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Abstract

The present study examined latent test anxiety profiles in a sample of 592 U.S. adolescents in grades 6-12 using
latent profile analysis (LPA). The adolescents were administered a multidimensional measure of test anxiety in
their schools. The results of LPA indicated that a three-profile test anxiety model provided the best fitting model.
The three latent test anxiety subgroups were named low, medium, and high test anxiety. In addition, grade-level
and gender were added as covariates to the model and LPA was performed again. Grade-level and gender were
found to differentially predict membership in the latent test anxiety subgroups, with females more likely to be in
the high latent test anxiety subgroup than in the medium and low latent test anxiety subgroups and middle school
students were more likely to be in the high latent test anxiety subgroup than in the low latent test anxiety subgroup.
Middle school students were also more likely to be in the medium latent test anxiety subgroup than in the low
latent test anxiety subgroup. Implications for the development of measures, treatment, and prevention of test
anxiety in the U.S. adolescent population are discussed.
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1. Introduction

Testing is a common occurrence in schools in the United States and abroad (Bodas & Ollendick, 2005; Bodas,
Ollendick, & Sovani, 2008; Lowe et al., 2008). Students’ test scores are used to evaluate the quality of schools, to
assist in educational decision making, and to determine whether students are meeting educational expectations
(Every Student Succeeds Act, 2015; Jacob, Decker, & Timmerman Lugg, 2016). Many students in these evaluative
situations experience test anxiety. Test anxiety is the cognitive, behavioral, and physiological symptoms students
experience in evaluative situations (Bodas et al., 2008; Lowe et al., 2008; Zeidner, 2014). Test anxiety has been
reported to be associated with poorer performance on standardized tests and lower classroom grades (Chapell et
al., 2005; von der Embse, Jester, Roy, & Post, 2018), working memory difficulties (Mowbray, 2012), lower
self-efficacy (von der Embse et al., 2018), and higher rates of absenteeism and dropout (Cizek & Burg, 2006; Wild,
Hofer, & Pekrun, 2006; Yousefi, 2012).

The construct of test anxiety consists of many different dimensions (Lowe et al., 2008; von der Embse, Mata,
Segool, & Scott, 2014; Zeidner, 1998). According to Lowe et al.’s (2008) biopsychosocial model of test anxiety,
test anxiety develops through the interplay of a student’s intrapersonal characteristics and one’s environmental
contexts along with an individual’s appraisal of a test as threatening. The magnitude of the threat then affects the
level and type of anxiety experienced as well as its symptom presentation. Symptoms of test anxiety include
cognitive, behavioral, and physical symptoms. The Test Anxiety Measure for Adolescents (TAMA) designed
specifically for secondary students in grades 6-12 in the United States and consists of cognitive (cognitive
interference, social concerns, and worry), behavioral (task irrelevant behaviors), and physical (physiological
hyperarousal) symptoms was developed based on Lowe et al.’s (2008) biopsychosocial model of test anxiety and
the data from this measure will be used to perform latent profile analysis (LPA) in the present study. Few studies
have been conducted in the field of test anxiety using LPA.

1.1 Latent Profile Analysis

LPA is a sophisticated statistical procedure that has become of more interest to researchers in recent years (Woo,
Jebb, Tay, & Parrigon, 2018). LPA is a type of mixture model approach used to identify smaller latent subgroups or
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classes from a larger more diverse population based on a set of variables (Carey, Devine, Hill, & Sziics, 2017;
Spurk, Hirschi, Wang, Valero, & Kauffeld, 2020; Vermunt, & Magidson, 2002). The individuals within a latent
subgroup are purported to share a certain pattern, such as a certain test anxiety pattern, and this latent subgroup is
then compared to other latent subgroups based on the patterns and levels of the latent variables of interest (Collins
& Lanza, 2013; Mammarella, Donolato, Caviola, & Giofré, 2018). In addition, covariates can be added to LPA
models to determine whether the covariates can differentially predict membership in the latent subgroups (Collins
& Lanza, 2013; Spurk et al., 2020; Wang & Hanges, 2011). The results of LPA can be informative in the areas of
scale development, treatment, and prevention (Carey et al., 2017; Mammarella et al., 2018; von der Embse et al.,
2014). In the present study, latent test anxiety profiles will be examined with a multidimensional measure of test
anxiety developed specifically for U. S. adolescents. To the author’s knowledge, there has been no LPA study
conducted that has examined latent test anxiety profiles using a multidimensional measure of test anxiety
developed in the United States for adolescents and includes the cognitive dimensions of worry, cognitive
interference, and social concerns, a physical (i.e., physiological hyperarousal) dimension, and a behavioral (i.e.,
task irrelevant behaviors) dimension. It is imperative to include multiple dimensions of test anxiety in LPA studies
in order to develop a better and more comprehensive understanding of these profiles, so we can advance our
knowledge in the field of test anxiety.

