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ABSTRACT 

The current investigation examined the effects of a differential attentional training 
task on subsequent emotional reactivity in response to a task that was aimed to 
either induce positive or negative affectivity.  Specifically, the study employed a 
dot-probe attentional training paradigm to train attention toward positive images 
(Attend-Positive condition), toward neutral images (Attend-Neutral condition), or 
to not train attention at all (Control condition).  The hypothesis was that 
individuals whose attention was trained toward positive images would exhibit 
faster response times toward positive images (compared to the Attend-Neutral 
and Control conditions) at post assessment, individuals whose attention was 
trained toward neutral images would exhibit faster response times toward neutral 
images (compared to the Attend-Positive and Control conditions) at post 
assessment, and individuals in the Control condition would maintain similar 
response times from baseline to post assessment, aside from general practice 
effects.  It was also hypothesized that those in the Attend-Positive condition 
would better regulate emotion, as measured by less negative affect in response 
to a stress task and more positive affect in response to a positive mood induction 
task, compared to individuals who have engaged in a control task involving no 
attentional bias training (Control condition).  It was also hypothesized that those 
in the Attend-Neutral condition would better regulate emotion, as measured by 
less negative affect in response to a stress task and more positive affect in 
response to a positive mood induction task, compared to individuals who have 
engaged in a control task involving no attentional bias training (Control 
condition).  Last, it was hypothesized that individuals in the Attend-Positive 
condition would report differentially less negative affect in response to the stress 
task (failure anagrams) than those in the Attend-Neutral condition, and that 
individuals in the Attend-Positive condition would report differentially more 
positive affect in response to the positive mood induction task (success 
anagrams) than those in the Attend-Neutral condition.  In all conditions, the dot-
probe attentional training did not effectively modify biases in the hypothesized 
directions.  While there was differential affectivity change for individuals who 
underwent a Failure Anagram task versus a Success Anagram task, there is no 
way to definitively interpret the meaning of these changes given the failure of the 
attentional manipulation. The findings from the current investigation provide no 
evidence for single-session dot-probe attentional bias modification procedures to 
manipulate attentional bias toward positive stimuli or toward neutral stimuli.  
Possible explanations for these results, including lack of reliability of the dot-
probe task, are discussed.  
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CHAPTER 1: INTRODUCTION 

1.1   Project Overview 

When an individual preferentially focuses his or her attention toward a specific 

type of stimulus the person is exhibiting an attentional bias.  Attentional bias 

influences what a person attends to in their environment.  Researchers have 

developed methods to assess whether an individual has an attentional bias 

toward affectively negative, neutral, or positive stimuli.  In these methods (e.g. 

the emotional Stroop task or the dot probe task, described below) the speed with 

which participants respond to negatively valenced versus neutrally valenced 

words or images can be taken as an indicator of attentional bias.  Attentional bias 

has been demonstrated in individuals with anxiety, who tend to attend 

preferentially to threat stimuli (Mathews & MacLeod, 2005).  Methods have also 

been developed to directly manipulate attentional bias through “extended 

exposure to task contingencies that favor predetermined patterns of processing 

selectivity” (MacLeod & Mathews, 2012, p 191).  

The goal of the present study was to better understand associations between 

attentional bias manipulation and affective reactivity for individuals who reported 

elevated levels of anxiety.  Specifically, the study examined how training 

individuals to focus attention away from negative stimuli and toward neutral 

stimuli, versus away from negative stimuli and toward positive stimuli, affects 

their mood following an affective reactivity task.  More specifically, the study 
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utilized two types of affective reactivity tasks, one that was designed to prime the 

experience of negative emotions through presenting failure feedback following a 

difficult anagram task, and another that was designed to prime the experience of 

positive emotions through presenting success feedback following a simple 

anagram task. In the present study, participants were randomly assigned to 

receive either attentional bias training toward positive images (and away from 

negative images), toward neutral images (and away from negative images), or a 

control condition where there was no attentional bias training and participants 

were presented with neutral, negative and positive images with no reinforcement 

of any valence category.  Participants were then randomized to receive a 

subsequent success or failure affect reactivity task (i.e. anagram task).  This 

study design has the potential to shed new light on the process by which 

attentional bias alters affective reactivity for individuals with elevated levels of 

anxiety. 

The speculation that attentional bias to threat is differentially higher for 

individuals with elevated anxiety and anxiety disorders suggests that this bias 

may be a causal factor in the development or maintenance of anxiety symptoms.  

If this were true, then altering negative attentional bias would be expected to 

result in therapeutic benefits (MacLeod & Clarke, 2015). 

1.2   Specific Aims 

Aim 1. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
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positive images (and away from negative images) will better regulate 
emotion, as measured by less negative affect, in response to a stress 
task compared to individuals who have engaged in a control task 
involving no attentional bias training; 

Aim 2. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
positive images (and away from negative images) will better regulate 
emotion, as measured by more positive affect, in response to a positive 
mood induction task compared to individuals who have engaged in a 
control task involving no attentional bias training; 

Aim 3. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
neutral images (and away from negative images) will better regulate 
emotion, as measured by less negative affect, in response to a stress 
task compared to individuals who have engaged in a control task 
involving no attentional bias training; 

Aim 4. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
neutral images (and away from negative images) will better regulate 
emotion, as measured by more positive affect, in response to a positive 
mood induction task compared to individuals who have engaged in a 
control task involving no attentional bias training; 

Aim 5. To assess whether there is a difference in negative affect after the stress 
task for those in the Attend-Positive condition compared to those in the 
Attend-Neutral condition; and  

Aim 6. To assess whether there is a difference in positive affect after the 
positive mood induction task for those in the Attend-Positive condition 
compared to those in the Attend-Neutral condition. 
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CHAPTER 2: RESEARCH STRATEGY 

2.1 Significance 

“My experience is what I agree to attend to. Only those items which I notice 

shape my mind” (James, 1890, p 402).  Imagine two friends taking a hike in the 

desert on a sunny yet cool Tucson spring morning.  Jonah has extreme anxiety 

and Miriam is euthymic.  While walking each individual is exposed to the exact 

same landscape.  However, it is more likely Jonah will be scanning the 

environment for threat: cactus spines, snakes and scorpions, and might miss out 

on the beautiful wildflowers and blooming cholla that Miriam is observing.  It is 

likely that Jonah will experience worry and stress while Miriam will experience joy 

and contentment.  Not surprisingly, what we attend to affects our emotional state 

(Lang, Bradley, & Cuthbert, 1990). 

For nearly 30 years researchers have been investigating the question of how 

attention affects emotion (e.g. MacLeod, Mathews, & Tata, 1986, Lang, Bradley, 

& Cuthbert, 1990; Mathews & MacLeod, 2005; MacLeod & Mathews, 2012).  

However, more than 90% of the studies on attentional bias modification have 

been published in the past few years (MacLeod & Clarke, 2015).  The technology 

used in the present experimental manipulation is extended from studies within an 

attentional bias modification paradigm and offers potentially informative 

observations about how one can use attention to disengage from threat and/or 

engage with positive stimuli.  In addition, it is possible that these methods would 
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be useful as a preparation for Cognitive Behavioral Therapy (CBT) or exposure 

therapy, and understanding how attention training affects individuals with anxiety 

symptoms may give more information about what specific attentional training will 

be best for those with such symptoms.  

A recent meta-analysis found evidence that Attentional Bias Modification (ABM) 

procedures can reduce selective processing of negative stimuli in anxiety (Hallion 

& Ruscio, 2011).  It has been found that positive mood states, but not neutral 

ones, lead to an increased attentional bias to positive information (Tamir & 

Robinson, 2007). If the mechanism of this relationship operates in reverse, then 

inducing positive attentional biases could increase positive affect. Accordingly, 

Grafton and colleagues (2012a) acknowledge the limitation in their ABM study of 

using only positive-neutral and control conditions.  Thus, there is no way to know 

from this study whether the training conditions that were designed to increase 

positive attentional bias actually resulted in reduced negative attentional bias. 

These authors suggest that future researchers include both positive and negative 

emotional stimulus materials when assessing the attentional impact of the 

training manipulation, which would permit researchers to determine whether the 

training procedure modifies only attentional biases to positive information or to 

both positive and negative information in combination. The present study 

therefore aims to extend the Grafton et al. (2012a) findings by using both Attend-

Positive (and away from Negative) attentional training and Attend-Neutral (and 

away from Negative) attentional training to examine the potentially differential 
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impact on affective reactivity in a sample of individuals with elevated anxiety 

symptoms.   

While there are promising findings that suggest the efficacy and utility of 

attentional bias modification, the use of attentional bias training protocols from 

the attentional bias modification literature is undergoing examination due to 

increased numbers of failure to replicate studies leading to decreased support for 

this treatment paradigm.  There is an abundance of growing literature that shows 

failure to replicate successful attentional bias modification delivery (e.g. Carlbring 

et al., 2012; Boettcher et al., 2013, Rapee et al., 2013; Heeren, Reese, McNally 

& Philippot, 2012; Neubauer, von Auer, Murray, Peterman, Helbig-Lang & 

Gerlach, 2013; Everaert, Mogoaşe, David & Koster, 2014).  Therefore, this study 

aims to replicate positive findings and contribute to the validation of this 

paradigm.   

Additionally, anxiety disorders are very common – around one of five people will 

suffer from an anxiety disorder at some time in their life (American Psychiatric 

Association, 2013).   This high prevalence warrants attention to help understand 

underlying mechanisms that will lead to interventions to alleviate symptoms 

(Macleod & Clarke, 2015). 

2.2 Rationale for Attentional Bias Modification (ABM) 

There are several reasons for which potential clients are unwilling to seek 

therapy or use medication for anxiety symptoms, including concerns about side 
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effects and unwillingness to engage in exposure therapy (Weisberg, Dyck, 

Culpepper, & Keller, 2007; Gunter & Whittal, 2010).  For those who are willing to 

seek treatment, the responder rate to treatment is nowhere near perfect.  There 

are a large percentage of patients who remain symptomatic after undergoing 

interventions for anxiety disorders (Hofmann & Smits, 2008).  Specifically, while 

there are significant symptom changes at follow up; cognitive behavioral therapy 

(CBT) for GAD has not typically been able to achieve high end-state functioning 

(Borkovec & Ruscio, 2001; Borkovec, Alcaine, & Behar, 2004).  Research 

suggests that CBT has only been able to achieve 58% high end-state functioning 

at 12-month follow up (Ladouceur et al., 2000).  Those who are unresponsive to 

CBT treatment do not show the changes in attentional bias exhibited by 

responders (Mattia, Heimber & Hope, 1993; Lundh & Ost, 2001; Franklin, 

Huppert, Langner, Leiberg & Foa, 2005; Legerstee et al., 2010). In light of these 

observations, ABM might be a reasonable alternative to CBT or a viable 

preliminary intervention. 

