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Investigation of Exam Questions Enriched with Visual Materials According to Various Variables!

Sefa YUCE? Namudar izzet KURBANOGLU?

Abstract

The objective of this study was to investigate whether there is a statistically significant difference
between the scores of exam questions enriched with visual materials and without visual materials in
middle school students. In addition, it was to investigate whether students' scores from exam questions
enriched with visual materials and without visual materials and test anxiety scores make a difference
according to gender. Achievement Tests (AT) and Test Anxiety Scale (TAS) were used as the data
collection tools in the study. The sample of this study was 28 middle school students. In the analysis
results of the study, it was found that there was not a statistically significant difference between the
scores of the students in the exam questions with visual materials and without visual materials. In
addition, the mean scores of the students in the exam questions enriched with visual materials and
questions without visual materials did not show a significant difference by gender. Another result
obtained was that there was not a statistically significant difference between the test anxiety scores of
male and female students. But, it was noticed that as the number of exams students take increases, their

test anxiety scores increased, and their exam success scores decreased.

Keywords: Exam success, exam question, test anxiety, visual materials.

Introduction

The interaction of individuals with their environment occurs through the sense organs. In other words,
individuals try to understand what is happening around them by seeing, hearing, touching, smelling,
and tasting. Therefore, the more a teaching activity in a teaching environment appeals to the sense
organs, the more effective and permanent the learning will be. Thus, while explaining concepts that are
abstract and difficult to understand, it is necessary to develop and use teaching materials that can
activate students' visual, auditory, and intellectual structures, and create interactive learning
environments (Mamur Yilmaz, 2014). In this context, the purpose of teaching environments is to bring
audio-visual and intellectual elements that will appeal to the sense organs of an individual into the
teaching environment and to increase the effectiveness of teaching. Research (Cilenti, 1992) has shown
that visuality has a significant place in what we learn through the senses, and accordingly, a large part
of what we learn (83%) takes place in learning environments that appeal to our visual senses. As
students are frequently subjected to visual materials in teacher presentations, textbooks, and multimedia
materials, their capability to comment on and understand, these visual materials have gained more

importance in education (Ferk et al., 2003). In a broad sense, visual teaching materials are the expression
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of verbal information through visual pictures. Visual instructional materials play an important role in
teaching scientific concepts and supporting textual explanations (Ametller & Pinto, 2002; Mathewson,
1999). According to Genty (1994), visual instructional materials help students motivate, focus, analyze
and synthesize. A well-designed schematic representation provides more learning than the meanings of
words and makes it easier to remember (Erden, 2012; Mamur Yilmaz, 2014). Research has shown that
the use of visual materials in concept teaching is important (Kozma, 2003; Kozma & Russell, 1997; Van
Sommeren et al., 1998), and that using materials in science education has positive results (Cook, 2006;
Ferk et al., 2003; Peeck, 1993; Slough & McTigue, 2010). Therefore, the focus has been on the advantages

of using visual materials to teach notions in the classroom (Van Sommeren et al., 1998).

It is important to determine whether visual materials have an impact on the achievement of students in
concept teaching or whether they show changes in which students and at what level. In education and
training processes, this need is met by measurement and assessment. For this purpose, measurement
and assessment are used to determine the in-class performance of students in education and training
processes (Sata, 2016). In class measurement and assessment activities are performed to improve
learning in general and to increase the quality of teaching activities. The information obtained, then, is
expected to provide opportunities for the continuous development of teaching, materials, and activities.
However, large-scale test applications in our country do not allow such interpretation of in-class
measurement and assessment results. In our schools, exams are generally used as in-class assessment

and measurement, activities with the purpose of grading students (Berberoglu, 2010).