1.2 Covariates, Latent Profile Analysis, and Test Anxiety

Grade-level and gender can serve as covariates in LPA models. Grade-level and gender differences have been
reported in the test anxiety literature (Hembree, 1988; Knappe et al., 2011; Putwain & Daly, 2014; Ringeisen &
Raufelder, 2015; von der Embse et al., 2018; Wigfield & Eccles, 1989). Von der Embse et al. (2018) and Wigfield
and Eccles (1989) examined age/grade-level differences in test anxiety and found test anxiety to peak in students
during their middle school/junior high school years and then level off during their high school years. On the other
hand, Knappe et al. (2011) found test anxiety fears continue to increase in students through their postsecondary
school years, peaking around the age of 21. In contrast, gender differences in test anxiety tend to be clearer with
females consistently reporting higher levels of test anxiety than males (Hembree, 1988; Putwain & Daly, 2014;
Ringeisen & Raufelder, 2015; von der Embse et al., 2018). To the author’s knowledge no study has included
grade-level and gender as covariates in LPA models using a measure that includes cognitive (i.e., worry, social
concerns, cognitive interference), physical (i.e., physiological hyperarousal), and behavioral (i.e., task irrelevant
behaviors) dimensions of test anxiety.

1.3 Aims and Hypotheses

Three specific aims were associated with the current study. The first aim was to examine heterogeneity in
self-reported test anxiety among a sample of U.S. secondary students using different anxiety profiles. The results
of a pilot study conducted with only 11th grade U.S. students on a three-dimensional measure of test anxiety
developed in another country found a three-profile model of test anxiety as the best fitting model (von der Embse et
al., 2014). Therefore, it was hypothesized that a three-profile model of test anxiety would be found in the current
study with adolescents in grades 6-12 on a different multidimensional measure of test anxiety developed in the
United States. The second aim of the study was to determine whether gender could differentially predict
membership in any of the latent test anxiety subgroups identified in the adolescent sample. Based on gender
differences reported in the literature (Hembree, 1988; Putwain & Daly, 2014; Ringeisen & Raufelder, 2015; von
der Embse et al., 2018), it was hypothesized that females would be more likely to be found in the higher latent test
anxiety subgroup(s) than males. The third aim of the study was to determine whether grade-level could
differentially predict membership in any of the latent test anxiety subgroups identified in a sample of secondary
students. Research has shown that grade-level differences do exist (Knappe et al., 2011; von der Embse et al., 2018;
Wigfield & Eccles, 1989) however; it is unclear whether middle school students or high school students would
experience higher levels of test anxiety. No hypothesis was proposed as to whether middle school students or high
school students would be more likely to be found in the higher latent test anxiety subgroup(s) due to the equivocal
findings reported in the literature.

2. Method
2.1 Participants

Students (n = 592) in 9 middle schools and high schools from the midwestern region of the United States
participated in the present study. There were 248 (41.9%) males and 344 (58.1%) females, aged 11 to 19 years (M
=13.66, D = 2.04). The students were in grades 6-12 (M = 8.20, D = 1.88), with 405 (72.5%) students in grades
6-8 and 187 (27.5%) students in grades 9-12. The racial/ethnic distribution of the sample included Whites (77.9%),
Hispanics (4.6%), Native Americans (3.5%), African Americans (3.2%), and others (10.3%).
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2.2 Instrument

A test anxiety measure, the Test Anxiety Measure for Adolescents (TAMA; Lowe, 2014), was used in the present
study. The TAMA consists of 44 items and includes five test anxiety scales. The Physiological Hyperarousal scale
measures the physical symptoms associated with test anxiety and the Task Irrelevant Behaviors scale assesses the
restless and avoidant behaviors exhibited in testing situations. The Social Concerns scale measures concerns that
one will be ridiculed by others if poor test performance occurs and the Worry scale assesses concerns about failing
a test and its repercussions. The Cognitive Interference scale measures the difficulty focusing on a test due to
distracting thoughts dividing one’s attention. A student uses a 4-point response scale to respond to the items. The
response options range from 1 = never to 4 = almost always (Lowe, 2014). Coefficient alphas of .75 to .87 were
reported for the TAMA scores in the current study. Validity evidence supporting the internal structure and external
relations of the TAMA scores has been found (Lowe, 2014).

