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The purpose of the study was to examine the role of attentional bias in statistics
anxiety in two experiments. Participants were 99 (68% females) and 104 (67%
females) psychology undergraduates at James Cook University, respectively. These
participants had either never taken a statistics course before but will enroll in one
in the future, were currently enrolled in a statistics course, or had successfully
completed at least one statistics course but were not currently enrolled in a statistics
course. Participants completed the emotional Stroop task and the dot probe
task, the Statistical Anxiety Rating Scale, Social Desirability Scale, and State-
Trait Anxiety Inventory. Across the experiments, participants high in statistics
anxiety had the same levels of attentional bias as their low-anxious counterparts,
indicating an absence of attentional bias in statistics anxiety. Implications include
a reconsideration of the cognitive mechanisms underlying statistics anxiety.
Specifically, individuals with statistics anxiety might be interpreting danger based
on the absence of safety indicators instead of the presence of danger indicators.
Alternatively, another form of cognitive bias, such as an interpretation bias might
underlie statistics anxiety. Future research should be conducted to compare the
plausibility of these two explanations.
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Statistics anxiety 1s defined as “a negative state of emotional arousal experienced by
individuals as a result of encountering statistics in any form and at any level; this emotional
state 18 preceded by negative attitudes toward statistics and 1s related to but distinct from
mathematics anxiety” (Chew & Dillon, 2014b, p. 199). Statistics anxiety is conceptualized as
a multidimensional construct consisting of three factors: (a) Interpretation Anxiety, (b) Test
and Class Anxiety, and (c) Fear of Asking for Help (Papousek et al., 2012). Interpretation
Anxiety refers to the feelings of anxiety encountered when interpreting statistical data.
Test and Class Anxiety concerns the anxiety involved in attending a statistics class or when
taking a statistics test. Lastly, Fear of Asking for Help relates to the anxiety experienced
when seeking help.

The antecedents of; effects of, and interventions for statistics anxiety have been well
documented. Firstly, some reported antecedents of statistics anxiety include procrastination
(Onwuegbuzie, 2004) and the Big Five personality factors (Chew & Dillon, 2014a). Secondly,
statistics anxiety has often been conceptualized as a debilitative construct. A consistent
negative relationship has been found between statistics anxiety and statistics achievement
in a number of studies (e.g., Hanna & Dempster, 2009; Onwuegbuzie & Seaman, 1995).
Lastly, given the effects of statistics anxiety, a number of studies have been conducted to
investigate the effects of interventions designed to reduce statistics anxiety among students.
For example, instructors can use humor in class (Wilson, 1999), provide coping strategies
to students (Pan & Tang, 2004), or increase their immediacy behaviors (e.g., addressing
students by name) (Williams, 2010) to reduce students’ levels of statistics anxiety. However,
despite the large number of investigations of statistics anxiety, the mechanisms by which
this form of anxiety operates remain unclear.

Since 1990, a large number of studies have examined the role of cognitive biases
in anxiety. There are three types of cognitive bias: attentional bias, interpretation bias, and
memory bias (see Beard, 2011; Hertel & Mathews, 2011; MacLeod & Mathews, 2012 for
reviews). Among these biases, attentional bias has received the most research attention.
Studies of attentional bias have primarily been motivated by Beck’s schema theory (Beck
& Clark, 1988, 1997; Beck, 1976) and Bower’s network theory (1981, 1987). According to
these theories, anxious individuals tend to direct their attention towards threatening stimuli
related to their anxiety, relative to neutral stimuli (Cisler & Koster, 2010). In other words,
anxious individuals show an attentional bias toward threat. In turn, this bias causes and
maintains anxiety (MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002; Mathews
& MacLeod, 2002; See, MacLeod, & Bridle, 2009). Overall, evidence for attentional bias
has been documented among many types of anxieties in both clinical and non-clinical
populations (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & Van IJzendoorn,
2007).

Many models have been proposed to explain the cognitive mechanisms underlying
attentional bias (Mathews & Mackintosh, 1998; Mogg & Bradley, 1998; Wells & Matthews,
1994; Willams, Watts, MacLeod, & Mathews, 1988). However, taken separately these
models do not explain the range of findings obtained from a meta-analysis of 172 studies
(Bar-Haim et al., 2007). Based on the results of the meta-analysis, Bar-Haim et al. (2007)
proposed a four-stage theoretical model that integrates key aspects of previous models and
is presented here in Figure 1.
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Figure 1. The four-stage theoretical model of the cognitive mechanisms underlying attentional bias, from
Bar-Haim et al. (2007).

Bar-Haimetal. (2007) assertin theirmodel that attentional biasis due to a malfunction
in cognitive processing within each of the four stages. Each of these malfunctions results
in mildly threatening stimuli being elevated to the status of highly threatening stimuli.
For example, the Preattentive Threat Evaluation System (PTES) of anxious individuals
might automatically evaluate mildly threatening stimuli as highly threatening whereas the
Resource Allocation System (RAS) might allocate resources even to mildly threatening
stimuli. The Guided Threat Evaluation System (GTES) of anxious individuals might
malfunction on two levels. First, mildly threatening stimuli might be evaluated as highly
threatening despite contrary evidence from context or from prior learning. Second, even
if the stimuli were evaluated as mildly threatening based on existing evidence, deficiencies
in the overriding mechanism might prevent the GTES from overriding the anxious state
of the PTES and the RAS. These malfunctions eventually result in anxious individuals
exhibiting an attentional bias toward threatening stimuli.

