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Test anxiety and academic performance in chiropractic students*

Niu Zhang, MD, MS and Charles N. R. Henderson, DC, PhD

Objective: We assessed the level of students’ test anxiety, and the relationship between test anxiety and academic
performance.

Methods: We recruited 166 third-quarter students. The Test Anxiety Inventory (TAI) was administered to all
participants. Total scores from written examinations and objective structured clinical examinations (OSCEs) were used
as response variables.

Results: Multiple regression analysis shows that there was a modest, but statistically significant negative correlation
between TAI scores and written exam scores, but not OSCE scores. Worry and emotionality were the best predictive
models for written exam scores. Mean total anxiety and emotionality scores for females were significantly higher than
those for males, but not worry scores.

Conclusion: Moderate-to-high test anxiety was observed in 85% of the chiropractic students examined. However, total
test anxiety, as measured by the TAI score, was a very weak predictive model for written exam performance. Multiple
regression analysis demonstrated that replacing total anxiety (TAI) with worry and emotionality (TAI subscales)
produces a much more effective predictive model of written exam performance. Sex, age, highest current academic
degree, and ethnicity contributed little additional predictive power in either regression model. Moreover, TAI scores
were not found to be statistically significant predictors of physical exam skill performance, as measured by OSCEs.
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INTRODUCTION

Spielberger and Sarason' define test anxiety as a
situation-specific trait that refers to anxiety states experi-
enced during examinations. This is a complex and
multidimensional construct, embodying distinct individual
perceptions, and physiologic and behavioral responses.’
While the mechanistic relationship between anxiety and
student test performance is not well understood, it is
widely accepted that emotionality and worry constitute the
two primary dimensions of test anxiety.> > Emotionality is
manifested physiologically during exams (eg, increased
galvanic skin conductance, increased heart rate, dizziness,
and nausea) and by feelings of panic.*® It has been
proposed that emotionality reflects the individual’s sub-
jective awareness of heightened autonomic arousal rather
than the arousal itself.” Worry, also called cognitive test

*This paper was selected as a 2013 Association of
Chiropractic Colleges — Research Agenda Conference Prize
Winning Paper — Award funded by the National Board of
Chiropractic Examiners.

anxiety, compromises the range of cognitive reactions to
test situations, including associated internal dialogue
before, during, and after tests.* The worry component of
test anxiety most consistently correlates with declines in
academic test performance.”® Meta-analyses and path
analyses suggest that worry is the stronger influence on test
performance.>®!!

Two widely discussed models explaining the observa-
tion that test anxiety and test performance have an inverse
relationship are the Cognitive Interference Model and the
Additive Model of Test Anxiety. Research supporting the
Cognitive Interference Model suggests that during tests a
high level of anxiety creates intrusive thoughts that conflict
with the student’s ability to concentrate.'>'? The Additive
Model of Test Anxiety, describes test anxiety as an
additive function of an individual’s trait test anxiety and
situation-specific variables, such as low self-confidence for
the specific task, perception of the exam as posing a high
level of threat, or an awareness of being underprepared for
the exam.*'* Proponents of the Additive Model of Test
Anxiety assert that individuals with high levels of test
anxiety will experience severe performance declines only in
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situations that also activate the state test anxiety factor. It
is helpful to appreciate that these two models are not
mutually exclusive.

It is widely believed by academicians that studying the
various dimensions of test anxiety can lead to effective
strategies for test preparation, test taking, and test
administration. Conflicting studies examining test anxiety
and test performance may simply reflect differences in the
rigor of the academic programs in which the studies were
conducted (eg, nursing, medical school, technical, and
liberal arts) and the level of study (undergraduate versus
graduate). Medical training is known to have higher
overall psychologic stress in comparison with the general
population and age-matched peers.'>'® Chiropractic and
medical school programs are characterized by challenging
classes and high credit loads each academic term.'®*°
Although we found no systematic studies relating anxiety
and test performance in chiropractic students, the existence
of substantial anxiety in chiropractic students is widely
recognized.?"?> To our knowledge, this is the first
systematic study to examine test anxiety and performance
in chiropractic students.

We hypothesized that chiropractic students with high
levels of anxiety would suffer detrimental effects on written
and manual skills test performance. Therefore, the aim of
this study was to assess the level of test anxiety in students
at a chiropractic college and examine the relationship
between their test anxiety and test performance. This
information will inform chiropractic educators and re-
searchers, and may suggest strategies by which chiropractic
students may manage test anxiety to achieve test perfor-
mance that more accurately reflects their acquired knowl-
edge, understanding, and skills.

