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A B S T R A C T

Background and objectives: The Word Sentence Association Paradigm (WSAP) was originally designed to assess and modify interpretive biases (IB) in socially anxious
individuals. Researchers have since modified the WSAP for use across various populations. Despite its widespread use, no studies have systematically reviewed the
WSAP to determine its validity and reliability. Methods: We review variations to the WSAP, populations in which the WSAP has been used, reliability data, and effect
sizes across 41 studies published between 2008 and March 2018.
Results: Results indicate that the WSAP has been utilized to target 18 disorders and symptoms in adults and children. Modifications include stimulus content, timing
parameters, and presentation order of word and sentence pairs. Reported internal consistency and test-retest reliability suggest good to excellent reliability. Medium
to large effect sizes were reported when comparing control samples to those with psychopathology and in pre-post comparisons of the modification version of the
WSAP. Limitations: Studies varied regarding which indices of the WSAP were presented and specific task parameters used, making it challenging to compare effects.
Conclusions: The WSAP is a reliable and valid instrument for assessing and modifying interpretive biases with unique characteristics compared with other IB
assessment and modification tasks.

Several influential cognitive theories (e.g., Beck, Emery, &
Greenberg, 1985) suggest that biases in information processing play a
significant role in the etiology and maintenance of emotional disorders.
Numerous studies have demonstrated that individuals with emotional
disorders display information processing biases across multiple cogni-
tive domains such as memory and attention (Mathews & MacLeod,
2005). Interpretation Bias (IB), the tendency to interpret ambiguous
information in a negative or threatening manner, is a specific type of
cognitive bias that has been implicated in the development of emo-
tional disorders such as Social Anxiety Disorder (SAD) and depression
(for a recent review, see Hirsch, Meeten, Krahe, & Clare Reeder, 2016).
Individuals with these disorders tend to exhibit a negative IB, whereas
individuals without emotional disorders tend to generate benign in-
terpretations of ambiguous stimuli (Stopa & Clark, 2000; Voncken,
Bogels, & Peeters, 2007). Given the critical role of IB in the develop-
ment and maintenance of emotional disorders, psychological treat-
ments have targeted negative IB through various techniques designed to
help an individual reappraise ambiguous situations (e.g., Barlow et al.,
2011; Becker & Heimberg, 2002).

Attempts to empirically characterize the construct of IB in the lab
have been conducted since the 1980s (e.g., Butler & Mathews, 1983).

Researchers have created a variety of methods to examine and experi-
mentally modify IB. Paradigms developed to assess IB are generally
categorized as “offline” or “online” depending upon the amount of time
participants are given to resolve the ambiguity of the stimuli presented.
Offline methods provide an assessment of IB, after a period of reflec-
tion, using recall and question answering methods. Online methods
often use reaction time to assess interpretations made at the moment an
individual encounters ambiguity (Hirsch & Mathews, 2000). Common
offline tasks include rank ordering experimenter-generated interpreta-
tions of ambiguous scenarios, finishing open-ended sentences, and
scenario recognition tasks (for a review, see Hirsch, Meeten, Krahe, &
Reeder, 2016). A number of studies utilizing offline methodology sug-
gest that individuals with emotional disorders interpret ambiguous in-
formation in a negative and threatening manner compared to in-
dividuals without emotional disorders (e.g., Amir, Foa, & Coles, 1998;
Huppert, Foa, Furr, Filip, & Mathews, 2003).

Despite relatively strong empirical support and ease of administra-
tion and scoring, offline measures of IB suffer from several weaknesses.
Hirsch et al. (2016) noted that offline methods tend to be subject to
demand effects, selection biases, and response biases that limit the
utility of these instruments. Moreover, they do not capture the

https://doi.org/10.1016/j.jbtep.2019.04.003
Received 9 July 2018; Received in revised form 1 April 2019; Accepted 6 April 2019

∗ Corresponding author. McLean Hospital, 115 Mill St., Mailstop 113, Belmont, MA 02478, United States.
E-mail address: cbeard@mclean.harvard.edu (C. Beard).

1 Contributed equally to this work.

Journal of Behavior Therapy and Experimental Psychiatry 64 (2019) 133–148

Available online 11 April 2019
0005-7916/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00057916
https://www.elsevier.com/locate/jbtep
https://doi.org/10.1016/j.jbtep.2019.04.003
https://doi.org/10.1016/j.jbtep.2019.04.003
mailto:cbeard@mclean.harvard.edu
https://doi.org/10.1016/j.jbtep.2019.04.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbtep.2019.04.003&domain=pdf


interpretation immediately generated when individuals first encounter
an ambiguous situation. Due to these limitations, researchers developed
online methodologies to assess IB.

Online measures of IB typically rely on an individual's reaction time
to make decisions about benign versus threatening resolutions of am-
biguous stimuli. For example, in Hirsch & Mathews (1997; 2000),
participants read ambiguous situations and then made rapid lexical and
grammatical decisions about a final word that resolved the situation in
either a positive or threatening manner. They found that non-anxious
participants were faster to make decisions when the final word was a
positive resolution of the ambiguous scenarios, whereas individuals
with social anxiety disorder (SAD) made equally fast decisions for both
positive and negative resolutions. Studies investigating online inter-
pretive biases in disorders other than SAD remain scarce; though there
is some evidence of online interpretive biases in individuals with panic
disorder (PD) (e.g., Schneider & Schulte, 2007). Despite accounting for
several of the limitations inherent in offline methodologies, online
methods remain underutilized in the literature.