The central role of attentional bias in anxiety informs interventions. Researchers
have modified the dot probe task (MacLeod, Mathews, & Tata, 1986) and used it successfully
as an intervention for anxiety. Commonly known as attentional bias modification (ABM),
the task was modified so that the probe stimulus would always replace the neutral stimuli.
This modification trains participants to redirect their attention to neutral stimuli repeatedly
over several trials and sessions, which eventually results in a reduction in anxiety. Despite
being a relatively new intervention for anxiety, ABM has been found to be effective in
reducing several types of anxieties in both clinical and non-clinical populations (Bar-Haim,
2010).

Given the research on attentional bias and ABM, it would be beneficial to examine
the role of attentional bias in statistics anxiety. The presence of an attentional bias in
general anxiety provides hints as to the mechanisms by which statistics anxiety operates.
For example, students high in statistics anxiety might be allocating a disproportionate
amount of cognitive resources (attention) in processing threatening words. This leads to
poor concentration and impaired learning (Beck & Clark, 1997), which eventually results
in poor statistics achievement. Furthermore, the presence of an attentional bias suggest that
the ABM could be used to alleviate statistics anxiety among student populations.
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Although a previous study found no evidence of attentional bias in statistics anxiety,
the study consisted of two methodological limitations (Chew, Swinbourne, & Dillon, 2014).
First, the study was conducted online while most attentional bias studies were conducted
in a laboratory (Bar-Haim et al., 2007). Participants might be distracted by stimuli in their
own environments, affecting the results of the study. Second, the study did not account for
the suppression effect. Research has shown that attentional bias is suppressed when anxious
participants expect a threatening event (Amir et al., 1996; Constans, McCloskey, Vasterling,
Brailey, & Mathews, 2004; Helfinstein, White, Bar-Haim, & Fox, 2008). Most participants
of the study were students who were currently enrolled in a statistics course (86.8%).
Enrolment in a statistics course might result in these students expecting an encounter with
statistics-related threatening events (e.g., lectures, assignments, etc.) after the experiment,
resulting in a suppression of attentional bias. These limitations are addressed in Experiment
1 of the current study.

The Current Study

The purpose of the current study was to examine the role of attentional bias in
statistics anxiety. As recommended by De Ruiter and Brosschot (1994), the current study
employed both the emotional Stroop task and the dot probe task. Two hypotheses were
specified for the current study. Firstly, it 1s hypothesized that participants with higher
statistics anxiety will be slower to name the color of a threatening stimuli on the emotional
Stroop task than their low-anxious counterparts (interference hypothesis). Secondly, it is
hypothesized that participants with higher statistics anxiety will be faster in responding to
a probe stimulus that replaces a threatening stimuli on the dot probe task than their low-
anxious counterparts (facilitation hypothesis). These hypotheses were tested in a laboratory
experiment that included participants who had never taken a statistics course before but
will enroll in one in the future (Experiment 1), and a laboratory experiment using stimuli
relevant to each of the three factors of statistics anxiety (Experiment 2).

Experiment 1

Experiment 1 addresses the limitations of the previous study (Chew et al., 2014)
by replicating the study in a laboratory and by considering the suppression effect. The
previous study’s definition of statistics anxiety appears to be too narrow. In this experiment,
we expanded the definition to include students who had never taken a statistics course
before but would be enrolling in one in the future. Specifically, the definition was expanded
to refer to “the feelings of anxiety encountered when taking a statistics course or doing
statistical analyses” (Cruise, Cash, & Bolton, 1985, p. 92), or when anticipating either of the
two events.

Anecdotal evidence suggests that students experience statistics anxiety before
enrolling in a statistics course. Often, these students receive information about the anxiety
mvolved in statistics courses from their seniors. Alternatively, students might associate
statistics with mathematics and develop anxiety based on prior negative experience with
mathematics. Indeed, some of these students delay enrolling in statistics courses until the
last semester of their program (Roberts & Bilderback, 1980). Hence, the recruitment criteria
were expanded to include this group of students. Since these students were not currently
enrolled in a statistics course, recruiting them circumvents the suppression effect because
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they would not expect any statistics-related threatening events (e.g., lectures, assignments,
etc.) after the experiment. If the suppression effect was responsible for the nonsignificant
results in the previous study (Chew et al., 2014), attentional bias should be present among
this group of students but absent among students currently enrolled in a statistics course.

Method
Participants

Participants were 105 undergraduates at James Cook University. Data from six
participants (6%) were removed due to errors in task completion, missing data, or being
color blind. The final sample consisted of 99 participants (68% females) enrolled in the
psychology (97%) or business (3%) degree program from the James Cook University
Singapore (79%) and Australia campuses (21%). Their ages ranged from 16 to 49 years
(M=22.16,5D = 5.03). Participants were divided into three groups based on their experience
with statistics courses: 38 participants had never taken a statistics course before but will
enroll in one in the future (NeverTakenStats), 31 participants were currently enrolled in
a statistics course (TakingStats), and 30 participants had successfully completed at least
one statistics course but were not currently enrolled in a statistics course (TakenStats).
All participants had normal or corrected-to-normal eyesight and were not color blind.
Participants were either granted extra course credit or were given a movie voucher for their
participation in the experiment. A sample size of 99 exceeds the recommended sample
size for multiple regression (i.e., N'>= 50 + 8(3 predictors) = 74). Post hoc power analysis
revealed an obtained power of .90 (alpha = .05) and .74 (alpha = .01) (Faul, Erdfelder,
Buchner, & Lang, 2009).

Stimuli

The stimuli used in the current experiment were adapted from the previous study
(Chew et al., 2014; see Appendix A). A total of 36 pairs of words (e.g., statistics vs. furniture)
and 12 pairs of symbols (e.g., ¥ vs. %) were used. Statistics-related threatening words were
matched on average length and frequency with the neutral words whereas statistics-related
threatening symbols were matched with neutral symbols found on a standard QWERTY
keyboard.