METHODS

Participants

We recruited 166 third-quarter chiropractic students in
a 13-quarter curriculum who were taking two consecutive
courses (head and neck physical examination, and
immunology and endocrinology) taught by the same
instructor. We examined test anxiety as a predictor of test
performance in these courses. Before implementation, the
study protocol was reviewed and approved by the
institutional review board of Palmer College of Chiro-
practic.

Test Anxiety Assessment

A validated assessment instrument, the Spielberger Test
Anxiety Inventory (TAI), was administered to all partic-
ipating students midway in the term.?® The TAI is a self-
report questionnaire of 20 statements to which respon-
dents are asked to report how often they experience
anxiety symptoms before, during, and after taking tests.
Each statement response is scored with a 4-point Likert
scale (1-4) yielding a total test anxiety score ranging from
20 to 80 points.

The TAI also yields two subscale scores that measure
worry and emotionality, the 2 major components of test
anxiety that reflect the cognitive concerns and emotional

responses associated with evaluation of stress.”” Each
subscale consists of 8 items, with a score range from 8 to 32
points. We asked 4 additional questions to identify the
participant’s age, sex, highest current academic degree, and
ethnicity.

Test Performance Assessment

Total scores from all written examinations given in the
2 courses and the total of 2 manual skills assessment
exams, objective structured clinical examinations (OS-
CEs),”* were used as test performance measures. The
written examinations evaluated the student’s knowledge
and understanding of head and neck physical examina-
tions, immunology, and endocrinology. The OSCEs
evaluated the student’s acquired skills in performing head
and neck examinations.

Data Analysis

Data were analyzed using SPSS version 19.0 SPSS
version 19 or later (IBM Corporation, Armonk, NY).
Statistical test assumptions were verified and p values less
than .05 were considered significant. The effect of total test
anxiety (TAI), and worry and emotionality (TAI sub-
scales) on test performance was evaluated via multiple
linear regression analysis, controlling for sex, age, highest
current academic degree, and ethnicity. Written exam and
OSCE scores were examined as separate response vari-
ables. Correlation between sex, age, highest current
academic degree, and ethnicity on the TAI subscales worry
and emotionality also was examined.

Three levels of test anxiety (low, moderate, and high)
were identified based on TAI scores to permit comparison
with a previous study by Chapell et al.>> Students with TAI
scores that were 1 SD or more above the mean study score
were assigned to the high test anxiety group, students with
a TAI score that was 1 SD or more below the mean study
score were assigned to the low test anxiety group, and
students with TAI scores between the high and low groups
were assigned to the moderate anxiety group. Differences
in test performance across these three groups were
evaluated via independent 1-way ANOVA and significant
differences were examined via orthogonal contrasts.

RESULTS

Demographic Information

Demographic data are summarized in Table 1. In our
sample, there was a slightly greater number of males.
Highest current academic degree, age, and ethnicity were
skewed substantially in favor of bachelor degrees, <30
years of age, and Caucasians, respectively. This sample of
convenience included 69 females and 97 males, with ages
ranging from 21 to 56 years (26.3 = 6.0 years, mean *
SD).

TAl Scores

The mean TAI score, measuring total test anxiety, for
all students was 40.0 = 13.53 (mean = SD). The mean TAI
score for females was significantly higher than that for
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Table 1 - Demographic Data for All Students

Demographics Groups N %
Sex Male 97 58
Female 69 42
Academic degree Bachelor only 154 93
Master or PhD 12 7
Age, y <30 140 84
30-40 18 12
>40 8 5
Ethnicity Caucasian 125 75
Hispanic 16 10
African American 10 6
Other 15 9

males (42.9 £ 14.31 and 37.9 = 12.60, respectively, p =
.017).

The mean emotionality subscale score for females also
was significantly higher than that for males (18.2 * 6.33
and 15.6 £ 5.29, respectively, p = .004), while there was a
small, but statistically insignificant difference between
female and male worry subscale scores (15.5 £ 5.61 and
14.4 = 5.31, respectively (p = .210).