Beard and Amir (2008; 2009) developed a measure of IB called the
Word-Sentence Association Paradigm (WSAP) that includes both offline
and online components and assesses benign and negative interpreta-
tions separately. In the original version of the WSAP, each trial consists
of four steps. First, a fixation cross is presented on a computer screen for
500 ms. This directs participants’ attention towards the screen to alert
them that a trial is starting. Second, a word representing either a benign
interpretation (e.g., “funny”) or a threat interpretation (e.g., “embar-
rassing”) appears on the screen for 500 ms. Third, an ambiguous sen-
tence (e.g., “People laugh after something you said”) appears and re-
mains on the screen until participants press the spacebar on the
keyboard to indicate they have finished reading the sentence. Fourth,
participants are prompted to press a key if they think the word and
sentence were related or press a different key if they think the word and
sentence were unrelated. The WSAP differs from other IB assessment
instruments in that it provides two types of responses for analysis: en-
dorsement or accuracy rates (i.e. relatively “offline”) and reaction time
data (i.e. “online”). Specifically, the WSAP results in two primary in-
dices of interpretation: (1) percentage of benign interpretations en-
dorsed and (2) percentage of threat interpretations endorsed, and four
reaction time variables: response latency to (1) endorse benign (2) re-
ject benign (3) endorse threat (4) reject threat. Researchers sometimes
combine these various WSAP indices to create bias scores.

In the initial WSAP validation study, undergraduates with high and
low levels of social anxiety (SA) completed 110 trials of the WSAP
(Beard & Amir, 2009). Results indicated that individuals high in SA
were slower to reject and faster to endorse threatening interpretations
of ambiguous social sentences than non-anxious controls. Similarly,
those high in SA were also quicker to reject and slower to endorse
positive interpretations of social sentences. The endorsement indices
revealed that the participants high in SA endorsed positive and threa-
tening interpretations at similar rates, whereas the non-anxious controls
strongly favored positive interpretations over threat interpretations. In
a follow-up study utilizing the WSAP in a clinical sample of individuals
diagnosed with SAD, Amir, Prouvost, and Kuckertz (2012) similarly
found that the SAD group lacked a positive IB relative to non-anxious
controls.

In addition to its utility as an assessment instrument, the WSAP has
been adapted for Cognitive Bias Modification for Interpretations (CBM-
I). CBM was originally designed as a method for altering cognitive
biases experimentally, in order to test causal relationships between
interpretation bias and emotional vulnerability. Whereas psy-
chotherapy attempts to modify cognitive biases through explicit verbal
process (e.g., instructing patient how to challenge biases), CBM relies
on a more implicit, experiential process. As described by Koster, Fox,
and MacLeod (2009, p. 3), CBM consists of two primary features: first,
the direct target of change is a cognitive bias “known to characterize a
clinical disorder, a clinically relevant symptom, or a personality trait
associated with vulnerability to clinical dysfunction”; and second, the
methodology of manipulating the target cognitive bias has not pri-
marily utilized verbal instruction, but rather involved a process of re-
peated practice of a specific cognitive task.

When used for purposes of CBM-I, participants completing the
WSAP task are given feedback as to whether their responses are “cor-
rect” or “incorrect” to train a more benign interpretation bias.
Specifically, participants are “correct” when they endorse positive and
reject negative interpretations. The CBM-I version of the WSAP has
been shown to effectively shift IB, and these changes in IB have been
associated with reductions in a variety of symptoms including anxiety
and rumination (see Beard & Amir, 2008; Beard et al., 2016; Capron &
Schmidt, 2016; Menne-Lothmann et al., 2014).

Given its utility as both an assessment of IB and a CBM-I interven-
tion, and its appealing features (separate assessment of benign and
threat interpretations and of offline and online interpretations),

Fig. 1. PRISMA flow diagram.
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researchers have increasingly used the WSAP. In view of this expansion
in use, a review of how the WSAP has been adapted for various popu-
lations is warranted. We sought to provide a systematic review of stu-
dies using the WSAP for several reasons. First, researchers have created
adapted versions of the WSAP to assess IB across numerous disorders
including depression (e.g., Cowden-Hindash & Amir, 2012), Body
Dysmorphic Disorder (Summers & Cougle, 2016), OCD (e.g., Amir,
Kuckertz, Najmi, & Conley, 2015) and PD (Beard et al., 2016). In ad-
dition to expanding to new populations, researchers have also modified
the original task parameters (e.g., stimulus presentation time). A review
of populations and versions of the WSAP may aid researchers in se-
lecting an appropriate measure of IB or type of CBM-I for their specific
population.

Second, as with any type of assessment, establishing the reliability
of information processing assessments is crucial to ensure replicability
of findings across studies and to detect changes over time in the context
of an intervention. Given the problems with unreliability of other in-
formation processing tasks (i.e., dot probe, Shmukle, 2005), it is espe-
cially important to establish the WSAP's reliability before its use be-
comes more widespread. Thus, we sought to identify studies that
reported psychometric properties and summarize these data. Finally,
we sought to summarize the range of effect sizes obtained when com-
paring clinical and healthy groups' performance on the WSAP and
comparing performance on the WSAP before and after a CBM-I inter-
vention.

In this systematic review of studies that utilized the WSAP task, our
overall aim was to assist investigators who may be interested in using
the WSAP by compiling the literature on the ways in which it has been
implemented to date, and considerations before selecting it as an in-
strument. We had three primary objectives: (1) characterize the dif-
ferent variations of the WSAP task (e.g., stimulus sets, timing para-
meters) in the literature and different populations for which the WSAP
has been used; (2) provide data regarding the WSAP's reliability; and
(3) summarize effect sizes from existing studies.

1. Method

1.1. Eligibility criterion

Eligible studies were peer-reviewed publications that included the
WSAP task or a variation of the WSAP task as either an assessment of IB,
modification of IB, or both.

1.2. Information sources and search

In March 2018, databases (i.e. PubMed, PsychInfo, PsychArticles,
Academic Search Premier, Google Scholar, and the Brown University
Library Article Search) were searched simultaneously with the key-
words “WSAP” and “Word AND Sentence AND Association AND
Paradigm” to identify studies published between 2008 and 2018. The
WSAP task was first introduced in 2008 and thus articles published
prior to this date were not relevant for the current study. Additionally, a
manual review of authors identified through database searches was
conducted. See Fig. 1 for PRISMA flow diagram.