ABM procedures have been proven successful in shifting attentional bias with 

non-clinical samples (Mathews and Mackintosh, 2000), non-clinical participants 

selected for high situation stress (See, MacLeod, & Bridle, 2009), and persons 

with elevated anxiety (Hirsch, Hayes & Mathews, 2009).  ABM procedures have 

also proven helpful for individuals who meet diagnostic criteria for anxiety 

disorders (Amir, Beard, Burns & Bomyea, 2009; Schmidt, Richey, Buckner & 

Timpano, 2009). 
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2.3  Overview of Attentional Bias Modification 

Evidence for the conclusion that attentional factors play a key role in the 

maintenance of anxiety disorders comes from observations that a high degree of 

vigilance for threat is characteristic of anxiety (Eysenck, 1992). Research has 

shown that biased attention to threat predicts emotional reactivity and anxiety 

(MacLeod & Hagan, 1992; van den Hout, Tenney, Huygens, Merckelbach & 

Kindt, 1995; MacLeod, Rutherford, Campbell, Ebsworthy & Holker, 2002). 

Why target attentional biases Given that there is more information in our 

environment than we can attend to at any moment, we must selectively attend.  

For individuals with anxiety, this often means perceiving threat from ambiguous 

stimuli (Beard, 2011).  Attentional bias appears to be a stronger predictor of 

anxiety than the subjective experience of anxiety or the physiological features of 

anxiety.  A recent study showed that biased attention was superior at predicting 

salivary cortisol response to stressors four months later, compared to self-report 

measures of anxiety and neuroticism (Fox, Cahill & Zougkou, 2010). 

MacLeod and colleagues (1986) developed a paradigm to measure attentional 

bias to threat, referred to as the dot probe or probe detection task.  During this 

task, individuals are presented with two words on a computer screen, either one 

on the top half of the screen and the other on the bottom half of the screen, or 

one on the left side of the screen and one on the right side of the screen.  Each 
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word pair typically contains a negative/threat word (e.g. gun) and neutral word 

(e.g. chair).  Individuals are instructed to discriminate the identity of a visual 

probe (e.g. one or two dots) that appears in the location where one of the words 

was displayed by pressing a key to indicate that the visual probe was, for 

example, “one dot” or that it was “two dots”.  Research has shown that 

individuals tend to be faster to respond to the probe stimulus when it is presented 

in a region of the screen that is attended to rather than unattended to (MacLeod, 

Mathews, & Tata, 1986).  Research has also shown that individuals high in 

negative affectivity respond more quickly to probes that are presented in the 

location of a previously exposed negative word, suggesting that they 

preferentially attend toward negative information (MacLeod et al., 2002).  

MacLeod and colleagues (2002) developed a training variant of the dot probe 

task in order to induce transient change in attentional response to negative 

stimuli and determine whether this affects subsequent negative emotional 

reactivity.  In this training method, typically referred to as Cognitive Bias 

Modification – Attention (CBM-A), Attentional Bias Modification (ABM) or Dot 

Probe Training Task, there is a systematic contingency between the position of 

the threat words and the position of the probes, which is designed to modify 

attention.  In order to bias attention away from negative stimuli, probes always 

appear in the location of the neutral words; in order to bias attention toward 

negative stimuli, probes always appear in the location of negative words.  After 

successfully differentially altering attention bias through these procedures, 
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MacLeod et al. (2002) tested the degree to which the training differentially 

affected negative emotional reactivity to a stressful event.  Stress level was 

manipulated by presenting participants with insoluble anagrams, leading them to 

believe that they were going to be video recorded, and that videos of those who 

performed either very well or particularly poorly would be shown to other 

students.  After this stressor, individuals in the Attend-Threat condition (i.e., 

attention biased toward the negative words) reported increased negative affect in 

response to the anagram stressor.  The authors replicated these findings in a 

second study where they included a baseline measure of affect in order to 

explore the change in affect as a result of the experimental stressor.  Although 

groups did not differ on baseline negative affect, those in the Attend-Threat 

condition showed greater increases in negative affect in response to the 

experimental stressor compared to those in the attend-neutral condition (i.e., 

attention biased toward the neutral words).  These findings suggest that the 

difference in self-reported negative affect between groups reflects increased 

vulnerability to stress for the Attend-Threat group.  These authors further propose 

that a change in attentional bias can lead to a change in vulnerability to anxiety 

(MacLeod et al., 2002).  
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2.4  Generalized Anxiety Disorder (GAD) 

Worry is a central feature in Generalized Anxiety Disorder (GAD), and worry 

appears to be the result of hypersensitive detection of threat (Sibrava & 

Borkovec, 2006).  Detecting threat creates a problem to be solved, and humans 

are highly motivated to solve problems because successfully doing so has been 

related to survival (Borkovec, et al., 2004).  If one is unable to avoid threat and 

the problem remains unsolved, cognitive activity is our only other option (e.g. 

Borkovec et al., 2004).  GAD is characterized by its diffuse nature coupled with 

the lack of delineated anxiety-provoking stimuli (Sibrava & Borkovec, 2006).   

Given that individuals with GAD worry often, they spend much time focusing on 

the future.  Because the future does not exist, and thus the danger they perceive 

cannot be avoided using fight or flight, a freeze option is the primary alternative.  

This is shown in the physiological state of GAD clients, who demonstrate 

reduced variability in cardiovascular activity (Sibrava & Borkovec, 2006). 

Compared to non-anxious individuals, those with GAD show decreased 

parasympathetic tone at rest, as well as reduced vagal tone (as reflected in 

decreased respiratory-sinus arrhythmia) in response to an induced state of worry 

(Lyonfields, Borkovec & Thayer, 1995; Thayer, Friedman & Borkovec, 1996).  

Mogg and Bradley (2005) reviewed ten dot probe detection task studies and 

found that individuals with GAD consistently demonstrate an attentional bias 

toward threat/negative stimuli, compared to non-anxious control participants.  
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Additionally, a recent meta-analysis of 172 studies concluded that threat bias in 

individuals with GAD is a robust finding across various experimental paradigms 

(Bar-Haim, et al., 2007).  

Research has shown that a single session of ABM that instructs participants in 

attending away from threat information and toward neutral information can modify 

attentional bias in both adults and children with GAD (MacLeod et al., 2002; 

Eldar, Ricon & Bar-Haim, 2008).  Several training sessions have been shown to 

be effective in reducing symptoms in both GAD (Amir et al., 2009) and social 

anxiety disorder (Schmidt et al., 2009).   

Negatively biased detection of threat and information processing is a core feature 

of GAD (Amir et al., 2009; Mogg & Bradley, 2005; Bar-Haim et al., 2007).   It has 

been hypothesized that, using attentional bias modification, attention can be 

modified in individuals with GAD.  To test this hypothesis, Amir and colleagues 

(2009) assigned individuals with GAD to either an Attention Modification Program 

(AMP) or an Attention Control Condition (ACC).  The stimulus probe words for 

the training programs came from MacLeod, who created two sets of 48 fear 

words that were relevant for individuals with GAD, and another 2 sets of matched 

neutral words.  Furthermore, in order to make sure that the words were relevant 

to individual participants, each participant was asked to rate each of the words in 

terms of affective valence on a scale of  “-3 to 3” (most negative to most 

positive). Twenty of the most negatively rated words were used as threat words 
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during the training task. All participants completed training procedures for eight 

sessions that were scheduled two times per week for 4 weeks.  For the AMP 

group, each session consisted of 240 trials.  Of the 240 trials, 80 trials consisted 

of only neutral words, and the remaining 160 trails were a mix of 1 neutral and 1 

threat word.  In the 160 neutral and threat word trials, the probe (the letters E or 

F) was always located in the place of the neutral word, thus directing attention 

away from the threat words.  For the ACC group the structure was the same 

except that the probe appeared in place of the threat and neutral words with 

equal frequency.  Results showed that individuals in the AMP group had 

significantly lower attentional bias scores at post-training compared to the ACC 

group.  Additionally, individuals in the AMP group demonstrated significant 

reductions from pre-training to post-training on both the trait (STAI-T) and the 

state (STAI-S) components of the Speiberger State-Trait Anxiety Inventory 

(STAI), the Beck Depression Inventory (BDI-II), the Hamilton Rating Scale for 

Anxiety (HRSA), and the Worry Domains Questionnaire (WDQ), whereas there 

were no significant changes on these measures for the ACC group.  At post-

treatment 50% of the AMP group, but only 13% of the ACC group, no longer met 

criteria for GAD. These results suggest that attending to threat information 

contributes to anxiety symptoms, and that modification of this attentional bias 

reduces these symptoms (Amir et al., 2009). 

Researchers have been able to induce biased attention to emotional stimuli using 

a home-based attention training program, showing that inducing attentional 
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avoidance of negative stimuli leads to reduced anxiety scores in response to a 

stressor (See et al., 2009).  This study used a sample of Singapore high school 

students who were about to emigrate to Australia for education, a transition 

considered to be a stressful life event that can elicit anxiety.  Approximately two 

weeks prior to departure, these individuals completed a computerized version of 

the attentional probe task, delivered over the Internet.  They were given 192 trials 

of the attentional training task and then 96 trials of an attentional assessment 

task.  Participants completed anxiety measures, then received an assessment 

block, then an attentional training block for 15 sequential days, then a final 

attentional assessment task the day before they departed for Australia, and the 

day they traveled to Australia they completed final anxiety questionnaires, which 

revealed that the students in the avoid-threat condition experienced a 

significantly smaller elevation in anxiety from the transition, compared to the no-

contingency control group. 

 

2.5   Positivity and Negativity 

To date most of the research on attentional bias has focused on biasing attention 

away from threat and toward neutral stimuli.  Less research has focused on 

biasing attention toward positive stimuli.  Negative and positive affectivity 

represent distinct and orthogonal aspects of emotionality, and factor analysis has 

shown they are also orthogonal aspects of personality (Watson, Wiese, Vaidya, 
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& Tellegen, 1999).  Biological evidence has further indicated that positive and 

negative affectivity are associated with different neurological substrates 

(Davidson, Jackson, & Kalin, 2000). 

Negativity and Attentional Bias Results from attentional probe tasks consistently 

show that individuals with negative affect attend to the probes presented in the 

location of the negative words more quickly than those presented in the location 

of the neutral words (MacLeod et al., 1986).  When individuals are randomly 

assigned to a condition that either induces attentional bias toward negative words 

(Attend-Negative training) or induces attentional bias away from negative words 

(Avoid-Negative training), attention is differentially altered in the predicted 

direction.  Those in the Attend-Negative condition show increased negative 

attentional bias and those in the Attend-Neutral condition show decreased 

negative attentional bias.  Individuals in the Attend-Negative condition show 

significantly larger negative mood elevations after a stress task than those in the 

Attend-Neutral condition, suggesting a causal relationship between negative 

attention bias and negative affect (MacLeod et al., 2002).  Manipulating negative 

attentional bias with the ABM approach has been shown to impact negative 

affect as evidenced by reduced elevations of negative mood in response to a 

stressor for those who were trained to attend to neutral versus negative words 

(e.g. Hakamata, Lissek, Bar-Haim, Britton, Fox, Leibenluft … Pine, 2010).   
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Positivity and Attentional Bias Given the relationship between positive affect and 

improved mental and physical health, exploration of whether attention can be 

trained toward positive bias appears to be a worthy area of investigation 

(Lyubomirsky, King, & Diener, 2005).  An attentional bias that favors positive 

information appears to be a causal factor in how much positive affect one 

experiences in response to emotional situations; the more positive one’s 

attentional bias, the stronger positive affect one has in response to an emotional 

situation (Wadlinger & Isaacowitz, 2010). Modifying the original attentional probe 

task to use positive and neutral word pairs instead of negative and neutral word 

pairs has been used to test the relationship between positive mood states and 

positive attentional bias. Using such a task, Tamir and Robinson (2007) found an 

association between higher levels of daily positive affect and greater positive 

attentional bias.  