For comparison with the previous study by Chapell et
al,” individual TAI scores were grouped into low,
moderate, and high levels based on 1 SD shifts relative
to the mean TAI score for all students (Table 2).
Independent 1-way ANOVA demonstrated no statistically
significant differences in written exam performance be-
tween the three test anxiety levels defined by Chapell et al*
(Table 3).

Predictive Model Evaluation

Multiple regression analysis with hierarchical entry was
used to examine total test anxiety (TAI score) as a
predictor of written exam performance, while controlling
for sex, age, highest current academic degree, and ethnicity
(Table 4). Linear regression assumptions were evaluated
for the data set before performing the analysis. The
hierarchical entry order and selection of a I-tailed
comparison was informed by previous test anxiety
studies.?®?” There was a small, but statistically significant,
negative correlation between TAI scores and total written
exam scores (Stage 1, —.210, R*=6.7%, p=.001, 1-tailed).
Sex, age, degree, and ethnicity (stages 2 and 3) were not
significant contributors to the prediction of written exam
scores. There was no strong multicolinearity among the
predictors.

Subsequent multiple regression evaluation of the TAI
subscales worry and emotionality (with the same predictive
cofactors) demonstrated that this model had substantially
greater predictive power on written exam scores (R*> =
15.9%, p = .005). Worry had a moderate negative
correlation with written exam scores (—.342, p = .000, 1-
tailed) and emotionality had a smaller, but statistically
significant, negative correlation (—.157, p =.022, 1-tailed).
A similar regression analysis revealed a small, but not
statistically significant, negative correlation between TAI
scores and OSCE scores (—.105, p = .089, 1-tailed).

Table 2 - Written Exam Scores for High, Low, and
Moderate TAl Groups (1 SD Thresholds)

TAI Percent Written
Group Score n (%) Exam
Low <26.5 25 15 189.68
Moderate 26.6-53.4 109 65.7 185.11
High >53.5 32 19.3 183.57

Low, mean — 1 SD, High, mean + 1 SD,; Moderate, between low and high.

DISCUSSION

The demographics of our sample were consistent with
our college student population and appeared to be
generally representative of contemporary chiropractic
college populations.”®* We found no specific examina-
tions of chiropractic college student demographics in peer
reviewed journals. However, comparison of student
demographics with published chiropractic practitioner
demographics suggested a fairly dramatic shift toward
sex equalization, with less pronounced changes in age,
academic degree, and ethnicity.

This study demonstrated that chiropractic students in
our institution experienced substantial test anxiety in the
3rd quarter of the 13-quarter curriculum, but total test
anxiety was a weak predictor of test performance. A
majority of the students had either moderate (66%) or high
(19%) TAI scores using the 1 SD criteria of Chapell et al.*
These findings are consistent with reports for medical
training programs. In a study of 349 second-year medical
students, Vontver et al** and Knight et al*' found that
mean trait anxiety scores were substantially higher than
among 20- to 29-year-olds in the general population.
Similarly, Lloyd and Gartrell*> reported that medical
students in all 4 years of their training had mean anxiety
scores more than 1 SD above the norm for the general
population. By contrast, students in other health training
programs appear to have less anxiety. Cheraghian et al*
reported that 14% of nursing students did not have test
anxiety and 48.7% of them reported only low test anxiety.
The reason for this difference is not clear, but multiple
causes are likely. A number of factors strongly influence
medical student performance, such as high academic
expectations,® heavy workload with multiple subjects in
1 term,*>3¢ and financial concerns, such as high tuition,
and competition for scholarships and other financial aid.*
Chiropractic students are known to experience similar
stresses during their training program.'®=’

A post hoc analysis of our data with a 1.25 SD grouping
criterion, rather than the 1 SD used by Chapell et al,*
found a significant difference between low (mean — 1.25
SD) and high (mean + 1.25 SD) TAI groups (p < .05;
Tables 5, 6). Therefore, although we found no significant
difference between the total test anxiety levels suggested by
Chapell et al,”® our post hoc analysis suggested that a new
grouping criterion (1.25 SD rather than 1 SD) can
demonstrate statistical differences. In our study, chiro-
practic students with TAI scores 1.25 SD below the mean
experienced no appreciable reduction in test performance,
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Table 3 - One-Way ANOVA: Written Exam Score Differ-
ences Between High, Low, and Moderate TAlI Groups (1
SD Thresholds, n = 166)

Source of Sums of Mean

Variation df Squares Square F p
Group 2 459.45 229.73 1.93 15
Error 163 19446.95 119.30 - -

Low, mean — 1.0 SD; High, mean + 1.0 SD, Moderate, between low and
high. R?> = .023.

while students with TAI scores 1.25 SD above the mean
had a statistically significant reduction in test performance.
Unfortunately, this general measure of test anxiety, the
TALI score, still was a weak explanatory factor. Grouping
students by low, moderate, and high test anxiety using the
modified criteria explained only 3.7% of the difference in
test scores.

