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The assessment of test anxiety has received increasing attention in educational research due to the
potential negative effects of anxiety on student performance. Traditionally, test anxiety scales have been
developed for mathematics, but few studies have focused on physics. In this study, we validated two test
anxiety scales for undergraduate physics courses: the Test Anxiety Inventory for Physics (TAIP) and the
Abbreviated Test Anxiety Inventory for Physics scale (ATAIP), which were adapted from existing
instruments. A convenience sample of 361 engineering students enrolled in a first-semester introductory
physics course participated in the study. Confirmatory factor analysis and Rasch analysis were used to
establish the construct validity of both scales. Convergent validity for the TAIP scale was established by
examining its correlation with a scale adapted from the math anxiety scale. Criterion-related validity for
both TAIP and ATAIP was established by analyzing the relationship between students’ Rasch scores on the
two scales and their performance on two conceptual tests. Finally, measurement invariance of TAIP and
ATAIP scales was established using both multigroup and differential item functioning analyses to reliably
investigate gender differences in the corresponding Rasch measures. The study confirms a robust four-
factor structure of the TAIP. The four subscales, Worry, Emotionality, Interference, and Lack of
Confidence, demonstrate good reliability (McDonald’s @ = 0.78,0.86,0.87, 87, respectively). Rash
analysis also confirms that, for each subscale, the rating scale functioning was consistent with the item
difficulty and person measures. The TAIP also demonstrates adequate convergent and criterion-related
validity, as well as measurement invariance with respect to gender. The ATAIP also demonstrates good
reliability (McDonald’s @ = 0.84), a well-functioning rating scale, and sufficient criterion-related validity.
Additionally, it exhibits measurement invariance with respect to gender. Overall, the study supports that
both the TAIP and ATAIP scales are reliable instruments for measuring students’ test anxiety in an
undergraduate physics course. Implications for physics instruction at the university introductory level are

briefly discussed.
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I. INTRODUCTION

The role of emotions in the learning process has been
increasingly documented in the science education literature
since the 1980s and 1990s [1-3]. Researchers have spe-
cifically investigated the influence of emotions during
science lessons [4] and examinations [5]. Many studies
have shown that positive emotions can act both as direct
precursors of performance [6,7] and as mediators of
motivation [8]. Recent studies have also shown that positive
emotions affect students’ engagement at university [9,10].

“Corresponding author: italo.testa@unina.it

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOL

2469-9896/24/20(1)/010126(21)

010126-1

Conversely, negative emotions can impair academic per-
formance and self-regulatory learning processes [11-13].

Among negative emotions, the role of anxiety has been
extensively researched [14,15]. From a psychological
perspective, the construct of anxiety is not intended as a
pathological syndrome but refers to a set of manifestations
of a stressful nature that may occur as a result of negative
expectations and thoughts regarding a possible failure
related to the specific tasks an individual is asked to
perform [16]. Literature on anxiety has shown that people
who suffer from it perceive themselves as unable to cope
with challenges and experience continuous changes in
emotional state, feelings of pain, communication, and
relationship difficulties [17]. Moreover, anxiety may be a
precursor of psychopathologies such as depression and
distress [18], which may interfere with developmental and
formative processes [19,20].

Research has shown that studying a particular discipline,
such as math, physics, biology or chemistry can also be
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challenging as students may experience forms of psy-
chological distress and anxiety that, if not properly moni-
tored, can lead to more severe forms of psychological
syndromes [21-26]. Discipline-related anxiety refers to
the anxiety and unpleasant feelings experienced during
class or when dealing with a particular task in that
discipline [27,28]. Thus, students’ experience of disci-
pline-related anxiety may be reflected in lower expectations
in that discipline, lower motivation to pursue a career in that
field, and a higher likelihood of dropping out of a university
course related to that discipline [29,30]. For such reasons,
research on anxiety has mainly been conducted with
undergraduate students [31-34]. However, most studies
have focused on math and science anxiety [35-38] and only
a few recent studies have begun to investigate the role of
anxiety on physics performance [30,39,40] Remarkably,
these studies have tended to focus on gender differences
and their consequences for student performance, but with
low or no attention to the theoretical conceptualization
of anxiety, the consistency of the dimensions that should
be assessed, and the psychometric properties of the
measures used.

To address this issue, in this paper, we focus on a specific
form of discipline-related anxiety called test anxiety. More
specifically, we report on the validation of two test anxiety
scales for physics using confirmatory factor analysis and
Rasch analysis.

In the following section, we describe the theoretical
framework adopted and review previous instruments for
measuring test anxiety. Being the aim of this review also to
familiarize the interested physics education researchers
with existing conceptualizations of the test anxiety con-
struct, we will limit it only to the most relevant work in the
research field.

II. BACKGROUND

A. Conceptualizations of test anxiety

As noted above, negative emotions associated with
anxiety include the fear of an inadequate performance
[41] or a poor evaluation in an examination or specific task
such as a test [42,43]. The term fest anxiety refers to a set of
personal emotional, physical, and behavioral responses to
possible negative consequences or failure in examinations
or other testing situations [44—46]. In particular, test anxiety
may manifest as (i) a conscious feeling of anticipated fear
that makes the subject unable to identify actual threats;
(i1) a pattern of physiological arousal and tension experi-
enced during a test situation; (iii) a lack of cognitive control
and mental organization that makes difficult for the subject
to cope with the testing situation [47,48]. As such, test
anxiety is a situation-specific trait that can threaten the
validity of a test, as students’ performance may be not in
line with their actual ability [49,50], especially in high-
stakes tests [51]. Among the other factors that may affect
test anxiety, literature in educational psychology has

identified gender, self-beliefs, personality traits, and task-
related value [52]. For this study, we are more interested in
the gender differences in test anxiety. Literature suggests
that girls often put more pressure on themselves to achieve
academic success and this may lead to a greater fear of the
consequences of failing a test and hence to a greater test
anxiety [53].

A traditional line of research conceptualizes test anxiety
as a construct comprising the dimensions of “worry” and
“emotionality” during or just before a test situation [54].
The worry dimension refers to the cognitive act of
having negative thoughts about the possible consequences
of failing the task or to the fear of not being able to
understand and clearly think about the test. The emotion-
ality dimension refers to the affective response to the
task, such as the sense of nervousness, tension, rapid
heartbeats, or cold sweat. While many studies suggest that
test anxiety is significantly and negatively associated
with test performance [55], self-regulated learning, and
motivation [29,30,56], some authors have shown a differ-
ential influence of the two dimensions of test anxiety. In
particular, the worry dimension appears to be more strongly
associated with lower test scores and lower expectations
than the emotionality dimension [57-59].

A four-dimensional conceptualization of test anxiety has
been proposed in Germany by Hodapp [60]. This model
adds to “worry” and “emotionality” two further dimen-
sions, “interference,” which refers to the perceived dis-
traction from the test by personal thoughts not relevant to
the required task, and “lack of confidence,” which refers to
the feeling of not being able to cope with the required task
because of ones’ perceived shortcomings. The latter two
dimensions were found to be negatively correlated with
both performance and self-efficacy in mathematics and
language [56].

Finally, test anxiety has also been conceptualized as a
construct that includes the following three dimensions:
behavioral, cognitive, and physical [61-63]. In this tripar-
tite model, the behavioral component refers to the subject’s
intention to postpone the exam or avoid studying for the
task. The cognitive and physical components roughly
correspond to the worry and emotionality dimensions of
the previous model. However, in this model, the cognitive
dimension also includes intrusive thoughts and worries
about possible failure and social concerns, namely the fear
of suffering a reduction in the subject’s self-image in the
eyes of relatives and peers as a consequence of poor
performance in a test [47]. The physical dimension refers
to both negative and positive features of anxiety, such as a
faster heartbeat (negative) or a slight nervousness that
improves performance (positive).