Tasks

Both the emotional Stroop task and the dot probe task (MacLeod et al., 1986) were
administered using INQUISIT 4.0 (2015), which measures reaction time with millisecond
accuracy (De Clercq, Crombez, Buysse, & Roeyers, 2003).

Emotional Stroop task. Participants saw a fixation point (+) in the center of
the screen for 500 milliseconds followed by a stimulus (word or symbol) that remained
on the screen until a response was made. There was a 500 millisecond interval between
each trial. Each stimulus was randomly presented in one of four colors and participants
responded using response keys which corresponded to the color of the stimulus. A reminder
was present at the bottom of the screen for each trial (i.e., ‘D’ = red, ‘F” = green, ‘J° = blue,
and ‘K’ = yellow). The keyboard response was used instead of a vocal response to increase
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similarity in response modes between the emotional Stroop task and the dot probe task
(Egloft & Hock, 2003). Participants completed 20 practice trials to familiarize themselves
with the task before completing 96 experimental trials (72 words and 24 symbols). An error
message (a red ‘X’) was provided in practice trials but not in experimental trials.

Dot probe task. Participants saw a fixation point (+) in the center of the screen
for 500 milliseconds followed by a pair of stimuli randomly presented one above the
other for 500 milliseconds which were then followed by a probe stimulus (either ‘F’ or J’)
randomly presented in either the top or bottom location. The probe stimulus remained on
the screen until a response was made. There was a 500 millisecond interval between each
trial. Participants responded using response keys which corresponded to the type of probe
stimulus (either ‘F” or J°). The probe stimulus replaced the threatening stimuli in congruent
trials and the neutral stimuli in incongruent trials. Participants completed 10 practice trials
to familiarize themselves with the task before completing 96 experimental trials (36 pairs of
words and 12 pairs of symbols). An error message (a red ‘X’) was provided in practice trials
but not in experimental trials.

Instruments

Statistical Anxiety Rating Scale (STARS). The STARS is a two-part, 51-item
instrument designed to assess six factors of statistics anxiety (Cruise et al., 1985). Recent
research suggested that part 1 of the STARS (the first three factors) assesses statistics anxiety
whereas part 2 of the STARS (the last three factors) assesses attitudes toward statistics
(Papousek et al., 2012). Hence, only part 1 of the STARS was used in the current study.

Part 1 consists of 23 items which assess statistics anxiety associated with situations
where students have contact with statistics and it includes the following factors: (a)
Interpretation Anxiety (e.g., figuring out whether to reject or retain the null hypothesis),
(b) Test and Class Anxiety (e.g., doing the final examination in a statistics course), and (c)
Fear of Asking for Help (e.g, asking a fellow student for help in understanding a printout).
Participants respond on a five-point Likert scale that ranges from 1 = no anxiety to 5 = strong
anxiely. Appropriate item scores are summed for each factor, with higher scores indicating
higher levels of statistics anxiety. The three factors consist of 11 items, 8 items, and 4 items,
and have potential scores that range from 11 to 55, 8 to 40, and 4 to 20, respectively. Cruise
et al. (1985) reported internal consistencies that ranged from .85 to .91 (rn = 1150) and five-
week test-retest reliabilities that ranged from .72 to .83 (n = 161) for the three factors. More
recently, Papousek et al. (2012) reported internal consistencies that ranged from .86 to .88
(n = 400) and five-months test retest reliabilities that ranged from .49 to .76 (n = 89) for the
three factors. The current experiment found internal consistencies that ranged from .84
to .89.

Marlowe-Crowne Social Desirability Scale. The Marlowe-Crowne Social
Desirability Scaleis aunidimensional, 33-item instrument designed to assess social desirability
or defensiveness (e.g., I am always courteous, even to people who are disagreeable) (Crowne
& Marlowe, 1960). Responses are made on a true/false scale. Negative items are reverse
scored and the items are summed to produce a single score, with higher scores indicating
higher levels of socially desirable responding. The instrument has a potential score that
ranges from 0 to 33. The scale was administered as a “Personal Reaction Inventory” to
mask the true purpose of the instrument. Crowne and Marlowe (1960) reported an internal
consistency of .88 (n = 39) and a four-week test-retest reliability of .89 (r = 31) for the scale.
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More recently, Loo and Loewen (2004) reported an internal consistency of .75 (n = 663) for
the scale. The scale has been used to discriminate repressors from participants who are truly
low anxious (Ioannou, Mogg, & Bradley, 2004; Mogg et al., 2000; Newman & McKinney;,
2002). The current experiment found an internal consistency of .74 for the scale.

Procedure

Participants completed the emotional Stroop task and the dot probe task (MacLeod
et al., 1986) using INQUISIT 4.0 (2015) on a computer in a laboratory. Each task took
about 15 minutes to complete. Subsequently, participants completed the Background
Information Form, the Statistical Anxiety Rating Scale (Cruise et al., 1985), and the
Marlowe-Crowne Social Desirability Scale (Crowne & Marlowe, 1960) on SurveyGizmo
(2015). Each instrument took about 10 minutes to complete. Except for the Background
Information Form, all instruments and tasks were counterbalanced to control for order
effects. Informed consent was implied when participants click on the ‘Next’ button to
proceed with the tasks. This procedure was approved by the James Cook University Human
Research Ethics Committee.