1.3. Data collection process

Information pertaining to variations of the original WSAP task,
study population, task administration, endorsement rates, and reaction
time data were independently extracted (RLW and MG) and verified for
accuracy. CB contacted authors to obtain means and standard devia-
tions for WSAP variables that were not provided in the published ar-
ticles. RLW and MG then independently extracted and verified the data
obtained from investigators.Ta
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1.4. Data items

The variables examined for the current study were endorsement rate
percentages (e.g., benign and threat interpretations) and reaction time
(RT) for endorsed and rejected word-sentence associations. Specifically,
we extracted RT data for endorsement of negative interpretations, re-
jection of negative interpretations, endorsement of benign interpreta-
tions, and rejection of benign interpretations. No analyses were con-
ducted for purposes of the current study. However, for studies that did
not report effect sizes, we calculated Cohen's d from reported means,
standard deviations, and sample size.

2. Results

Our search yielded 41 papers that used the WSAP from 2008 until
March of 2018.

2.1. Populations

Several studies have administered the WSAP to clinical populations
of adults and youth (n= 17) diagnosed with PD (n= 1), OCD (n= 1),
SAD (n= 3), Major Depressive Disorder (MDD; n= 2), Body
Dysmorphic Disorder (BDD; n= 1), mixed anxiety disorders (n= 5), a
fear of cancer recurrence in breast cancer survivors (n= 1) and anger/
hostility examined independently (n= 2) or in conjunction with
Alcohol Use Disorder (AUD; n= 4). The WSAP has also been used in
undergraduate and analogue community samples (n= 25). Please note

that Smith, Summers, Dillon, Macatee, and Cougle (2016) included
both a clinical and undergraduate sample. See Table 1 for list of po-
pulations and other WSAP study characteristics.

2.2. Stimuli content

The original WSAP task consisted of 76 ambiguous sentences that
described social situations (e.g., “A friend does not respond when you
wave hello”) and 34 sentences that described non-social, general an-
xiety situations (e.g., “Part of the building is blown up”). Each sentence
was paired with both a threat interpretation word (e.g., “mad” or
“terrorist”) and a benign interpretation word (e.g., “distracted” or
“construction”). Our review revealed that researchers have developed
several different sets of stimuli relevant to various disorder or symptom
domains.

Clerkin, Beard, Fisher, and Schofield (2015) developed word-sen-
tence pairs relevant to individuals high in anxiety sensitivity. For ex-
ample, in that study, the authors paired the ambiguous sentence (e.g.,
“You wake up in the morning and it is hard to swallow”) with a panic-
relevant threatening (e.g., “choking”) and benign (e.g., “thirsty”) in-
terpretation. Other studies have modified and developed stimuli to
target depression (e.g., Cowden-Hindash & Rottenberg, 2015), OCD
(Kuckertz, Amir, Tobin, & Najmi, 2013), smoking (Cougle, Hawkins,
Macatee, Saragwi, & Zvolensky, 2014), hostility (Dillon, Allan, Cougle,
& Fincham, 2016), intolerance of uncertainty (Oglesby, Raines, Short,
Capron, & Schmidt, 2016), fear of heights (Steinman & Teachman,
2014), and alcohol use (Salemink & Wiers, 2014). WSAP stimuli have

Table 2
Changes to WSAP stimuli content.

Study Name Stimuli Changes to Stimulus Content

Beard et al. (2016) PD Stimuli modified to target PD-related physical sensations and situations where
individual may feel trapped

Beard et al. (2017) Depression Stimuli modified to include word-sentence pairs relevant to depression and failure
experiences

Brosan et al. (2011) GAD/SAD Included word pairs relevant to both GAD and SAD; inclusion of non-social threat
scenarios (e.g., threatening health information)

Capron and Schmidt (2016) Anxiety Sensitivity Word-sentence pairs modified to be relevant for anxiety sensitivity
Clerkin et al. (2015) PD Word-sentence pairs modified for relevance with PD
Conley and Wu (2017) Contamination OCD Word-sentence pairs created for relevance with contamination OCD
Cowden-Hindash and Amir (2012); Cowden-Hindash and

Rottenberg (2015; 2017); Mobius et al. (2015)
Depression Ambiguous sentences modified to be “depression relevant”

Study Name Stimuli Changes to Stimulus Content

Cougle et al. (2014; 2017); Dillon et al. (2016); McDermott
et al. (2017); Smith et al. (2016); Smith, Dillon, &
Cougle (2018)

Hostility Stimuli modified to target hostile interpretation bias

Dryman and Heimberg (2015) SAD Eliminated “neutral” words to leave unambiguously “positive” and “negative”
words followed by ambiguous sentences

Kuckertz et al. (2013) OCD Word-sentence pairs modified to target OCD-related threats
Lichtenthal et al. (2017) Breast Cancer; Fear of Cancer

Recurrence
Word-sentence pairs modified to target fear of cancer recurrence

MacDonald et al.(2013) Anxiety Sensitivity Word-sentence pairs modified to target anxiety sensitivity
Oglesby et al. (2016); Oglesby et al. (2017) Intolerance of Uncertainty Phrases and sentences modified to reflect “uncertainty” as opposed to social

situations
Ogniewicz et al. (2014) GAD Words and sentences modified to reflect 10 different domains of worry (e.g., health

of self, health of others, relationships)
Rozenman et al. (2014); Rozenman, Vreeland, & Piacentini

(2017); Sherman and Ehrenreich-May (2017)
SAD, GAD, Separation
Anxiety

Modified word-sentence pairs to be “developmentally appropriate” for youths
aged 8–17. Stimuli targeted a range of anxiety-related concerns, in addition to
socially threatening scenarios

Study Name Stimuli Changes to Stimulus Content

Salemink and Wiers (2014) Alcohol-related Stimuli adapted to assess alcohol-related memory associations
Steinman and Teachman (2014) Acrophobia Stimuli modified to be “height relevant”
Summers and Cougle (2016) BDD Word-sentence pairs adapted to assess BDD-threat related biases
Viana et al. (2016) Anxiety Disorders Word-sentence pairs adapted to reflect situations encountered by children
Yang et al. (2017) Social Anxiety Word-sentence pairs revised to “reflect Chinese students' situations”; Rewrote the

24 types of social contact situations found in the Liebowitz (1987) scale in the
national context of China; translated into Chinese
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Table 3
WSAP order, timing, and scoring changes.