Besides primary and secondary education, especially in higher education, examinations performed have
been seen as an important and powerful tool for evaluating the success, skills, and abilities of people of
all ages (Dodeen, 2009). Therefore, the physical dimensions and appearance of the questions asked on
exam papers affect the students' perceptions of what is asked of them. For example, in addition to the
fact that the position of the question items on the page affects how important certain information is,
visual materials such as pictures, tables, figures, and photographs in exam questions can also affect
questions' understanding of students (Fisher-Hoch et al., 1997). Therefore, visual materials are included
in instructional resources (for example, textbooks, worksheets prepared and distributed by the teacher,
exam questions, and homework) to measure students' understanding of materials and their ability to
interpret them (Crisp & Sweiry, 2006). Although there has been no research on the effect of visual
materials on exam questions thus far, many studies have been conducted to determine the effect of
adding pictures to instructional texts on learning. In those studies, it was found that pictures generally
have a positive effect on learning and remembering, and texts are better remembered when they are
supported by illustrations (Ollerenshaw et al., 1997; Weidenmann, 1989). In addition, Peeck (1993) stated
that pictures can help clarify and interpret difficult texts. Among visual materials, graphics have been
found to simplify complex texts and embody the abstract (Winn, 1989). These are reasons that justify

adding visual materials to the exam questions.

As exams are often viewed as stressful environments for students, visual materials that attract their
attention and reduce the complexity of the questions can provide an advantage, especially for lower-
level students (Crisp & Sweiry, 2006). However, the main risk of adding visual materials to exam
questions is that the visual materials create a mental representation that does not fit the meaning
intended by the person preparing the questions. When students read the question, they develop a

mental representation in response to the processed text (Pollitt & Ahmed, 1999). This representation
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does not consist of real words, but instead images, concepts, emotions, and relationships between
emotions, as well as ideas familiar to the student (Johnson-Lairs, 1981). For this reason, students' mental
actions of the text may not be the same, and certain elements may come to the fore for each. Much of this
process happens unconsciously and spontaneously. Visual materials can play an important role in the
student's mental representation of the question, and the ideas conveyed by these visuals can be
emphasized rather than the ideas conveyed by the text (Crisp & Sweiry, 2006). Peeck (1987) stated that
students can focus a significant part of their attention on visuals instead of related text. There are many
reasons for the apparent superiority of visual materials over text. First, processing visual materials
require less cognitive effort. Biedermann (1981) stated that the general meaning of a visual can be
grasped in a short time. The reason for this is that while the texts should be processed sequentially,
elements of the visual source can be processed simultaneously (Winn, 1987). The second is that visual
and textual materials can be processed in dissimilar cognitive systems. Accordingly, as a result of two
representations of an object, information from visual sources would be more prominent (Schnotz, 1993).
Mayer (1989) stated that binary coding of objects facilitates mental model formation because the
connections between the two representations will already have been established. However, some
researchers have argued that the texts presented with images are not useful because the attention is
divided between two different pieces of information, and in this case, the necessity of bringing the two
sets of thoughts together emerges (Sweller, 1990). In general, writing any information on top of the page
makes it more important (Winn, 1987). However, there is also evidence that visual materials are read
and processed before the accompanying text, regardless of their position on the page. Kennedy (1974)
explained that occasionally we read a text or title before looking at the picture, but we generally notice
the image first and recognize the imaged object without the help of words (Crisp & Sweiry, 2006). In this
context, it has been strongly proven that the first element included in a mental model will rule and
influence the elements that follow them (Gernsbacher, 1990). The reason for this is that the mental
representation begins with the first item processed, and each of the subsequent information adds to the
developing representation as the opportunity arises. If the effects of visual materials on mental model
development are disproportionate, exam questions enriched with visual materials may negatively affect

students' test anxiety (Sarason, 1988).

Anxiety is one of the unpleasant emotional experiences that everyone has at different intensities at
different points of time in their life (Syokwaa et al., 2014). Anshel (1995) defined anxiety as a subjective
feeling of threat that usually comes with high psychological arousal (Olatoye, 2009). Spielberger (1972)
explained that anxiety is a two-component structure considered trait and state anxiety (Bagpinar Can et
al., 2012). According to Basavanna (2000), anxiety is a state similar to an intense fear that includes
threats, restlessness, a state of nervousness, and a general feeling of anxiety, and the effects of anxiety on
an individual can vary. For example, while low-to-moderate anxiety is found to be beneficial to
performance, high-level anxiety is reported to be destructive because it excites the body above its
normal capacity and negatively affects performance (Syokwaa et al., 2014). For many years, theories of
anxiety have based this situation primarily on the results obtained from clinical staff and the opinions of
researchers. The uncertainties regarding this phenomenon have directed the attention of many

researchers to the causes of anxiety in public speaking and exam situations (Sridevi, 2013).