Multiple regression analysis in this study revealed a
statistically significant, but small, negative correlation
between total test anxiety (TAI scores) and academic
performance. Higher TAI scores were associated with
lower written exam scores (Table 4; R* = 6.7%, p = .001).
The finding that total test anxiety explains only a relatively
small amount of the variation in test performance is in
agreement with previous studies.>® In those studies,
reported effects of total test anxiety on test performance
were almost always less than 10% (R? < .10). In addition,
some investigators have reported no statistically significant
detrimental effects of total test anxiety on academic
performance.**

We found that the TAI subscales worry and emotion-
ality were substantially stronger predictors (R* = 15.9%)
than total test anxiety (the TAI score, R> = 6.7%). This is
consistent with previous studies that reported student test
performance correlated most highly with worry scores, but
was unrelated or less strongly related to emotionality
scores.*> Therefore, we concluded that the worry and
emotionality subscales should be used as a test perfor-
mance predictor, rather than total anxiety (the TAI score),
the TAlI-based test anxiety groupings recommended by
Chapell et al,”® or our own modification (using a 1.25 SD
grouping criterion). We also suggest that, in terms of test
anxiety related effects, chiropractic educators should
specifically target measures of worry (cognitive anxiety),
rather than emotionality.

Comparisons of test anxiety effects by sex in the current
study yielded mixed findings. Female students had higher
total anxiety (TAI) scores and emotionality scores than
male students, but the worry scores were equivalent.
Furthermore, the significantly higher TAI scores for
females were not reflected as significant sex influences in
the multiple linear regression models. This apparent
conflict is consistent with other studies. Female under-
graduates and graduate students are reported to have
higher test anxiety than their male counterparts,®®*° but
despite this finding, female undergraduates and graduates
have been reported to have equal or higher GPAs than
their male counterparts.*' ** The question of how female

Table 4 - Multiple Regression: Test Anxiety and Cofactors
on Written Exam Scores

B SE B B Sig.

Stage 1
Constant 193.928 2.583 .000
TAI score -.210 .061 —.259 .001

Stage 2
Constant 196.835 4.950 .000
TAI score -.197 .063 —.242 .002
Sex .646 1.719 .029 .708
Age —.156 149 —.086 .296
Degree —3.765 3.58 —.089 281

Stage 3
Constant 197.151 5.046 .000
TAl score —.195 .063 —.241 .002
Sex 618 1.744 .028 723
Age —171 153 —.094 264
Degree —3.293 3.649 —.078 .368
White vs. black 1.611 3.523 .035 .648
White vs. hispanic -1.192 2.926 —.032 .684
White vs. other .739 2.989 .019 .805

R* Change: Stage 1 =.067, Stage 2 =.021, Stage 3 =.003.
Dependent variable: Combined written exam score.

students can have higher TAI scores and yet have equal or
greater GPAs than male students remains to be answered.
Women in the general population also are reported to have
greater levels of anxiety than men.*** It has been
suggested that differential sex effects may be mediated
through a threat perception mechanism.'**¢*” Thus, the
pronounced test anxiety levels in females may reflect a
greater tendency in females to perceive evaluative situa-
tions as threatening rather than challenging, which would
increase the likelihood of worry. Our data do not support
this hypothesis because we found no significant sex
differences in worry scores despite observing higher total
anxiety and emotionality scores among female chiropractic
students. Women and men may have substantially
different coping mechanisms, counterbalancing sex-based
emotional differences. This is an area requiring further
research.

