data obtained from these tests were examined for
reliability using the KR-20 method of internal consistency. The reliability of the data was found to be .82 and
.79 respectively. The reliability of the open-ended tests was assessed by having a faculty member from the
field of guidance and psychological counselling read the tests at different times and calculating the coefficient
of agreement between the scores given at different intervals. The coefficients of agreement obtained were .91
and .93 respectively.

The main application of the study was during the counselling skills course. This course covered all the gains
of the course and included a 30-item multiple-choice test and a 5-item open-ended test. The reliability values
of the data obtained from these tests were found to be .84 and .90 respectively.

The reason for choosing these two courses for the preliminary and main applications of the study is that they
are interrelated courses. The practical aspect of the Principles and Techniques of Psychological Counselling
course is covered in the Counselling Skills course. In addition, both courses are foundational courses in the
curriculum of the Department of Guidance and Psychological Counselling. The success of students in these
courses is of paramount importance to their ability to meet the demands of the profession in their future
careers. In this context, the desire to succeed in these two courses may lead students to engage in certain
emotional behaviours. According to Bloom et al. (1956), students' entry behaviour in the affective domain is
associated with 25% of cognitive success. From this perspective, the fear of failure also leads to anxiety in this
course.

In order to determine the resting and writing heart rates of the working group outside of the examination
environment, a subgroup of third year students from the Department of Guidance and Psychological
Counselling was selected. These students were initially measured for their resting and writing heart rates in
the Principles and Techniques of Psychological Counselling course. This initial measurement was to establish
their baseline heart rate. The selected students were then taken to a classroom within the faculty and asked to
remain in a stationary position for 10 minutes. At the end of the 10 minutes, heart rate monitors were attached
to their wrists and measurements were taken for five minutes. Students were then given a paragraph of text
and asked to copy it onto another sheet of paper within five minutes.

In addition, the students were informed at the beginning of the data collection process not to consume coffee
before the measurement sessions. At the end of the study, students who completed all applications were given
an external storage device as a token of appreciation for their support. The students were informed of this gift
at the beginning of the study.

2.4. Data Analysis

The Test Anxiety Scale and the State-Trait Anxiety Inventory for State Anxiety (STAI-S) were used to
determine the level of test anxiety perceived by the working group in the test environment. The non-
parametric Friedman test was used to assess the significance of the differences between the data obtained from
these instruments. Variations in heart rate for both open-ended and multiple-choice test types are presented
in the figures, and evaluations were made based on total variances.

2.5. Ethical

All procedures performed in our study involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee and with the Helsinki Declaration of 1964
and its subsequent amendments or comparable ethical standards. The Rectorate of Trakya University, Chair
of the Ethics Committee for Social and Human Sciences Research approved the research protocol under the
application number 08/05.

3. Findings

3.1. What is the self-perceived level of test anxiety among the participants within the examination setting?

To determine the level of test anxiety perceived by the working group in the examination environment, the
significance of the differences between the rank means of the scores obtained from the Test Anxiety Scale and
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the State-Trait Test Anxiety Inventory of the 20 students in the working group was tested. The non-parametric
Friedman test was used for this purpose. The results of the test are presented in Table 3.

Table 3. Friedman Test’s Results

n Mean rank X2 df )
State test anxiety 20 1.78 13.241 2 .001
Trait test anxiety 20 2.65
Test anxiety 20 1.58

The non-parametric Friedman test was used to test the significance of the differences in the mean ranks of the
state exam anxiety, trait exam anxiety and test anxiety scores. The results showed a significant difference
between the mean ranks of all three scores (x2 = 13.241; p<.01). To determine which scores showed significant
differences, Wilcoxon tests were performed. The results indicated that there was a significant difference
between state test anxiety and trait test anxiety (Z =2.431; p<.05) and between test anxiety and trait test anxiety
(Z =3.941; p<.001). Based on these results, the mean ranks of the scores obtained from the Trait Test Anxiety
Inventory and the Test Anxiety Scale were higher than the mean ranks of the scores obtained from the State
Test Anxiety Inventory. Consequently, the students included in the study had higher levels of trait test anxiety.

3.2. How do participants' heart rate fluctuations change outside the exam environment?

For the second objective of the study, the smartwatch (Polar M430) was used to measure students' heart rates
during resting and writing situations to assess their heart rates outside of the test environment. The
smartwatch recorded the heart rate data for each second throughout the measurement period. At this point,
the changes in students' heart rates were considered as indicators of anxiety. Therefore, to illustrate the
changes in heart rates during resting and writing, the variance values of heart rates are presented in Figure 1
below.