Results

All results were analyzed using SPSS version 21. Alpha was set at .01 to reduce the
chance of Type 1 errors due to multiple comparisons. Incorrect responses were removed
from the RT data. The number of incorrect responses ranged from 0 to 12 (Median = 3.00,
M = 3.73, §D = 2.95) for words and ranged from 0 to 17 (Median = 1.00, M = 1.66,
SD = 2.48) for symbols on the emotional Stroop task. The number of incorrect responses
ranged from 0 to 16 (Median = 4.00, M = 4.63, SD = 3.78) for words and ranged from 0
to 8 (Median = 1.00, M =1.55, SD = 1.64) for symbols on the dot probe task. Incorrect
responses accounted for 6.0% of the data.

Visual inspection of the histograms suggests that the RT data were positively skewed.
Hence, RT data were transformed by applying a logarithmic transformation to normalize
the distribution and reduce the impact of outliers (Ratcliff, 1993). Subsequently, Threat
Bias Indices (TBI) were calculated for each stimuli type (i.e., words and symbols). In the
emotional Stroop task, TBI = mean In(RT) for threatening stimuli minus mean In(RT) for
neutral stimuli. In the dot probe task, TBI = mean In(RT) for icongruent trials minus mean
In(RT) for congruent trials. In both tasks, a positive TBI indicates an attentional bias towards
threat.

Preliminary analysis indicated that scores on the social desirability scale was not
significantly correlated with the TBI. Hence, social desirability was not included in further
analyses. The means and standard deviations of the STARS (Cruise et al., 1985) and the
TBI for each group are presented in Table 1. A one-way between-subjects MANOVA
was conducted with group as the independent variable (NeverTakenStats vs. TakingStats,
vs. TakenStats), and the first three factors of the STARS and the four TBI as dependent
variables to examine differences between groups. No statistically significant differences
were found, (12, 182) = 1.59, p = .97; Wilks’ Lambda =.82. Hence, results were collapsed
across groups. The descriptive statistics are presented in Table 2. The median percentile
rank equivalent scores (MPRES) for the STARS ranges from 68 to 83, suggesting that the
current sample is a group high on statistics anxiety.
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Table 1. Means (Standard Deviations) of the STARS and the TBI for each Group

NeverTakenStats TakingStats TakenStats
Statistics Anxiety
Interpretation Anxiety 30.8 (7.2) 28.1 8.3 28.4 9.2)
Test and Class Anxiety 26.9 (6.0 25.1 6.5) 27.3 (5.7)
Fear of Asking for Help 11.0 (3.5) 9.4 3.1) 10.2 4.1)
Emotional Stroop task
TBI for words 17.4 (60.1) 30.6 (71.8) A (66.2)
TBI for symbols -17.0 (207.8) 53.1 (162.6) -156.7 (196.0)
Dot probe task
TBI for words 9.0 (26.6) 3.8 (21.6) -2.2 (26.9)
TBI for symbols -25.6 (66.6) -4.0 (53.5) 46 (43.0)

Note. Untransformed data (i.e., mean RT in millisecond) are reported in this table for the TBL Multiple
regression analyses were conducted on transformed data (i.e., In RT).

Table 2. Means and Standard Deviations of the STARS and the TBI (Collapsed Across Groups)

RT Tasks M SD

Emotional Stroop task

TBI for words 16.3 66.2

TBI for symbols 5.3 191.9

Dot probe task

TBI for words 4.0 25.4

TBI for symbols -9.7 57.2

Statistics Anxiety M SD Median MPRES
Interpretation Anxiety 29.2 8.2 30 77
Test and Class Anxiety 26.5 6.1 27 68
Fear of Asking for Help 10.2 3.6 11 83

Note. Untransformed data (i.e., mean RT in mullisecond) are reported in this table for the TBL Multiple
regression analyses were conducted on transformed data (i.e., In RT). MPRES = median percentile rank
equivalent scores. The MPRES were obtained by comparing median anxiety scores to the percentile rank
norms pertaining to undergraduate students reported by Cruise et al. (1985).

A series of four multiple regressions was used to examine the ability of the three
factors of statistics anxiety (Interpretation Anxiety, Test and Class Anxiety, and Fear of
Asking for Help) to predict each of the four TBI. Assumption tests were conducted to ensure
no violation of multicollinearity, normality, linearity, homoscedasticity, and independence
of residuals. The three factors of statistics anxiety did not significantly predict each of the
four TBI. The results are presented in Table 3.
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Table 3. Means (Standard Deviations) of the STARS and the TBI for each Group

Emotional Stroop task Dot probe task
TBI Words TBI Symbols TBI Words TBI Symbols

Variables B B B B

Interpretation Anxiety .03 .09 .08 .05
Test and Class Anxiety -.13 -.20 -.07 .05
Fear of Asking for Help .21 18 .03 -.08
R? .04 .04 .01 .01
F (3, 98) 1.30 1.28 15 19
P .28 .29 .93 .90

Note. No statistically significant resulls were found.
Discussion

The results provide no support for either the interference hypothesis or the
facilitation hypothesis. No evidence of attentional bias in statistics anxiety was found for
either the emotional Stroop task or the dot probe task. These results are consistent with
a previous study (Chew et al., 2014) but inconsistent with the attentional bias literature,
where attentional bias was documented among many types of anxieties in both clinical and
non-clinical populations (Bar-Haim et al., 2007).

Conducting the experiment in a laboratory yielded marginal benefits. Consistent
with a previous study (Chew et al., 2014), no evidence of attentional bias was found in the
current experiment. These results suggest that there was no difference to participants in
terms of attentional bias in completing the experiment online or in a laboratory. Currently,
only a handful of attention bias studies are conducted online (e.g., MaclLeod, Soong,
Rutherford, & Campbell, 2007), with most studies conducted in a laboratory. Our results
suggest that future research could be conducted online to improve ecological validity and
ease of administration.

