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ABSTRACT

This study investigated whcthcr participating in a 3D immersive virtual
reality world simulating the cxperience of test-anxiety would affect prcservice teachcrs' awareness to the phcnonienon. Ninety subjects participated
in this study, and were dividcd into three groups. The experimental group
experienced a 3D immersive simulation which madc tangible the cognitive
aspcct ofanxiety. One control group watched a TV film on the subject of tcstanxicty, while the second control group read statemcnts by pupils who
suffer from that syndronic. The lcvcl of awareness was tested four times: two
\\leeks bcforc thc 3D cxperience, onc week before it. immcdiatcly after the
expericncc, and two weeks thercaftcr. At each stage, the subjects fillcd out an
A\varcness of Tcst Anxiety Questionnaire (ATAQ), which was composed
expressly for this study. The research rcsults demonstratc that virtual reality
tcchnology is effectivc in raising the lcvel of awarcncss of test-anxiety.
Evcn though it is difficult to cxprcss abstract ideas in concrete terms, it
appears that this technology was more successful in making clear, understandable, and tangiblc thc cognitive aspcct of tcst-anxiety than wcrc thc
methods tested in thc two control groups.

PREFACE
Modern society stresses success in examinations a s a central indicator in determining a student's future path in life. In consequence, test results h a v e b e c o m e
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more and more significant for the individual. This phenomenon has made anxiety
of failing a more common condition now than it was in the past (Hancock, 2001).
The test-anxiety condition is defined as an emotional state characterized by
subjective feelings of discomfort, fear, and worrying about the evaluation made
by an external authority. It is usually accompanied by heightened activity in the
autonomic nervous system (Sarason, 1980). In the literature it is reported that
test-anxiety can express itself in four different ways, separately or together: during
preparation for the examination, in expectation of it, at the time of the examination
itself, and/or when receiving the examination results (Cassady, 2004). For this
study we developed 3D irnrnersive simulation of the kind of test-anxiety which
appears during an examination. We tested its efficacy in increasing pre-service
teachers' awareness of the phenomenon of test-anxiety. We assumed that the
enhanced awareness would have an effect on their relationships with students
diagnosed as having test-anxiety.
Many studies performed over the years have indicated that high levels of
test-anxiety have a deleterious effect on test achievements (Cassady & Johnson,
2002; Hembree, 1988). A study done in 1995 found that test-anxiety lowers the
achievements of 20%) of public school students, and 25% of students in higher
education (Ben-Lavi et al., 1995).
There are three maln factors among the many which are capable of triggering
test-anxiety: the teacher, the climate in class, and the structure of the examination.
The teacher may have a marked influence on the level of test-anxiety from a
cognitive angle, since sthe is the one who teaches the class, reacts to the way the
subject is learned in class, and is the one who composes and grades papers and
examinations. The teacher's personality, and the way helshe runs the class can
raise or lower the level of herlhis students' test-anxiety (Blumenfeld & Marx,
2001). The student's performance is frequently evaluated by the way helshe
does hislher homework assignments, and by the way helshe participates in class
discussions. This evaluation is done in the presence of hislher classmates. It is
not ~ ~ n l i k e that
l y the student's performance is constantly compared with that of
the others in class. These comparisons sonietinles determine the student's social
status and popularity in hislher class. For that reason, in a class in which there
is a competitive atmosphere, and the student's status tends to be set by hislher
achievements, there is liable to be an increased level of fear of failure (Blumenfeld
& Marx, 2001).
The structure of the examination can also arouse test-anxiety. Many researchers
have addressed exam components and their influence on the level of test-anxiety
over the years. In 1980, Fyans reported on a decreased level of achievement on
the part of students with a high level of test-anxiety the more the nature of the
exam question became increasingly complicated and difficult. Some found that
the greater the amount of information given the examinee (its length, type, the
amount of time allotted to it, etc.), the less uncertainty shelhe had, and the lower
was herlhis level of test-anxiety (Zeidner, 1991). Studies reported that giving
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optional questions on an exam contributes to a decrease in test-anxiety, to a feeling
of better control of the subject matter covered in the examination, and to improved
achievements (Zeidner & Keynan, 1990). Yet other studies showed that those
with test-anxiety do better in a closed exam than in an open one (Bends &
Friedman, 1997). Gregor (2005) found that there are even ways of using testanxiety for the benefit of the student.
In 2003 a meta-analysis study synthesized the results from test-anxiety reduction programs (Ergene, 2003) which found that the most effective treatments
appear to be those that combine skill-focused approaches with behavior or cognitive approaches. Individually conducted programs to reduce test-anxiety, along
with programs that combined individual and group counseling formats produced
the greatest changes. The analyses were based on 56 studies revealed that there
is a serious lack of research on test-anxiety reduction programs for primary,
secondary, and high school students.
We can divide the symptoms of test-anxiety into two main components. The
elnotional component, which expresses itself in physiological responses and
feelings of anxiety and tension such as exaggerated sweating, trembling, shortness of breath, pallor, stomach ache, headache, and increased movement of
various parts of the body. The wony component, which expresses itself in
cognitive responses such as confusion, inability to concentrate, misunderstanding instructions, thoughts and worry about possible failure, blackout, and selfblame (Spielberger, 1988).
The current study dealt with the cognitive aspect of test-anxiety. Its goal
was to increase future teachers' awareness of test-anxiety with a 3D simulation
of the cognitive situation experienced by pupils who suffer from test-anxiety
during exams.
For this study we developed a simulation of the three main cognitive components of test-anxiety:
I . Blackout-This is a sihiation in which the examinee is unable to retrieve
any information from hislher memory. One's mind is as if shrouded in
darkness, and is unable to function at its full capacity. An example of a
description of blackout by a student who has experienced it is as follows:
"I felt that my mind was completely empty . . . like a page on which
nothing is written, completely blank . . . I didn't remember a single word
of anything I studied, no names, no dates, nothing at all."
2. Selfblnnze-In this situation the examinee blames herself for her failure
to reply properly to the questions on the exam. This self blame is accompanied by negative internal speech. Students who have this experience
have recurring thoughts of the following kind: "I'm stupid . . . wol-thless . . .
anyway, there's no chance that I'll amount to anything."
3. Feeling of faillrr-e-Here,
the examinee compares himself with other
examinees. His feeling of personal failure is based on the others' always
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being better and smarter than him, and that he isn't able to fi~nctionon their
level. His fear of competing with them and with their success drags the
examinee into anxiety and failure. Students who have experienced this
feeling of failure express themselves as follows: "When I'm in the midst
of taking the exam I already imagine people asking me what grade I got,
and my friend, especially, will show off with a higher grade, while I feel
terrible . . . so I'm stressed out, and instead of concentrating on the exam
I think about what's going to happen afterwards."
In this study we attempted to see whether a VR experience simulating the
cognitive sensations perceived by a student who suffers from test-anxiety would
improve teacher trainees' awareness of the characteristics of the phenomenon. Our
results indeed testify to the advantages of VR as compared with hvo other media,
in improving awareness of the phenomenon of test-anxiety in a number of aspects
of the syndrome which were examined.