Variation in Resting and Writing Heartbeats
700

600
500
400
300
200
100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

=@=[Resting ==@==Writing

Figure 1. Variation in Heart Rate at Rest and Writing

Students' heart rates were measured for the first time in resting and writing situations. By 'resting’ we refer to
the students' steady state 10 minutes after entering the classroom, and by 'writing' we refer to the verbatim
reproduction of an informative paragraph about education. The horizontal axis represents the students, while
the vertical axis shows the variance in their heart rate over a 10-minute period. As a result, their heart rates
were higher than expected because it was their first experience of this measurement process. In order to
understand the reason for this, interviews were conducted with the students and when examining the graph,
the 12th student, who had the highest change in heart rate during writing, expressed that it was their first time
experiencing such a measurement and they were unsure of what to expect during the process, which could
have led to a higher than expected heart rate. In particular, they mentioned feeling anxious, as if they were
taking an exam, when they saw the paper during the writing task.

160



Meltem ACAR GUVENDIR, Seda DONAT BACIOGLU, Hasan OZGUR, Sefa UYANIK, Fatmagiil GURBUZ AKCAY & Emre GUVENDIR

3.3. What are the variances in participants' anxiety levels as they engage with both multiple-choice and
open-ended test items during the examination?

For the third objective of the study, the initial application was conducted to determine the anxiety levels of the
working group during the exams consisting of multiple-choice and open-ended items.

For this purpose, a total of four test sessions were administered, including pre-midterm and pre-final exams
during the autumn semester of the Principles and Techniques of Psychological Counselling course. These tests
included both multiple-choice and open-ended tests. The variance values of the students' heart rates obtained
during the tests are presented in Figure 2 below.

Pre-application Results

250
200
150
100
50 A
Y ,‘/\—VN—&~ \ A
[ \" -— - \/V N
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
=@— Multiple choice test-1 Open-ended test-1

Multiple choice test-2 Open-ended test-2

Figure 2. Variation in Pre-Application Results

Figure 2 shows the variations in the students' heart rates during the first application of the four tests.
According to the results, the 12th and 13th graders show higher variations in heart rate compared to the other
students, especially during the open-ended test. In general, heart rate variability is greater on multiple-choice
tests than on open-ended tests. In order to better assess the overall changes in heart rate for both item types,
Table 4 shows the sum of students' heart rate variations over the four test sessions.

Table 4. Total Variances of Pre-Treatment Results

Total variances

Multiple choice test 1 529.0998
Open-ended test 1 339.7596
Multiple choice test 2 901.1302
Open-ended test 2 662.0533

Looking at the total variances of the heart rates obtained in the first applications in Table 4, it is evident that
the total variance of the heart rates in the first multiple-choice test administered is higher than the total
variance of the heart rates in the open-ended test. Similarly, the total variance of heart rates in the second
multiple-choice test is also higher than the total variance of heart rates in the open-ended test. Therefore, in
both cases, the variations in heart rate on the multiple-choice tests were greater than those on the open-ended
test. Consequently, the students experienced more test anxiety in the multiple-choice tests during the first
applications. The comparisons in this table are made between 'Multiple-choice test 1' and 'Open-ended test 1,
and between 'Multiple-choice test 2' and 'Open-ended test 2', as these tests measure the same outcomes.
Multiple-choice test 1 and free-response test 1 were administered two weeks before the mid-term exam, while
multiple-choice test 2 and free-response test 2 were administered two weeks before the final exam.

In the main application of the study, during the spring semester, multiple-choice and open-ended tests were
administered separately for two consecutive weeks before the final exam of the Counselling Skills course. The
changes in heart rate obtained from these two tests are shown in Figure 3.
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Main Application Results
350

300
250
200
150
100

50
0 .—v/\v "‘—v A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

==@==pen-ended test Multiple choice test

Figure 3. Variation in Main Application Results

Looking at Figure 3, it is noticeable that there is a significant difference in the change in heart rate between the
multiple-choice and free-response tests, which is particularly evident in student 8. Similar patterns of
difference are also observed for the 3rd, 6th and 11th students. However, in the case of the 11th student, the
change in heart rate during the open-ended test was found to be higher. In order to better assess the overall
changes, Table 5 also shows the total variances of the students' heart rates over the two test administrations.