Anxiety is an emotional element of individuals, and when this emotional element manifests itself under

the conditions of an exam or assessment, it is considered to test anxiety (Olatoye, 2009). According to
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Spielberger and Vagg (1995), test anxiety is an emotion specific to state anxiety rather than trait anxiety.
Individuals with test anxiety experience a series of physiological and behavioral symptoms that affect
test performance including headache, high blood pressure, tension, anxiety, irritability, and negative
thoughts (Zeidner, 1998). In this context, various definitions of test anxiety have been made. Test anxiety
is an experience that occurs in the form of negative thoughts about the test result and negative
evaluation of the test taker in line with other people's behaviors due to the fear of failure in the mind
and behavior of the test taker (Olatoye, 2009). According to another definition, Test anxiety is “the
feeling of tension and anxiety that prevents an individual from conveying what they know in an exam”
(Austin et al., 1995). In addition, test anxiety is a mood that expresses the level of anxiety, fear,
uncertainty, and helplessness experienced by the candidate before, during, and even after the exam
(Olatoye & Afuwape, 2003). Test anxiety negatively affects the success of the individual in exams by
reducing their concentration, organizing their ideas and thoughts, managing the exam time, and
understanding questions and concepts (Chang, 1986). In addition, test anxiety negatively affects
students' concentration, organizing their ideas and thoughts, understanding of questions, and
identifying keywords (Dodeen, 2009; Mc Keachie, 1984). While a moderate level of test anxiety is
necessary to motivate students to do their best, high levels of test anxiety negatively affect their
performance (Dodeen, 2009). Results of other studies indicated that test anxiety is a negative effect on
students' academic success (Barrows et al., 2013; Chapell et al., 2005; Sridevi, 2013).

Exams are usually implemented to measure students' knowledge of a particular topic or material. Since
the major objective of exam questions is to evaluate what is learned rather than teaching, it has been
stated in relevant studies that the use of visual materials in exam questions can be explained by the
visual materials used in the teaching of texts (Crisp & Sweiry, 2006; Ollerenshaw et al., 1997; Peeck 1993;
Weidenmann, 1989; Winn, 1989). Studies have shown that visual instructional materials have a positive
effect on learning and remembering, can help clarify and interpret difficult texts, simplify complex texts,
and embody the abstract. In addition, it is believed that the use of visual materials plays a motivating
role in teaching texts (Peeck, 1993), and this motivating role may also apply to exam questions. From
this point of view, the use of clear visual materials instead of a textual explanation can shorten the exam
questions and help students understand questions containing abstract concepts (Crisp & Sweiry, 2006).
In addition, visual materials such as pictures, tables, figures, and photographs included in the exam
questions can affect students' understanding of the questions, their responses to the questions (Fisher-
Hoch et al., 1997), their anxiety levels toward the exam, and their academic success (Sarason, 1988). In
this context, the problem of this study is to determine how the scores obtained from the exam questions
enriched with visual materials and questions without visual materials and test anxiety change according
to the gender of the students and the number of exams. Therefore, the objective of this study is to
investigate whether there is a statistically significant difference between the scores of the exam questions
enriched with visual materials and without visual materials in middle school students. In addition, it is
to investigate whether students' scores from exam questions enriched with visual materials and without
visual materials and test anxiety scores make a difference according to gender. Accordingly, answers are

sought for the following questions in this study.

1) Is there a significant difference between the scores of the students in the exam questions with visual

materials and without visual materials?
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2) Do students' scores on the exam questions with visual materials and without visual materials differ

according to gender?