PROCEDURE
Ninety subjects participated in this study. Each was enrolled at one of three
Israeli institutions of higher learning, in teacher training programs. Most of
them had bachelor's degrees in various fields, and were studying for a teaching
license in their areas of expertise. The subjects were randomly divided into three
groups. The participants in the VR experimental group (N = 3 1) were exposed to
a VR simulation of test-anxiety. One control group, the Movie Group (N = 30),
watched a TV film explaining test anxiety. The second control group, the Te,~t
Group, read statements by students who suffer from test-anxiety. Table 1 presents
the distribution of the subjects according to demographic variables.
The three research groups were similar in all aspects except for the educational
institution in which the participants were enrolled. and their ages. Most of the
subjects in the experimental group were students at the university where the
VR technology was developed, because of the limited mobility of the hardware
and its operators. Also, the subjects in the Text Gi.o~rp were older than the
subjects in the VR Group. These differences between the groups were taken into
consideration in the statistical processing of the results.

RESEARCH INSTRUMENTS
The Awareness Questionnaire
Since we were unable to find a questionnaire for testing the teacher's level
of awareness of the students' test-anxiety, we developed a new one. The questionnaire was validated by experts in the field of test-anxiety, and was found to be
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Table 1 . Distribution of Demographic Variables According
to Research Groups
Variable

Values

Text
n=29

Movie
n=30

VR
n=31

Gender*

Male
Female

17.2%
82.8%

0%
100%

12.9%
87.1%

5.31

Education*

B.Ed1B.A.
M.A.