Table 5. Total Variance of Main Application Results

Total variance
Multiple choice test 778,6354
Open-ended test 480,5703

Table 5 shows that the total variance of heart rates obtained from the multiple-choice test is higher than the
total variance obtained from the free-response test. Accordingly, students showed a greater change in heart
rate during the multiple-choice test than during the open-ended test. Similar results were obtained in both the
preliminary and main applications of the study. In both cases, the multiple-choice tests produced more
significant changes in students' heart rates.

4. Discussion and Conclusion

In this study, the use of heart rate, a physiological indicator, to assess students' test anxiety provides a direct
measure that goes beyond psychological measures of anxiety. Psychological tests often used in test anxiety
research are developed on the basis of subjective experience and may not directly reflect behaviour at the time
of testing (Tellegen, 1985). Although these tests are useful for a standard assessment of behaviour, heart rate,
which is a more specific and physiological response, more clearly reflects tension at the time of the test. It has
been shown in the literature that heart rate is related to emotional states such as stress, anxiety and depression
(Clarke et al., 2014; Shinba et al., 2008). Therefore, in order to understand a complex phenomenon such as test
anxiety, the evaluation of physiological data also provides a more comprehensive approach to this
phenomenon. This study highlights the potential of heart rate in test anxiety research and offers a new
perspective for future studies.

This study found that students' heart rate variability was higher during multiple-choice tests than during
open-ended tests. This finding suggests that multiple-choice tests may induce higher levels of anxiety in
students. On the other hand, open-ended tests may cause less anxiety because they allow students to use more
flexible thinking skills.

This finding highlights the importance of item type as a factor influencing students' anxiety levels. In this
regard, Onder (2008) investigated the relationship between test anxiety and test type. The study found
significant evidence that open-ended tests cause less anxiety among students. One possible reason why
multiple-choice tests elicit higher levels of student anxiety is that they are generally perceived as less reliable
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in assessing students' higher cognitive levels. They are often criticised for measuring recognition skills rather
than application, analysis or evaluation skills (Campbell et al., 2002). This perception may lead students to
believe that they are being unfairly assessed and make them feel more anxious. However, Tekin (2000) argues
that well constructed multiple-choice items can assess not only knowledge but also comprehension,
application, analysis, synthesis and even evaluation behaviour. Nevertheless, Tekin (2000) also points out that
multiple-choice items may not adequately measure creativity and may not contribute to the development of
creativity.

Another reason why multiple-choice items may cause anxiety in students is their use in high-stakes
examinations. In Turkey, all exams for the transition of students to the next educational level, such as high
school and university entrance exams administered by the Ministry of National Education and the Student
Selection and Placement Center, consist entirely of multiple-choice items (Onder, 2008). Similarly, multiple-
choice tests are widely used as the primary assessment method in many education systems worldwide. This
is due to their perceived efficiency and cost-effectiveness in assessing student learning. However, as
mentioned above, relying solely on multiple-choice tests as the primary method of assessment can lead to
higher levels of anxiety in students, which can negatively affect their learning and academic performance
(Crocker & Schmitt, 1987). This situation creates pressure on students to perform well in these examinations,
leading to increased anxiety and stress. Crocker and Schmitt (1987) examined the performance of students
with different levels of test anxiety on multiple-choice items. Their study concluded that individuals with low
test anxiety performed better on multiple-choice items, while those with high test anxiety performed poorly.
However, Naveh-Benjamin et al (1981) found that individuals with high test anxiety generally performed
better on multiple-choice items that required less active recall. Conversely, Birenbaum and Feldman (1995)
showed that students with high test anxiety had more negative attitudes towards open-ended test items than
those with low test anxiety.

Multiple-choice items typically focus on either the correct or incorrect answer. This limitation is referred to in
the literature as the need for full competence to receive a score (Wongwiwatthananukit et al., 2000). This also
indicates that partial knowledge is not taken into account (Diedenhofen & Musch, 2015). Consequently, an
individual who knows that they will not receive any points if they cannot answer a multiple-choice item
correctly may perceive this situation as test anxiety.

Open-ended tests, on the other hand, may cause less anxiety for students because they allow for more flexible
thinking. In addition, open-ended items are seen as a more authentic assessment of student learning. They
allow students to demonstrate their understanding of a topic in their own words, which can be seen as a more
accurate reflection of their knowledge. In addition, open-ended items allow for more extensive use of thinking
skills and provide students with the opportunity to find an answer they are confident in, thus facilitating lower
anxiety levels (Tekin, 2000; Tekindal, 2002). As a result, students may feel that the assessment process is more
flexible and therefore experience lower levels of anxiety.