B. Existing instruments to measure test anxiety

The different conceptualizations of test anxiety have
traditionally led to the use of different instruments to
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measure the dimensions of the construct. Since anxiety had
been historically considered psychopathology to be cured,
earlier instruments were developed to help mental health
professionals and behavioral researchers identify whether a
subject was affected by anxious symptomatology when
taking a test. For example, the items of the Suinn Test
Anxiety Behavior Scale (STABS) [64] featured experiences
that may cause fear or apprehension (see Table I). As such,
the scale was unidimensional and intended as a means to
assess if a subject should be assigned to a specific clinic
treatment, as the desensitization [65]. Later, researchers in
the field became more interested in measures of the
psychological mechanisms underlying test anxiety. One
of the first instruments to use the two-dimensional model of
test anxiety described in the previous section is the Worry
and Emotionality Questionnaire (WEQ) [54]. The WEQ
has 10 items, equally divided between the Worry and
Emotionality subscales. Although the WEQ is important
because it was one of the first scales to be developed to
measure the psychological mechanisms underlying test
anxiety, it lacked sound psychometric validation of the
two subscales. It also included other aspects of test anxiety
in the worry dimension, such as lack of confidence.

Because of these limitations, the WEQ has been replaced
over the years by the 20-item Test Anxiety Inventory (TAI,
[66]), which also conforms to the two-dimensional con-
ceptualization of test anxiety. The TAI has two subscales,
one for the worry dimension and the other for the
emotionality dimension. The reported reliability of the
20 items is good (see Table I), as well as its convergent
validity and criterion-related validity [42]. A brief five-item
version of the TAI was later developed [67].

Although psychometrically sound, the TAI has also been
criticized because of the high correlation between the two
subscales and the inclusion of items relating to intrusive
and disturbing thoughts in the worry dimension [45]. To
address these issues and improve the measure of different
facets of the test anxiety construct, starting from the
Reactions to Test Scale [68], Hoddapp et al. proposed a
20-item instrument based on the four-dimension model
described above, the German Test Anxiety Inventory (in
German: Prufungs Angst Fragebogen, PAF) [60,69].
Exploratory and confirmatory factor analysis confirmed
the factor structure of the PAF, with five items for each
scale [70]. Subsequent studies provided also evidence for
convergent and criterion-related validity [71]. The PAF has

TABLE I. Existing instruments to measure test anxiety. See text for the more details about each scale.
Reported
Name of the scale  Acronym Items Subscales (number of items) Example items reliability ~ Reference
Suinn Test Anxiety = STABS 50 None Having a test returned or waiting 0.74 [64]
Behavior Scale for a test to be handed out
Seeing a test question and not
being sure of the answer.
Worry and WEQ 10 Worry (5) I do not feel very confident about 0.79-0.88 [54]
Emotionality my performance on this test
Questionnaire Emotionality (5) [ feel my heart beating fast
Test Anxiety TAI 20  Worry (8) During tests I find myself 0.80 [42,45,66-68]
Inventory thinking about the
consequences of failing
Emotionality (8) While taking the examinations 1
have an uneasy upset feeling
No subscales (4) Thoughts of doing poorly
interfere with my
concentration on tests
1 feel confident and relaxed while
taking tests
German Test PAF 20  Worry (5 items) [ think about what will happen if 0.72-0.83 [69-72]
Anxiety Inventory I don’t do well.
(in German: Emotionality (5 items) 1 feel anxious
Prufungs Angst Interference (5 items) I am preoccupied by other
Fragebogen) thoughts that distract me.
Lack of Confidence I am convinced that I will do well.
(5 items)
FRIEDBEN Test FTAS 23 Social Derogation (8) If I fail a test I am afraid people 0.81-0.86 [47]

Anxiety Scale
Cognitive Obstruction (9)

Physiological Tenseness (6)

will consider me worthless
1 feel I just can’t make it in tests
I am terribly scared of tests

(Table continued)
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TABLE 1. (Continued)

Reported
Name of the scale  Acronym Items Subscales (number of items) Example items reliability =~ Reference
Test Anxiety TAM 42 Worry (8) I continue to worry about a test 0.80-0.94 [62,63]
Measure though it is over
Physiological Hyperarousal (7) My heart pounds in my chest
while I take a test
Cognitive Interference (7) I have difficulty thinking clearly
while I take a test
Task Irrelevant Behaviours (6) [ stay home on days when I am
scheduled to take a test
Social Concerns (7) I worry that my instructor will be
upset with me if I do poorly on
a test
Facilitating Anxiety (7) I focus better on a test when I feel
slightly anxious
French version F-RTA 18  Worry (3) During tests I find myself 0.66-0.84 [73]
of the Revised thinking about the
Test Anxiety consequences of failing
Bodily Symptoms (3) Sometimes 1 find myself
trembling before or during
tests
Test-irrelevant thinking (3) During tests I find I am distracted
by thoughts of upcoming
events
Perceived control (5) During tests I believe in my
ability to receive a good grade
Tension (4) Iworry a great deal before taking
an important exam
Physics Anxiety PARS 32 Physics course/exam anxiety I am usually very nervous when 0.82 [74]

Rating Scale
Anxiety about lack

of physics knowledge

Mathematics anxiety

Physics laboratory anxiety

I study for a physics exam

If my teacher asked me to explain
a physical event from everyday
life, I would be worried

When I open a physics book, I am
afraid to see a page full of
formulas without any
explanation

I am very comfortable using
laboratory materials

been translated into English and different languages,
including Italian [72].

Almost in parallel to the TAI, the FRIEDBEN Test
Anxiety Scale (FTAS) [47] was developed from the
responses to open questions asking how a student who
suffers from test anxiety behaves before, during, and after a
test. The authors identify three dimensions, which roughly
correspond to the tripartite model described above (see
Table I). The first dimension refers to social fear or concern
about the consequences of a poor test performance. The
second dimension refers to worries related to being not able
to succeed in the test. The third dimension refers to the
physical discomfort perceived when taking the test. The
three subscales have good reliability (Table I).

Two further instruments to measure test anxiety were
more recently developed. The Test Anxiety Measure (TAM)
for College Students [62] roughly refers to the three-
dimensional model of test anxiety and features six sub-
scales with good reliability (see Table I). The TAM
subscales have also good convergent validity. Evidence
of measurement invariance across gender and country has
also been reported [63].

Another recently developed instrument is the French
version of the Revised Test Anxiety (F-RTA) [73]. The
18-item instrument features five subscales, which roughly
correspond to the model by Hoddap (see Table I). The
authors report a robust factorial structure as well as the
convergent and discriminant validity of the F-RTA.
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C. Relationships between test and discipline anxiety

The scales developed to measure test anxiety tend to
refer to “tests” in a generic way, i.e., the items are not
formulated specifically for a particular discipline. As a
result, discipline-specific test anxiety has traditionally been
conceptualized as a subdimension of the more general
construct of “subject anxiety.” Despite the focus on emo-
tional and motivational aspects of science learning, most
research has paid attention to the construct of math anxiety.
Math anxiety refers to the feelings of tension, fear, and
apprehension toward mathematics [35]. When students
experience math anxiety, they are more likely to fail
mathematics tasks and avoid mathematics courses as part
of their higher education or career path [22,75-78]. In
addition, math anxiety is associated with lower perfor-
mance on mathematics tasks [35]. While highly correlated
with each other (on average, r~ 0.70) [77,79], math
anxiety and test anxiety are considered distinct constructs,
as the respective emotionality and worry dimensions
differently correlate with math performance [80].

Several instruments have been developed to measure
math anxiety, such as the Mathematics Anxiety Scale
(MAS) [81] or the Abbreviated Math Anxiety Scale
(AMAS) [82]. The latter scale is the most interesting for
the present study because it has two factors, anxiety about
learning mathematics and anxiety about mathematics test-
ing. The first factor refers to anxiety about the process of
learning mathematics (e.g., when listening to a lecture), and
the second refers to the usual test anxiety specific to a
mathematical task. The AMAS has good reliability for both
factors (0.78 and 0.79, respectively) and has been translated
into different languages, including Italian [35,36].