Family
situation**

Unmarried
Married
Divorced

Ages of children
in the family**

No children
Pre-school age children
School-age and older

69.0%
17.2%
13.8%

90%
3.3%
6.7%

83.9%
16.1%
0%

8.05

X2

appropriate for the testing of teachers' level of awareness of test-anxiety. The
questionnaire had two parts: an open part and a closed part.
The open part included 11 questions, seven of which were open (as, "In
your opinion, what is the source of the phenomenon of test-anxiety?"), while
there were four questions on which the participant was asked to grade himself
on a scale of 1 to 5 (as in "Are you able, in the course ofgiving an exam, to identify
a student who suffers from test anxiety?"). The closed part of the questionnaire
included 39 questions whose content was based on the following three factors
which relate to the phenomenon of test-anxiety (Table 2):

1. Fcrnziliarity-The subjects were asked to grade their knowledge of issues
connected with test-anxiety. For example: "To what extent is test-anxiety
prevalent among the students in your school?"
2. Awareness of the causes-The subjects were asked to indicate to what
degree the items on the questionnaire were likely to increase or decrease the
level of test-anxiety on the part of the student. For example: The teacher's
behavior at the start of the exam.
3. Awareness of the s~~rnptoms-The subjects were asked to indicate to what
extent each one of the behaviors connected to test-anxiety would occur
with students. For example: an unusual amount of body movement during
an exam. All the questions in this section were for self-grading on a scale
of 1 to 5.
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Validation Process
In order to establish a high content-reliability for the closed-ended questionnaire, we have provided 10 expert judges with 43 optional questions collected
from the literature review which they were asked to judge whether they are
relevant to a questionnaire that examines the awareness to test-anxiety. The
experts were told that the final version of the questionnaire will have a scale of
1 to 5. They were asked to comment on each optional question and give their
judgment whether it is relevant to the questionnaire, whether it is clear or add
a different version or question.
The first version of the questionnaire consisted of questions that 80% of
the judges agreed upon. This version has been tested in a pilot study with 16
participants and was fine tuned according to their comments.

Scoring Process
Four expert-judges were asked to answer and score the items in the questionnaire in a scale of 1 to 5. The only questions that appeared in the final version
of the questionnaire were those that three out of the four judges agreed about
their scores. The judges' scores became the baseline with which we have evaluated each participants' score. Meaning, for each question we have calculated
the imparity between the judges' scores and the participant's score. A negative
score meant a deficient estimation (low level of awareness), a positive score
meant an overestimation (low level of awareness), and a 0 score meant an exact
estimation of the test-anxiety phenomenon (high level of awareness).

Reliability
The reliability of the questionnaire and its scoring were tested with a sample
of 158 students in two rounds. Reflecting the results we have omitted several
items and were left with a total of 39 questions in the final version. The Cronbach
a was 0.84 and 0.81 in the repeated measure two weeks later.
The questionnaires were administered four times; twice before the intervention,
and twice thereafter. The first time was about two weeks before the intervention,
and the second time was about one week before it. The third time was immediately
after the intervention, and the fourth time was about two weeks thereafter.

Movie
The film selected for this study was taken from a series televised on public
television. One chapter of the series deals with the phenomenon of test-anxiety.
We chose the first 10 minutes of this chapter, as infomlation relevant to this
study was presented in that segment of the film. Those 10 minutes included
interviews with pupils who had been diagnosed as suffering from test-anxiety,
and who discussed the feelings they had during exams with the TV audience. The
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film also included an interview with an expert on test-anxiety, who explained
the pupils' comments to the viewers.
Text Based Reports
The participants read six reports written by students who suffer from testanxiety. These were gathered from articles on the subject in the professional
literature. The reports were presented to the subjects in order to give them a first
hand testimony regarding the three cognitive aspects of test-anxiety's feelings:
blackout, feeling of failure (in relation to peers), and self-blame (in relation to the
pupil hidherself). Two reports were provided for each of the three aspects, in
order to enhance the effect produced by reading firsthand descriptions of the
phenomenon. For example, a report which brings home the feeling of failure in
relation to others: "In the midst of doing the exam I already imagine how they'll
ask me what grade I got, and one friend, especially, will brag about getting a higher
mark, and 1'11 feel awful, so I feel pressure, and instead of concentrating on the
exam I think about what's going to happen after" (Neeman, 1998).
3D Virtual Worlds

We constructed six immersive 3D worlds in order to carry out this study. The
worlds were built with Superscape-a 3D rendering software package suited
for personal computers. The subjects used an HMD (Head Mounted Display)
and appropriate head-tracking technology to experience the simulated feelings
of test-anxiety (Photo 1).
The worlds were put together in order to give the participants the cognitive
aspect of the feeling of test-anxiety, as described in reports of pupils who suffer
from that problem. They were not given a test or observed students who were
tested, but they were introduced to an immersive experience that was designed
to stimulate similar feelings being reported by students with test-anxiety. The
six worlds included three facets of the cognitive aspect: blackout, failure, and
self-blame. Two worlds were built for each facet. In each one the subjects were
asked to cany out a time-limited assignment. The time limit was meant to simulate
exam conditions. Each subject experienced the virtual worlds in a different
order, at random, each one of 10 minutes' duration. At the end of the experiment,
hetshe was shown the grade which shelhe received.
The subjects were shown a demo world prior to the beginning of the experiment. This was designed to give them practice in hnctioning in a virtual
environment. The subjects were not time-limited in getting used to the virtual
environment, so as to give them maximal confidence as regards their mastery
of the technology. In addition, the subjects were given an explanation sheet.
which included instructions and explanations on how to operate the virtual
worlds. Further, oral instructions were given as needed. The validity of the
virtual worlds was tested by 16 subjects in order to be sure that they were
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Table 2. The Closed Questionnaire for Testing Educators'
Awareness of Test Anxiety
Part A