2.3 Procedures

This study was part of a larger study where the TAMA was completed along with other anxiety measures. The
questionnaires were completed by the students in their schools. Parent consent and student assent was obtained as
well as institutional review board approval before the study began. Students were instructed to read the directions
on the measures and complete the questionnaires.

2.4 Data Analysis

LPAs were conducted using Mplus 7.11 software (L. K. Mathen & B. O. Muthen, 1998-2013) with the robust
maximum likelihood (MLR) estimator serving as the parameter estimator. TAMA scale scores were used as the
indicators in the LPAs performed. A combination of fit indices, Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), Sample Adjusted BIC (SABIC), and Lo-Mendell-Rubin Likelihood Ratio Test (LMR
LRT), along with entropy values as well as the interpretability of the LPA results were used to determine the
optimal profile model, which consisted of a specific number of latent classes or subgroups (Muthén, 2003, Nylund,
Asparouhov, & Muthén, 2007) for the TAMA scales. Lower AIC, BIC, and SABIC values indicate a better model
fit; however, the magnitude of the difference of the same criterion values across models should also be considered
(Ferguson, Moore, & Hull, 2020; Masyn, 2013). In addition, a nonsignificant LMR LRT when comparing two
adjacent models indicates the parsimonious model has the better model fit (Ferguson, Moore, & Hull, 2020).
Finally, entropy was examined and a higher entropy value would suggest more certainty in one’s classification
(Wang, Bi, Ye, Deng, & Yang, 2017).

After running the LPAs and identifying the best fitting model, gender (male, female) and grade-level (middle
school, grades 6-8, high school, grades 9-12) were added to the model as covariates and logistic regression was
performed to see if gender and/or grade-level could differentially predict membership in any of the latent classes or
subgroups. Gender and grade-level were regressed on the latent classes. Any significant regression coefficient
found would indicate a different likelihood for males and females or middle school students and high school
students belonging to a specific latent test anxiety subgroup in comparison to another latent test anxiety subgroup.

3. Results

LPAs were performed on the TAMA and three models, two-, three-, and four-profile test anxiety models, were
examined. The fit indices along with entropy values for the three different test anxiety profile models are presented
in Table 1. The AIC, BIC, and SABIC were the lowest for the four-profile test anxiety model. In contrast, the
highest entropy value was found for the two-profile test anxiety model. Furthermore, the LMR LRT was
significant for the two-profile and three-profile test anxiety models. Based on these findings, the three-profile test
anxiety model was selected as the best fitting model because this model had the second lowest AIC, BIC, and
SABIC values, the second highest entropy value, and a significant LMR LRT value. According to the results, the
addition of classes improved from two to three classes, but the four-class model did not fit better than the
three-class model due to the nonsignificant LMR LRT value and parsimony. In addition, the selection of a
three-class model is in agreement with von der Embse et al.’s (2014) LPA findings.

Average latent class probabilities for the three-profile test anxiety model are presented in Table 2. These
probabilities indicate the greatest likelihood of a student belonging to its own class as well as each of the other
classes. Examination of the probabilities in Table 2 indicated a student’s greatest likelihood of belonging to its own
class was quite high (greater than .92). These average posterior class probabilities support distinct classes. In
contrast, the student’s likelihood of belonging to any of the other classes was quite low (less than .06). These
cross-probabilities indicate errors in classification are low.
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Table 1. Fit indices along with entropy values for the latent profile analysis for middle school and high school
students on the test anxiety measure for adolescents

Model AIC BIC SABIC  Entropy  LMRLRT
2-profile model  17733.600 17803.736  17752.941 .892 1304.514%***
3-profile model  17315.791  17412.228  17342.385 .867 418.872%***
4-profile model  17228.109 17350.847 17261.956 .866 97.146
Note. SABIC=Sample Adjusted Bayesian Information Criterion; AIC=Akaike Information Criterion;
BIC=Bayesian Information Criterion; LMR LRT= Lo-Mendell-Rubin Likelihood Ratio Test; ****p < .0001.