Despite the relevance of “discipline anxiety” in the
learning process, very few studies have used a scale speci-
fically related to physics. The Physics Anxiety Rating Scale
(PARS) is a four-factor scale consisting of 32 items [74].
Although the authors report the results of an exploratory and
confirmatory factor analysis and a good reliability of the
instrument (see Table I), the scale lacks a solid theoretical
justification for the four scales. Furthermore, the first factor
does not distinguish between the worry and emotionality
dimensions of test anxiety. Finally, the factors are highly
correlated, in particular, the subscale anxiety about lack of
physics knowledge has correlations with mathematics anxi-
ety and physics laboratory anxiety that are greater than 0.80,
suggesting that the scale lacks a strong factorial structure.
Because of these shortcomings, the scale has not been used in
subsequent studies.

A more recent study [39] investigated gender differences
in test anxiety and self-efficacy in an introductory physics
course. The authors used a four-item scale adapted from one
of the subscales of the Motivated Strategies for Learning
questionnaire [83]. However, this subscale does not distin-
guish between the dimensions of worry, emotionality, and
interference. Furthermore, the exploratory factor analysis

reported in Ref. [84] shows that test anxiety, control of
learning beliefs, task value, and intrinsic goal orientation load
on the same factor. Thus, this subscale does not have
sufficient psychometric strength to be used as a reliable
measure of test anxiety.

III. AIMS OF THE STUDY

The literature reviewed so far on general test anxiety
shows that several measures of test anxiety have been
developed and validated. However, despite their usefulness,
very few scales are available for specific disciplines such
as physics.

The reasons for having a validated scale to measure
physics anxiety in general, and physics test anxiety in
particular, are manifold. First, test anxiety can be a pre-
cursor to the avoidance of undergraduate career paths or
advanced secondary school courses where physics is a
relevant subject [85], a pattern similar to the avoidance of
mathematics [86]. Second, it may be relevant to examine test
anxiety in introductory physics courses in science and
engineering undergraduate programs, where physics exams
are often offered as the first exams. Since anxiety is
negatively related to exam performance, measuring test
anxiety in these courses may be crucial for the early
prevention of dropout [87]. Third, as test anxiety is neg-
atively related to self-efficacy, which is a relevant variable in
explaining gender differences in physics learning [88,89], it
would be important to measure physics test anxiety
adequately. Fourth, the scales that have been developed
and used in previous studies in physics education research
lack a sound theoretical background, as they do not reflect
current conceptualizations of the multidimensional nature of
test anxiety. Fifth, the used scales lack robust psychometric
validation. In particular, these scales have never been
validated with concurrent instruments or with statistical
approaches that address typical measurement issues asso-
ciated with the use of Likert scales. Furthermore, no study
has yet analyzed the test anxiety scales using Rasch analysis.
Finally, further research is needed to replicate the findings of
previous test anxiety studies in a physics context or with
diverse student populations, such as undergraduate students
enrolled in an introductory physics course.

In an effort to address these issues, we selected the
20-item German Test Anxiety Inventory (PAF in German)
and adapted them for use in an undergraduate calculus-
based introductory physics course. The rationale for
choosing the PAF instrument in the present study is threefold:
(1) it has a strong theoretical background, targeting four
different but important facets of the anxiety construct; (ii) itis
a psychometrically robust instrument; (iii) it has been
validated in numerous subsequent studies and, in particular,
an Italian-language form is already available. However,
although the PAF instrument has only 20 items, its admin-
istration may be demanding for an introductory university
course, especially if it is recommended to be administered
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before or immediately after an exam situation. Especially, in
the latter situation, students’ retention in answering the items
may be higher with a longer scale. Moreover, the scoring of a
multidimensional scale can be difficult to interpret. Finally, all
previous studies in physics education have used short scales to
measure test anxiety but they were not psychometrically
validated. Therefore, we decided to also validate a short form
of test anxiety for physics by adapting the five-item short form
of the TAL The reason for this choice was that it is a highly
reliable instrument with items from the two main scales of the
original TAI, worry and emotionality. Moreover, also the
original TAI is available in the Italian language.

Consequently, we hypothesize that the adapted PAF for
physics, which we will call the Test Anxiety Inventory for
Physics (TAIP) has

(H1)  Adequate construct-related validity, namely it
shows a robust four-factor structure;

An adequate convergent validity, namely it cor-
relates with an instrument that measures the
same (or a very closely related) construct;
Adequate criterion-related validity, namely it
correlates with a variable that literature has shown
to be correlated with the construct that is being
measured;

An adequate measurement invariance with re-
spect to gender.

Similarly, for the Abbreviated form of TAI for
Physics (ATAIP), we hypothesize that it shows:
Adequate construct validity;

Adequate criterion-related validity;
Adequate measurement invariance with respect
to gender.

The reason for testing the measurement invariance of the
two instruments with respect to gender is that the literature
has shown that test anxiety may differ significantly between
women and men, so it is important that the measurement
model of the two instruments does not introduce bias in the
item formulation.

(H2)

(H3)

(H4)

(H5)
(HO6)
(H7)

IV. METHODS

A. Sample and procedure

This study was carried out on a sample of undergraduate
students enrolled in the biomedical engineering and com-
puter science degree courses at a large State University in
the South of Italy, who took an introductory calculus-based
physics course in the first year, in the first semester. The
first reason for such a choice is that physics is not only a
fundamental subject for these courses, but it is also often
considered one of the most difficult exams to pass in the
first year, leading to feelings of anxiety and discomfort. The
second reason is that during the semester of the physics
course, the lecturers set an entrance test, which has only an
informative role, and a written midterm exam, which
consists of solving an open-ended problem (part 1, 5 pt)
and a five-item multiple-choice questionnaire (part 2, 5 pt).

The two parts of the midterm exam are weighted equally in
the evaluation, so a good performance in the multiple-
choice questionnaire is necessary to pass the exam.
Students who score at least 6 points have the possibility
to access a shorter and easier form of the final written exam.
For this reason, students consider their performance in this
midterm exam to be very relevant to pass the exam. The
structure of the midterm exam is known to the students in
advance, as the instructors have to explain the exam
procedures at the beginning of the course. For this study,
the TAIP was submitted just after the entrance test in the
same lecture. Note that a similar procedure was followed in
the Italian validation of the PAF. Similarly, the ATAIP was
submitted immediately after the end of the midterm exam,
which took place 2 weeks after the submission of the TAIP.

The procedure to involve the sample was as follows: the
last author of the study sent an email to the coordinators of
the biomedical engineering and computer science courses,
explaining the aims, objectives, data collection protocol,
and return of results. The physics lecturers of the two
courses were then contacted to ask for the participation of
their students in the study. Once the number of lecturers
who agreed to allow their students to participate in the
study had been determined, the researchers involved in the
study went to the classroom during one of the lectures in
the first week of the semester and explained the purpose
of the research and asked the students to cooperate by
participating in the study. The researcher also explained the
type of data that would be collected. The researcher
carefully emphasized that the data collected would be used
for research purposes in an anonymous form. Furthermore,
he or she made sure that the instruments would be
administered to all students, including those who did not
participate in the study. In response to this concern, it was
explained that the study would only use the responses of
those who had given their consent for the data to be used for
research purposes. In this way, it was not possible for the
lecturers to identify those students who participated in the
study and those who did not. The researcher then explained
that at the end of the data collection, the answers would be
analyzed only after being associated with an alphanumeric
code and that from that point on, the data collected would
be stored in an exclusively anonymous form and it would
never be possible for the researchers to trace the author of a
given set of answers. At the end of the meeting, the consent
form for the use of the answers for research purposes and
the privacy statement were distributed.