Although it is clear that test anxiety, particularly the
worry and emotionality components, has an adverse effect
on test performance, it explains only a small portion of test
performance variability. Additional studies are needed to
identify and clarify the roles of performance predictors as
moderators or mediators and determine meaningful effect
size thresholds for these factors. Moreover, the causal
relationship between test anxiety and academic perfor-
mance is far from clear. Poor academic performance is
likely to increase test anxiety just as test anxiety adversely
affects academic performance. Therefore, the cause and
effect relationship between these two factors is complex
and not easily teased apart. These observations are
important, given the widespread dedication of resources
at chiropractic institutions to make special accommoda-
tions for students with self-reported test anxiety. We need
studies examining robust regression models that include
predictors, such as class hours, lab hours, independent
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Table 5 - Written Exam Scores for High, Low, and
Moderate TAl Groups (1.25 SD Thresholds)

TAI Percent Written

Group Score n (%) Exam
Low <23.09 11 6.62 190.77
Moderate 23.10-56.90 136 81.93 185.81
High >56.91 19 11.45 180.87

Low, mean — 1.25 SD, High, mean + 1.25 SD,; Moderate, between low and
high.

study hours, group study hours, general measures of
academic ability (eg, ACT, SAT, or GRE scores), and
previous test results. In addition, written and spoken
English competency scores almost certainly will be better
predictors of test performance than simple ethnic group-
ings, particularly for individuals in which English is not the
native language.

Lastly, in addition to studies with a more robust
complement of meaningful predictors, practice-related
global assessments, such as national board scores, also
should be evaluated as response variables. This informa-
tion would help chiropractic educators who must identify
students at greatest risk and make informed decisions
relative to allocation of limited resources.

Limitations

Generalizability of the reported study is limited by the
study design and sample. It is expected that chiropractic
students generally reflect the study and test taking
characteristics of students in similar professional health
care training programs (eg, medical and osteopathic).
However, it is not known currently if student or program
characteristics unique to chiropractic programs assert
meaningful effects on the relationship between test anxiety
and test performance. Similarly, our sample was limited to
third-quarter chiropractic students in a 13-quarter curric-
ulum, and to 2 classes taught by the same instructor.
Lastly, written exam and OSCE assessments may not be
representative of overall academic performance. These
study features must be considered when generalizing our
results. The purpose of this study was to provide
chiropractic educators and academic researchers informa-
tion heretofore unavailable to them. To our knowledge,
this is the first systematic study to examine test anxiety and
performance in chiropractic students. If there are mean-
ingful student or program characteristics unique to
chiropractic programs, studies focused on students in
chiropractic programs will be best suited to inform
chiropractic educators and researchers. There is clearly a
need for additional studies to explore test anxiety and
performance in chiropractic students.

CONCLUSION

Moderate-to-high test anxiety was observed in 85% of
the chiropractic students examined. However, total test
anxiety, as measured by the TAI score, was a very weak
predictive model for written exam performance. Multiple

Table 6 - One-Way ANOVA Examining Written Exam Score
Differences — High, Low, and Moderate TAlI Groups With
1.25 SD (n = 166)

Source of Sums of Mean

Variation df Squares Square F P
Group 2 725.50 362.75 3.10 .048
Error 163 19089.62 17.11 - -

Low, mean — 1.25 SD, High, mean + 1.25 SD,; Moderate, between low and
high. R? = .037.

regression analysis demonstrated that replacing total
anxiety (TAI) with worry and emotionality (TAI sub-
scales) produces a much more effective predictive model of
written exam performance. Sex, age, highest current
academic degree, and ethnicity contributed little additional
predictive power in either regression model.

Grouping TAI scores via a 1 SD criterion, as suggested
by Chapell et al,>® did not reveal statistically significant
differences, while grouping by 1.25 SD showed statistically
significant, but very small, differences in written test
performance. Moreover, TAI scores were not found to
be statistically significant predictors of physical exam skill
performance, as measured by OSCEs.

Although it is clear that test anxiety, particularly the
worry and emotionality components, has an adverse effect
on test performance, it explains only a small portion of test
performance variability. Additional studies are needed to
identify and clarify the roles of performance predictors as
moderators or mediators and determine meaningful effect
size thresholds for these factors. In addition, response
variables that are practice-related global assessments (eg,
national board scores) also should be evaluated. Informa-
tion from these studies would be valuable for chiropractic
educators who must identify students at greatest risk and
make informed decisions relative to allocation of limited
resources.

Generalizability of the reported study is limited by
study design and sample. The written exam and OSCE
assessments examined in our study may not be represen-
tative of overall academic performance. To our knowledge,
this is the first systematic study to examine test anxiety and
performance in chiropractic students. If there are mean-
ingful student or program characteristics unique to
chiropractic programs, studies focused on students in
these programs will be best suited to inform chiropractic
educators and researchers.
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