Participants from all three groups (NeverTakenStats vs. TakingStats, vs. TakenStats)
had similar levels of statistics anxiety and TBI. This result supports our expanded definition
of statistics anxiety and our observation that students experience statistics anxiety before
enrolling in a statistics course. An in-depth discussion of the implications is beyond the
scope of the current research agenda. However, future research could examine the causes
of this form of anticipatory anxiety and implement interventions to reduce it. Finally, the
absence of attentional bias among the NeverTakenStats group suggests that the suppression
effect was not responsible for the nonsignificant results in the previous study (Chew et al.,
2014).

Studies that investigated attentional bias in OCD might explain the nonsignificant
resultsin statistics anxiety. A review suggested that OCD is partially unique as a heterogeneous
disorder; attentional bias was consistently demonstrated only among participants with
contamination concerns (Summerfeldt & Endler; 1998). Indeed, subsequent research found
no evidence of attentional bias among OCD patients with checking concerns (Harkness,
Harris, Jones, & Vaccaro, 2009; Moritz & von Mihlenen, 2008). Similarly, the nonsignificant
results obtained so far could be due to the incorrect conceptualization of statistics anxiety
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as a homogeneous construct. This conceptualization led to the selection of statistics-related
words and symbols as stimuli for the tasks. Although these stimuli were rated more negatively
than their neutral counterparts (Chew et al., 2014), the nonsignificant results indicate that
these stimuli might not be relevant to the concerns of students high in statistics anxiety.

The three factors of statistics anxiety are often taken as indicators of a global,
homogeneous construct (i.e., statistics anxiety). However, each of those factors assesses
anxiety in different situations and are associated with different student concerns. Hence,
more relevant stimuli could be used by considering each factor individually. For example,
students high in Fear of Asking for Help might share similar concerns with individuals high
in social anxiety. These students should exhibit attentional bias toward words associated
with social anxiety (Mathews, Mogg, May, & Eysenck, 1989). This conjecture is examined
in Experiment 2.

Experiment 2

Experiment 2 examined the conjecture that students high in each factor of statistics
anxiety would exhibit attentional bias toward stimuli relevant to their concerns. The three
factors of statistics anxiety were considered individually and relevant stimuli were adapted
from other studies. Specifically, ego-threat words (e.g:, inferior) were used for Interpretation
Anxiety (MacLeod et al., 2002), exam-related threat words (e.g., stupidity) for Test and
Class Anxiety (MacLeod & Rutherford, 1992), and social anxiety threat words (e.g., ridicule)
for Fear of Asking for Help (Mathews et al., 1989). In each of these studies, participants
with high scores on the trait scale of the State-Trait Anxiety Inventory (STAI) showed an
attentional bias toward the threat words. Hence, the STAI was administered to control for
the effects of general anxiety.

Method
Participants

Participants were 110 psychology undergraduates at James Cook University. Data
from six participants (5%) were removed due to missing data. The final sample consisted of
104 participants (67% females) from the James Cook University Singapore campus. Their
ages ranged from 17 to 44 years (M = 22.13, SD = 3.42). Participants were divided into
three groups based on their experience with statistics courses: 37 participants had never
taken a statistics course before but will enroll in one in the future (NeverTakenStats), 30
participants were currently enrolled in a statistics course (TakingStats), and 37 participants
had successfully completed at least one statistics course but were not currently enrolled in a
statistics course (TakenStats). All participants had normal or corrected-to-normal eyesight
and were not color blind. Participants were either granted extra course credit or were given
a movie voucher for their participation in the experiment. Post hoc power analysis revealed
an obtained power of .97 (alpha = .05) and .90 (alpha = .01) (Faul et al., 2009).

Stimuly

The stimuli are presented in Appendix B. A total of 50 pairs of words was used:
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14 pairs of words were used for Interpretation Anxiety (MacLeod et al., 2002), 12 pairs of
words for Test and Class Anxiety (MacLeod & Rutherford, 1992), and 24 pairs of words for
Fear of Asking for Help (Mathews et al., 1989). The threat words were matched on average
length and frequency with the neutral words. Some words were repeated because they are
relevant to more than one factor of statistics anxiety. For example, the word ‘inadequate’ is
relevant to both Interpretation Anxiety and Test and Class Anxiety.

Tasks

The tasks were similar to those for Experiment 1. However, participants completed
a different number of trials due to a different set of stimuli. For the emotional Stroop
task, participants completed 20 practice trials to familiarize with the task before completing
100 experimental trials (50 threat words and 50 neutral words). For the dot probe task,
participants completed 10 practice trials to familiarize with the task before completing 100
experimental trials (50 pairs of words).

Instruments

STAI Form Y of the STAI is a two-part, 40-item instrument designed to assess the
two factors of general anxiety (Spielberger, Gorsuch, & Lushene, 1970). Part 1 consists of 20
items which assess state anxiety (STAI-S; e.g., I am tense). Participants respond on a 4-point
Likert scale that ranges from 1 = not at all to 4 = very much So. Appropriate item scores are
summed, with higher scores indicating higher levels of state anxiety. Part 2 consists of 20
items which assess trait anxiety (STAI-T; e.g., I am content). Participants respond on a four-
point Likert scale that ranges from 1 = almost never to 4 = almost always. Appropriate item
scores are summed, with higher scores indicating higher levels of trait anxiety. Each factor
has potential scores that range from 20 to 80. Spielberger et al. (1970) reported internal
consistencies that ranged from .86 to .95 and two-month test-retest reliabilities that ranged
from .65 to .75 for the two factors. The current experiment found an internal consistency
of .93 for each of the two factors.