Study Name Change in Order of Presentation Change in Timing (original
version 500 ms)

Change in Scoring

Brosan et al. (2011) N/A Presented initial word(s) at
beginning of task for 1 s

N/A

Capron and Schmidt (2016) “Flipped” traditional presentation; ambiguous word presented first,
followed by sentence that resolved pair in a either a benign or
threatening fashion

Presented initial word(s) at
beginning of task for 1 s

N/A

Cowden-Hindash and Amir
(2012)

Ambiguous sentence presented first, followed by a negative or
benign word

Presented initial sentence at
beginning of task for 1 s

N/A

Cowden-Hindash and
Rottenberg (2015)

Ambiguous sentence presented first, followed by a negative or
benign word

Presented initial sentence at
beginning of task for 1 s

N/A

Cowden-Hindash and
Rottenberg (2017)

Ambiguous sentence presented first, followed by a negative or
benign word

Presented initial sentence at
beginning of task for 1 s

N/A

Cougle et al. (2014) Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

Study Name Change in Order of Presentation Change in Timing (original
version 500 ms)

Change in Scoring

Cougle et al. (2017) Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

Dillon et al. (2016) Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

Kuckertz et al. (2013) Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–7) to
indicated relatedness between word-
sentence pairs

Martinelli et al. (2014) N/A Presented initial word on
screen for 750 ms

N/A

Matheny et al. (2016) Participants presented 16 word-sentence pairs twice; once with
ambiguous word and once with hostile word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

McDermott et al. (2017) Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

Mobius et al. (2015) Ambiguous sentence presented first followed by benign or
threatening word

First sentence on screen for
2,500 ms

N/A

Study Name Change in Order of Presentation Change in Timing (original
version 500 ms)

Change in Scoring

Oglesby et al. (2017) Ambiguous phrase presented first (e.g., “Doctor called”), followed
by negative (e.g., “I have a terrible disease”) or a benign (e.g.,
“Appointment reminder”) interpretation

Presented initial ambiguous
phrase for 1 s

N/A

Oglesby et al. (2016) Ambiguous phrase presented first (e.g., “Doctor called”), followed
by negative (e.g., “I have a terrible disease”) or a benign (e.g.,
“Appointment reminder”) interpretation

Presented initial ambiguous
phrase for 1 s

N/A

Salemink and Wiers (2014) Alcohol or non-alcohol related word presented first, followed by one
of three types of sentences (i.e. ambiguous positive affect,
ambiguous negative affect, and neutral affect)

Initial word on screen for 1 s N/A

Sherman and Ehrenreich-
May (2017)

N/A First sentence on screen for
1,500 ms

N/A

Smith, Dillon, & Cougle
(2018)

Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

Smith et al. (2016) Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

Summers and Cougle (2016) Ambiguous sentence presented first, followed by threatening or
benign word

N/A Participants chose number (1–6) to
indicate relatedness between word-
sentence pairs

Study Name Change in Order of Presentation Change in Timing (original
version 500 ms)

Change in Scoring

Viana et al. (2016) Ambiguous sentence appeared with two words that represent either
a threatening or benign interpretation; Participants then chose
which word fit best with the sentence

Sentence and two words
presented until participant
responds

N/A
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also been adapted for use with children and adolescents (Rozenman,
Amir, & Weersing, 2014). In total, including the original stimuli set, we
found 21 different types of stimuli. See Table 2 for full list of changes to
WSAP stimuli content.

2.3. Task parameters

In addition to content changes, researchers have modified the pre-
sentation order and timing parameters of the WSAP. Capron and
Schmidt (2016) modified word-sentence pairs such that the prime word
was ambiguous (e.g., “tingly”), and the sentence that followed re-
presented a benign (e.g., “You lightly bang your elbow and it feels
funny”) or threatening interpretation (e.g., “Something is terribly
wrong with you”). Other task variations included shifting order of
sentence/word pairs (e.g., presenting ambiguous sentence first) and
eliminating pressing spacebar (i.e. verification participant read and
understood sentence) prior to providing relatedness ratings (e.g., Beard
et al., 2016; Kuckertz et al., 2013).

In the original version of the WSAP, the prime word was presented
for 500 ms, which was intended to encourage speeded responding and
discourage reflective, elaboration. Our review revealed that 12 of the
41 studies altered the presentation time. Modified presentation times
ranged from 750 ms to 2500 ms (e.g., Martinelli, Holzinger, & Chasson,
2014; Mobius, Tenolkar, Lohner, Baltussen, & Becker, 2015), with
1000 ms being the most common alternative time used.

Researchers have also modified the response required from parti-
cipants regarding the relatedness of the word-sentence pairs. For ex-
ample, in contrast to the original yes/no response, some studies used
Likert-type scales (e.g., rating similarity between word/sentence pairs
on “0–6” scale) without collection of RT data to measure relatedness
(n= 9). See Table 3 for full list of timing and presentation modifica-
tions.

2.4. Reliability

Reliability estimates were provided in 10 experiments involving
hostility/anger stimuli, two experiments with body dissatisfaction or
BDD stimuli, one with SAD stimuli, and one with OCD stimuli. Two
studies used the original WSAP yes/no response option and yielded
acceptable internal consistency for benign and threat interpretation
endorsement (alphas ranged from .71 to .85), and reaction time bias
scores (alpha = .93). Additionally, test-retest reliability over an

average of 12 days was good in a study using a version of the WSAP
assessing IB related to body dissatisfaction-relevant stimuli (r= .71;
Martinelli et al., 2014).