According to McKeachie (1986), open-ended items, which require longer responses, are valuable tools for
students to organise, synthesise and interpret information in their own words. Unlike multiple-choice items,
which require test-takers to select the correct answer from a set of options, open-ended items require test-
takers to construct their responses (Kastner & Stangla, 2011; Messick, 1994; Rodriquez, 2002; Roid & Haladyna,
1982). As such, open-ended items can provide a more detailed and in-depth assessment of an individual's
knowledge (Rodriquez, 2002).

In conclusion, although multiple-choice tests are still widely used in our national education system, it is crucial
to be aware of their limitations and their potential negative impact on students' anxiety levels. The Ministry
of National Education should actively work towards implementing new assessment methods, such as open-
ended items and authentic assessments, which can provide a more comprehensive assessment of student
learning and reduce anxiety levels. While acknowledging that multiple-choice tests have their advantages in
terms of efficiency, objectivity and the ability to assess a large number of students quickly, it is important to
recognise the limitations of this method.

In fact, on 9 September 2023, the Ministry of National Education took a historic decision and decided to hold
common exams consisting of open-ended items in schools (except for the primary level) (Official Gazette of
the Republic of Turkiye, 2023). For the 2023-2024 school year, the Ministry of National Education stated that
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multiple-choice items will be used in the common written exams to be held in all provinces and districts, but
open-ended items may also be used in these exams after the necessary infrastructure is prepared. Otherwise,
questions in all common written examinations and all other written examinations will consist of open-ended
or short-answer questions. Questions for the common written exams to be organised by the Ministry will be
prepared by the General Directorate of Measurement, Evaluation and Examination Services and sent to the
schools. Teachers working at the school will administer the exam and the school or the Directorate of
Measurement and Evaluation Centre will evaluate it. This is a new and important decision for the Turkish
examination system, where multiple-choice items dominate. However, when open-ended items are used in
exams, it is more desirable not to make them compulsory, but to diversify the types of items according to the
information that is to be obtained from the student.

It is important to remember that both item types have their advantages and disadvantages. Given the evidence
that multiple-choice items are less conducive to creative thinking and writing (Haladyna, 1997) and that open-
ended items may raise concerns about the objectivity of scoring (Brookhart, 1994), it is important not to
overlook the potential anxiety that students may experience in both cases. It is therefore important to provide
students with the necessary tools and strategies to manage test anxiety. Universities can offer workshops and
seminars on test-taking strategies, relaxation techniques and time management to help students cope with
exam stress.

Given the finding that multiple-choice tests may induce higher levels of anxiety in students, it may also be
beneficial to limit their use in university settings. However, it is important to remember that multiple-choice
tests also have their advantages, such as efficiency, objectivity and the ability to assess a large group of students
quickly.

5. Recommendations

A balance should be struck between the two types of items, recognising that no single type of item can
adequately measure all cognitive processes and learning outcomes. The use of different item types allows for
a wide range of measurements. In particular, on an international scale, large-scale applications (e.g.
Programme for International Student Assessment, Trends in International Mathematics and Science Study,
GRE (Graduate Record Examinations)) include both multiple-choice and open-ended items (DeCarlo et al.,
2011; Mariano, 2002). Such assessments, which allow students to demonstrate their understanding in their
own words, can provide a more realistic assessment of student learning. In this way, we can address students'
test anxiety and increase the effectiveness of educational assessment.

In future research, a similar study can be repeated with more participants and the findings can be compared
by measuring heart rate in exams of more than one course.

6. Limitations

The number of participants can be considered within the scope of the limitations of the research. This study is
a product of the TUBAP project numbered 2021/05. Within the scope of the project, only 15 watches were
budgeted. Therefore, the study group was limited to data collected from 30 participants in two different
sessions across two separate groups. A series of measurements were conducted as part of the study, and 20
individuals who participated in all measurements constituted the study group. This is a limitation of the
research. Similar studies can be conducted with a larger number of participants by increasing the number of
watches through projects with higher budgets.

Disclosure statement: This paper was edited and refined with the assistance of Google's Gemini (version as of
June 2024), which complements the human editorial process. The human authors critically assessed and
validated the content to maintain academic rigor. They also evaluated and addressed potential biases inherent
in Al-generated content. The final version of the paper is solely the responsibility of the human authors.
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