Procedure

As mentioned, a different set of stimuli was used in the current experiment, resulting
in minor changes to the tasks (i.e., different number of trials). Furthermore, participants
completed the STAI (Spielberger et al., 1970) in addition to the instruments used in
Experiment 1. The remaining procedure was identical to Experiment 1.

Results

All results were analyzed using SPSS version 21. Alpha was set at .01 to reduce the
chance of Type 1 errors due to multiple comparisons. Incorrect responses were removed
from the RT data. The descriptives of incorrect responses for each stimuli type are presented
in Table 4. Incorrect responses accounted for 5.9% of the data. Similar to Experiment 1, the
data were prepared by applying a logarithmic transformation to normalize the distribution
(Ratclift; 1993) and calculating 'TBI for each stimuli type.
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Table 4. Descriptives of Incorrect Responses for each Stimuli Type

Range
Stimuli Median M SD Minimum Maximum
Emotional Stroop task
Ego-threat words 1.00 1.49 1.71 0 8
Exam-related words 1.00 1.35 1.40 0 5
Social Anxiety words 2.00 2.50 2.23 0 12
Dot probe task
Ego-threat words 1.50 1.80 1.57 0 6
Exam-related words 1.00 1.48 2.02 0 17
Social Anxiety words 2.00 3.19 3.05 0 13

Preliminary analysis indicated that scores on the social desirability, trait anxiety, and
state anxiety scales were not significantly correlated with the TBI. Hence, these variables
were not included in further analyses. The means and standard deviations of the STARS
(Cruise et al., 1985) and the TBI for each group are presented in Table 5. A one-way
between-subjects MANOVA was conducted with groups as the independent variable
(NeverTakenStats vs. TakingStats, vs. TakenStats), and the first three factors of the STARS
and the six T'BIas dependent variables to examine differences between groups. No statistically
significant difference was found, /18, 186) = 0.66, p = .85; Wilks’ Lambda = .88. Hence,
results were collapsed across groups. The descriptive statistics are presented in Table 6. The
median percentile rank equivalent scores (MPRES) for the STARS ranges from 68 to 83,
suggesting that the current sample is a group high on statistics anxiety.

Table 5. Means (Standard Deviations) of the STARS and the TBI for each Group

NeverTakenStats TakingStats TakenStats
Statistics Anxiety
Interpretation Anxiety 314 (8.8) 29.9 (10.6) 32.5 (8.3)
Test and Class Anxiety 26.1 (7.9) 26.1 (8.5) 27.6 (6.4)
Fear of Asking for Help 10.1 (4.0) 9.9 4.8) 11.1 4.0)
Emotional Stroop task
TBI for Ego-threat words -3.2 (119.9) 16.0 (130.3) -10.1 (194.8)
TBI for Exam-related words 26.1 (405.8) -16.8 (15.0) -1 (131.7)
TBI for Social Anxiety words -7.2 (103.2) -9 (85.8) 5.9 (118.0)
Dot probe task
TBI for Ego-threat words .6 (39.4) -19.9 (85.9) .6 (47.6)
TBI for Exam-related words -3.5 (87.3) -2.2 41.6) 16.5 (113.6)
TBI for Social Anxiety words 63.4 (282.6) 3.41 (38.8) -3.6 (28.8)

Note. Untransformed data (i.e., mean RT in millisecond) are reported in this table for the TBI. Correlations
and simple regression analyses were conducted on transformed data (i.e., In RT).
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Table 6. Means and Standard Deviations of the STARS and the TBI (Collapsed Across Groups)

RT Tasks M SD

Emotional Stroop task

TBI for Ego-threat words -1 152.3

TBI for Exam-related words 4.4 271.2

TBI for Social Anxiety words -7 103.4

Dot probe task

TBI for Ego-threat words -5.3 59.2

TBI for Exam-related words 4.0 74.6

TBI for Social Anxiety words 22.3 172.6

Statistics Anxiety M SD Median MPRES
Interpretation Anxiety 31.4 8.8 32 83
Test and Class Anxiety 26.7 7.6 27 68
Fear of Asking for Help 10.4 4.2 10 77

Note. Untransformed data (i.e., mean RT in mullisecond) are reported in this table for the TBI.

Correlations and simple regression analyses were conducted on transformed data (v.e., In RT).

MPRES = median percentile rank equivalent scores. The MPRES were obtained by comparing

median anxiety scores lo the percentile rank norms pertaining to undergraduate students reported by

Cruise et al. (198)).

A series of six simple linear regressions was used to examine the ability of the
three factors of statistics anxiety (Interpretation Anxiety, Test and Class Anxiety, and Fear
of Asking for Help) to predict the TBI of their relevant stimuli. Assumption tests were
conducted to ensure no violation of linearity, homoscedasticity, and independence of
residuals. The results are presented in Table 7. The three factors of statistics anxiety did

not significantly predict the TBI.

Table 7. Six Simple Regression Outcomes with the Three Factors of Statistics Anxiety as Predictors and

the Six TBI as Criteria

Predictors Criteria B R? F(1,103) P
Emotional Stroop task

Interpretation Anxiety TBI for Ego-threat words .21 .05 4.89 .03

Test and Class Anxiety TBI for Exam-related words -11 .01 1.23 27

Fear of Asking for Help TBI for Social Anxiety words -.02 .00 .06 .81
Dot probe task

Interpretation Anxiety TBI for Ego-threat words 1 .01 1.26 27

Test and Class Anxiety TBI for Exam-related words .01 .00 .00 .95

Fear of Asking for Help TBI for Social Anxiety words -.02 .00 .04 .85

Note. No statistically significant resulls were found.
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Discussion

The results provide no support for either the interference hypothesis or the
facilitation hypothesis. No evidence of attentional bias in statistics anxiety was found for
either the emotional Stroop task or the dot probe task. These results are consistent with a
previous study (Chew et al., 2014) and Experiment 1, but inconsistent with the attentional
bias literature, where attentional bias was documented among many types of anxieties in
both clinical and non-clinical populations (Bar-Haim et al., 2007).