Table 2. Average latent class probabilities on the test anxiety measure for adolescents

Class 1 2 3
1 945 055 .000
2 055 921 .024
3 .000 .038 .962

Means were standardized with a variance of 1.00 for the different dimensions of test anxiety in the three-profile
test anxiety model and are presented in Figure 1. In addition, independent t-tests were performed to compare the
means of each dimension of test anxiety across subgroups. All t-tests were significant (ts > 3.58, p < .001)
indicating the class levels were different from each other. Subgroup 1 had the lowest test anxiety means and was
named the Low Test Anxiety subgroup. The Low Test Anxiety subgroup included 272 (45.95%) of the students.
Within the Low Test Anxiety subgroup, Social Concerns had the lowest mean, followed by the Cognitive
Interference mean, then the Worry mean, next the Physiological Hyperarousal mean, and finally the Task
Irrelevant Behaviors mean. Subgroup 2 had test anxiety means in the middle range and was named the Medium
Test Anxiety subgroup. The Medium Test Anxiety subgroup consisted of 210 (35.47%) of the students. Within the
Medium Test Anxiety subgroup, Social Concerns had the lowest mean, followed by the Task Irrelevant Behaviors
mean, then the Physiological Hyperarousal mean, next the Cognitive Interference mean, and finally the Worry
mean. Subgroup 3 had the highest test anxiety means and was named the High Test Anxiety subgroup. The High
Test Anxiety subgroup included 110 (18.58%) of the students. Within the High Test Anxiety subgroup, Social
Concerns had the lowest mean, followed by the Task Irrelevant Behaviors mean, then the Cognitive Interference
mean, next the Worry mean, and finally the Physiological Hyperarousal mean.
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Figure 1. Three latent test anxiety subgroups

Note. Class 1=Low Test Anxiety Subgroup; Class 2=Medium Test Anxiety Subgroup; Class 3=High Test Anxiety
Subgroup; SC=Social Concerns; CI=Cognitive Interference; W=Worry; PH=Physiological Hyperarousal;
TB=Task Irrelevant Behaviors.

Gender and grade-level were entered as covariates in the three-profile test anxiety model and the model was run
again to determine whether gender and grade-level could predict membership in the Low, Medium, and High Test
Anxiety subgroups. Gender and grade-level differentially predicted class membership. Females were more likely
to be in the High Test Anxiety subgroup (Odds Ratio = 1.60, SE = .32, p < .001) than the Medium Test Anxiety
subgroup and females were also more likely to be in the High Test Anxiety subgroup (Odds Ratio=1.18, SE= .33,
p <.001) than in the Low Test Anxiety subgroup. Middle school students were more likely to be in the High Test
Anxiety subgroup (Odds Ratio = .96, SE=.26, p <.001) than the Low Test Anxiety subgroup and middle schools
students were also more likely to be in the Medium Test Anxiety subgroup (Odds Ratio = .60, SE = .23, p=.008)
than the Low Test Anxiety subgroup.

4. Discussion and Conclusion

Overall, the LPA findings in the present study indicated a three-profile test anxiety model was the best fitting
model for U.S. secondary students. The three subgroups were named low, medium, and high test anxiety. These
results are similar to von der Embse et al.’s (2014) findings with a group of only 11th grade U.S. students on a
different test anxiety measure not developed in the United States. In von der Embse et al.’s pilot study, the authors
found a three-profile test anxiety model as the best fitting model. Although limited research has been conducted
using LPA in the area of test anxiety and additional research is needed, the findings from the current study and von
der Embse et al.’s study suggest a three-profile model may be the best model for U. S. adolescent students when
multidimensional measures of test anxiety are used.