Students were asked about their gender at the end of the
survey with the following item: “Please indicate your
gender.” The item had three options: female, male, prefer
not to say. After inspection of the data, for the purpose of this
study, we left out the students who ticked the prefer not to say
option since they were less than 1% of the collected data.
Overall, after removing also the respondents who left at least
one blank response, the dataset featured a total number of 361
students (female students = 108). More specifically, 244
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students (female students = 72) participated in the validation
of the TAIP, while 117 students (female students = 37)
participated in the validation of the ATAIP.

B. Instruments

The following instruments were used to collect evidence
to support the study hypotheses.

(a) The German Test Anxiety Inventory (PAF) consists of
20 items on a four-point Likert scale (1 = hardly ever;
2 = rarely; 3 = often; 4 = almost always). The scale
consists of four subscales: Worry, composed of five
items (e.g., I think about how important the test is to
me), Emotionality, composed of five items (e.g., I feel
anxious), Interference, which includes five items (e.g.,
Suddenly thoughts cross my mind which inhibit me)
and lack of confidence, which consists of five reversed
items (e.g., I trust in my performance). The Italian
adaptation of the PAF is described in Ref. [72]. The
authors report that the translation was carried out by
two nonprofessional translators and finalized by the
authors themselves. Their validation study was carried
out with 326 high school Italian students (11-16 years
old). Authors report adequate to good reliability values
for the four scales: McDonald’s @ = 0.75 (Worry);
0.85 (Emotionality); 0.80 (Interference); and 0.75
(Lack of Confidence). Gender invariance for the
measurement model was also supported. The authors
report that convergent validation evidence was col-
lected by inspecting the correlation between the scores
of the four subscales and the score in the Italian
version of the Abbreviated Math Anxiety Scale sub-
scales [36]. The authors report significant positive
correlations, thus supporting the convergent validity of
the Italian version of the PAF. In order to adapt the
Italian version to physics without changing the items,
we added at the beginning of the survey a brief
statement: Read the following statements and think
about your experience with a PHYSICS test.

(b) The short form of the TAI [67] is a five-item scale, two
for each dimension of the TAI with the addition of one of
the items not included in the two subscales. The authors
report that the brief scale shows good reliability (0.87)
and good convergent validity. The translation of the
items in Italian was provided by the authors in Ref. [72].
At the beginning of the survey, we added the statement:
Read the following statements and think about the
PHYSICS exam that you have just taken.

(c) Abbreviated Anxiety Scale (AAS). This scale was
adapted from the Italian version of the AMAS [35,36]
specifically for this study. While the original AMAS
features two subscales (see above), we used only
the four-item evaluation anxiety scale, whose items
measure the subject’s perception of discomfort about
examination or homework (e.g., “Having to solve many
difficult problems for homework™). For the purpose of

this study, at the beginning of the survey, we added the
following statement: Now imagine yourself in the
situations described below for the PHYSICS course.
Rate each situation in terms of how much anxiety you
feel during the specified activities using the following
scale: 1 = non-negative feeling; 2 = somewhat negative
feeling; 3 = moderately anxious or nervous;, 4 =
negative feeling; 5 = very negative feeling.

(d) In order to assess the physics performance of the
participating students, we used two instruments spe-
cifically developed for this study from the physics
education literature [90,91]: (i) a 20-item concept
inventory covering basic topics such as force and
motion, kinematics, units of measure, vectors, Carte-
sian graphs, in multiple-choice format; (ii) a brief task
with five multiple-choice items and an open-ended
exercise, for which the students had to write down the
solution approach, the calculation performed and the
numerical results obtained. The 20-item concept in-
ventory was used as an entrance test (without evalu-
ation) for the physics course, while the short task was
used as the written midterm exam.

In total, the students completed the TAIP and the AAS in
about 5 min. To complete the ATAIP, students took on
average about 2 min.

C. Data analysis

Construct-related validation evidence of the TAIP (H1)
was tested using confirmative factor analysis (CFA).
Normality was checked by calculating each item’s skew-
ness and kurtosis. The goodness of the data fit was assessed
though the typical indices used in the literature (Table II).
We evaluated the internal consistency by calculating
McDonald’s @, namely, the ratio of true-score variance
and total variance. We chose this index instead of the
traditional Cronbach’s o since it takes into account the
loadings of the factor model and its use is recommended for
multidimensional measures with well-defined dimensions.
Average variance extracted (AVE) and composite reliability
(CR) were also calculated to inspect whether the CFA
extracted the dominant factors that explained most of the
variance of the items (Table II).

TABLE II. Recommended fit indices range for confirmatory
factor analysis.

Index Range Reference

Chi-square to degrees of freedom <5 [92-98]
ratio (y*/d.o.f.)

Root mean squared error <0.08 [92-98]
of approximation (RMSEA)

Tucker-Lewis index (TLI) >0.95 [92-98]

Comparative fit index (CFI) >0.95 [92-98]

Average variance extracted (AVE) >0.5 [99]
Composite reliability (CR) >0.7 [99]
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TABLE III. Recommended fit indices range for Rasch analysis.

Index Acceptable range Reference
Principal component analysis <0.4 [100,101]

of residuals (PCAR) loading

Person reliability >0.5 [102]
Item separation >3 [102]
Person separation >2 [102]
Infit and outfit mean square (MNSQ) 0.7-1.4 [102]
Differential item functioning (DIF) p of a DIF contrast <0.05 [100]

and DIF contrast < 0.43 = negligible

0.43 < DIF < 0.64 = moderate

DIF > 0.64 = large

A value of AVE greater than 0.5 indicates that more than
half of the variance of the latent construct is explained by
the measurement model. In addition, if the square root of the
AVE of each factor is lower than all the correlations with the
other factor, the scale also has adequate discriminant validity.

Then, we used a 1D Rasch model to gather further
construct-related validation evidence for the full TAIP
scale (see Table III for an overview of the fit indices
calculated for each subscale). We first assessed multi-
dimensionality using principal component analysis of resid-
uals (PCAR) [100,101]. A residual is the unexplained, i.e.,
not predicted by the Rasch model, variance in the data and is
divided into components, called contrasts, that do not depend
on item difficulty or student ability. The aim of PCA of the
residuals is to falsify the hypothesis that the unexplained
variance is at the noise level so that the eigenvalue of contrast
can be interpreted as the number of items that share a
common characteristic. Since at least two items should share
a common feature to form a second dimension, a contrast
must have an eigenvalue of at least two to be above the noise
level. To check whether the possible secondary dimensions
are related to the expected subscales of the TAIP, we checked
the residuals plot, in which the items are identified by two
coordinates, difficulty and the loading of the item with the
first contrast, respectively. If the items have loadings greater
than 0.4 (see Table I1) and are separated from the others, then
it is likely that there is a secondary dimension in the test.

Finally, probability curves were examined for each scale
to investigate whether all rating steps (1, 2,.., 5) were
actually used by respondents [102,103].

Convergent validation evidence (H2) was obtained by
examining the correlations between Rasch person measures
in each of the subscales of the TAIP and person measures in
the AAS.

Criterion-related validation evidence of the TAIP (H3)
was obtained by examining the correlation between Rasch
person measures in each of the subscales and the Rasch
measures in the 20-item concept inventory, which was used
as an entrance test.

Finally, to examine the gender invariance of the
measurement model of the TAIP (H4), we conducted

hierarchically nested CFAs using a multigroup ana-
lysis [104].

Measurement invariance is the ability of an instrument to
measure a given construct consistently across different
groups of respondents. We assessed invariance by examin-
ing whether variations in the y? and in the comparative fit
index (CFI) were significant when forcing measurement
weights and structural covariance [105].

Gender invariance was also tested by Rasch analysis
using differential item functioning (DIF) for each of the
subscales of the TAIP [102]. DIF indicates when a group of
respondents performs differently than expected on an item,
given the overall ability of the groups and the difficulty of
the items. To investigate DIF, we examined the contrast for
each item, comparing the observed and expected abilities of
the two groups (female students and male students). See
Table III for the adopted ranges of DIF.