Mark the box which best expresses your opinion on each question
To an
Very
Not Some- average Quite much
degree a bit
so
at all what

1. To what extent does test-anxiety exist in
school pupils?
2. Do you know students who have test-anxiety?
3. Should treatment for test-anxiety be offered
at school?
4. Should treatment for test-anxiety be given by
an agency from outside the school?
5. Have you ever received any training about
test-anxiety prior to this research?
6. To what extent does instruction about testanxiety contribute to the teacher's ability to
help students overcome test-anxiety?
7. Can some anxiety during a test help a student
succeed?
8. Does a competitive atmosphere in class raise
the level of test-anxiety among the pupils?
9. Does a pupil's low self-image raise hislher
level of test-anxiety?
10. Does a pupil with a high level of test-anxiety
have higher than average intelligence?
11. In your opinion, do the physical conditions of
the exam room have an effect on the student's
level of test-anxiety during the exam?
12. To what extent can a leader change hislher
pupil's level of test-anxiety?
13. To what extent do the teacher's high expectations increase the level of test-anxiety among
hislher students?
14. Does every anxiety a student feels during an
exam express itself in some extreme way?
15. Does an anxiety expressed physiologically
lead to poorer achievements than an anxiety
expressed through negative thoughts and
worries alone?
Part B Mark the extent to which each of the following is liable to RAISE a pupil's level of
tension anxiety.
16. The way the exam is graded (very strictly,

perfunctorily)
17. Poor connection between the subject matter
covered in the exam and that learned in class
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Table 2. (Cont'd.)
To an
Very
Not Some- average Quite much
at all what degree a bit
so
18. Emphasizing the weight of each question on
the exam sheet
19. Prolonged expectation time because of the
teacher's tardy arrival for the start of the exam
20. Exam length (number of questions)
21. Arranging the items on the exam according to
difficulty (from easiest to hardest)
22. Teacher's behavior at start of exam
23. An exam question composed of several
sub-questions
24. The examiner announces "A few minutes left
before turning in your exam papers!"
Mark the extent to which each of the following is liable to LOWER a pupil's level
of tension anxiety.
25. Giving a choice of questions to be answered
on the exam
26. Providing information before the exam starts
(length, type, structure)
27. The exam is printed clearly and in a familiar
format
28. Placing great importance on the exam
29. The exam is printed in light colors
30. The exam is illustrated with cartoon drawings
Part C Following are a number of pupil behaviors during exams.
Mark the extent, in your opinion, to which each behavior is likely to express test-anxiety.

31. The pupil is always looking off to the side
during the exam.
32. The pupil is clearly sweating profusely during
the exam (without connection to the weather).
33. The pupil needs non-verbal support (a smile)
during the exam.
34. The pupil is moving around excessively in
herlhis seat during the exam.
35. The pupil is mumbling to himlherself during
the exam.
36. The pupil stares at some point in space, and
writes very little.
37. The pupil submits an answer sheet which
doesn't reflect hislher knowledge of the
subject matter.
38. The pupil is absent from the exam.
39. The pupil needs verbal support during the exam.
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Photo 1. A typical subject using the VR equipment.

functioning properly and that they were understood by those who were to use
them. In addition, two university professors who specialize in the field of testanxiety tried out the virhial worlds. The experts, as well as the group of examiners,
affirmed that the virtual worlds indeed present the cognitive aspects of the
phenomenon of test-anxiety. Following are two examples of 3D virtual worlds
which we prepared for this study. The first simulated the sensation of blackout,
and the second simulated the feeling of failure.