Individuals high in each factor of statistics anxiety did not exhibit attentional bias
toward threatening stimuli relevant to their concerns. These results suggested no differences
in conceptualizing statistics anxiety as a homogeneous construct (Chew et al., 2014 and
Experiment 1) or as a multidimensional construct consisting of three factors (Experiment
2) since attentional bias was absent in both conceptualizations. This finding differentiates
statistics anxiety from OCD. OCD is partially unique because attentional bias was found
only among participants with contamination concerns (Summerfeldt & Endler, 1998) and
not with checking concerns (Harkness et al., 2009; Moritz & von Miihlenen, 2008). In
contrast, statistics anxiety 1s unique due to the complete absence of attentional bias on
both a global level (Chew et al., 2014 and Experiment 1) and on the individual factors level
(Experiment 2).

General Discussion

The purpose of the current study was to examine the role of attentional bias in
statistics anxiety. The results of the two experiments provide no support for either the
interference hypothesis or the facilitation hypothesis. The findings eliminate some alternative
explanations (perceived limitations) for the nonsignificant results: (a) conducting the study
online, (b) suppression of attentional bias, and (c) conceptualizing statistics anxiety as a
global, homogeneous construct. These eliminations support Chew et al. (2014)’s initial
explanation for their nonsignificant results: the cognitive processes that underlie statistics
anxiety might be different from that of other anxieties.

Attentional bias is a central feature of anxieties (Bar-Haim et al., 2007). Yet, no
evidence of attentional bias was found in statistics anxiety, suggesting that this form of
anxiety is unique among anxieties. The four-stage theoretical model proposed by Bar-Haim
et al. (2007) does not explain the results of the current study. For example, the absence of
attentional bias could be due to the Guided Threat Evaluation System (GTES) overriding
the anxious state of the Resource Allocation System (RAS). However, this explanation is
unlikely for two reasons. First, it is unclear why the GTES would malfunction for other
anxieties but not for statistics anxiety. Second, an override is only possible with contrary
evidence from context, memory, or from prior learning. Our study showed that students
report high levels of statistics anxiety regardless of their experience with statistics courses.
These results suggest that the context (for students who were TakingStats), memory and
prior learning (for students who have TakenStats) of these individuals would provide
supporting, instead of contrary, evidence for the anxious state of the RAS. The lack of an
override would eventually facilitate the development of an attentional bias.

The four-stage theoretical model (Bar-Haim et al., 2007) was modified by adding an
Exception to accommodate the results of the current study (see Figure 2). Since threatening
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- Statistics Anxiety
- OCD Checkers?

Figure 2. The addition of an Exception as a modification to the four-stage theoretical model

(Bar-Haim et al., 2007).

stimuli were rated more negatively than neutral stimuli, the Preattentive Threat Evaluation
System (PTES) should consider the stimuli as high threat. However, instead of proceeding
directly to the RAS, an Exception occurs where individuals with statistics anxiety allocate a
low priority to the highly threatening stimuli in the RAS. This process eventually result in
an absence of attentional bias.

Given that attentional bias was not found among OCD checkers (Harkness et al.,
2009; Moritz & von Miihlenen, 2008), future research should investigate if this form of
anxiety could be classified with statistics anxiety because it might explain why the Exception
occurs. Harkness et al. (2009) postulated that the absence of attentional bias among OCD
checkers could be due to these individuals interpreting danger “based on the absence of
disconfirming evidence rather than the presence of danger signals, that is, OCD checkers
may preferentially seek indicators of safety [instead of being] vigilant for indicators of
danger.” (p. 441). Hence, an Exception occurs because these individuals are not vigilant for
threatening stimuli in the environment. Accordingly, when confronted with such stimuli,
these individuals will assign a low priority to the stimuli and continue to pursue ongoing
activity.

Statistics anxiety might operate in a similar manner. For example, students with
Fear of Asking for Help would be vigilant for indicators of safety, such as the presence
of a friendly instructor, in a statistics course. In the absence of such indicators, the high
anxiety levels of these students will probably be maintained. Conversely, in the presence
of such indicators, the anxiety levels of these students might possibly be reduced. While
speculative, this account offers an explanation for the effectiveness of some interventions
for statistics anxiety. Research has shown that instructors can reduce students’ levels of
statistics anxiety by using humor in class (Wilson, 1999) or increasing their use of immediacy
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behaviors (Williams, 2010). However, these interventions do not modify the threat. Instead,
by using these interventions, the instructor will be perceived as approachable and friendly
by students. Consequently, the instructor serves as an indicator of safety, resulting in a
reduction in students’ levels of anxiety.