In order to test the possible causal effect of positive attentional selectivity on 

positive affect, Grafton and colleagues (2012a) instructed participants with mid-

range positive affectivity at baseline, as measured by self-report, to perform a 

CBM-A task designed to train attention toward positive information.  These 

researchers used word pairs where one word was positive and one word was 

neutral.  They used 96 word pairs, divided into two subsets each consisting of 48 

words.  For the attentional probe task, each trial started with the presentation of 

the signal “Next Trial” in the center of the screen for 500 milliseconds, as the 

fixation cue.  After the cue was presented the screen was cleared and a word 
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pair was presented for 500 milliseconds; one word appeared at the top of the 

screen and one word appeared on the bottom.  After the word pair disappeared, 

a probe stimulus consisting of either a single red dot or adjacent red dots 

appeared in the place of one of the word pairs.  Participants were assigned to 

either the Attend-Positive or Avoid-Positive condition.  In the Attend-Positive 

condition the probe stimulus consistently appeared in the location of the positive 

word; in the Avoid-Positive condition the probe stimulus consistently appeared in 

the location of the neutral word.   Participants were instructed to indicate the 

identity of the probe, i.e. 1 or 2 red dots, as quickly as possible, by pressing the 

left mouse button for 1 red dot and the right mouse button for 2 red dots.  The 

probe remained on the screen until the participant responded and the time 

latency was recorded.  There were 96 assessment trials at pretest, 672 

attentional training trials, and another 96 trials at post-test, for a total of 864 trials.  

These researchers used an anagram success task that was delivered once 

before the attentional training and once after the attentional training.  The 

anagram task consisted of a set of 120 letter strings used to generate soluble 

anagrams that were easy (i.e. only 3 or 4 letters in length), and their solutions 

were common words, a modified anagram task from the stressor version 

developed by MacLeod et al. (2002).  Results showed that the attentional training 

differentially modified attention to positive information and subsequently 

differentially modified positive affectivity in response to a pleasant experience 

(i.e. success anagram).  More specifically, those who underwent training to 
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modify their attention toward positive stimuli reported greater positive affect in 

response to a success anagram, as compared to those whose attention was 

modified toward neutral stimuli, supporting the possibility that attentional bias 

toward positive stimuli might be a causal factor for positive affect (Grafton et al., 

2012a).   

 

2.6  Innovation  

The present research went beyond previous research on attentional bias in 

several ways, although it retained a similar attentional bias modification 

paradigm.  First, whereas previous research has examined only one end of the 

affect continuum, e.g. negative compared to neutral or positive compared to 

neutral, the present study examined a broader affect continuum by contrasting 

training toward positive stimuli and away from negative stimuli versus toward 

neutral stimuli and away from negative stimuli.  In addition there was a control 

condition. Recently, researchers have noted that including only one end of the 

valence continuum is a limitation because, for example, including a training 

condition designed to reduce or increase attentional bias to positive information 

could have increased or reduced attentional bias to negative information.  These 

researchers have recommended that future investigations include both positive 

and negative emotional stimulus materials when investigating attentional impact 

on emotion reactivity in order to determine whether positive and negative 
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attention biases are independent or related (Grafton et al., 2012a), as was done 

in the present study.  

Second, previous studies have focused on examining the effects of attentional 

bias modification for a population of individuals with anxiety or depression.  For 

the present study, it was decided to include individuals with anxiety, but exclude 

those with co-occurring depressive symptoms, in order to be able to 

unambiguously differentiate the consequences of the experimental manipulation. 

Third, the majority of studies that examine attentional bias have used word or 

facial images in the dot probe paradigm.  It was decided to use IAPS images 

because of the greater emotional salience of images, for which humans may be 

more biologically prepared, compared to abstract verbal stimuli (Vuilleumier, 

2005).   Also, emotionally salient images may more directly elicit emotion 

response than occurs through the associational process involved in 

understanding words (Foa and Kozak, 1986). 

Fourth, the present study goes beyond the single affective reactivity paradigm to 

include both a stress and success reactivity task.  Previous studies assessed the 

modification of attentional bias by employing either a failure anagram task or a 

success anagram task, and the present study uses both.  This allows for the 

direct contrast of these two feedback manipulations within a single study. 

Fifth, there is ample evidence suggesting that our affective state affects our 

attention.  There is also evidence that biasing of our attention toward or away 
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from positive and negative stimuli can be shaped by attention training.  Those 

two observations are being brought together in the present study to ask whether 

the techniques for changing attentional bias will work for and interact with these 

affective states that bias attention, namely elevated anxiety.  This will help in 

informing what may be the most efficacious approach to how to manipulate 

attention.  Then, in future research, the question can be asked, how long lasting 

are these effects, or what is their magnitude compared to another intervention, 

e.g. CBT?  
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CHAPTER 3: METHODS 

3.1  Methods Overview 

3.1.1 Use of Images 

ABM procedures exist in several varieties and can employ either words or 

images as the probe stimuli for the task.  Although verbal cognition is more 

characteristic of rumination and worry process (Borkovec & Inz, 1990; Watkins, 

2004), visual images (e.g., faces have been used in previous studies) tend to 

elicit more of an emotional response (Vuilleumier, 2005) so they may have a 

greater bias modification effect. Therefore, it was decided to use IAPS images as 

the probe stimuli. 

3.1.2 Power Analysis  

A power analysis was conducted using G*power to determine the number of 

participants needed for this study (Faul, Erdfelder, Buchner & Lang, 2009).  

Results of this analysis suggested a sample size of N=102 was needed for a 

95% chance to detect small effects, Cohen’s d = .25, at α = .05.   

3.1.3 Study Design 

This study was divided into two phases.  The first phase contained a paper 

survey through the INDV subject pool and an on-line SurveyMonkey series of 

self-report questionnaires and the second phase included a laboratory visit with 
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physiological, behavioral, and self-report measures.  The schematic overview of 

the design is represented below in Figure 1. 

Figure 1 Overview of Study Design  

 

 

3.2  Participants 

One hundred and eighteen undergraduates were recruited using the University of 

Arizona research participant pool of students in introductory psychology courses 

(See Figure 2).  Individuals who participated in this study received experiment 

participation course credit.  Participants were selected based on elevated self-

reported symptoms (score > 52.77) on the Penn State Worry Questionnaire 

(PSWQ), a screening questionnaire for Generalized Anxiety Disorder, and non-

elevated self-report symptoms (score < 21) on the Beck Depression Inventory-II 
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(BDI-II), a screening questionnaire for Major Depressive Disorder.  Participants 

were students over the age of 18 who were enrolled in the Structure of Mind and 

Behavior 101 course.  All participants were required to be fluent in English, since 

experimental materials and assessment measures are designed for English 

speakers. Visually impaired participants were also excluded from the second 

phase of the study because it involved a computer task that includes visual 

images.  Visual impairment was determined by self-report: participants were 

asked if they are able to see words on a computer screen.  All exclusion criteria 

were included in the SurveyMonkey questionnaires.  No vulnerable individuals 

were included in the study, i.e. there were no children, pregnant women, 

neonates, prisoners, or cognitively impaired adults involved.  The flowchart of 

participants through the study is outlined in Figure 2.  Ninety-eight participants 

(Age 18.84 + 1.31 years) were included in the experiment analyses.  

Demographic information is included in Table 1.    
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Figure 2 Flow of Participants  

 

Those participants who were eligible and interested were randomly assigned to 

one of the three training conditions and one of the two anagram conditions. 

Approximately one-third of the participants were exposed to the contingency 

designed to bias away from negative and toward positive, called the ‘Attend-

Positive’ group. Another third were assigned to a training contingency designed 

to bias attention toward neutral and away from negative, called the ‘Attend-

Neutral’ group. The remaining third received a control task with no contingency, 

called the ‘Control’ group. Following training, half the participants from each 

training group received a difficult anagram task with failure feedback designed to 

induce a negative mood change, referred to as the failure condition. The other 
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half experienced an easy anagram task with success feedback designed to 

provoke a positive mood change, which is referred to as the success condition. 

This gave rise to two between-group factors: Training Condition (Attend-Positive 

vs. Attend-Neutral vs. Control) and Anagram Task (Failure vs. Success). 

Participant mood and demographic characteristics are outlined in Table 1.  The 

groups did not significantly differ on age, trait Beck Depression Inventory-II (BDI-

II), Penn State Worry Questionnaire (PSWQ) or Positive and Negative Affectivity 

Scale (PANAS) scores.  Additionally, PSWQ anxiety scores fell within a similar 

range to other dot probe studies. 

 
Table 1 Characteristics of Participants 

Measure  Attend-Positive  
(N=35) 

Attend-Neutral  
(N=32) 

Control  
(N=31) 

BDI-II 
Mean 
SD 

 
9.09 
4.85 

 
7.91 
4.15 

 
8.23 
5.12 

PSWQ 
Mean 
SD 

 
62.86 
7.02 

 
62.47 
7.06 

 
63.00 
6.89 

Positive PANAS 
Mean 
SD 

 
29.34 
7.78 

 
27.22 
8.17 

 
30.03 
8.17 

Negative PANAS 
Mean 
SD 

 
18.46 
5.89 

 
16.88 
5.49 

 
18.65 
6.09 

Age 
Mean 
SD 

 
18.74 

.82 

 
19.22 
1.88 

 
18.55 

.93 
Gender 
N Female 
% Female 

 
31 

88.57 

 
25 

78.13 

 
23 

74.19 
Hispanic 
N 
% Hispanic 

 
7 

20.00 

 
6 

18.75 

 
9 

29.03 
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Measure  Attend-Positive  
(N=35) 

Attend-Neutral  
(N=32) 

Control  
(N=31) 

Race 
N 
% White 

 
25 

71.43 

 
25 

78.12 

 
21 

67.74 
1st yr in College 
N 
% 

 
22 

62.86 

 
20 

62.50 

 
22 

70.97 
Notes. 1. BDI-II = Beck Depression Inventory-II; PSWQ = Penn State Worry 
Questionnaire; POS PANAS = positive scale of PANAS; NEG PANAS= negative 
scale of PANAS.  2. BDI-II: F = 0.52, ns, PSWQ: F = 0.05, ns, Positive PANAS: F 
= 1.06, ns, Negative PANAS F = 0.89, ns, Age: F = 2.27, ns, Gender: χ2 = 2.36, 
ns, Hispanic: χ2 = 2.27, ns, Race: χ2 = 10.55, ns, 1st year in college: χ2 = 3.13, ns. 