Blackout
In the world which simulated the sensation of blackout (Illustration 1) the
subject finds himself at the entrance to a small, dark, narrow basement, whose
walls are made of tightly packed, dark red bricks. The basement is illuminated by
a number of tiny bulbs which give out a dim light. There are three circular pillars
in the middle of the basement which support its ceiling. One may move around
inside the basement and pass by the pillars. The instructions for the assignment are
not given at the time the subject enters the basement. While helshe is wandering
around, looking for instructions for the task hetshe is supposed to perform, a ball
falls from one of the basement walls, bounces on the floor, and rolls until it comes
to a complete stop. The subject can go up to the ball, touch it, roll it, bounce it,
and even move it from place to place. After five seconds a second ball falls on
the floor, and five seconds later a third ball falls on the floor, and five seconds
thereafter the fourth and final ball falls on the floor. The subject is given 30
seconds to complete the task. The goal of this virtual world is to give the subject
the feeling of loss of orientation, lack of control over what is happening to himiher,
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Illustration 2. A picture from the virtual world which
simulates failure.

making fun of the subject's "inadequate" achievements. The task in this simulated
world is finished within 30 seconds.
The goal of this virtual world is to bring home to the subject the feeling
of having failed, and the lack of any ability to carry out the task successfully.
Beyond this, the virtual world is programmed to give the subject a feeling of
derision and scorn regarding hisher meager achievements and abilities in comparison with those of others.

RESULTS
The current study sought to determine whether or not immersion in 3D
virtual worlds using VR technology providing cognitive experiences typical
of test-anxiety would improve teacher trainees' level of awareness of the
phenomenon, more than would be achieved through exposure to a movie on
the subject, or to written texts which describe test-anxiety. The hypothesis was
examined on three levels: acquaintance with the phenomenon, the factors
which cause it, and its accompanying symptoms. In addition, a distinction was
niade behveen awareness of cognitive symptoms and the phenomenon's
physiological symptoms.
Findings of the Closed Questionnaire
A two-direction ANCOVA analysis of differences with repeated measurements 3 x 4 (the kind of experience (between subjects), time of measurement of the
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individual subject) was performed in order to test the level of awareness of
test-anxiety. This was done bearing in mind the ages of the participants and the
educational institution in which they were studying. This analysis was performed
separately for each of the three of the questionnaire's factors (acquaintance with
the phenomenon, the factors which affect the phenomenon of test-anxiety, and
test-anxiety's symptoms).
The analysis of differences indicated that the kind of experience had no
influence on acquaintance with test-anxiety or on awareness of its causes. The
experience did influence the level of awareness of test-anxiety symptoms, to
different degrees in the different groups. One can see the findings recorded in
Table 3. The score expresses the distance between the subjects' responses and
the judges' evaluation of authentic symptoms of test-anxiety. A positive score
indicates overrated judgment of test-anxiety, while a negative score indicates
underrated judgment.
The findings show that there is significant interaction between the time the
measurements were taken and the research group, F(6,234) = 4.9 1, p < ,001. In both
the measurement times before the experience, there was no difference between the
groups, but immediately after the experience there was a significant rise in the
level of awareness of the symptoms of test-anxiety in the movie group, whereas in
the VR group there was a lowering of the level of awareness, so that a significant
difference was generated between these two groups. Two weeks after the experience, however, opposite trends took place: in the Movie and Text groups there
was a lowering of the level of awareness, while in the VR group the level rose.

Table 3. Means, Standardized Medians, and Standard Deviations
of Awareness of the Symptoms of Test-Anxiety by
Group and Time of Measurement
Text (n = 25)

Movie (n = 29)

VR (n = 29)
Time measurement
was taken

M

M*

SD

M

M*

SD

M

M*

SD

2 weeks before
experience

-0.48

-0.43

0.51

-0.61

-0.64

0.59

-0.61

-0.64

0.55

1 week before
experience

-0.47

-0.32

0.52

-0.51

-0.60

0.70

-0.46

-0.46

0.65

lrnmediatelyafter
experience

-0.38

-0.65

0.49

-0.18

-0.02

0.95

-0.50

-0.37

0.66

2 weeks after
experience

-0.44

-0.25

0.51

-0.36

-0.49

0.71

-0.69

-0.78

0.61

*Standardized
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To test the source of the differences in the last two measurements, we performed a Scheffe type of post-hoc analysis which indicated that imnlediately
after the experiment the awareness of the Movie group was higher than that
of the VR group. However, two weeks later the awareness of the VR group was
higher than that of the Text group. These results are charted in Chart 1.

Findings of the Open Questionnaire
The hypothesis was also tested with two open questions as part of the open
questionnaire. The awareness of the teacher trainees to the cognitive aspects
of test-anxiety was tested, as opposed to awareness of the physiological aspects of
the phenomenon. After content analysis was conducted on the subjects' responses,
each subject's score was calculated, based on the number of components helshe
mentioned in the course of herlhis response.
For each question we developed an index of inter-rater reliability for the content
analysis of the responses to the open-ended questions. We have developed very
detailed categories of content that should appear in the answer based on the

Symptoms of test-anxiety
0

d

-0.1

-0.2
C

VI
c
.c

-0.3

0

g

-0.4

0

C

E,
VI

0

-0.5
-0.6

C

U)

VI

m

-0.7

C

2

$?