Alternatively, the absence of attentional bias could be due to the nature of statistics
anxiety. Given that statistics anxiety is only experienced when learning or using statistics
(i.e., a situation-specific anxiety; Cruise et al., 1985; Onwuegbuzie et al., 1997; Zeidner,
1991), the inclusion of context might be necessary to elicit a cognitive bias. In other words,
statistics-related words and symbols (Chew et al., 2014 and Experiment 1 of the current
study) and general words (Experiment 2) might be insufficient to elicit a cognitive bias when
presented alone to the participants. Accordingly, future research should investigate the
role of interpretation bias in statistics anxiety. Individuals high in statistics anxiety might
interpret ambiguous events in a threatening manner, effectively reinforcing their anxiety.
This form of bias is often examined through the use of incomplete sentences which provides
a context to the situation (Beard, 2011; Hertel & Mathews, 2011; MacLeod & Mathews,
2012). For example, in response to an ambiguous incomplete sentence: ‘the lecturer is ...
confident that I will do well in the statistics examination,” anxious individuals might be
faster in responding to the word ‘not’ (resolving the ambiguity negatively) than the word
‘very’ (resolving the ambiguity positively). Future research should investigate which of the
two cognitive mechanisms (i.e., vigilant for safety indicators vs. interpretation bias) underlie
statistics anxiety. Subsequently, relevant interventions can be developed (i.e., inclusion of
safety indicators in classrooms vs. interpretation training) to reduce statistics anxiety.

Limitations of the study should be noted. First, the stimuli used in Experiment 2
were not rated by participants for negativity (cf. Experiment 1). However, once attentional
bias has been found using a set of stimuli, it is common for subsequent studies to adopt
the stimuli without re-evaluating them for negativity. For example, the same set of stimuli
from a previous study (MacLeod et al., 2002) was used in subsequent studies (Amir, Beard,
Burns, & Bomyea, 2009; MacLeod et al., 2007). Hence, although this limitation could be
controlled for in future research by having participants rate the stimuli in a pilot study, it
is unlikely that this procedure would have an effect on the results. Second, although trait
anxiety was related to attentional bias in previous studies that used the same stimuli (e.g,,
MacLeod & Rutherford, 1992), no such correlations were found in Experiment 2, indicating
a failure to replicate the attentional bias effect for general anxiety. This finding has the
potential to reduce the validity of the experiment. Specifically, are the nonsignificant results
for statistics anxiety indicative of a different underlying cognitive mechanism or were the
methods inadequate to produce the attentional bias effect? The latter explanation seems
unlikely given that Experiment 2 had sufficient power to detect significant differences,
and uses the same stimuli and type of participants (i.e., nonclinical student population) as
previous studies (e.g., MacLeod & Rutherford, 1992). Nevertheless, the lack of correlations
between trait anxiety and attentional bias in Experiment 2 warrants future investigations.

Limitations notwithstanding, the current study provides first evidence for a form of
anxiety without attentional bias. The current study addressed perceived limitations of the
methods and showed that statistics anxiety is unique among anxieties due to the complete
absence of attentional bias on both a global level and on the individual factors level.
Given the well-documented negative effects of statistics anxiety (e.g,, Hanna & Dempster,
2009; Onwuegbuzie & Seaman, 1995), there is a pressing need to identify the cognitive
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mechanism underlying this form of anxiety to inform the development of effective, theory-
based interventions.
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Appendix A. Stimuli Pairs (Experiment 1)

Words (36 Pairs) Symbols (12 Pairs)
Statistics—RgIated Neutral Statistics-RgIated Neutral
(Threatening) (Threatening)
Statistics Furniture y %
Error Brief o *
Variable Initial 0 )
Statistical Preliminary Ho
Factor Beyond H ¢
Estimate Telephone 55 {
Calculation Astronomer D ]
Analysis Character SS }
Analyze Jacket df \
*Parameter Mythology p /
Quasi Filed y :
Histogram Signature R? =
Skewness Textured
Kurtosis Fetching
Median League
Variance Feathers
z-score t-shirt
Probability Connections
Alpha Inner
Beta Note
Power Check
t-test e-mail
Matched Bridges
Estimation Transition
ANOVA AFAIK
F-ratio X-factor
Posthoc Keyhole
Pairwise Shearing
Tukey Confer
Factorial Decanting
Coefficient Centerpiece
Regression Everything
Residual Hallmark
Chi-square Pre-school
SPSS ASAP
p-value g-shock

*Statistics-related words listed from here onwards are not found in the frequency dictionary (Davies & Gardner, 2010).
Hence, most of the neutral words for these words are adopted from (MacLeod et al., 2002) and matched for length instead.
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Appendix B. Stimuli Pairs (Experiment 2)

Words relevant to Interpretation Anxiety (14 Pairs)*

Threatening Neutral
Discouraged Connection
Afraid Detail
Worthless Batteries
Hopeless Feathers
Inadequate Transition
Apprehension Instrumental
Fear Note
Worry Inner
Distress Creature
Inferior Shearing
Worried Context
Scared Planet
Stress Cities
Mistaken Expanded

*

Threat and Neutral word pairs adopted from (MacLeod et al., 2002).

Words relevant to Test and Class Anxiety (12 Pairs)*

Threatening Neutral
Stupidity Framework
Disgraced Optimism
Incompetent Conversation
Failure Careful
Inferior Scholarly
Test Proficient
Inept Accomplishment
Discredited Achievement
Inadequate Fortunate
Careless Prestige
Unsuccessful Merit
Examination Praiseworthy

*Threat and Neutral word pairs adopted from (MacLeod & Rutherford, 1992).

Words relevant to Fear of Asking for Help (24 Pairs)*

Threatening Neutral
Despised Cruise
Fail Emblem
Hostile Fountain
Insult Fringe
Lonely Inactive
Pathetic Leaf
Persecuted Scarf
Unloved Wardrobe
Immature Carpet
Inept Cherry
Intimidated Gravy
Mistake Opera
Offended Pear
Scorn Surplus
Stupid Terrace
Useless Violet
Criticism Bath
Foolish Emerge
Humiliated Marble
Indecisive Predict
Inferior Purchase
Ridicule Shampoo
Silly Shower
Worthless Threshold

*Threat and Neutral word pairs adopted from (Mathews et al., 1989).
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