3) Do students' test anxiety scores differ according to gender?

Method
Research design

This study was conducted according to the single-group pretest-posttest model, which is one of the
experimental methods. An experimental design has many different implementations. One of these,
which is the single-group pretest-posttest experimental design used in this study, is applied to a group
with an independent variable, and a pre-experimental and post-experimental measurement is
performed (Gay & Airasian, 2000). Creswell (2012) stated it is the nature of the research to prefer the

single-group experimental design in studies where a new training module is developed and applied.
Research sample

The sample of this study was 28 middle school students (20 males, 71.4%, and 8 females, 46.3%) who
take science lessons. Their ages ranged from 14 to 16 years, with a mean age of 15 years. The sample of
the study was selected using the convenient sampling method. The selection of this sampling method
was based on time, economy, and reducing the loss of labor (Biiyiikoztiirk et al., 2011). These students
were administered the AT and TAS.

Research instruments and procedures
Achievement Test (AT)

In this study, prior to the preparation of exam achievement tests, units related to learning areas and
learning outcomes were determined (Table 1). Three different AT were prepared, consisting of questions
that were enriched with visual materials and that did not contain visual materials in accordance with
the units and outcomes related to the learning areas. These are: "Cell Division and Genetics AT-I" for the
first exam, “Force and Motion AT-II” for the second exam, and “Structure and Properties of Matter AT-
III"” for the third exam. Each AT prepared accordingly contains 20 questions (10 of which are enriched
with visual materials, and 10 of which do not include visual materials. Achievement test questions were
selected from the questions prepared by the Ministry of National Education, whose reliability and

validity were determined. Two sample questions were given in figure 1.
Figure 1

Exam Question Enriched with Visual Materials (Q-1) and Exam Question without Visual Material (Q-2)

Question-1: Placing a rectangular prismn-shaped
oz on three di fferent surfaces, Pinar calculates
the pressure values of this box on the ground,

Surface area of |Pressure of the
the box box

—
T 2a o
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Recording the walues obtained in the table helow,
Pinar can reach which of the following conmments
nsing this table?

A) A the force acting on the ground increases, the
presaure decreases.

B) When the force acting on the ground decreases,
the pressure increases.

C) &3 the base area of the object increases, the
pressure decreases

D) Az the baze area of the object decreases, the
pressure also decreases.

Question-2: The atmospheric pressure (P) 12
measured with a barometer. Which of the following
processes does not change the liguid height Ch) in
the glass pipe?

A) Experiment, done at different heights.

B) Experiment with different types of liquids.

C)y Experimnent by putting more of the same type of
ligquidin the container.

D) Experiment with the same type of ligquid at
different termperatures.
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Test Anxiety Scale (TAS)

The Test Anxiety Scale (4-point Likert) revised by Benson and El-Zahhar (1994) and translated into
Turkish by Akin, Demirci, and Arslan (2012) was used to define the test anxiety levels of students. The
TAS is a 20-item, four-point Likert rating scale, ranging from 1 (almost never) to 4 (almost always). The
TAS includes 20 items and the reliability coefficient of the scale was .89, while it was calculated to be .88

for the middle school students in our study.

Prior to data collection, first, the Cell Division and Genetics unit was taught. At the end of the unit, the
TAS was implemented as a pre-test to determine the test anxiety levels of students. After the unit was
taught, AT-I for the first exam and the first TAS-I were applied to the students. After teaching the Force
and Motion unit, AT-II for the second exam and the second TAS-II were implemented. Then, following
the teaching of the Structure and Properties of Matter unit, AT-III for the third exam and the third TAS-
III were implemented. Students were given approximately one lesson hour (40 minutes) to respond to
each AT and TAS. The data collection process continued for one semester. Learning areas, data

collection tools, and processes are given in Table 1.