Gender and grade-level differences were also examined to determine whether they differentially predicted
membership in the three different latent test anxiety subgroups in the present study. More specifically, the author
found females were more likely to be in the high latent test anxiety subgroup than in the medium and low latent test
anxiety subgroups. These findings are in agreement with non-LPA studies of Brandmo, Braten, and Schewe (2019)
and von der Embse et al. (2018) where females were reported to have higher test anxiety levels than males. In von
der Embse et al.’s (2018) study, the authors noted significant associations between gender and test anxiety in
middle school students in grades 6-8 (r =.16) and high school students in grades 9-12 (r = .24 to .25), with females
reporting higher levels of test anxiety than males. Moreover, in the current LPA study, middle school students were
more likely to be found in the high and middle latent test anxiety subgroups than in the low latent test anxiety
subgroup. These findings are in agreement with von der Embse et al.’s (2018) and Wigfield and Eccles’s (1989)
non-LPA results indicating that test anxiety tends to be at its highest level during the middle school/junior high
school years.
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There are theoretical and practical implications associated with the results of the present study. The findings of the
current study clearly identified three test anxiety profiles, supporting test anxiety as a multidimensional construct.
The multidimensionality of the test anxiety construct is in agreement with Lowe et al.’s (2008) biopsychosocial
model of test anxiety where a student’s test anxiety is expressed in the form of cognitive, behavioral, and physical
symptoms. The TAMA was developed based on the biopsychosocial model of test anxiety. Second, the present
study identified low, medium, and high subgroups of test-anxious adolescents on a test anxiety measure. In the
high latent test anxiety subgroup, physiological hyperarousal symptoms were the highest, followed by worry
symptoms, and then cognitive interference symptoms, with task irrelevant behaviors and social concerns
symptoms being lower. Although additional research is needed, elevated symptoms of test anxiety exhibiting a
similar pattern in adolescents may suggest that these individual adolescents may be experiencing clinical levels of
test anxiety and professionals may be able to assist and implement interventions to reduce their test anxiety.
Cognitive symptoms of test anxiety have been found to be more associated with poor test performance than
physiological hyperarousal symptoms (Cassady, 2004), and cognitive-behavioral strategies have been reported to
reduce test anxiety in the adolescent population (de Hullu, Sportel, Esther, Maaike, & de Jong, 2017; Putwain &
Pescod, 2018; von der Embse, Barterian, & Segool, 2013). However, addressing physiological hyperarousal
symptoms, when cognitive symptoms are also experienced have been found to be beneficial for those individuals
who do experience test anxiety (Schwarzer, 1984; Schwarzer & Jerusalem, 1992). Relaxation strategies can
address and have been reported to reduce the physiological hyperarousal symptoms of test anxiety in adolescent
students (Tseng & Wang, 2011; von der Embse et al., 2013). As for the behavioral symptoms, these symptoms
could potentially be addressed through problem-focused coping strategies and relaxation strategies (Zeidner,
1998). Furthermore, although test anxiety can affect male and female adolescents and middle school and high
school students, the findings from the present study suggest that female adolescents and middle school students are
possibly at a greater risk of developing test anxiety. Therefore, schools should keep this in mind in planning and
implementing prevention strategies to prevent test anxiety symptoms in the adolescent population.

There are several limitations associated with the present study. The sample used in the current study was a sample
of convenience. It would be important in future studies to replicate the present study with an ethnically and
regionally diverse sample of adolescents from the United States and determine whether similar results would be
found. Another limitation was only a self-report measure of test anxiety was used in the present study. In future
studies, behavioral rating scales assessing test anxiety completed by other informants who are knowledgeable
about the participants would be helpful to include. The inclusion of behavioral rating scales completed by
informants would provide additional information on each participant’s test anxiety and would also reduce the
potential for possible method bias.

There are other areas for future research with the TAMA and the adolescent population. Additional LPA studies
should be conducted with the TAMA to examine the relation between different latent test anxiety subgroups and
academic achievement measures in adolescent students to determine whether students in the high latent test
anxiety subgroup perform lower on measures of academic performance. In addition, the relationship between test
anxiety and other types of anxiety, such as social anxiety, performance anxiety, general anxiety, and math anxiety
using LPA procedures would be helpful in understanding whether test anxiety is more closely related to social
anxiety, general anxiety, math anxiety, or performance anxiety. Finally, the relationship between different latent
test anxiety subgroups and different dimensions of perfectionism could be investigated using the TAMA and LPA
procedures. The findings from these latter LPA studies may add clarity to the complex relationship between test
anxiety and perfectionism.

In sum, the LPA results identified three anxiety profiles on a test anxiety measure designed for use with adolescent
students in the United States. This finding supports the multidimensionality of the test anxiety construct. The three
anxiety profiles identified in the current study were named high, medium, and low test anxiety. The high latent test
anxiety subgroup had the highest physiological hyperarousal symptoms, followed by worry symptoms, and then
cognitive interference symptoms, with lower task irrelevant behaviors and social concern symptoms. Furthermore,
females and middle school students were more likely to be found in the high latent test anxiety subgroup in
comparison to males and high school students, respectively. These findings have potential implications for the
development of test anxiety measures, and the treatment and prevention of test anxiety in the U.S. adolescent
population.
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