Six studies used a modified version of the WSAP that required
participants to rate the relatedness of prime words to ambiguous sen-
tences using a Likert scale (1–6) and used stimuli relevant to hostility.
This version of the WSAP demonstrated excellent internal consistency
for benign interpretations (alphas range from .84 to .95) and hostile
interpretations (alphas range from 0.83 to 0.94) and approached ac-
ceptable test-retest reliability over a one-month period (r= 0.65; Dillon
et al., 2016). Finally, two studies utilized a Likert scale response option
for stimuli relevant to OCD and two studies for stimuli relevant Body
Dysmorphic Disorder also demonstrated acceptable internal consistency
(alphas range from 0.72 to 0.92). It is difficult to draw conclusions
regarding any differences in reliability across types of stimuli/popula-
tions due to the small numbers of studies reporting reliability for spe-
cific populations. However, of the data available, studies using stimuli
related to hostility and social anxiety appear to have the higher esti-
mates of internal consistency compared to the one study with OCD
stimuli and to those with body-dissatisfaction related stimuli. See
Table 4 for all reliability estimates.

2.5. Validity

Twenty-four studies reported correlations between WSAP indices
and measures of psychopathology (see Table 5). Correlations between
interpretation bias as measured by the WSAP and measures of psy-
chopathology ranged between 0.01 and 0.68. We classified correlations
as small (0.10–0.29), medium (0.30–0.49), and large (0.50 or greater).
Of the 74 correlations reported for the benign interpretation index, 42
(56%) were small, 13 (18%) were medium, and 1(1%) was large in
magnitude. Of the 79 correlations reported for the threat/negative in-
terpretation index, 26 (33%) were small, 44 (56%) were medium, and 7
(9%) were large in magnitude. Of the 12 correlations reported for a
combined/overall interpretation index, 4 (33%) were small, 3 (25%)
were medium, and 4 (33%) were large in magnitude.

We categorized the size of correlation for the most frequent types of
psychopathology measures. For the benign interpretation index, the
following were reported: hostility/anger (small: n= 13 (68%), medium:
n= 5 (26%), large: n= 0 (0%)), general anxiety/worry(small: n= 7
(87.5%), medium: n= 1 (12.5%), large: n= 0 (0%)), depression (small:
n= 5 (83%), medium: n= 0 (0%), large: n= 0 (0%)), OCD (small:

Table 4
Internal consistency estimates for WSAP indices.

Study Sample Size Stimuli Response
Option

Benign
Endorsement

Threat/Negative
Endorsement

Combined/Overall
Bias

Reaction Time

Cougle et al. (2014) 106 Trait Hostility Likert Scale 1-6 0.94 0.91 NA NA
Cougle et al. (2017) 58 AUD; Trait Anger Likert Scale 1-6 0.85–0.95 0.89–0.94 NA NA
Dillon et al. (2016)

Experiment 1
517 Trait Hostility Likert Scale 1-6 0.9 0.87 NA NA

Experiment 2 100 Trait Hostility Likert Scale 1-6 0.88 0.9 NA NA
Experiment 3 183 Trait Hostility Likert Scale 1-6 0.87 0.83 NA NA
Experiment 4 215 Trait Hostility Likert Scale 1-6 0.9 0.88 NA NA
Dryman and Heimberg (2015) 100 SAD Yes/No 0.83 0.85 NA 0.93
Kuckertz et al. (2013) 103 OCD Likert Scale 1-6 0.72 0.77 NA NA
Martinelli et al. (2014) 214 Body Dissatisfaction Yes/No NA NA 0.71 NA

Study Sample Size Stimuli Response
Option

Benign
Endorsement

Threat/Negative
Endorsement

Combined/Overall
Bias

Reaction Time

Matheny et al. (2016, Study
2)

131 Hostility Likert Scale 1-6 0.94 0.91 NA NA

McDermott et al. (2017) 131 Trait Anger Likert Scale 1-6 0.87 0.95 NA NA
Smith, Dillon, & Cougle

(2018)
40 Hostility Likert Scale 1-6 0.85–0.88 0.89–0.92 NA NA

Smith et al. (2016) 71 Hostility Likert Scale 1-6 0.84 0.85 NA NA
Summers and Cougle (2016) 38 BDD Likert Scale 1-6 0.80 0.86 NA NA
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n= 2 (25%), medium: n= 1 (13%), large: n= 0 (0%)), and social an-
xiety (small: n= 1 (25%), medium: n= 2 (50%), large: n= 1
(25%)).For the threat/negative interpretation index, the following were
reported: hostility/anger (small: n= 5 (26%), medium: n= 14 (74%),
large: n= 0 (0%)), general anxiety/worry (small: n= 4 (33%), medium:
n= 5 (42%), large: n= 2 (17%)), depression (small: n= 4 (57%),
medium: n= 3 (43%), large: n= 0 (0%)), OCD (small: n= 4 (50%),
medium: n= 4 (50%), large: n= 0 (0%)), and social anxiety(small:
n= 1 (25%), medium: n= 1 (25%), large: n= 2 (50%)). Thus, for both
benign and threat/negative WSAP indices, correlations appeared to be
strongest with measures of social anxiety and weakest with measures of
OCD.

Seven studies, as seen in Table 6, compared a clinical (n= 3) or
undergraduate analogue (n= 4) group to a healthy control group. We
classified effect sizes as small (.20–.49), medium (0.50–0.79), and large
(0.80 or greater). Between-group Cohen's d effect sizes ranged from
0.45 to 2.92 for benign interpretation, and from 0.54 to 1.64 for threat/
negative interpretation. For both benign and negative interpretations,
large effects were obtained in SAD (n= 3) and OCD (n= 1), and
medium effects were obtained in studies of depression (n= 3).

2.6. WSAP as CBM-I

Fifteen studies (16 experiments) used both the assessment and
modification (CBM-I) versions of the WSAP and reported endorsement
rates for pre- and post-training. Studies included clinical (n= 7) and
undergraduate (n= 8) samples, and 12 compared the CBM-I version to
a control condition. Table 7 presents the within-group pre-post effect
sizes for change in WSAP scores following CBM-I and control condi-
tions. For CBM-I, Cohen's d effect sizes ranged from 0.25 to 2.56 for
change in benign endorsement, with eight studies reporting large ef-
fects, one medium, and three small. Cohen's d effect sizes ranged from
0.94 to 2.84 for change in threat/negative endorsement, with all 12
studies reporting large effects. Finally, four studies combined the be-
nign and negative trials and reported change in a combined or overall
WSAP bias, which ranged from 1.44 to 1.91. Overall, regardless of the
bias index (negative, positive, or combined), studies of clinical popu-
lations obtained large effect sizes. Studies of undergraduates obtained
slightly more variable effect sizes: 76% large, 6% medium, 18% small.