0.8

-0.9

2 weeks
before the
experiment

1 week
Immediately 2 weeks
before the
after the
after the
experiment experiment experiment

Measurements

Chart 1 . Awareness to symptoms of test-anxiety by group and
time of measurement.
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literature. The judges were just to verify if a certain category appears or not in
the student's answer and scored the answer accordingly. The outcome was that
the reliability among the experts reached 98%. In the very few instances that
there was a difference behveen the judges, we gave the answer to another judge.
In the first question, the subjects were asked to define the phenomenon of
test-anxiety. This question was asked only at two points of time: two weeks
before the experience and immediately thereafter. This was done so as not to
tire out the subjects with questions whose answers were not expected to change.
A three-way analysis with repeated measurements of ANCOVA 3 x 2 x 2 (time
of measurement for each subject, the element of test anxiety: cognitive vs.
physiological for each subject, research groups comparing different subjects)
was performed in order to examine the results of the question. Attention was
paid to the participants' ages and to the college or university which they attend.
Table 4 presents the results of the analysis of differences, and Table 5 presents
the averages and standard deviations.
The findings indicate that in the V R group there was a rise in general awareness
of test-anxiety (regarding both the cognitive and the physiological aspects) after
the experience (t(30) = 6.82, p < .001). In contrast, in the Movie and Text groups
no difference in awareness was found following the intervention.
The tables point out that there is an effect between the groups and the
measurements only. To test the source of the interaction we performed t tests to
dependent samples, which analyzed the change in the awareness to test-anxiety
for each group separately after the experiment. The analysis indicated that the
general awareness of the VR group rose after the experiment t(30) = 6.82, p < .OO 1.
On the other hand, there was no difference in the awareness of the Movie and Text

Table 4. Results of the Analysis of Differences
of the Research Group, Times of Measurements,
and the Component of Test-Anxiety
The effect
Group

2,83

0.38

Time

31,8

0.04

Anxiety component

1,83

1.52

Group x time of measurement

2,83

4.34*

Group x anxiety component

2,83

0.78

Time x anxiety component

1,83

1.89

Group x time x anxiety component

2,83

1.10
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Table 5. Means, Standardized Medians, and Standard Deviations
of Awareness of Test-Anxiety as a Function of Time of Measurement,
Research Group, and Anxiety Component
Two weeks before
the experience

Immediately after
the experience

VR (n = 31)

Cognitive
Physiological

0.55
0.26

0.47
0.14

0.51
0.51

1.71
0.23

1.58
0.34

0.74
0.50

Movie (n = 30)

Cognitive
Physiological

0.73
0.37

0.79
0.44

0.69
0.61

0.67
0.37

0.75
0.30

0.55
0.72

Text (n = 27)

Cognitive
Physiological

0.70
0.33

0.74
0.39

0.47
0.62

0.67
0.26

0.73
0.21

0.48
0.53

groups as a result of the experiment t(28) = 0.36, n.s, t(29) = 0.30, n.s (respectively). This interaction is charted in Chart 2. The chart indicates that although
there was no change in the Te,xt and Movie groups, the VR group enhanced its
awareness to the phenomenon following the experiment.
In the second question the subjects were asked to define expressions of testanxiety at the time of the exam. This question was asked at all four times the
questionnaire was administered. A three-way analysis with repeated measurements of ANCOVA 3 x 2 x 4 (measurement time-for each subject, component
of test-anxiety: cognitive as opposed to physiological for each subject, and
research g r o u p b e t w e e n subjects) was performed in order to provide an answer
to this question. Attention was paid to the subjects' ages and to the college or
university in which they were enrolled. Table 6 presents the results of the
analysis of differences, and Table 7 presents the medians, standardized medians,
and standard deviations.
The results indicate that there is a triple interaction between the research groups,
the times of measurement, and the component of test-anxiety. The findings
were analyzed separately for the cognitive and physiological components. No
differential effect was found for the physiological component at the different
times of measurement. A significantly higher level of awareness of the cognitive
expressions of test-anxiety was found for the group which was exposed to VR than
for the groups which watched the movie or read the descriptions of test-anxiety
(immediately after the intervention F(2,83) = 3.40, p < .05, and two weeks after
the intervention F(2, 81 = 7.32, p < .01).
To test the source of the differences we performed post-hoc analysis of the
type of Scheffe, which indicated that in the last two measurements the VR group
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Chart 2. Awareness to test-anxiety by group and time
of measurement.