 

3.3  Experimental Stimuli 

Emotional Image Pairs The International Affective Picture System (IAPS; Lang, 

Bradley & Cuthbert, 2008) was used to select positive, negative and neutral 

images.  A different set of pictures was used for the pretest and the attentional 

training component of the study.  Images were selected based on a similar 

selection process as used in the work of Koster, Baert, Bokstaele, & De Raedt 

(2010).  In that study, researchers selected pictures based on valence ratings (1= 

extremely negative, 9 = extremely positive) and arousal ratings (1 = not at all 

arousing, 9 = highly arousing).  The entire catalog list of 484 IAPS slides were 

first sorted by valence.  The 64 most positively rated images were selected.  If 

there were more than 2 of the same image category (e.g. puppies), the image 

was replaced with the next image on the list.  This process continued until 64 

positive images had been selected.  The same process was repeated for neutral 

and negative images. Any nude or erotic images and any ambiguous images 
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were omitted.  Next, a t-test was conducted to compare the mean arousal level 

on the set of positive and negative images, and images were removed and 

replaced from each list until there was no longer a significant difference in 

arousal level between the positive and negative image groups.  Finally, the 

images were divided into two sets where set A consisted of 48 positive, 48 

negative and 48 neutral images, and set B consisted of 16 positive, 16 negative 

and 16 neutral images.  The reason there were significantly more images in set A 

is because this is the set that was used for training purposes, so participants 

were exposed to images in set A with much greater frequency than those in set 

B, which was only used for post-assessment. 

Set A was used for the practice, pre-test of the attentional bias task, and the 

training task. Each set of 48 pairs was presented in randomized order 6 times, for 

a total of 576 trials.  Once the first set of 48 was presented in random order, the 

set was repeated for a second round in randomized order, and so on. Images 

were digitized to the same size for tasks (height = 110 mm; width = 140 mm; 

visual angle = 10° X 13.3°) by resizing the images via Preview on Mac (as jpeg 

files) and saving out the resized images. Set B was used for the post-

assessment task. As mentioned previously, the two sets did not differ 

significantly in arousal or affective rating. The full set of images used and 

significance testing can be found in Appendix C.  
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Anagram Letter Strings The anagram task was given after the ABM task in all 

conditions. The success task anagram strings consisted of three to four letters, 

with solutions that were common English words. These letter strings were 

borrowed from those used in Grafton et al., 2012a. The failure task used 40 letter 

strings, 20 of which are soluble but very difficult, and 20 of which are insoluble.  

The 20 soluble anagrams were used in the MacLeod et al. (2002) seminal study 

and were selected based on being rated as very difficult by six 4th year 

psychology graduate students.  The full set of anagrams used can be found in 

Appendix B. 

 

3.4  Affectivity Assessment Instruments 

Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 

1988) is a 20-item self-report measure designed to assess positive affect (e.g., 

excited, active) as well as negative affect (e.g., afraid, ashamed). Participants 

were asked, “To what extent are you experiencing each of the following feelings 

and emotions right now?” Participants were asked to make responses using a 1 

(very slightly or not at all) to 5 (extremely) Likert scale. Internal consistency of the 

PANAS has been found to be .86 to .90 for PA scale and .84 to .87 for NA scale, 

and the PANAS demonstrates good convergent validity with other mood 

measures (Watson et al., 1988).  
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Visual Analog Mood Scales To measure mood state during the completion of the 

ABM task, participants were presented with three analog mood scales to 

complete at multiple times.  Participants were instructed to use the mouse to 

select the point on the scale that best represented their current mood.  Scale 1 

presented a continuum of “relaxed” to “anxious”, scale 2 presented a continuum 

of “distressed” to “calm” and scale 3 presented a continuum of “dull” to “elated”.  

Each scale appeared centered in the middle of the screen (See Appendix A), and 

remained visible until the participant made a selection.  Analog scales were 

presented before the pre-assessment trial, after the pre-assessment trial, and 

then after every 96 trials for the duration of the training task.  Each participant 

completed six sets of anagram scales.  These scales were used based on a 

suggestion from Grafton and colleagues (2012) who recommended researchers 

employ multiple mood-rating scales to assess positive affect (elated to dull) and 

negative affect (distressed to calm).  This study used these two scales plus the 

scale from the MacLeod et al. (2002) paper (relaxed to anxious) (See Appendix 

A). 

 

3.5  Experimental Control Hardware and Software 

Attentional tasks were programmed and presented using the DMASTR software 

(DMDX) developed at Monash University and at the University of Arizona by K.I. 
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Forster and J.C. Forster (Forster & Forster, 2003).  All tasks were executed on a 

Dell STUDIO 1558 Laptop computer. 

 

3.6  Experimental Tasks 

3.6.1  Attentional Bias Task 

This task was used to assess and manipulate attentional bias to emotional 

images and was based on previous tasks employed by MacLeod et al. (2002) 

and Grafton et al. (2012).  Each trial started with a fixation cross that was 

presented for 500 milliseconds in the middle of the screen.  After the fixation 

cross disappeared, two images appeared next to each other for 500 milliseconds. 

One image was located on the right of the fixation cross and the other was 

located on the left.  After the images disappeared, a small dot probe consisting of 

either one dot or two dots (i.e. • or ••) was presented at the location of one of the 

images.  Participants were instructed to indicate the identity of the probe by 

pressing a keyboard key as quickly as possible, on a QWERTY keyboard.  The 

‘G’ key was used to indicate when the probe was presented as a single dot, and 

the ‘H’ key was used to indicate that the probe was presented as a set of two 

dots.  There was a sticker over the ‘G’ key that was labeled: ‘1’ and a sticker over 

the ‘H’ key that was labeled: ‘2’.  If the participant did not give an answer, the trial 

timed out after 2000 milliseconds and a new trial began.  The probe 
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discrimination latencies were recorded by the DMDX program and used to 

calculate attentional bias (Forster & Forster, 2003).  

Attentional Assessment Trials This task consisted of 9 practice trials, 96 pre-

assessment trials and 96 post-assessment trials (Tamir et al., 2007; MacLeod et 

al., 2002).  Instructions were presented on the computer screen, including 

instructions to respond to each probe as quickly and accurately as possible.  The 

practice and pre-assessment trials contained images from set A. The post-

assessment trials consisted of images from set B.  

Attentional Training Trials Participants were randomly assigned to one of three 

conditions: Attend-Positive, Attend-Neutral, or the Control condition.  The 

attentional training task included 576 trials. The structure of the manipulation is 

represented below in Figure 3. For participants in the Attend-Positive group, 

attention was trained toward positive images.  Therefore, all trials contained 

negative-positive picture pairs that were presented for 500 milliseconds. During 

this condition the probe followed the location of the positive image 100% of the 

trials. For participants in the Attend-Neutral condition, attention was trained 

toward neutral (and away from negative) images.  Therefore, all trials contained 

neutral-negative picture pairs that were presented for 500 milliseconds. During 

this condition the probe followed the location of the neutral image 100% of the 

trials.  For participants in the control group, there was no attentional training. 

Therefore, trials contained a mix of neutral-negative, neutral-positive and 
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negative-positive picture pairs that were presented for 500 milliseconds. For this 

condition the probe followed the location of the neutral, positive and negative 

image with equal probability (33% neutral, 33% positive, 33% negative).  Each 

condition contained 576 training trials in six blocks of 96 trials, divided by analog 

mood rating scales.   

Figure 3 is a graphical display of the dot probe stimulus sequence.  The first 

screen is a fixation cross, the second screen contains the image pairs, and the 

third screen contains the dot probe of either 1 or 2 dots.  In this example there 

are two dots in the location of the positive image (puppies). 

 

Figure 3 Graphical Display of Dot-Probe Stimulus Sequence 

 

3.6.2  Anagram Task  

Participants completed an anagram task after the ABM attentional training (e.g. 

similar to Grafton et al., 2012a; Peters, Constans & Mathews, 2011). Participants 
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were randomized to receive either the anagram success task or the anagram 

failure task.   

Anagram Success Task This task is based on the work of Mogg, Mathews, Bird, 

and MacGregor-Morris (1990) and Grafton et al., (2012a).  Participants were 

reassured that the video camera in the room was not recording them, and the 

lens cover was placed on the video camera for additional reassurance.  

Participants were given a simple and easily solvable anagram task designed to 

elicit success-related positive emotional reactions.  Three or four-letter anagrams 

were borrowed from authors of pervious studies, all of which consisted of 

common words, e.g. wolo = wool (Grafton et al., 2012a). For each trial, the 

scrambled letters of an English word were presented and participants were 

instructed to reassemble the letters to make a meaningful word and to type this 

word using the laptop keyboard. Participants were told that they have three 

minutes to solve a set of anagrams, but that they should not worry about how 

long they take.  After each anagram, participants pressed the “enter” key to 

proceed to the next anagram until their time was up.  In order to further elevate 

positive mood, at the end of the task they were congratulated for their superior 

performance and told that they scored in the top 10% for university students.  

Anagram Failure Task This task was based on the work of MacLeod et al. 

(2002), which was an adaptation from Mogg, et al., (1990).  Following the 

attentional training task, participants were given a mixture of difficult and 
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insoluble anagrams to solve within a time constraint.  These anagrams consisted 

of 40 letter strings, 20 of which were soluble but very difficult, and 20 of which 

were insoluble.  Participants were told that they were being videotaped, and a 

video camera was pointed toward them.  In order to seem convincing, a research 

assistant removed the lens cap and turned the camera on.  Participants were 

shown the anagrams individually on the laptop monitor and were given three 

minutes to complete as many anagrams as possible.  After each anagram, 

participants pressed the “enter” key to proceed to the next anagram until their 

time was up.  They were able to leave a response blank if a particular anagram 

was too hard and move to the next trial by pressing the “enter” key.  Participants 

were instructed to complete each anagram with as much speed and accuracy as 

possible.  After three minutes, in order to further elevate negative mood, 

participants received feedback about their accuracy level being particularly low 

and that their recording would be used for research purposes (adapted from 

MacLeod et al., 2002). (See Appendix B for the list of anagrams). 

 

3.7  Self-Report Measures 

Demographic Questions Participants were asked about their age, gender, 

race/ethnicity, and education background.  

Beck Depression Inventory – II (BDI-II; Beck, Steer & Brown, 1996) is a self-

report measure consisting of 21 items that measure severity of depression 
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symptoms.  Respondents chose the statement that best described how they felt 

over the past week from a series of statements of increasing severity (e.g., “I do 

not feel sad”, ‘I feel sad”, “I feel sad all the time and can’t snap out of it”, “I am so 

sad or unhappy that I can’t stand it”).  Meta-analysis of the BDI-II’s internal 

consistency in the studies of psychiatric samples during a 25-year period yielded 

a mean coefficient alpha of .86 and test-retest correlations ranging from .48 to 

.86 (for a review see Beck, Steer, & Garbin, 1988).  Multiple studies have shown 

that BDI-II has suitable discriminant validity in differentiating psychiatric from 

nonpsychiatric comparison groups (Beck et al., 1988). 

Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger & Borkovec, 

1990) is a trait worry questionnaire that has 16 Likert-scale items ranging from 1 

(“Not at all typical of me”) to 5 (“Very typical of me”).  Items include “Once I start 

worrying, I can’t stop,” and “When I am under pressure, I worry a lot”. Scores 

range from 16-80 where higher scores indicate increased levels of worry, and 

scores above 62 suggest clinical levels of worry (Behar, Alcaine, Zuellig, & 

Borkovec, 2003; Fresco, Mennin, Heimberg & Turk, 2003).  The PSWQ shows 

good internal consistency, with αs from .86 to .93 across clinical and college 

samples as well as adequate to good test-retest reliability, i.e. rs from .74 to .93 

(Molina & Borkovec, 1994).  Individuals with GAD score higher on the PSWQ 

compared to community controls and individuals with panic disorder, panic 

disorder with agoraphobia, social anxiety disorder, simple phobia, or obsessive-

compulsive disorder (Brown, Anthony, & Barlow, 1992). 
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Brief Fatigue Inventory (BFI; Mendoza, Wang, Cleeland, Morrissey, Johnson, 

Wendt & Huber, 1999) is a 10-question uni-dimensional outcome measure used 

to assess the severity and impact of fatigue on daily functioning.  Questions 

include, “Throughout our lives, most of us have times when we feel very tired or 

fatigued. Have you felt unusually tired or fatigued in the last week?” Participants 

are asked to respond to questions using a yes/no response system or by 

completing a Likert scale where 1= “No fatigue or Does not interfere” and 10 = 

“As bad as you can imagine or completely interferes”. Psychometric evaluation of 

the BFI indicates internal consistency of .95, stability ranking of 0.90, and 

suggests that the BFI demonstrates good convergent validity with other fatigue 

measures (Mystakidou et al., 2008). 

Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 

1988).  See section 3.4 Affectivity Assessment Instruments, above.  

 

3.8  Procedure 

Phase I Individuals participating in the Structure of Mind and Behavior 101 

course completed the Mass Survey.  The Beck Depression Inventory II (BDI-II) 

and Penn State Worry Questionnaire (PSWQ) were included to assess 

symptoms of anxiety and depression.  Individuals with elevated levels of anxiety 

were invited to participate in our study through an email invitation that contained 

a user ID and a link to the SurveyMonkey questionnaires.  Individuals with 
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moderate or greater depression symptoms were deselected.  Students received 

experimental credit for completing the online questionnaire, which included 

screening questions for exclusion purposes as well as other self-report 

measures.  Eligible participants were invited to Phase II of the study. 

Phase II Participants were run through the study one at a time.  Two research 

assistants (RA) ran each study.  One was considered the “Lab RA” and was the 

main experimenter.  The other was considered the “Technology RA” and was 

mostly in the control room.  The Technology RA was aware of anagram condition 

and thus set up the video recorder accordingly.  The Lab RA greeted the 

participant outside the Psychology Clinic, seated them in the lab space, and 

consented them. In order to reduce demand effects, participants were given a 

cover story suggesting that they were taking part in a psychometric and 

physiologic evaluation study of attentional tasks and their reliability.  This is 

similar to the explanation used in Koster, Baert, Bokstaele, & De Raedt (2010).  

Individuals were given paper-copy-administered PANAS and fatigue assessment 

in the lab.  After completion of this questionnaire, the laptop was placed on the 

participant’s lap to perform the pretest probe detection task.  Participants 

completed 9 practice trials and 96 trials for the pre-test of attentional bias.  At the 

end of the pretest phase, participants were given a chance to ask questions and 

were briefed about the ABM task by an RA. In order to make sure participants 

and Lab RAs were blind to condition, each participant was told their subject ID 

and asked to open the ID file labeled with this 4-digit number. This file contained 
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their condition code (A, B, C, D, E, or F), which they then entered into the 

computer program to start the assigned ABM and anagram tasks. Then the 

participant was instructed to start the task, which included 576 trials and lasted 

approximately 45 minutes. Participants were instructed to rest for four minutes 

after the training task to dissipate any direct mood modification due to the task.   

Participants then completed their assigned anagram reactivity task and 

completed a second paper PANAS. Individuals were debriefed at the end of the 

experiment and asked about whether they had any awareness of the purpose of 

the experiment.  Questions were answered and participants were awarded 

experimental credit for their time.   
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CHAPTER 4: RESULTS 

Following analyses of Grafton and colleagues (2012a), data were analyzed in 

two stages.  The first set analyzes probed discrimination latencies in order to 

determine whether attention was trained according to condition.  In order to 

determine the emotional impact of modifying attention, the second set of 

analyses determined whether there were differential affect changes subsequent 

to the anagram tasks and in response to the ABM training. 

 

4.1 ABM Attentional Training Analyses 

4.1.1 Sample Versus Population Ratings 

IAPS images, which were standardized based on valence and arousal ratings, 

were used in the attentional training task. Given this sample was selected for 

elevated anxiety symptoms, it was important to test whether participants 

responded to IAPS images similarly to the population.  For example, if 

participants viewed the IAPS images that were selected to bias attention toward 

positivity as neutral, then the internal validity of the task would be compromised.  

Participants’ ratings were compared to the IAPS standard ratings by calculating 

z-scores for each participant’s ratings. Next, an average z-score was calculated 

based on image valence (i.e. negative, neutral, positive).  Participants with 

average z-scores that were 2 standard deviations below or above the 

standardized IAPS mean were removed from further analyses.  Only one 
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participant was removed because of the following z-scores: positive = -2.68, 

neutral = -0.19, negative = 4.48.   

4.1.2 Probe Discrimination Latencies 

Ninety-eight individuals were included in the final sample.  Each individual 

completed 96 pre-assessment and 96 post-assessment trials, totaling 192 

assessment trials per participant.  In line with previous research in this paradigm, 

individuals with latencies smaller than 200 milliseconds or greater than 2000 

milliseconds were eliminated, as were participants whose latencies were more 

than 1.96 SD from their own mean.  This resulted in the elimination of four 

participants’ data.  Next the mean probe discrimination accuracy was calculated, 

and individuals whose score was more than two standard deviations from the 

mean were flagged.  Only 3.8% of the total trials were errors across assessment 

trials.  Mean probe discrimination latencies, by condition and category, are 

shown in Table 2.   



 52 

Table 2 Characteristics of Probe Discrimination Latencies, in Milliseconds, 
under each Experimental Condition 

 Pre-Assessment Post-Assessment 

Attentional Training 
Condition 

Positive Neutral Negative Positive Neutral Negative 

Attend-Positive (N=35) 
Mean 
SD 

 
636 
111 

 
626 
103 

 
644 
118 

 
604 
92 

 
608 
100 

 
621 
91 

Attend-Neutral (N=32) 
Mean 
SD 

 
579 
115 

 
591 
126 

 
595 
127 

 
559 
96 

 
579 
120 

 
585 
129 

Control (N=31) 
Mean 
SD 

 
604 
127 

 
603 
128 

 
614 
129 

 
557 
121 

 
558 
109 

 
566 
114 

 
 

4.1.3 Baseline Response Time Differences between Conditions by Valence 
Category 

Response time was log-transformed.  Next, PROC GLM was used in Models 1a-

1c to determine whether there were baseline differences in response time to 

each valence category between conditions.  First baseline differences in 

response time toward positive images was examined.   

Model 1a. Yi (Baseline Response Time Positive Images)= β0 + β1 (ABM 
Condition) + ε1 

 

Overall Model 1a was not significant F (2, 97) = 2.50, ns.  However, planned 

contrasts indicated a significant difference between the Attend-Neutral (M = 

579.46, SD = 115.05) and Attend-Positive (M = 635.61, SD = 110.81) conditions 
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at baseline, p = .03, suggesting faster baseline response times toward positive 

images for individuals in the Attend-Neutral condition compared to individuals in 

the Attend-Positive condition.  Figure 4 depicts the baseline assessment means 

for the images with a positive valence.  Next baseline differences in response 

time toward neutral images were examined.   

Model 1b. Yi (Baseline Response Time Neutral Images)= β0 + β1 (ABM 
Condition) + ε1 

 

Overall Model 1b was not significant F (2, 97) = 1.31, ns.  Planned contrasts 

indicate there was no significant difference between any of the three conditions. 

Figure 4 depicts the baseline assessment means for the images with a neutral 

valence.  Next baseline differences in response time toward negative images 

were examined.   

Model 1c. Yi (Baseline Response Time Negative Images)= β0 + β1 (ABM 
Condition) + ε1 

 

Overall Model 1c was not significant F (2, 97) = 1.86, ns.  Planned contrasts 

indicate there was no significant difference between any of the three conditions.  

Figure 4 depicts the baseline assessment means for images with a negative 

valence.  

In sum, there was only one baseline difference between conditions, which was in 

response toward positive images where individuals in the Attend-Neutral 
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condition exhibited faster baseline response times than individuals in the Attend-

Positive condition. 

Figure 4 Baseline Response Time Means for each Image Valence Category 

   

4.1.4 Baseline Attentional Differences within Conditions by Valence 
Category 

The previous set of models was computed to test whether there were differences 

between conditions toward each valence category. This set of analyses 

addressed baseline attentional differences within conditions by valence category. 

Results showed a main effect of valence: F (2, 94) = 8.69, p < .0003.  There was 

also a trend toward significance for the interaction between valence and ABM 

condition: F (4, 188) = 2.15, p < .07.  Posthoc tests were computed in order to 

unpack these differences.  

Full Sample Collapsed across Conditions There was a significant difference 

within the full sample in baseline attention toward positive versus negative 

images (F (1, 97) = 12.35, p = .001) and neutral versus negative images (F (1, 

97) = 15.09, p = .0002) but not between positive and neutral images (F (1, 97) = 

0.00, ns).  Results show that the sample overall demonstrated equal response 
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times to positive and neutral images, and these response times were significantly 

faster than to negative images (positive mean = 590.83, neutral mean = 594.97, 

negative mean = 605.35).  See Figure 5.   

Figure 5 Baseline Response Time, Collapsed across Conditions  

 

Attend-Positive Condition Within the Attend-Positive group there were significant 

baseline differences between neutral (M = 626.01, SD = 103.09) and negative (M 

= 644.69, SD = 117.81) images, t(34) = 3.99, p < .0003, showing that those in the 

Attend-Positive group were significantly faster at attending to neutral images 

compared to negative images at baseline.  There were no significant baseline 

differences within the Attend-Positive group between neutral and positive 

images: t(34) = 1.71, ns, or between negative and positive images: t(34) = -1.30, 

ns.  See Figure 6.   

Attend-Neutral Condition In the Attend-Neutral group there were significant 

baseline differences between positive (M = 579.46, SD = 115.04) and neutral (M 

= 590.57, SD = 126.43) images, t(31) = -2.04, p < .05, showing that those in the 



 56 

Attend-Neutral group were significantly faster at attending to positive images 

compared to neutral images at baseline.  There were significant baseline 

differences in the Attend-Neutral group between positive (M = 579.46, SD = 

115.04) and negative (M = 595.33, SD = 127.13) images, t(31) = -2.63, p < .01, 

showing that those in the Attend-Neutral group were significantly faster at 

attending to positive images compared to negative images at baseline.  There 

were no significant baseline differences in the Attend-Neutral group between 

negative and neutral images: t(31) = 0.92, ns.  See Figure 6.   

Control Condition In the Control group there were significant baseline differences 

between positive (M = 603.75, SD = 126.84) and negative (M = 613.97, SD = 

128.85) images, t(30) = -3.18, p < .003, showing that those in the Control group 

were significantly faster at attending to positive images compared to negative 

images at baseline.  There were no significant baseline differences in the Control 

group between positive and neutral images, t(30) = 0.21, ns, or between negative 

and neutral images, t(30) = 1.93, p < .06, though there was a trend where 

individuals in the Control group were faster at attending toward neutral images 

compared to negative images.  See Figure 6.   

In sum, individuals in the Attend-Positive condition were significantly faster at 

attending to neutral images compared to negative images at baseline.  

Individuals in the Attend-Neutral condition were significantly faster at attending to 

positive images than to both negative and neutral images.  Individuals in the 
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Control condition were significantly faster at attending to positive images 

compared to negative images, and there was a trend toward significance 

suggesting faster response times to neutral images compared to negative 

images. 