Similarly, construct-related validation evidence for the
ATAIP (HS) was examined using CFA and Rasch
analysis. Criterion-related validation evidence (H6) was
collected by examining the correlation between Rasch
person measures in the ATAIP and Rasch measures in
the brief physics task used as a midterm exam. We also
examined the gender invariance of the measurement
model of the ATAIP (H7) using hierarchically nested
CFAs and DIF analysis.

All the statistical analyses were carried out through the
software SPSS v. 29. Confirmatory factor analyses were
carried out through AMOS v. 29. Rasch analysis was
carried out through Winsteps 3.91.

V. RESULTS
A. CFA of the TAIP

The initial analysis confirmed the four-factor structure
for the TAIP. Fit indices were satisfactory: y?/d.o.f. =
1.582(p < 0.001); Tucker-Lewis index (TLI) = 0.954;
comparative fit index (CFI) = 0.962; root mean squared
error of approximation (RMSEA) = 0.049. However, one
item in the Worry factor (““I think about how important
the...”) had a weak standardized regression weight (0.43),
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FIG. 1. CFA of the 19-item TAIP instrument.

so we decided to drop it, obtaining a slightly better fit,
y*/d.o.f.=1.492(p <0.001); TLI = 0.963; CFI = 0.971;
RMSEA = 0.045. Figure 1 shows the regression weights
and correlations between the four factors. Descriptive

statistics and correlations between the four factors, as well
as McDonald’s w, AVE, and CR for each of the four factors
are shown in Table IV.

Note that the items on the Lack of Confidence scale are
reversed, as in the Italian version of the PAF, in that they are
formulated to measure subjects’ confidence in perfor-
mance. Accordingly, all correlations between the Lack of
Confidence factor and the other three factors are expected
to be negative. All the values obtained are acceptable,
confirming the validity of the four-factor structure. In
particular, the square root of the AVE of each factor is
lower than the correlation with the other factors, which also
supports the discriminant validity of the scale.

The resulting final 19-item scale of TAIP is reported in
the Appendix.

B. Rasch analysis of the TAIP

Rasch analysis was performed after the CFA on the
remaining 19 items. PCA of the residuals confirmed the
multidimensionality of the scale, as the eigenvalues of
the first and second contrasts were 5.6792 and 3.8311,
respectively. Looking at the residuals graph [Fig. 2(a)], we
notice that five items are well separated from the others
along the contrast loadings axis, with a coordinate much
greater than 0.4, therefore, it is very likely that these five
items form a secondary dimension. These items correspond
to the Lack of Confidence scale, which therefore identify a
secondary dimension for the TAIP. In order to check
whether the remaining 14 items form different dimensions
of the instrument, we then repeated the PCA of the
residuals. The eigenvalues of the first and second contrasts
were 4.2112 and 2.1281, respectively, confirming the
multidimensionality of the 14-item scale. Looking at the
graph of residuals [Fig. 2(b)], there are five items that are
well separated from the others and all have a contrast
loading of around 0.7. These items correspond to the
Interference scale, which is therefore another secondary
dimension of the TAIP. Finally, we repeated the PCA of
residuals for the remaining nine items, obtaining in this
case that only the eigenvalue of the first contrast is greater

TABLE IV. Descriptive statistics and correlations among the four TAIP-20 factors (N = 244). Pearson correlations between factorial

scores: “p < 0.05; *p < 0.01.

Factor 1

1. Worry (four Items) 0.78% 0.49" 0.79°
2. Emotionality (five items) 0.678*

3. Interference (five items) 0.136

4. Lack of Confidence (R) (five items) —0.216*
Mean (SD) 3.02 (0.60)
Kurtosis —0.246
Asymmetry —0.230

0.86% 0.54% 0.85°

0.277% 0.87% 0.58" 0.87°
—0.460* —0.374* 0.87% 0.60% 0.88°
2.05 (0.72) 2.12 (0.70) 2.28 (0.64)
0.603 —0.093 —0.578
—0.272 0.624 0.081

iMcDonald’s .
bAverage variance extracted (AVE).
“Composite reliability.
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FIG. 2. PCA of residual plots for the TAIP subscales: (a) whole instrument; (b) Worry, Emotion, and Interference factors; (c) Worry

and Emotion factors.

than 2 (2.4290). Looking at the residuals graph [Fig. 2(c)],
we see two clearly identifiable clusters of items that
roughly correspond to the Worry (bottom of the graph)
and Emotionality (top of the graph) scales, with the sole
exception of item 6 in the middle of the graph. However, as

TABLE V. Rasch measures for each scale of the TAIP (N = 244).

one item cannot form a cluster, we can safely say that
Worry and Emotionality form two distinct scales.

We then carried out a Rasch analysis for each of the
four subscales identified. The results are shown in Tables V
and VI. The probability curves for each of the scales are

Average person Eigenvalue of first Person Item Person
Scale measure (logit) contrast reliability separation separation
Worry 1.93 1.7136 0.78 4.00 1.87
Emotionality —1.50 1.9110 0.84 10.67 2.31
Interference —1.28 1.7070 0.86 4.93 245
Lack of Confidence (R) —0.96 1.8675 0.88 3.93 2.75

TABLE VI. Fit statistics for the adapted TAIP (N = 244).

Dimension Item Estimate Standard error Point-measure correlation Infit MNSQ ZSTD Outfit MNSQ ZSTD

Worry Item2 —045 0.13 0.72 1.06 0.7 1.07 0.7
Item3 —0.61 0.13 0.80 0.81 -2.2 0.78 —2.4
Item 4 0.41 0.13 0.83 0.77 -2.8 0.77 -2.7
Item 5 0.66 0.13 0.75 1.33 3.3 1.33 3.3

Emotionality Item 6 —0.27 0.12 0.77 1.25 2.6 1.21 2.1
Item 7 —1.79 0.12 0.84 0.85 —1.6 0.82 —1.7
Item 8 2.40 0.15 0.70 1.12 1.1 0.87 -0.6
Item 9 —0.10 0.12 0.83 0.93 —-0.7 0.89 —-1.2
Item 10 —0.24 0.12 0.81 0.91 —-0.9 0.89 —1.1

Interference Item 11 —0.63 0.13 0.81 1.07 0.7 1.03 0.40
Item 12 —0.49 0.13 0.83 0.89 —-1.2 0.86 —1.5
Ttem 13 0.04 0.13 0.79 0.98 —-0.2 0.95 —-0.6
Item 14 1.18 0.13 0.74 1.40 3.9 1.49 4.1
Item 15 —0.10 0.13 0.85 0.67 —4.1 0.66 —4.1

Lack of Confidence (R) Item 16 0.89 0.14 0.80 0.92 —0.8 0.92 —-0.7
Item 17 0.35 0.14 0.84 0.87 —1.5 0.85 —1.5
Item 18 —0.33 0.14 0.76 1.43 4.2 1.39 34
Item 19 —0.78 0.14 0.86 0.75 -2.9 0.73 -2.9
Item 20 —0.24 0.14 0.80 0.95 —0.6 0.93 —0.6
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FIG. 3.

shown in Fig. 3. All four scales have acceptable values for
person reliability, item separation, and person separation,
with the exception of the Worry subscale, which has a
person separation value slightly lower than 2. However, the
scale has acceptable values for person reliability and item
separation. Regarding the item fit statistics (Table VI), all
four subscales show acceptable values of expected vari-
ability, thus confirming the four-dimensional construct
validity of the adapted PAF. The adapted four-point rating
scale is also consistent with the item difficulty and person
measures, as the step estimates increase monotonically, and
each peak has a probability greater than 0.5.