Table 1

Learning Areas, Data Collection Tools and Process

i 3 5 Measurement and
§ § EO Learning Area  Units Method
Assessment
Pre-TAS
AT-I
é T Living Unit 1: Cell
d& ";é & creatures and Division and 5E
(o]
N 3 i i
Life Genetics TASI
3 S AT-II
DI o o Physical Unit 2: Force and
N 4 I3V 5E
Zo o} Phenomenon Motion
= TAS-II
b AT-III
2 ::ll3 Unit 3: Structure
P = o Matter and ]
I3 4 S8 and Properties of 5E
8 3 change Matt
= atter TAS-II

TAS: Test Anxiety Scale
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Data analysis

Whether the data met the normality assumptions were calculated using the Kolmogorov-Smirnow
significance test and kurtosis-skewness values. According to these calculations, the Kolmogorov-
Smirnow significance test is significant at the p< 0.01 level. Since the kurtosis-skewness values are
between -1.5 and 1.5, the data are considered to have a normal distribution (Tabachnick & Fidell, 2013).
In testing the research problems, the “t-Test” was used for dependent samples as the data showed

normal distribution.

Findings

This study was conducted to determine whether there is a statistically significant difference between the
scores obtained by middle school students in the exam questions that were enriched with visual
materials and that did not include visual materials. Another purpose was to determine if the scores
achieved on the exam questions with and without visual materials and whether the test anxiety scores
show any difference by gender. The collected data was analyzed and interpreted in line with the
research questions. The t-Test analysis was completed to determine whether there was a significant
difference between the mean scores of the students in the exam questions enriched with visual materials

and those that did not include visual materials, and the results are presented in Table 2.

Table 2

The t-Test Results on the Mean Scores Obtained by the Students in the Exam Questions Enriched with
Visual Materials and Without Visual Materials

Exams Question type X N SD df t P
VM 29.82 28 9. 86

AT-1 27 1.89 .07
wVM 25.89 28 8.72
VM 21.96 28 10. 83

AT-II 27 -.26 .79
wVM 22.68 28 12.21
VM 27.86 28 11. 09

AT-III 27 .87 .39
wVM 26.07 28 8.09

Visuals Material: Questions including VM, without Visuals Material: Questions including wVM

As shown in Table 2, there was not a statistically significant difference between the mean scores
obtained by students in the exam questions with and without visual materials in AT-I, II, and III (p>.05).
However, in general, the mean scores of the exam questions enriched with visual materials (26.54) were
higher than the mean scores of the exam questions (24.88) without visual materials. These results may

indicate that adding visual materials to the exam questions causes an increase in the success of the
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students in the exam. The t-test was completed to determine if the difference between the scores
obtained in the exam questions with and without visual materials was significant and the results are

presented in Table 3.

Table 3

The t-Test Results of the Mean Scores Obtained by in Exam Questions with and Without Visual
Materials by Gender

Question
Exams Gender X N SD df t P
Type

Male 28.0 20 10.69
VM 26 -1.59 0.12

Female 344 8 5.63

> Male 25.7 20 8.78
wVM 26 -0.13 0.89

Female 26.2 8 9.16

Male 20.5 20 10.99
VM 26 -1.14 0.27

Female 25.6 8 10.16

> Male 237 20 1317
wVM 26 0.73 0.47

Female 20.0 8 9.64

Male 26.2 20 11.68
VM 26 -1.22 0.23

_ Female 31.9 8 8.84

g Male 25.7 20 8.63
wVM 26 -0.33 0.75

Female 26.9 8 7.04

p<.01*¥; p<.05*

As shown in Table 3, there was not a significant difference between the mean scores of the students in
the exam questions with and without visual materials by gender (p>.05). However, female students’
scores in exam questions enriched with visual materials are higher than male students. In addition, male
students' scores in exam questions that do not include visual material (AT-I, II, and III: 75.1) are higher
than female students (AT-, II, and III: 73.1). The t-Test was completed to define whether the difference
between the test anxiety mean scores of the students by gender was significant, and the conclusions are

given in Table 4.
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Table 4

The t-Test Results of the Mean Scores Obtained by Students in Test Anxiety Scale by Gender