Table 6. Differences of the Experimental Group.
Times of Measurements, and the
Component of Test-Anxiety
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Anxiety component
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Table 7 . Means, Standardized Medians, and Standard Deviations of Awareness of the
Symptoms of Test-Anxiety during Exams as a Function of the Research Group,
Times of Measurement, and the Anxiety Component

D
Z

u
h

ElI
.
.

Two weeks before
the intervention
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VR (n = 31)

Cognitive
Physiological

1.10
1.55

1.03
1.86

0.54
1.43

1.19
1.77

0.98
1.77

0.65
1.02

1.90
0.97

1.94
1.25

0.75
0.80

2.03
1.10

2.25
1.26

0.98
0.70

Movie (n = 28)

Cognitive
Physiological

1.39
1.96

1.44
1.75

0.69
1.37

1.61
1.75

1.75
1.75

1.83
1.04

1.07
2.25

1.05
2.05

0.66
1.08

1.14
1.68

0.99
1.55

0.65
0.94

Text (n = 25)

Cognitive
Physiological

1.04
1.76

1.08
1.60

0.68
1.16

0.96
1.68

1.07
1.69

0.89
1.07

1.04
1.76

1.02
1.64

0.79
1.16

0.92
2.00

0.82
1.95

0.57
1.29
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reached higher awareness in cognitive aspects than the two other control groups
(Movie crnd& Text). These results are charted in Charts 3 and 4.