In contrast, examining effects for all bias indices, control conditions
obtained primarily small effect sizes: zero effect (18%), small (41%),
medium (18%), large (23%). Control group effect sizes appeared to
vary by type of control, with a no feedback version of the WSAP (i.e.,
assessment version) and psychoeducation resulting in almost all small
or zero effects on interpretation bias (100% small, 75% small or zero
respectively). Alternative versions of the WSAP showed more varia-
bility. Specifically, 60% of the effects obtained were small from studies
using the “50/50” control in which participants are reinforced for en-
dorsing threat/negative interpretations 50% of the time and for en-
dorsing benign interpretations 50%. Studies using neutral stimuli in the
WSAP task resulted in 33% of effects categorized as small.

3. Discussion

This systematic review yielded 41 studies that have used the WSAP
to assess and modify IB across a variety of populations, age groups, and
clinical symptoms. Across these studies, the WSAP demonstrated ac-
ceptable to excellent reliability, and consistently differentiated inter-
pretive styles between healthy and clinical groups. Finally, our review
identified several common changes to the task parameters that differ
from the original task.

3.1. Psychometric properties

Given the problems of unreliability with other commonly used
measures of cognitive bias (e.g., Shmukle, 2005), our review aimed toTa
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summarize the reliability estimates available for the WSAP. Twelve of
the 42 studies reported reliability estimates for the WSAP. Internal
consistency estimates were acceptable for the original yes/no response
option of the WSAP and excellent for an adapted version using a Likert
scale rating. Test-retest reliability was acceptable over a 12-day
(Martinelli et al., 2014) and 1-month period (Dillon et al., 2016), which
is crucial for studies using the WSAP as an outcome measure before and
after interventions, such as CBM-I. Importantly, only four studies used
the WSAP with children or adolescents, and none of these reported
reliability estimates. Thus, at this point, the WSAP can only be deemed
reliable for adult populations.

Regarding validity, all seven studies that compared IB in individuals
with and without psychopathology found that the WSAP was a sensitive
measure of IB, with Cohen's d between-group effect sizes ranging from
0.45 to 2.92. Four of these studies included individuals with anxiety
symptoms, and these studies all yielded large effect sizes. Three studies
included individuals with elevated depressive symptoms, and these all
yielded medium effect sizes. However, these between-group effect sizes
should be interpreted in the context of their limitations. Specifically,
only three of these studies included a clinical sample, and most had
modest sample sizes (N's ranged from 46 to 115). Additionally, only one
of these studies included children and adolescents; thus, the validity of
the WSAP in pediatric populations remains largely unknown.

Other studies (n= 24) reported correlations between WSAP en-
dorsement indices and various measures of psychopathology. Of the
most frequently reported measures of psychopathology, the largest
correlations were with measures of social anxiety, and the weakest
correlations were with measures of OCD. Measures of hostility, de-
pression, and general anxiety fell in between. Overall, correlations with
the threat/negative interpretation index were larger in size than cor-
relations with the benign interpretation index. For example, 56% of
correlations with threat/negative interpretation were classified as
medium in magnitude, compared to 18% of correlations with benign
interpretation. Given that anxiety has been characterized by both the
presence of a threat bias and lack of a benign bias, we might have ex-
pected to see similar magnitudes of correlations for threat/negative and
benign indices. We can only speculate upon potential explanations for
this pattern. It may be that although emotional disorders, and anxiety in
particular are characterized by both types of bias, the threat/negative
bias is more strongly associated with psychopathology. However, an
alternative explanation is that the benign bias may not strongly corre-
late with psychopathology due to the mixed nature of the words that
comprise this trial type in the WSAP. Specifically, whereas most threat/
negative words clearly represent negative interpretations of the sen-
tences, the ‘benign’ category may include words that represent neutral
to positive interpretations. It is possible that stronger correlations with
psychopathology would be observed for studies that only used objec-
tively positive interpretations.

Most studies reported endorsement rates separately for threat/ne-
gative and benign interpretations; however, some combined these
scores to report an overall IB score. Prior studies have reported small
correlations between the benign and threat/negative endorsement rates
(e.g., r= 0.25, Beard & Amir, 2009). Moreover, in a factor analysis, the
correlation between threat and benign factors on the WSAP was weak,

suggesting independence (Dillon et al., 2016). Consistent with more
comprehensive reviews of IB overall (Hirsch et al., 2016), future re-
search should examine threat/negative and benign facets of IB sepa-
rately when using the WSAP.

Finally, our review identified 15 studies (16 experiments) that used
the CBM-I version of the WSAP, in which participants are provided
feedback about the “accuracy” of their responses to WSAP trials. Most
of these studies reported large pre-post effect sizes for change in both
benign and threat/negative WSAP scores. However, there appeared to
be a pattern in effect sizes such that clinical studies reported large effect
sizes, whereas undergraduate studies displayed more variability in ef-
fect size. This pattern is not surprising given that we would expect
clinical populations to demonstrate more biased interpretation at
baseline and thus have more room to improve. It is also possible that
clinical participants were more motivated to change and therefore en-
gaged more with the CBM-I task, although this explanation is entirely
speculative at this point.

The large effect sizes obtained following the CBM-I version of the
WSAP are in contrast to the primarily small effects observed following
various types of control conditions. Of note, control conditions that
included alternate versions of the WSAP (e.g., using only neutral sti-
muli, reinforcing negative and positive interpretations with equal fre-
quency) appeared to result in larger effects on interpretation compared
to other types of controls (i.e., psychoeducation, assessment-only ver-
sion of the WSAP). This pattern is consistent with prior studies sug-
gesting that 50/50 types of controls are actually diluted versions of
interpretation training and are not inactive (Hirsch et al., 2016).