C. Evidence for convergent and criterion-related
validity of the TAIP

To collect convergent validation evidence, we first
performed a one-factor CFA of the AAS. We found that
the one-dimensional model was a mediocre fit for the data:
y*/d.o.f.=2.867(p=0.090); TLI = 0.967; CFI = 0.994;

Emotionality
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Probability plots for the four scales of the TAIP.

RMSEA = 0.088. When inspecting scale reliability, we
found that the McDonald’s w was 0.78. However, removing
the fourth item (“Being asked an oral question from the
sear’’) would have raised the value to 0.82. So, we removed
this item and performed a Rasch analysis with the three
remaining items of the instrument. The analysis confirmed
the unidimensionality of this three-item instrument as the
eigenvalue of the first contrast was 1.9184. Person reli-
ability was 0.83, item separation was 5.61, and person
separation was 2.22. The average person measure was
—0.35 logit. The three items had infit and outfit mean
square (MNSQ) greater than 0.70 and lower than 1.50, with
a point-measure correlation between 0.78 and 0.88. Then,
we calculated Pearson correlations between the Rasch
measure of the four scales of the TAIP and the three-item
AAS. All four correlations were significant at p < 0.01:
0.368 (Worry); 0.497 (Emotionality); 0.318 (Interference);
—0.413 (Lack of Confidence reversed).

To collect criterion-related validation evidence, we
first performed a Rasch analysis of the 20-item concept
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TABLE VII. Multigroup analysis of the TAIP instrument for
the gender variable.

Model Ay? d.o.f. p ACFI
Measurement weights 11.036 15 0.750 0.002
Structural covariances 16.150 25 0.910 0.004

inventory. PCA of residuals showed that the instrument is
unidimensional (eigenvalue of the first contrast = 1.8588).
Person reliability was 0.70, item separation was 8.95, and
person separation was 1.52, which can be considered
acceptable values for a concept inventory. The average
person measure was —0.54 logit, which means that the
questionnaire was slightly difficult for the students. Only
one item (Q9) had an outfit MNSQ greater than 1.50 (2.48)
but acceptable infit MNSQ (1.05). However, this item was
also very difficult (measure = 42.23 logit), so some
unexpected variations can be considered acceptable. For
such reason, we decided to keep the item. Pearson
correlations between the Rasch measures of the concept
inventory and those of the four TAIP scales are all negative
as expected and significant at p < 0.05, except for the
reversed Lack of Confidence scale: —0.164 (Worry);
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FIG. 4.
>0.64 = large.

—0.133 (Emotionality); —0.151 (Interference); 0.106

(Lack of Confidence reversed).

D. Gender invariance of the TAIP

Table VII reports the y*> and CFI variations when
constraining the TAIP items’ factor loadings (measurement
weights model) and when constraining factors’ covariances
(structural covariances), respectively. We obtained nonsig-
nificant Ay? and differences in CFI values less than 0.01.
Such evidence supports the measurement invariance of the
TAIP instrument for the gender variable. The results of the
DIF analysis (Fig. 4) confirmed gender invariance for all
four subscales. Only two items in the Emotionality scale
show statistically significant DIF (p < 0.05): “I feel some-
what overwhelmed” and “I feel upset.” However, being the
DIF contrast less than 0.64, these items show moderate
DIF, so we decided to keep these items in the final scale.

Once established the measurement invariance of the
instrument for the gender variable, we calculated the
difference between the average Rasch measures of female
and male students for the four TAIP scales using the ¢
statistics. Results are reported in Table VIII. Female
students are significantly more likely than male students
to agree on the Worry, Emotionality, and Interference items.

DIF plot - Emotionality Scale
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DIF analysis of the four subscales of the TAIP. DIF contrast ranges: <0.43 = negligible; (0.43; 0.64) = moderate;
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TABLE VIII. Average Rasch measures (logit) for each of the
four TAIP subscales and for gender.
Females Males

Scale (N=172) (N=172) P Cohen’s d
Worry 2.77 1.58 <0.001 0.52
Emotionality —0.26 —2.02 <0.001 0.73
Interference —1.15 —1.33 0.611 0.07
Lack of —1.80 —0.61 <0.01 0.40

Confidence (R)

Conversely, for the Lack of Confidence scale, which is in
reversed form, female students are less likely to agree,
namely they feel less confident than male peers in their
performance.

E. CFA of the ATAIP

The initial fit of the five adapted items was not adequate:
x*/d.of. =3.352(p < 0.05); TLI = 0.950; CFI = 0.975;
RMSEA = 0.108. Analysis suggested adding residual
covariates between item 1 and item 5, so we decided to
parcel these two items. The new fit was acceptable:
x*/d.o.f.=1.655(p =0.157); TLI=0.958; CFI = 0.986;
RMSEA = 0.075. The average raw score of the brief
scale was 2.49 (SD = 0.66), with a good reliability,
McDonald’s @ = 0.84.

F. Rasch analysis of The ATAIP

Rasch’s analysis confirmed the construct-related vali-
dity of the four-item ATAIP. Person reliability was 0.83,
item separation was 5.22, and person separation was
2.24. PCA of residuals confirmed the unidimensionality
of the scale since the eigenvalue of the first contrast was
1.6266. The average person measure was —0.01 logit
(SD = 2.55 logit), indicating that on average, the students
in this sample show significantly different levels of agree-
ment on the four items of the scale (see Table IX). We
note also that all four items of the ATAIP had acceptable
fit statistics (see Table IX). Finally, the adopted four-point
rating scale is also consistent with the item difficulty and
person measures, as shown by the probability curves
reported in Fig. 5.

TABLE IX. Fit statistics for the four ATAIP items (N = 117).
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FIG. 5. Probability plot for the ATAIP.

G. Evidence for criterion-validity of ATAIP

First, we conducted a Rasch analysis of students’
responses to the short task of the midterm exam, which
consisted of five multiple-choice items and an open-ended
question. The multiple-choice items were scored dichoto-
mously, while the open question was scored on a partial
credit scale from 1 to 5. Using Rasch analysis, we could
reliably combine the scores of the two parts of the midterm
exam task. Overall, this task was unidimensional (eigen-
value of the first contrast was 1.8556). Person reliability
was (.53, item separation was 7.99, and person separation
was 1.06, which can be considered acceptable given that
the midterm exam task consisted of a few items. Note that
the average person measure was —3.13 logit, which means
that the task was very difficult for the students. The
correlation between the Rasch measures of the ATAIP
and those of the short task was negative, —0.128, but not
significant (p = 0.169).

H. Gender invariance of ATAIP

Gender invariance was tested for the four-item ATAIP
with the parcel between items 1 and 5. We report in Table X
the y* and CFI variations when constraining items’ load-
ings (measurement weights model) and items residuals
(measurement residuals), since for this model, we had only
one factor. We obtained nonsignificant Ay? and differences
in CFI values less than or equal to 0.01. Such evidence

Point-measure

Dimension Item Estimate  Standard error correlation INFIT MNSQ ZSTD OUTFIT MNSQ ZSTD
Test anxiety Item 2 0.73 0.18 1 1.29 2.1 1.29 2.0
Item 3 —0.43 0.18 .85 0.90 —0.8 0.92 —0.6

Item 4 1.07 0.18 .82 0.90 —-0.7 0.85 —1.0

Parcel items 1/5  —1.37 0.18 .80 0.85 —1.1 0.94 —0.3
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TABLE X. Multigroup analysis of the ATAIP for the gender TABLE XI. Differential group functioning analysis of the
variable. ATAIP.
Model Ay? d.o.f. p ACFI Females Males
It N =137 N =80 Contrast
Measurement weights 4.981 4 0.173 0.010 em ( ) ) ontras P
Measurement residuals 7.485 8 0.485 0.004 Item 2° —0.21 0.10 —1.18 0.03
Item 3 —0.03 0.01 —0.17 0.65
Item 4 0.12 —0.05 0.67 0.09
Parcel items 1/5 0.13 —0.06 0.77 0.06

supports the gender invariance of the instrument. Results
of DIF analysis (Fig. 6) show that only one item (item 2:
“I wish the examination did not bother me so much’) has
substantial DIF, contrast = 1.22, p < 0.01, namely male
(female) students agree more (less) than expected.
Interestingly, this item was not assigned to any of the
two scales in the original TAI. Hence, taking also into
account that this was the only item to show DIF in the
abbreviated scale, we decided to maintain it for this study.