4.1.5 Post-Assessment Attentional Differences within Condition 

Attend-Positive Condition In the Attend-Positive group there were significant 

post-assessment differences between positive (M = 603.57, SD = 91.55) and 

negative (M = 620.67, SD = 91.49) images, t(34) = 2.92, p < .01, showing that 

those in the Attend-Positive group were significantly faster at attending to positive 

images compared to negative images at post-assessment.  There were no 

significant post-assessment differences in the Attend-Positive group between 

neutral and positive images: t(34) = -0.67, ns, or between negative and neutral 

images: t(34) = 1.25, ns.  See Figure 6. 

Attend-Neutral Condition There were significant post-assessment differences in 

the Attend-Neutral group between positive (M = 559.37, SD = 96.38) and 

negative (M = 585.26, SD = 129.01) images, t(31) = 3.18, p < .003, showing that 

those in the Attend-Neutral group were significantly faster at attending to positive 

images compared to negative images at post-assessment.  There were also 

significant post-assessment differences between positive (M = 559.37, SD = 

96.38) and neutral (M = 585.26, SD = 129.01) images, t(31) = -3.13, p < .004, 

showing that those in the Attend-Neutral group were significantly faster at 
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attending to positive images compared to neutral images at post-assessment.  

There were no significant post-assessment differences in the Attend-Neutral 

group between negative and neutral images: t(31) = 1.01, ns.  See Figure 6. 

Control Condition In the Control group there were no significant post-assessment 

differences for any valence categories: between positive and negative images, 

t(30) = 1.37, ns, positive and neutral images, t(30) = -0.10, ns, or negative and 

neutral images, t(30) = 0.91, ns.  See Figure 6.  

In sum, individuals in the Attend-Positive condition were significantly faster at 

attending to positive images compared to negative images at posttest.  

Individuals in the Attend-Neutral condition were significantly faster at attending to 

positive images than to both negative and neutral images.  There were no 

significant post-assessment differences within the Control condition.   

Figure 6 Baseline and Post-Assessment Response Time Means by ABM 
Condition 

  

4.1.6 Attentional Bias Training  
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Next, a set of models (2a-c) was computed in order to determine whether the 

ABM attentional training task worked to bias attention in the hypothesized 

directions.  Whether there was a change in attentional bias toward each of the 

three valence categories (negative, neutral, positive), by condition, was tested.  

Model 2a tested whether there was a change in response time to positive images 

from baseline assessment to post-assessment, by condition.   

Model 2a. Yi (Post Response Time Positive Images)= β0 + β1 (Baseline 
Response Time Positive Images) + β2 (ABM Condition) + β3 (ABM 
Condition*Baseline Response Time Positive Images) + ε1 

 

The overall model was significant: F (5, 97) = 17.71, p < .0001, R2 = .49.  Results 

showed a main effect of baseline attentional bias to positively valenced images: 

F (1, 98) = 82.72, p < .0001.  While there was no main effect of ABM condition (F 

(2, 98) = 2.24, ns), planned contrasts indicated that the significant difference of 

the ABM main effect was between the Control and Attend-Positive conditions (p 

= .04; Control condition log transformed mean at posttest = 6.27, Attend-Positive 

condition log transformed mean at posttest= 6.33), showing that individuals in the 

Control condition demonstrated faster response times than individuals in the 

Attend-Positive condition (after accounting for baseline response times). There 

was no interaction between valence and ABM condition (F (2, 98) = 0.68, ns).   

Additionally, there was a significant change from baseline to posttest for 

individuals in both the Attend-Positive condition, t(34) = 2.90, p = .01, and the 
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Control condition, t(30) = 4.17, p = .0002.  In both of these conditions the 

response times became significantly faster at posttest toward positive images.  

There was a trend toward faster response toward positive images at posttest for 

the Attend-Neutral condition, t(31) = 1.81, p = .08.  See Figure 7 and Table 3. 

Model 2b tested whether there was a change in response time to neutral images 

from baseline assessment to post assessment, by condition.   

Model 2b. Yi (Post Response Time Neutral Images)= β0 + β1 (Baseline 
Response Time Neutral Images) + β2 (ABM Condition) + β3 (ABM 
Condition*Baseline Response Time Neutral Images) + ε1 

 

The overall model was significant: F (5, 97) = 15.15, p < .0001, R2 = .45.  Results 

showed a main effect of baseline response time to neutrally valenced images: F 

(1, 97) = 69.54, p < .0001.  There was also a main effect of ABM condition: F (2, 

97) = 3.04, p = .05.  Planned contrasts indicated that the significant difference of 

the ABM main effect was between the Control and Attend-Positive conditions (p 

= .02; Control condition log transformed mean at posttest = 6.27, Attend-Positive 

condition log transformed mean at posttest = 6.35), showing that individuals in 

the Control condition demonstrated faster response times than individuals in the 

Attend-Positive condition.  There was also a trend toward difference between the 

Control and Attend-Neutral conditions (p = .06; Control condition log transformed 

mean at posttest = 6.27, Attend-Neutral condition log transformed mean at 

posttest = 6.33), showing that individuals in the Control condition tended toward 

faster response times toward neutral images than individuals in the Attend-
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Neutral condition.  There was no interaction between valence and ABM condition 

(F (2, 98) = 0.06, ns).    

Additionally, there was a significant change from baseline to posttest for 

individuals in the Control condition, t(30) = 3.78, p < .001, showing faster 

response times toward neutral images at posttest.  There was a trend toward 

faster responding toward neutral images at posttest for the Attend-Positive 

condition, t(34) = 1.85, p = .07.  There was no change in response time between 

baseline and posttest for the Attend-Neutral condition, t(31) = 1.23, ns.  See 

Figure 7 and Table 3. 

Model 2c tested whether there was a change in response time to negative 

images from baseline to post-assessment, by condition.   

Model 2c. Yi (Post Response Time Negative Images)= β0 + β1 (Baseline 
Response Time Negative Images) + β2 (ABM Condition) + β3 (ABM 
Condition*Baseline Response Time Negative Images) + ε1 

 

The overall model was significant: F (5, 97) = 17.63, p < .0001, R2 = .49.  Results 

showed a significant contribution of baseline reaction time to negatively valenced 

images: F (1, 98) = 80.98, p < .0001.  There was also a main effect of ABM 

condition: F (2, 97) = 3.17, p = .05.  Planned contrasts indicated that the 

significant difference of the ABM main effect was between the Control and 

Attend-Positive conditions (p = .02; Control condition log transformed mean at 

posttest = 6.29, Attend-Positive condition log transformed mean at posttest = 
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6.37), showing that individuals in the Control condition demonstrated faster 

response times than individuals in the Attend-Positive condition.  There was also 

a trend toward difference between the Control and Attend-Neutral conditions (p = 

.08; Control condition log transformed mean at posttest = 6.29, Attend-Neutral 

condition log transformed mean at posttest = 6.34), showing that individuals in 

the Control condition tended toward faster response times than individuals in the 

Attend-Neutral condition.  There was no interaction between valence and ABM 

condition (F (2, 98) = 0.41, ns).   

Additionally, there was a significant change from baseline to posttest for 

individuals in the Attend-Positive condition, t(34) = 2.08, p < .04 and the Control 

condition,  t(30) = 4.26, p = .0002, showing faster response times toward 

negative images at posttest. There was no change in response time between 

baseline and posttest for the Attend-Neutral condition, t(31) = 1.10, ns. See 

Figure 7 and Table 3. 

In sum, when responding to positive images, individuals in the Control condition 

demonstrated significantly faster response time than individuals in the Attend-

Positive condition (after accounting for baseline response times).  When 

responding to neutral images, individuals in the Control condition demonstrated 

significantly faster response time than individuals in the Attend-Positive condition 

and in the Attend-Neutral condition there was a trend in this direction.  When 

responding to negative images, individuals in the Control condition demonstrated 
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significantly faster response time than individuals in the Attend-Positive condition 

and in the Attend-Neutral condition there was a trend in this direction.   

 

Figure 7 Adjusted Posttest Log Transformed Response Time Means 

 

Table 3 Means and Paired T-Tests between Baseline and Posttest 
Response Time, Log Transformed 

 
ABM Condition 

Positive  
Images 

Neutral  
Images 

Negative 
Images 

Attend-Positive 
Pretest Mean 

Posttest Mean 
p-value 

 
6.42 
6.36 
0.01 

 
6.41 
6.37 

ns (0.07) 

 
6.44 
6.39 
0.04 

 
Attend-Neutral 

Pretest Mean 
Posttest Mean 

p-value 

 
6.33 
6.28 

ns (0.08) 

 
6.34 
6.31 

ns 

 
6.35 
6.32 

ns 
 

Control 
Pretest Mean 

Posttest Mean 
p-value 

 
6.37 
6.27 

.0002 

 
6.37 
6.27 

.0007 

 
6.39 
6.29 

.0002 
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The following charts depict the mean log-transformed response time at baseline 

and post-assessment by condition (Figure 8) and by image type (Figure 9). 

Figure 8   Pre and Post-Assessment Log Transformed Response Time 
Means, by Condition 

   

Figure 9  Pre and Post-Assessment Log Transformed Response Time 
Means, by Image Type 

   

4.2 Analog Scales 

Mood scales were administered throughout the ABM training at six points 

throughout the attentional assessment and training task. 

• Scale 1 = Relaxed (1) – Anxious (9) 
• Scale 2 = Calm (1) – Distressed (9) 
• Scale 3 = Elated (1) – Dull (9) 

 

A repeated measures ANOVA was computed to test whether there was a 

significant change over time on each analog mood scale, by condition.   



 65 

Relaxed-Anxious Scale For the Relaxed-Anxious scale there were no significant 

changes from Time 1 to Time 6 across all collapsed conditions, F (5, 91) = 2.04, 

ns. There was a significant effect of condition, F (2, 95) = 4.78, p < 01. This was 

driven by a significant effect from Time 1 to Time 6 for the Control condition only, 

t(30) = 3.05, p < .005, showing that individuals in the Control condition reported 

less anxiety at Time 6 compared to Time 1.  The Attend-Neutral and Attend-

Positive conditions did not change over time on Scale 1.  See Figure 10. 

Calm-Distressed Scale For the Calm-Distressed scale there was a significant 

change from Time 1 to Time 6 across all collapsed conditions, F (5, 91) = 3.51, p 

< .006. There was a significant effect of condition, F (2, 95) = 3.76, p < 03. This 

was driven by a significant effect from Time 1 to Time 6 for the Control condition 

only, t(30) = 3.32, p < .002 showing that individuals in the Control condition 

reported more calmness at Time 6 compared to Time 1.  The Attend-Neutral and 

Attend-Positive conditions did not change over time on Scale 2.  See Figure 10 

Elated-Dull Scale For the Elated-Dull scale there was a significant change from 

Time 1 to Time 6 across all collapsed conditions, F (5, 91) = 9.39, p < .0001. 

There was no effect of condition because all conditions reported increased 

dullness over the duration of the task.  There were significant effects from Time 1 

to Time 6 for the each condition: Attend-Positive, t(34) = -4.16, p < .0002, Attend-

Neutral: t(31) = -3.67, p < .001, Control: t(30) = -3.56, p < .001).  See Figure 10. 
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Figure 10 Mean Analog Ratings over Time, by Condition 

  

 

 

 

4.3 Affectivity Analyses 

Since the fundamental manipulation did not affect attention in the expected way, 

subsequent analyses must be considered in light of the failed manipulation. 