Overall, the CBM-I version of the WSAP appears to consistently shift
responses on the WSAP in the intended direction compared to variety of
control conditions. However, given the explicit nature of this type of
CBM-I (i.e., participants are explicitly told which interpretations are
“correct”), more studies that include an independent measure of in-
terpretation bias (i.e., a measure that does not resemble the CBM-I task)
are needed to determine whether the CBM-I version of the WSAP is
effective at shifting interpretive style more broadly. Future studies
might also compare different versions of CBM-I to determine whether
relatively more implicit or explicit types of training are more effective
in shifting interpretation bias and ultimately affecting emotional vul-
nerabilities.

3.2. WSAP modifications

Our review identified several studies that modified the original
parameters of the WSAP. For example, in some studies, the order of the
stimulus presentation was reversed such that the ambiguous sentence
appeared first, followed by the word reflecting the benign or negative
interpretation. The original task presented a prime word first to “better
imitate the priming effects of pre-existing beliefs on interpretive pro-
cesses” (Beard & Amir, 2009, p. 406). In other words, the WSAP was
designed to account for the tendency of individuals with anxiety dis-
orders to rely on pre-existing negative beliefs to resolve ambiguous
information. Other researchers subsequently concurred with this design
(e.g., Matinelli et al., 2014, p. 559). This is a unique feature of the
WSAP, as most other assessments of IB and CBM-I task present the

Table 6
Effect sizes for comparisons between healthy and clinical or clinical analogue undergraduate groups.

Study Sample Size Sample Stimuli Cohen's d for Benign Cohen's d for Threat/Negative

Amir et al. (2012) 67 Clinical SAD 1.190 1.25
Beard and Amir (2009) 52 Undergraduate SAD 1.161 1.643
Cowden-Hindash and Amir (2012) 50 Undergraduate Depression 0.45 0.78
Cowden-Hindash and Rottenberg (2015) 115 Undergraduate Depression NA 0.55
Kuckertz, Amir, Taylor, & Najimi (2013) 69 Undergraduate OCD 2.92 1.223
Rozenman, Vreeland, Piacentini (2017) 46 Clinical Youth with SAD, GAD, Separation Anxiety 0.937 1.621
Smith et al. (2016) 71 Clinical Depression 0.676 0.54
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Table 7
Pre-post effect sizes following CBM-I and control conditions.

Study Sample Stimuli Sample Size Cohen's d for
Benign

Cohen's d for
Threat/Negative

Cohen's d for
Combined/Overall Bias

Amir and Taylor (2012) Clinical SAD CBM = 20 1.68 1.79 NA

Control = 26 (50/50) 0.35 0.79 NA

Amir et al. (2015) Clinical OCD CBM = 17 (each Ps served as
own controla)

NA NA 1.89

Beard and Amir (2008) Undergraduate SAD CBM = 13 2.35 1.85 NA
Control = 14 (50/50) 0.34 0.78 NA

Beard et al. (2016) Clinical PD CBM = 8 (No Control) 1.22 2.61 NA

Brosnan et al. (2011) Clinical GAD/SAD CBM = 13 (No Control) NA NA 1.58

Capron and Schmidt (2016) Undergraduate Anxiety Sensitivity CBM = 48 NA NA 1.44
Control = 41 (neutral stimuli) NA NA 0.95

Clerkin et al. (2015) Undergraduate Anxiety Sensitivity CBM = 33 1.79 1.63 NA
Control = 32 (neutral stimuli) 0.73 0.32 NA

Conley and Wu (2017) Undergraduate OCD CBM = 42 0.25 1.63 NA
Control = 32 (50/50) 0.21 0.21 NA

Cougle et al. (2017) Clinical AUD; Trait Anger CBM = 30 1.17 0.94 NA
Control = 28 (psychoed) 0.02 0.54 NA

Cowden-Hindash and
Rottenberg (2017)

Undergraduate Depression CBM = 38 0.29 1.01 NA

Control = 42 (50/50) 0.28 (in opposite
direction)

0.51 NA

Lichtenthal et al. (2017) Clinical Fear of breast
cancer recurrence

CBM = 64 1.03 2.20 NA

Control = 33 (50/50) 2.03 0.37 NA

Exp. 1 CBM = 40 (No controlb) 0.64 0.94 NA
Mobius et al. (2015) Undergraduate Depression Exp. 2

CBM = 36
0.37 1.00 NA

Exp. 2
Control = 34 (no feedback)

0.24 0.21 NA

Oglesby et al. (2017) Undergraduate Intolerance of
uncertainty

CBM = 40 NA NA 1.91

Control = 39 (neutral stimuli) NA NA 0.41

Smith, Dillon, & Cougle
(2018)

Undergraduate Depression CBM = 21 1.18 0.94 NA

Control = 19 (psychoed) 0.00 0.00 NA

Summers and Cougle (2016) Clinical BDD CBM = 20 2.56 2.84 NA
Control = 20 (neural stimuli) 0.82 0.94 NA

Note. “50/50” refers to WSAP conditions in which positive feedback is provided 50% for endorsing threat and 50% for endorsing benign interpretations, except in one
case (Cowden-Hindash & Rottenberg) - feedback was constrained such that participants received 50% positive feedback and 50% negative feedback.
“Neutral stimuli” refers to WSAP conditions that presented only neutral stimuli (e.g., same sentences used in the CBM version, but only paired with neutral words).
“No feedback” refers to the assessment version of the WSAP, such that control participants saw same word-sentence pairs, but with no feedback about their accuracy.
“psychoed” refers to psychoeducational videos.
c CBM-I only group, study also included a combined CBM-A/CBM-I training condition. In contrast to other CBM-I studies, only presented reaction time bias scores;
thus, did not calculate effect sizes.

a WSAP was not administered pre-post control.
b Did not include a placebo or neutral control, only a negative training condition.
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ambiguity first. However, the reverse order presenting the ambiguity
first may better map on to the definition of interpretation bias as being
the tendency to interpret ambiguity in a negative manner. While both
the original and reverse order are justifiable theoretically and scienti-
fically, studies directly comparing these two versions of the task are
needed to determine the correlation between the standard and reverse
order version and that both are equivalent in terms of reliability. Ad-
ditionally, such studies would benefit from including other measures of
interpretation bias to attempt to determine whether these two versions
assess the same type of interpretation bias.