We also note that, although female students on average
agree more than male students on the four ATAIP items,
namely, females have higher Rasch scores than males
(+0.5762 vs —0.2910 logit), such difference is not sig-
nificant, t = 1.716, d.o.f. = 115, p = 0.089, and the effect
size is moderate (Cohen’s d = 0.34).

Given these results and the detected DIF for item 2,
we conducted a differential group functioning (DGF)
analysis for each ATAIP item using Rasch person and
item measures.

Briefly, DGF combines DIF and differential person
functioning (DPF), which provides the difficulty measure
of a single item independently of the measures of the other
items for two or more groups of subjects. In our case, we
have two groups of students, namely female and male
students. The results are shown in Table XI, where we
report the item measure for female and male students, as
well as the detected contrast, which can be interpreted
similarly to the DIF contrast, and the associated probability.
The DGF analysis shows that, as expected, item 2 has a
large and significant DGF contrast, while item 4 and the

Item2 Item 3 Item 4 Item1_5

—=Male Students

——Female Students

DIF Size (diff.)

FIG. 6. DIF plot of the ATAIP items. DIF contrast ranges:
<0.43 = negligible; (0.43; 0.64) = moderate; >0.64 = large.

“Item showing differential item functioning.

parcel of items 1 and 5 have moderate but not statistically
significant DGF contrasts.

VI. DISCUSSION

In this study, we investigated the psychometric proper-
ties of two instruments to measure physics-related test
anxiety, which has been recognized as a factor that can
negatively affect students’ performance in an examination,
with potential negative effects on long-term learning
processes [31,52,58,106]. We focused on test anxiety in
the context of an undergraduate physics course to fill the
gap in the literature related to the lack of a psychometrically
sound instrument for use in physics examinations. To this
end, we adapted the Italian translation of the German Test
Anxiety Inventory (PAF, [69]), a self-report instrument that
measures four dimensions of anxiety: worry, negative
emotions, interference, namely intrusive thoughts during
test situations, and lack of confidence in performance.

We also validated an abbreviated scale, based on the
Text Anxiety Inventory, to be used with students in test
situations where there is limited time to complete surveys
outside of the examination task. We used both confirmatory
factor analysis and Rasch analysis to better support the
psychometric validity of the two scales. To our knowledge,
this is the first study that validates two test anxiety scales
using such a robust statistical approach. The results
obtained for both scales are discussed below.

A. Validation of the TAIP

Our results suggest that the final scale adapted from the
original PAF has good construct-related validity, namely a
robust 19-item, four-factor structure with good internal
consistency and adequate discriminant validity (H1). This
is consistent with the results of the Italian validation study
[72]. In line with our previous studies, we also used Rasch
analysis to further strengthen the psychometric validity of
the instrument. The Rasch analysis confirmed the
multidimensionality of the 19-item instrument and the
construct validity of each factor. In addition, we found
that the rating scale used was appropriate, namely all four
steps were likely to be used by the respondents.

We also collected sufficient convergent validation evi-
dence (H2), namely we found that the Rasch scores in the
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four factors of the TAIP significantly correlated with the
Rasch scores of the Abbreviated Anxiety Scale, an instru-
ment we developed for this study by adapting four items of
the Italian version of the Math Anxiety Inventory [35,36].
Such evidence confirms the associations between different
forms of test anxiety [56,107]. Furthermore, the Rasch
scores in three of the dimensions (Worry, Emotionality,
and Interference) of the TAIP were negatively correlated
with the Rasch person measures in the 20-item conceptual
questionnaire developed in this study and used as an
entrance test to the physics course.

This finding is consistent with studies that have shown
the relationship between math anxiety and math perfor-
mance [71,72]. However, contrary to the findings of the
study of the Italian validation of the original PAF, the Lack
of Confidence scale was not significantly correlated with
the performance in a physics test.

In this regard, however, it should be noted that the Lack
of Confidence items measured students’ belief in their
ability to perform well in a physics exam. Thus, the Lack of
Confidence measured by the TAIP is a construct that is
closely related to self-efficacy. Recent studies [39] report
that the test anxiety dimension of emotivity and self-
efficacy both affect performance in the high-stakes exam,
while the relationship with performance in the low-stakes
exam, such as the entrance questionnaire used in this study,
becomes weaker and less clear. Therefore, while hypothesis
H3 is substantially supported for the first three dimensions,
further research is warranted to examine the role of the
fourth dimension of the TAIP instrument on student’s
performance. Finally, we collected evidence of adequate
gender measurement invariance of the TAIP instrument.

While the previous study in the Italian context [72]
reported measurement invariance using only variations in
x* and CFI index, we also measured invariance using a
different method, namely examining the DIF using Rasch
measures for each subscale of the TAIP.

Overall, the results of our analyses confirm the gender
invariance of the TAIP, in line with previous studies [72], in
particular, that the four-factor structure is invariant for
gender. Our results therefore confirm that the instrument
can be reliably used to compare male and female students’
perceptions of anxiety in a physics context. To this end, we
found significant gender differences in the Rasch measures
on the four dimensions of TAIP except Interference, with
large effect sizes on the Worry, Emotionality, and Lack of
Confidence scales, confirming that female students feel
more anxious about exams than male peers [33].

This finding is also consistent with studies that have
focused on examination anxiety in younger students [108].
The results obtained on the Interference scale confirm those
obtained with Italian students [72], while the results on the
Lack of Confidence scale confirm the gender differences in
self-efficacy in physics [109,110]. Thus, also hypothesis
H4 is confirmed.

B. Validation of the ATAIP

Our findings suggest that the abbreviated form of the TAI
adapted for physics (ATAIP), after parceling two items, has
an acceptable internal consistency, very similar to the one
found in the literature [67]. The Rasch analysis also
supports the construct validity of the final four-item scale
(H5). It is important to note that establishing the construct
validity of the unidimensional ATAIP does not contradict
the establishment of the construct validity of the four-
dimensional TAIP. The TAIP and ATAIP are based on
different conceptualizations of test anxiety, with the TAIP
being based on the PAF and the ATAIP being based on the
TAIL As discussed in the review section, the PAF scale
expands the original TAI scales (Worry and Emotion) by
incorporating the Interference and Lack of Confidence
scales. Consistent with the literature, we found in the
present study that the Worry and Emotion scales are highly
correlated (refer to Fig. 1). Therefore, it is acceptable to
collapse the two scales into a more parsimonious model.
However, as is often the case, using a more parsimonious
model may result in some measurement weaknesses. In
particular, in the present study, the criterion-related validity
was not fully established. As anticipated, we found a
negative correlation between the Rasch measures of the
ATAIP and the Rasch measures of the short task used in the
midterm exam. However, this correlation was not sta-
tistically significant. Although this result may sound some-
what unexpected (and thus hypothesis H6 is not entirely
supported), it is consistent with the evidence reported by
Lowe [62,63], who also found a nonsignificant correlation
between the scores on the college student test anxiety
measure and students’ self-reported grades. Such a finding
may be explained by considering that low levels of anxiety
may be beneficial in some cases, as it may contribute to
motivation to perform well on a given task [111].
Alternatively, since the brief ATAIP was administered at
the end of a midterm exam that was very difficult for
students, it is very likely that students with low levels of
anxiety also did not perform well in the exam. Future studies
are therefore warranted to verify the accuracy of our
interpretation.