In general within the relevant research literature, when attention is successfully 

modified, subsequent affectivity is also successfully modified and when attention 

is not successfully modified, subsequent affectivity is also not successfully 

modified (MacLeod & Clarke, 2015).   
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The impact of attentional training on affectivity addressed the following study 

aims in the subsequent set of analyses: 

Aim 1. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
positive images (and away from negative images) better regulated 
emotion, as measured by less negative affect, in response to a stress 
task compared to individuals who have engaged in a control task involving 
no attentional bias training; 

Aim 2. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
positive images (and away from negative images) better regulated 
emotion, as measured by more positive affect, in response to a positive 
mood induction task compared to individuals who have engaged in a 
control task involving no attentional bias training; 

Aim 3. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
neutral images (and away from negative images) better regulated 
emotion, as measured by less negative affect, in response to a stress 
task compared to individuals who have engaged in a control task involving 
no attentional bias training; 

Aim 4. To assess whether individuals with elevated levels of anxiety symptoms 
who have engaged in an attentional bias task that trains attention toward 
neutral images (and away from negative images) better regulated 
emotion, as measured by more positive affect, in response to a positive 
mood induction task compared to individuals who have engaged in a 
control task involving no attentional bias training; 

Aim 5. To assess whether there is a difference in negative affect after the stress 
task for those in the Attend-Positive condition compared to those in the 
Attend-Neutral condition; 

Aim 6. To assess whether there is a difference in positive affect after the 
positive mood induction task for those in the Attend-Positive condition 
compared to those in the Attend-Neutral condition. 

Analyses focused first on comparing the Attend-Positive attentional training 

group to the Control group (Aims 1 and 2) and then turned to the Attend-Neutral 

attentional training group compared to the Control group (Aims 3 and 4).  Finally 
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analyses compared the Attend-Positive attentional training group to the Attend-

Neutral attentional training group to address Aims 5 and 6.   

 
4.3.1 Aim 1. Attend-Positive versus Control Conditions, Negative PANAS 

The following model (3a) was computed to test the change in negative affect, as 

measured by the negative PANAS.  The model predicted the change in negative 

PANAS based on ABM condition, anagram condition, and the interaction of ABM 

condition and anagram condition. 

Model 3a. Yi (Negative PANAS post) (Negative PANAS baseline) = β0 + 
β1 (ABM Condition) + β2 (Anagram Condition) + β3 (ABM 
Condition*Anagram Condition) + εi 

 

The predictors contributed significant variance to posttest negative PANAS 

score, F (3, 64) = 4.14, p < .01, but not baseline negative PANAS score, F (3, 64) 

= 0.97, ns.  There was a significant effect of ABM condition on posttest negative 

PANAS where individuals in the Attend-Positive condition (M = 17.00, SD = 6.18) 

reported higher negative PANAS scores than individuals in the Control condition 

(M = 14.33, SD = 3.75), collapsed across Anagram condition: F (1, 64) = 4.62, p 

= .04.  There was a significant effect of anagram condition on posttest negative 

PANAS scores where individuals in the Failure-Anagram condition reported 

higher negative PANAS scores (M = 17.33, SD = 6.17) than individuals in the 

Success-Anagram condition (M = 14.43, SD = 4.14), collapsed across ABM 

condition: F (1, 64) = 6.26, p = .02.  The interaction between ABM condition and 
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anagram condition on posttest negative PANAS scores was not significant: F (1, 

64) = 1.53, ns.  There was a significant interaction of assessment period (pre and 

post negative PANAS scores) and ABM condition: F (1, 61) = 4.35, p = .04. 

There was a significant interaction of assessment period (pre and post negative 

PANAS scores) and Anagram condition: F (1, 61) = 9.90, p = .002. There was a 

significant effect of ABM condition (collapsed across pre and post negative 

PANAS): F (1, 61) = 4.05, p = .05.  Posthoc analyses indicated that at the 

baseline negative PANAS measurement there was no significant interaction 

between any ABM and Anagram condition combination.  However, at posttest, 

for negative PANAS scores there was a significant interaction between ABM and 

Anagram condition for Attend-Positive/Failure-Anagram and every other 

condition: Control/Success-Anagram (p = .002), Control/Failure-Anagram (p = 

.01) and Attend-Positive/Success-Anagram (p = .01).  See Figure 11.   
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Figure 11 Mean Negative PANAS Rating for the Attend-Positive and Control 
Conditions 

 

  

 

 

4.3.2 Aim 2 Attend-Positive Versus Control Conditions, Positive PANAS 

The following model (3b) was computed to test the change in positive affect, as 

measured by the positive PANAS scores.  The model predicted the change in 

positive PANAS scores based on ABM condition, anagram condition, and the 

interaction of ABM and anagram condition. 

Model 3b. Yi (Positive PANAS post) (Positive PANAS baseline) = β0 + β1 
(ABM Condition) + β2 (Anagram Condition) + β3 (ABM Condition*Anagram 
Condition) + εi 
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The predictors did not independently contribute significant variance to baseline 

positive PANAS scores, F (3, 65) = 0.60, ns, or to posttest positive PANAS 

scores, F (3, 65) = 1.67, ns.  There was no significant effect of ABM condition on 

posttest positive PANAS scores, collapsed across anagram condition: F (1, 65) = 

0.53, ns.  There was a significant effect of anagram condition on posttest 

negative PANAS scores where individuals in the Failure-Anagram condition 

reported lower positive PANAS scores (M = 20.81, SD = 5.74) than individuals in 

the Success-Anagram condition (M = 24.26, SD = 7.60), collapsed across ABM 

condition: F (1, 65) = 4.47, p = .04. The interaction between ABM condition and 

anagram condition on posttest negative PANAS scores was not significant: F (1, 

65) = 0.02, ns.  The interaction between assessment period (pre and post 

negative PANAS scores) and ABM condition was not significant: F (1, 62) = 1.20, 

ns. The interaction between assessment period (pre and post negative PANAS 

scores) and Anagram condition was not significant: F (1, 62) = 1.06, ns. There 

was no significant effect of ABM condition (collapsed across pre and post 

negative PANAS): F (1, 62) = 0.27, ns.  Posthoc analyses indicated that at the 

baseline positive PANAS measurement there was no significant interaction 

between any ABM and anagram condition combination.  However, at the posttest 

positive PANAS measurement there was a significant interaction between ABM 

and anagram condition where individuals in the Attend-Positive/Failure-Anagram 

condition showed less positive PANAS scores than individuals in the 

Control/Success-Anagram condition (p = .04).  See Figure 12. 
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Figure 12 Mean Positive PANAS Rating for the Attend-Positive and Control 
Conditions 

 

  

 

 

4.3.3 Aim 3. Attend-Neutral Versus Control Conditions, Negative PANAS 

The following model (4a) was computed to test the change in negative affect, as 

measured by the negative PANAS. The model predicted the change in negative 

PANAS based on ABM condition, anagram condition, and the interaction of ABM 

and anagram condition. 

Model 4a. Yi (Negative PANAS post) (Negative PANAS baseline) = β0 + 
β1 (ABM Condition) + β2 (Anagram Condition) + β3 (ABM 
Condition*Anagram Condition) + εi 

 

The predictors did not contribute significant variance to baseline negative PANAS 

score, F (3, 60) = 1.02, ns or posttest negative PANAS score, F (3, 60) = 2.30, 
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ns.  There was no significant effect of ABM condition on posttest negative 

PANAS scores, collapsed across anagram condition: F (1, 60) = 0.01, ns.  There 

was a significant effect of anagram condition on posttest negative PANAS where 

individuals in the Failure-Anagram condition reported higher negative PANAS 

scores (M = 15.48, SD = 3.26) than individuals in the Success-Anagram 

condition (M = 13.38, SD = 3.23), collapsed across ABM condition: F (1, 60) = 

6.31, p = .01.  The interaction between ABM condition and anagram condition on 

posttest negative PANAS scores was not significant: F (1, 60) = 0.58, ns.  There 

was a significant interaction of assessment period (pre and post negative PANAS 

scores) and ABM condition: F (1, 57) = 1.10, ns.  There was a significant 

interaction of assessment period (pre and post negative PANAS scores) and 

Anagram condition: F (1, 57) = 15.50, p = .0002.  There was no effect of ABM 

condition (collapsed across pre and post negative PANAS): F (1, 61) = 0.07, ns.  

Posthoc analyses indicated that at the baseline negative PANAS measurement 

there was no significant interaction between any ABM and anagram condition 

combination.  However, at posttest negative PANAS there was a significant 

interaction between ABM and anagram condition where individuals Attend-

Neutral/Failure-Anagram condition reported higher negative PANAS scores than 

individuals in the Attend-Neutral/Success-Anagram condition (p = .02).  See 

Figure 13.  
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Figure 13 Mean Negative PANAS Rating for the Attend-Neutral and Control 
Conditions 

  

 
 
4.3.4 Aim 4. Attend-Neutral Versus Control Conditions, Positive PANAS 

The following model (4b) was computed to test the change in positive affect, as 

measured by the negative PANAS.  The model predicts the change in positive 

PANAS based on ABM condition, anagram condition, and the interaction of ABM 

and anagram condition. 

Model 4b. Yi (Positive PANAS post) (Positive PANAS baseline) = β0 + β1 
(ABM Condition) + β2 (Anagram Condition) + β3 (ABM Condition*Anagram 
Condition) + εi 
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The predictors did not contribute significant variance to baseline negative PANAS 

score, F (3, 62) = 0.45, ns, or to posttest positive PANAS score, F (3, 62) = 1.45, 

ns.  There was no significant effect of ABM condition on posttest positive PANAS 

scores, collapsed across anagram condition: F (1, 62) = 0.18, ns.  There was a 

significant effect of anagram condition on posttest positive PANAS where 

individuals in the Failure-Anagram condition reported lower positive PANAS 

scores (M = 21.87, SD = 6.86) than individuals in the Success-Anagram 

condition (M = 25.41, SD = 6.62), collapsed across ABM conditions: F (1, 62) = 

4.13, p = .05.  The interaction between ABM condition and anagram condition on 

posttest negative PANAS scores was not significant: F (1, 62) = 0.03, ns.  The 

interaction between assessment period (pre and post negative PANAS scores) 

and ABM condition was not significant: F (1, 59) = 0.24, ns.  The interaction 

between assessment period (pre and post negative PANAS scores) and 

anagram condition was not significant: F (1, 59) = 1.31, ns.  There was no effect 

of ABM condition (collapsed across pre and post negative PANAS): F (1, 59) = 

0.03, ns. Posthoc analyses indicated that at the baseline positive PANAS 

measurement there was no significant interaction between any ABM and 

anagram condition combination.  Additionally, posthoc analyses indicated that at 

the posttest positive PANAS measurement there was no significant interaction 

between any ABM and Anagram condition combination.  See Figure 14. 
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Figure 14 Mean Positive PANAS Rating for the Attend-Neutral and Control 
Conditions 

  

 
 
 
4.3.5 Aim 5. Attend-Positive/Failure-Anagram Versus Attend-
Neutral/Failure-Anagram, Negative PANAS 

There was a trend toward difference in negative affect (i.e. negative PANAS 

scores) after the failure anagram for those in the Attend-Positive (M = 19.60, SD 

= 7.49) condition compared to those in the Attend-Neutral condition (M = 15.60, 

SD = 3.27), t(28) = 1.90, ns (.07).  See Figure 15.   