Some studies also changed the presentation time of the prime word.
In the original version of the WSAP, the word was presented very
quickly, i.e., 500 ms. While most studies retained this timing, 12 studies
increased the presentation time, most often doubling to 1000 ms. It is
possible that increasing the presentation time improves the ability of
participants to read each word and minimizes the number of trials on
which the word is “missed” because it appeared too quickly. On the
other hand, it is possible that slowing the presentation time encourages
more strategic and elaborative reflection regarding the word-sentence
association, which may alter the intended assessment of more auto-
matic associations. It is also not clear whether increasing the pre-
sentation time leads to overall slower reaction times, which would be
important to know when comparing across studies.

As noted by Hirsch et al. (2016), like other reaction-time based
measures, the WSAP may have an advantage over purely self-report
questionnaires due to less susceptibility to demand or response biases.
Additionally, the instructions and task features emphasize speed, and
the situations presented lack context. These features are intended to
elicit more automatic interpretive associations, i.e., capture an in-
dividual “jumping to conclusions.” The WSAP's emphasis on task speed
may also better capture the involuntary nature of information proces-
sing biases among anxious and depressed individuals. McNally (1995)
remarked that the “hallmark of pathological anxiety” (p. 752) was the
inability of the anxious individual to halt fear-generating information
processing once it has begun. Indeed, in a review of the literature on
automaticity in anxiety disorders and MDD, Teachman, Joorman,
Steinman, and Gotlib (2012) concluded that most anxiety disorders are
characterized by uncontrollable, and possibly unconscious and unin-
tentional, biased processing of threat-relevant information, whereas
depressed patients tend to exhibit uncontrollable, but not unconscious
or unintentional, processing of negative information.

3.3. Strengths and weaknesses of existing WSAP literature and future
directions

Overall, there is adequate evidence for the reliability and validity of
the WSAP indices for adults with elevated symptoms of anxiety, hos-
tility, and depression. However, most of the reliability estimates were
obtained from one specific version of the WSAP (WSAP-Hostility, Likert
scale); thus, future studies using different versions of the WSAP should
report reliability estimates. More research is also needed to determine
the WSAP's properties in child and adolescent samples. Additionally,
more studies are needed to determine the between-group effect size
between various clinical groups and healthy controls. Finally, many
studies that changed the WSAP task did not mention such changes in
their Methods sections and rather presented their procedure as though
it were the standard. Future studies should clearly state the modifica-
tions to the original task and provide a rationale for the change.

A potential advantage of using the WSAP to assess IB is that it
provides both an accuracy outcome (e.g., % of benign trials endorsed
and % of threat trials rejected), as well as individuals' reaction times for
making those decisions. However, a major caveat of using only the
WSAP reaction time indices is that the number of reaction times for
each trial type will differ depending upon an individual's endorsement

rates. For example, an individual with a strong threat bias may reject
only a few threat trials, which would result in a relatively smaller
number of reactions used for their mean threat rejection reaction time
compared to their mean threat endorsement reaction time. To date,
studies that have utilized WSAP reaction time scores have not directly
addressed this issue. Given these issues and concerns over the reliability
of reaction-time based measures (e.g., De Schryver, Hughes, Rosseel, &
De Houwer, 2016), careful attention to reducing sources of error (i.e.
both systematic and random) should be employed within future study
designs using the reaction time indices of the WSAP. For example,
Hedge, Powell, and Sumner (2018) noted that the use of alternative
statistical procedures (e.g., factor analysis, SEM, linear mixed-effects
models) and within-subjects designs may help to mitigate some of the
reliability concerns associated with the use of these types of instru-
ments.

While effect sizes are helpful for comparing across studies, future
studies are needed to establish clinical cut-offs on the WSAP for each
population. As noted previously, to date only three studies have com-
pared a clinical group to a healthy control group. Future studies are also
needed to establish normative data, which would be helpful to re-
searchers attempting to select participants who demonstrate an ele-
vated level of IB. For example, there are currently no norms to assist in
identifying individuals for whom CBM-I or cognitive therapy may be an
appropriate intervention. Data regarding a healthy score on specific
versions of the WSAP may also facilitate researchers in determining if
an individual's IB has shifted into a healthy range and demonstrating
the clinical significance of an intervention.

Regarding using the WSAP as a CBM-I task, the WSAP is unique
because it presents both benign and threat interpretations. Thus, in-
dividuals may quickly notice over hundreds of trials that (1) there are
multiple ways to interpret the same situation, and (2) the program-
delivered feedback suggests that they are often jumping to a negative/
threatening conclusion (Beard, Rifkin, Silverman, & Björgvinsson,
2018). It is possible that even as individuals experience symptom im-
provement with treatment, their initial interpretations may continue to
be threatening, and therefore, practicing the skill of rejecting those
threatening interpretations may be particularly helpful. This feature of
the WSAP contrasts with the frequently used ambiguous scenario
training task (e.g., Mathews & Mackintosh, 2000), which only presents
positive resolutions to ambiguous scenarios. Both types of CBM-I have
demonstrated efficacy. To our knowledge, no studies to date have di-
rectly compared the WSAP with another CBM-Interpretation task. One
intriguing clinical application is to combine these types of CBM-I,
harnessing the strengths of both approaches and simultaneously pro-
viding a variety of tasks for the individual. Whether combining different
tasks would yield additional benefits to participants is an empirical
question and might depend upon whether the WSAP and other types of
CBM-I are altering the same or different types of interpretive biases.

4. Conclusion

This review suggests that the WSAP is a reliable and valid assess-
ment of IB across a variety of populations, and that it can also be used to
modify IB. The WSAP has unique features compared with other IB as-
sessment and modification tasks. Researchers should consider these
features when selecting a measure of IB and CBM-I task. Future research
is warranted to provide healthy norms and clinical cut-points, as well as
to directly compare different types of IB assessments and CBM-I.
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