Finally, our results also support a substantial gender
invariance of the measurement model of the ATAIP (H7).
However, using Rasch analysis, we found one item (Item 2)
that showed a significant DIF contrast. A possible reason
for the detected DIF could be that Item 2 elicited a
retrospective judgment about the just finished exam
(“I wish the examination did not bother me so much”),
which might differ between female and male students.
Actually, such a retrospective judgment may be influenced
by the students’ accuracy of self-evaluation, defined as
the difference between the confidence score in the perfor-
mance and the actual performance score. Previous studies
have found gender differences in the accuracy of self-
evaluation in physics, namely girls are more likely to be
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underconfident, while boys are more likely to be over-
confident [112]. Being underconfident would in turn lead to
an underestimation of one’s own performance and further
increase anxiety. In terms of the person measures, unlike
the TAIP, the average ATAIP measures are not significantly
different between female and male students. This finding is
consistent with previous results reported for physiological
hyperarousal from the Test Anxiety Measure [62,63]. An
example item from this subscale reads: “My heart is
pounding in my chest during the test”. This subscale
measures physical discomfort and worry about the conse-
quences of failing tests [113], so it can be assumed that it
measures the same construct as the ATAIP.

There may be three reasons for the different behavior
of the two scales with respect to gender. First, we note that
2 out of 19 items in TAIP and 2 out of 4 items in ATAIP also
showed moderate DIF and DGF for the gender variable,
although the corresponding contrasts were not statistically
significant at the p < 0.05 level. The existence of a DGF
may signal a possible bias in the measures of female and
male students. Second, we administered the TAIP and the
ATAIP in two different moments of the physics course, at
the beginning, after the entrance test that has no evaluation
(TAIP), and in the middle after the midterm exam (ATAIP).
Another possibility is that the ATAIP is not sensitive
enough to measure such differences due to the small
number of items. Given that a recent study with 13- to
14-year-old students also found that the brief TAI did not
show gender measurement invariance [114], future studies
could address such inconsistencies with a larger sample that
spans different student ages.

VII. LIMITATIONS

This study has several limitations. First, we acknowledge
that having treated the gender variable as binary may
have caused a limitation to the study since it excluded
from the analysis students who did not fit into the gender or
sexual binary. While the percentage of respondents who
preferred not to indicate their gender was less than 1%, we
plan to involve in subsequent studies larger samples in
order to make these data meaningful for quantitative
analysis. Second, we involved a convenience sample, which
limits the generalizability of the findings. In particular, it
would have been important to include in our sample also
students enrolled in medicine or life sciences undergraduate
courses. In these courses, introductory physics is also
mandatory, and anxiety related to the physics exams could
be higher due to lower levels of perceived physics self-
efficacy. Second, and related to the previous point, the
sample consisted of a larger proportion of male students
compared to female students. Although the ratio of female to
male students in our sample is in line with the national ratio
for undergraduate engineering and physics courses, future
validation studies of the two proposed scales should include
larger and more gender-balanced samples in order to

improve the measurement invariance of the two instruments.
Furthermore, the measures were administered in the first
semester. A more heterogeneous sample, including students
attending courses in the second semester, could be useful in
determining the extent to which test anxiety may vary during
the university experience. Third and finally, for the TAIP, we
were only able to use an adapted version of a math anxiety
inventory and a concept inventory as convergent and
criterion validity measures, respectively. We are planning
to use a wider range of measures, including constructs such
as motivation, self-efficacy, accuracy of self-assessment, and
previous school grades, in order to obtain stronger evidence
of convergent and criterion validity. Similarly, we were only
able to collect criterion validation evidence for the ATAIP
due to the time constraints of the midterm exam. Therefore,
future studies should at least include another concurring
instrument to measure test anxiety.

VIII. CONCLUSIONS

In this paper, we have presented psychometric evidence
based on factorial and Rasch analysis for two test anxiety
scales to be used in introductory physics courses at the
undergraduate level.

The validation of both a long and brief scale to measure
test anxiety can be useful for physics education researchers
and instructors interested in the role of affective variables,
such as anxiety, in the learning process. The TAIP scale can
be particularly useful for researchers investigating the
correlations or predictive relationships of each subscale
on relevant outcome variables, such as scores on conceptual
tests. However, researchers could also use the ATAIP to
measure test anxiety reliably in combination with longer
surveys, such as a self-efficacy scale or an attitude toward
physics scale. Physics instructors may prefer the ATAIP
because it is easier to administer during exams, and
completing long questionnaires in that situation may
interfere with students’ performance. However, physics
instructors can also utilize the TAIP to evaluate various
aspects of test anxiety. This can aid in planning appropriate
educational interventions to reduce maladaptive responses
that may hinder performance in physics examinations. For
a review of interventions to reduce test anxiety, refer to
Ref. [115]. Among the strategies that can be implemented
to reduce test anxiety, previous research studies suggest
strengthening learning and coping strategies while target-
ing dysfunctional beliefs about one’s own performance and
redirecting them toward more adaptive thoughts [116].
Such activities could be delivered in an extracurricular
lecture setting by psychologically and counsellor-trained
lecturers. Furthermore, both TAIP and ATAIP scales can
be used to assess test anxiety under different educa-
tional conditions (e.g., different textbooks and lecture
approaches) and with students with different types of social
conditions (e.g., different socioeconomic status). Similarly,
both scales can be used with younger students at the
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secondary school level as companions to math anxiety
inventories [35,36] to investigate whether test anxiety is
dependent on the specific discipline.

A follow-up study is being conducted to investigate how
test anxiety changes over a semester in an introductory
physics course for undergraduate students. Previous studies
with secondary school students [117] suggest that test anxiety
may not change significantly over time. This suggests that test
anxiety, as measured by typical testanxiety scales such as those
presented in this paper, may be a stable individual trait. The
study aso explores whether test anxiety differs depending on
the type of test, including precourse tests, midterm exams, and
final exams. Additionally, future research will examine the
structural relationships between the dimensions of test anxiety
identified in this study and antecedents suggested in the
literature, such as social anxiety or avoidance motivation
[118]. Further research is necessary to investigate which
dimensions better explain the inverse relationship between
test anxiety and performance, and whether other dimensions
may be suitable indicators of physics test anxiety.
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APPENDIX

Hereafter, we report the complete TAIP and ATAIP
scales.

1. Test anxiety inventory for physics (TAIP) scale

Read the following statements and think about your
experience with a physics test. Please indicate the number

"This item was deleted after the first confirmatory factor analysis.

between 1 = hardly ever and 4 = almost always that
corresponds to how you feel
(Worry subscale)
1. T think about how important the examination is
for me.'
2. 1 think about how important it is for me to receive a
good result.
3. I worry about my results.
4. T am concerned about my grades.
5. 1 think about what will happen if I don’t do well.
(Emotionality subscale)
I feel my heart beating fast.
I feel anxious.
I tremble with fear.
I feel somewhat overwhelmed.
I feel upset.
(Interference subscale)
11. Distracting thoughts keep “popping” into my
head.
12. T am preoccupied by other thoughts that distract me.
13. T easily lose my train of thoughts.
14. Iforget things because I am too preoccupied with my
personal problems.
15. My concentration is interrupted by interfering thoughts.
(Lack of Confidence subscale)
16. 1 am confident about my performance.
17. 1 have faith in my own performance.
18. I am satisfied with myself.
19. 1 think that I will succeed.
20. I am convinced that I will do well.

SRS

2. Abbreviated test anxiety
inventory physics (ATAIP) scale

Read the following statements and think about the
physics exam that you have just taken. Please indicate
the number between 1 = hardly ever and 4 = almost always
that corresponds to how you feel

1. During tests I feel very tense.”

2. 1 wish examinations did not bother me so much.

3. I seem to defeat myself while working on impor-
tant tests.

4. 1 feel very panicky when I take an important test.

5. During examinations I get so nervous that I forget
facts I really know?.

*These items were parceled after the first confirmatory factor analysis.
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