DISCUSSION
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A recent Department of Education-funded study (Test Anxiety, 2007) in the
United States found that 61% of all students reported being affected by testanxiety, with 26% experiencing high levels of test-anxiety often or most of the
time. The study also found that girls were twice as likely to experience test-anxiety
as were boys.
Tliese data contrast with those reported by Ben-Lavi et al. (1995), who found
that in the mid-1 990s only 20% ofpupils were suffering from test-anxiety, and that
the phenomenon was spreading to an alarming degree in the educational system.
As a result of data like these, many programs of intervention, over the years,
have been developed to help pupils overcome their anxieties. These programs,
to one extent or another, provide the professional staff with means for helping
pupils for whom exan= are a great cognitive obstacle. Still, it has long been
k n o w n s & ~ i n d n e r ,1990) that the teacher can have a marked effect on
herlhis pupils' level of anxiety during an exam, beyond the subjective conditions
which arouse test-anxiety. Some studies pointed out that raising the teachers'
awareness of test-anxiety, in its various manifestations can help the teacher
understand and take better care of herhis pupils in the classroom. Some studies
have indicated that a greater involvement of the teachers in this area is likely
to enable them better to identify pupils who suffer from test-anxiety, and to refer
them to appropriate professional treatment (Hancock, 2001).
Nonetheless, to the best of our knowledge, to date, no study has been performed
on an attempt to raise teacher trainees' awareness of test-anxiety, and certainly
not by means of advanced simulation technology. In this study we attempted to
see whether a VR experience simulating the cognitive sensations perceived by
a student who suffers from test-anxiety would improve teacher trainees' awareness of the characteristics of the phenomenon. Our results indeed testify to the
advantages of VR as compared with two other media, in improving awareness of
the phenomenon of test-anxiety in a number of aspects of the syndrome which
were examined.
In examining the awareness of symptoms of the phenomenon it turned out
that there was a significant rise in the level of awareness in the Movie control
group immediately after watching the movie. Two weeks later, however, when
the level of awareness of the symptoms of the phenomenon was tested, there
was a significant lowering of the level of awareness. The experimental group, on
the other hand, which was exposed to the VR experience, showed a rise in
their awareness of the complexity of the phenomenon two weeks later, and not
immediately after the intervention. Two reasons can be suggested for explaining
this result, one complementing the other. This study point that VR could engender
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greater awareness to abstract lulowledge in the long run than the other tested
niedia because of its powerful sensory characteristics.
The first reason is connected to memory. Researchers have long noted that
perceptions absorbed with great force can influence memory over an extended
period of time. Many researchers have found that a memory lasts longer if it is
recorded at times of greater, as opposed to lesser, excitement (Baddeley, 1999;
.il(unuiad
1971). Since VR is capable of providing a more powerful sensory
experience than other technologies (Dinh, Walker, Song, Kobayashi, & Hodges,
1999; Shapiro & MacDonald, 1992), it evidently etches its impressions into
the memory of the person using it, so that slhe remembers them over a longer
period of time.
It is correct to note that nothing said above can explain why the subjects
demonstrated no influence on their levels of awareness immediately after their
powerful experience, but did so only two weeks later, as was indicated in the
results. It may be possible to find an explanation in the psychology of man's
conscious and unconscious mind.
Psychoanalytic theory (Hassin, Uleman, & Bargh, 2006) maintains that there
are emotionally painful memories which a person represses. In other words,
these are memories which s h e removes to his/her unconscious, because if slhe
were to be conscious of them they would threaten herlhim or arouse feelings
of fear, revulsion, or disgust. Those memories or thoughts can continue to
influence hislher actions, even though s/he may be unaware of this influence,
and slhe may bring them to conscious awareness as needed. It should be noted
that the subjects who experienced VR felt strong, negative, emotional feelings.
This was expressed in their responses to the questionnaire which examined
their feelings after the experience of the simulated test-anxiety. For example,
some answered: "I felt lack of control, confusion, I waited until the exam
would be over"; "very bad, pressure of time"; frightening, humiliating, a feeling
of frustration, I can't escape anywhere"; "terrible, trenlendous pressure, helplessness"; and so on.
It may be assumed that the subjects repressed these feelings immediately after
the experiment. Later on, however, when the power of the immediate threat
waned, they retrieved those feelings to their consciousness and expressed them
in writing. This idea is also supported by Shapiro and MacDonald (1992), who
maintain that over time, the user is liable, in his/her unconscious, to recall
simulated events and to judge them as if they were real, as a result of a powerful
sensory experience in which s/he was involved. In our opinion, this can explain
to some extent why, in the VR group, the level of awareness of symptoms of
test-anxiety returned and rose significantly over time, more than was the case in
the two control groups.
In contrast, the findings of this study indicated that this kind of experience
did not have influence on familiarity with the phenomenon or on awareness of
the causes of it. We can explain these findings by pointing out that both these
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aspects are based mainly on the experience and knowledge which the subject
amassed in the course of herhis work with pupils. For example, it is hard for a
teacher trainee who has yet to accumulate a significant amount of experience in
hislher profession, to respond to questions such as "To what extent is there
test-anxiety in school?" or "Does a competitive atmosphere in class raise the
level of test-anxiety among the pupils'?" In addition, the different experiences
mainly contributed to the experiential dimension of the phenomenon, via its
accompanying symptoms. They did not provide the participants with any factual
data about it. Therefore, there was no difference in the level of awareness of the
phenomenon, in these two areas, between the results achieved by the different
kinds of experiences.
111order to strengthen the findings, we made a more exact distinction between
awareness of the phenomenon's cognitive symptoms and awareness of its
physiological symptoms by means of two open questions. The findings indicated
that when the subjects defined test-anxiety, the VR group's level of awareness was
higher after the experiment, relative to the hvo other groups, with no distinction
between the different components. However, when the subjects were asked, after
the experiment, how test-anxiety expresses itself at the time of the exam, no
differential influence was found for the physiological component of test-anxiety,
per kind of experience, at the times of measurement. In contrast, experience with
VR yielded a higher level of awareness in the medium and long ranges regarding
the cognitive component of test-anxiety in comparison with the experience of
watching the movie and reading descriptions of the phenomenon written by
pupils who suffer from test-anxiety.
Similar to earlier findings, these results also indicate that an experience in VR
leaves a deeper impression and more insight in the medium and long ranges, as
regards awareness of symptoms of test-anxiety. Further, it appears that when one
isolates the cognitive symptoms, and examines the influence of the technology on
them, one sees the depth of impression made, and advantage of VR quite clearly
over the other media for raising levels of awareness. At the same time, it is
interesting to note that since the experience in virtual worlds presented the
cognitive facet of test-anxiety, in the same way there was a rise in awareness of its
cognitive symptoms compared to the physiological symptoms. These findings
demonstrate once again the ability of this technology to concretize cognitive
processes. This conclusion is reinforced by various studies in VR in which it was
found that immersion, one of the unique qualities of this technology, broadens the
sensory interface and improves one's ability to understand abstract concepts by
making them more concrete (Darrow, 1995; Eden & Passig, 2007; Osberg, 1995;
Passig & Eden, 2000).
These characteristics also provide a useful rational as why VR can mainly
enhance the dependent variable "awareness to symptoms of test-anxiety." VR
indeed is more suited to simulate and make tangible symptoms that are hard to
explain with movies or textual description
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It appears that there are methods which are significantly more effective than
others in increasing knowledge of highly abstract, hard-to-grasp matters. This
study underscores the need for examining these methods and making them an
integral part of the training of the teachers of the future, so that they will
provide better answers for a phenomenon which seems to be growing with the
passage of time.
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