Test Anxiety Gender X N SD df t P
Male 58.05 20 12.66

Pre-TA 26 -.01 .98
Female 58.13 8 7.99
Male 57.20 20 12.39

TA-I 26 .04 .96
Female 57.00 8 10.15
Male 57.75 20 14.34

TA-II 26 -39 .69
Female 59.88 8 8.18
Male 63.40 20 9.29

TA-III 26 1.09 .28
Female 59.00 8 10.28

p<.01**; p<.05%, TA: Test Anxiety

As shown in Table 4, there was not a significant difference between the mean scores of testanxiety by
gender (p>.05). However, while the mean anxiety scores of female and male students before and after
the first exam do not change, after the second exam, the test anxiety mean scores of female students
(59.88) increased in comparison to male students (57.75); and after the third exam, the mean scores of

test anxiety of male students (63.40) increased compared to the female students (59.00).

Discussion

In this study, it was investigated whether there is a statistically significant difference between the scores
of secondary school students from multiple choice exam questions enriched with visual materials and
without visual materials. In addition, it was investigated whether the scores obtained by the students
from the exam questions enriched with visual materials and without visual materials and whether their
test anxiety scores make a significant difference according to gender. The data taken from the sample

were analyzed and interpreted according to the following research questions.

The first finding of the study showed that there was no statistically significant difference between the
scores of middle school students in the exam questions enriched with visual materials and those without
visual materials (p>.05). However, in general, the mean scores obtained in the exam questions enriched
with visual materials (26.54) were higher than the mean scores obtained in the questions without visual
materials (24.88). This finding shows that adding visual materials to exam questions increases the
academic achievement of students at a certain level. Studies have shown that visual materials have a
positive effect on learning, understanding, and remembering (Fisher-Hoch et al., 1997; Ollerenshaw et
al., 1997; Weidenmann, 1989). According to the results of these studies, when the textual expressions in

the exam questions are supported by visual resources such as pictures, tables, figures, and photographs,
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it is easier for students to understand and remember the questions. Additionally, the findings obtained
are in line with the findings of studies showing that teaching with visual tools has a significant effect on

students' academic achievement (Begoray, 2001; Stokes, 2002).

The second finding of the study showed that there was no statistically significant difference between the
mean scores of the students in the exam questions enriched with visual materials and questions without
visual materials by gender (p>.05). However, in general, it was observed that female students were more
successful in exam questions enriched with visual materials (30.6) than male students (24.9). In addition,
it was observed that male students were more successful in exam questions (25.03) that did not include
visual materials than female students (24.36). Karaca (2013) stated that the effects of the use of visual

materials in teaching physics on student achievement do not differ by gender.

The third finding of the study showed that there was no statistically significant difference between the
test anxiety mean scores of the students by their gender (p>.05). However, after the second exam, the
mean scores of test anxiety of female students (59.88) increased compared to male students (57.75), and
after the third exam, the male students’ mean scores of test anxiety (63.40) were higher than that of the
female students (59.00). When the literature is examined, there are various studies showing that there is
no significant difference in general between the gender of students and their test anxiety (Muola et al.,
2009; Nadeem et al., 2012). However, it was observed that as the number of exams students take
increased, their test anxiety scores increased (TA-I: 57.14; TA-II: 58.35; TA-III: 62.14) and their exam
achievement scores decreased (AT-I: 55.71; AT-II: 44.64; AT-III: 53.93). There are studies showing a
negative relationship between anxiety and academic achievement (Adigwe, 1997; Faroooqi et al., 2012;
Nadeem et al., 2012; Syokwaa et al., 2014; Tomljenove & Nikcevic-Milkovic, 2005). The results of these
studies support the findings of the current study.

As a result, it was seen that students were more successful in multiple-choice exam questions enriched
with visual materials, female students were more successful in exam questions enriched with visual
materials, and male students were more successful in exam questions that did not contain visual
materials. Additionally, the anxiety scores of female and male students in exams show differences, and
as the number of exams increased, their anxiety scores increased while their exam achievement
decreased. Similar studies can be done by increasing the number of samples. In addition, it is

recommended to practice at different grade levels.
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