4.3.6 Aim 6. Attend-Positive/Success-Anagram Versus Attend-
Neutral/Success-Anagram, Positive PANAS 
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There was no difference in positive affect (i.e. positive PANAS) after the success 

anagram task for those in the Attend-Positive condition (M = 23.50, SD = 7.24) 

compared to those in the Attend-Neutral condition (M = 25.53, SD = 5.10), t(35) = 

-0.97, ns.  See Figure 15.   

Figure 15 PANAS Scores at Posttest 

 

 

4.4  Fatigue 

There was no overall difference across conditions on baseline fatigue, F (5, 97) = 

1.58, ns.  However, there were baseline differences where individuals in the 

Attend-Positive/Failure-Anagram condition reported significantly higher levels of 

baseline fatigue than those in both the Control/Success-Anagram condition (p = 

0.05) and the Attend-Neutral/Failure-Anagram conditions (p = .02).  There was 

no overall difference across conditions on posttest fatigue, F (5, 97) = 0.85, ns. 

There was a significant difference overall between baseline and posttest fatigue, 

F (2, 97) = 28.97, p < .0001, showing that individuals in every condition reported 

increased fatigue scores from baseline to post-assessment. See Figure 16.   
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Figure 16 Baseline and Posttest Fatigue Scores 
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CHAPTER 5: DISCUSSION 

The current investigation examined the effects of a differential attentional training 

task on subsequent emotional reactivity in response to a task that was aimed to 

either induce positive or negative affectivity.  Specifically, the study employed a 

dot-probe attentional training paradigm to train attention toward positive images 

(Attend-Positive condition), toward neutral images (Attend-Neutral condition), or 

to not train attention at all (Control condition).  The hypothesis was that 

individuals whose attention was trained toward positive images would exhibit 

faster response times toward positive images (compared to the Attend-Neutral 

and Control conditions) at post assessment, individuals whose attention was 

trained toward neutral images would exhibit faster response times toward neutral 

images (compared to the Attend-Positive and Control conditions) at post 

assessment, and individuals in the Control condition would maintain similar 

response times from baseline to post assessment, aside from general practice 

effects.  It was also hypothesized that those in the Attend-Positive condition 

would better regulate emotion, as measured by less negative affect in response 

to a stress task and more positive affect in response to a positive mood induction 

task, compared to individuals who have engaged in a control task involving no 

attentional bias training (Control condition).  It was also hypothesized that those 

in the Attend-Neutral condition would better regulate emotion, as measured by 

less negative affect in response to a stress task and more positive affect in 

response to a positive mood induction task, compared to individuals who 
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engaged in a control task involving no attentional bias training (Control 

condition).  Last, it was hypothesized that individuals in the Attend-Positive 

condition would report differentially less negative affect in response to the stress 

task (failure anagrams) than those in the Attend-Neutral condition, and that 

individuals in the Attend-Positive condition would report differentially more 

positive affect in response to the positive mood induction task (success 

anagrams) than those in the Attend-Neutral condition.   

The present study did not find differential attentional alteration across ABM 

groups.  While there was differential affectivity change for individuals who 

underwent a Failure Anagram task versus a Success Anagram task, there is no 

way to definitively interpret the meaning of these changes given the failure of the 

attentional manipulation.  A discussion of the findings and several factors that 

may have impacted the results of this study are presented below. 

5.1 Summary of Findings 

5.1.1 Attentional Bias Modification 

Response time changed as a function of time (i.e. general practice effect), 

however results did not support the hypothesis that attentional bias would be 

trained according to condition (time x condition).  Analyses showed that the 

current sample rated the valence of the IAPS images used in the attentional bias 

modification task similarly to the standardized ratings, suggesting that the current 

sample was representative of the general population.   
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At baseline the study sample did not show an attentional bias toward negative 

images. In fact, across groups individuals were significantly faster at responding 

to neutral and positive images compared to negative images.  However, without 

a non-anxious control group there is no way to unambiguously conclude that 

there was no attentional bias toward negative images.  Research shows that 

individuals with elevated anxiety tend to show a negative attentional bias (Bar-

Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007), 

however, for reasons that are unclear, this was not the case with the present 

sample.  Hypotheses for this study were based on the assumption that the study 

participants would exhibit a negative attentional bias due to their anxiety scores.  

Given this was not the case, all subsequent results must be interpreted 

cautiously.   

Baseline Attentional Bias Differences Between Conditions Whether participants 

differed between conditions at baseline in response time to each valence 

category was tested.  As mentioned above, participants were significantly faster 

in attending to neutral and positive images than negative images at baseline, 

suggesting that across the entire sample there was no pre-existing empirical 

need to train attention away from negative and toward positive or neutral since 

the bias we intended to induce already existed at baseline.  There was one 

baseline difference in attentional bias between conditions in the current sample: 

individuals in the Attend-Neutral condition exhibited faster baseline response 

times than individuals in the Attend-Positive condition.  There were no baseline 
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differences between conditions for neutral or negative images, though, nominally, 

individuals in the Attend-Positive condition were the slowest responders, followed 

by individuals in the Control condition, and individuals in the Attend-Neutral 

condition were fastest at baseline.   

Baseline Attentional Bias Differences within Condition Data were analyzed in 

order to determine whether there was a pre-assessment bias toward a particular 

valence category within conditions.  Results showed that contrary to predictions 

about individuals with elevated anxiety, participants in every condition did not 

display an attentional bias toward negative images.  Individuals in the Attend-

Positive group showed an attentional bias toward neutral images at baseline.  

Individuals in the Attend-Neutral group showed an attentional bias toward 

positive images at baseline.  Individuals in the Control condition showed a 

baseline attentional bias toward positive and neutral images.  Taken together, in 

the present sample there was a preexisting attentional bias toward positive and 

neutral images, and this varied by condition.  These differences help to explain 

the failure of attentional training.   

Posttest Attentional Differences within Condition Individuals in the Attend-

Positive condition were significantly faster at attending to positive images 

compared to negative images at posttest.  Individuals in the Attend-Neutral 

condition were significantly faster at attending to positive images than to both 
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negative and neutral images.  There were no significant post-assessment 

differences within the Control condition.   

Attentional Bias Training  

Positive Images When responding to positive images, individuals in the Control 

condition were significantly faster at post-assessment than individuals in the 

Attend-Positive condition (after accounting for baseline response times).  

Additionally, there was a significant change from baseline to posttest for 

individuals in both the Attend-Positive condition and the Control condition.  In 

both of these conditions the response times became significantly faster at 

posttest.  There was a trend toward faster responding toward positive images for 

the Attend-Neutral condition at posttest. 

Neutral Images When responding to neutral images, individuals in the Control 

condition were significantly faster at post-assessment than individuals in the 

Attend-Positive condition.  There was also a trend toward individuals in the 

Control condition showing faster response times than individuals in the Attend-

Neutral condition at posttest.  Additionally, there was a significant change from 

baseline to posttest for individuals in the Control condition, with the response 

times becoming significantly faster at posttest toward neutral images.  There was 

a trend toward faster responding toward neutral images for the Attend-Positive 

condition at posttest. 
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Negative Images When responding to negative images, individuals in the 

Control condition were significantly faster at post-assessment than individuals in 

the Attend-Positive condition.  Additionally, there was a significant change from 

baseline to posttest for individuals in both the Attend-Positive condition and the 

Control condition.  In both of these conditions the response times became 

significantly faster at posttest.   

Overall the pattern of results show that even though individuals were randomized 

to condition, there were pre-treatment significant differences in response time 

toward positive images for individuals in the Attend-Positive and Attend-Neutral 

conditions, such that individuals in the Attend-Neutral condition were faster to 

respond to positive images at baseline.  The meaning of the results from 

subsequent analyses is questionable because of these baseline differences.   

Next, only the Control condition demonstrated significant changes in response 

time from baseline to posttest assessment period in every valence category 

(positive, neutral, negative), which could be a practice effect (i.e. speeding up 

due to practice with the task).  Participants assigned to the Attend-Positive 

condition demonstrated significant changes in response time (i.e. they got faster) 

from baseline to posttest assessment period in response to positive and negative 

images, but not to neutral images (though there was a trend in the hypothesized 

direction).  Participants assigned to the Attend-Neutral condition did not show 

any significant changes in response time from baseline assessment to posttest 
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assessment in response to any valence category (positive, neutral, negative), 

though there was a trend toward faster responding to positive images.   Last, it 

was hypothesized that there would be a significant interaction between condition 

and valence and this was not the case in any model.   

5.1.2 Analog Scales 

Analog scales were analyzed to determine whether mood changed during the 

attentional tasks. The Relaxed-Anxious scale data showed a significant change 

in the Control condition, where individuals in this condition reported increased 

relaxation over the course of the attentional bias modification task.  The Attend-

Positive and Attend-Neutral conditions did not demonstrate changes on this 

scale.  The Calm-Distressed scale data showed a significant change for 

participants in the Control condition who reported increased calmness over the 

course of the attentional bias modification task.  Participants in the Attend-

Positive and Attend-Neutral conditions did not demonstrate changes on this 

scale.  The Elated-Dull scale data showed a significant change for participants in 

every condition with individuals reporting increased dullness over the course of 

the attentional bias modification task.  In summary, individuals in the Control 

condition reported increased calmness and relaxation over the attentional bias 

training task, and individuals in all conditions reported more dullness.   

5.1.3 Affectivity Analyses 



 86 

Next, affectivity analyses were conducted to determine whether there was a 

differential change in affect subsequent to both the attentional bias modification 

training and a mood induction.  

Aim 1 The first set of tests addressed negative affect between the Attend-

Positive and Control conditions.  As expected, there were no differences in 

baseline negative mood between the Attend-Positive and Control conditions.  

Also as expected, individuals in the Failure Anagram condition reported greater 

negative affect than individuals in the Success-Anagram condition. Overall, 

individuals in the Attend-Positive condition reported higher levels of negative 

affect at posttest than individuals in the Control condition, collapsed across 

Anagram condition.  Individuals in the Attend-Positive/Failure-Anagram condition 

reported significantly higher negative affect scores at posttest than any other 

group (i.e. Attend-Positive/Success-Anagram, Control/Success-Anagram, 

Control/Failure-Anagram).  

Aim 2 The second set of tests addressed positive affect between the Attend-

Positive and Control conditions.  As expected, there were no baseline differences 

in positive mood between the Attend-Positive and Control conditions.  Also as 

expected, individuals in the Failure-Anagram condition reported less positive 

affect than individuals in the Success-Anagram condition at posttest.  Individuals 

in the Attend-Positive/Failure-Anagram condition reported significantly less 
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positive affect at posttest than individuals in the Control/Success-Anagram 

condition.  

Aim 3 The third set of tests addressed negative affect between the Attend-

Neutral and Control conditions.  As expected, there were no baseline differences 

in negative mood between the Attend-Neutral and Control conditions.  Also as 

expected, individuals in the Failure-Anagram condition reported greater negative 

affect at posttest than individuals in the Success-Anagram condition.  Individuals 

in the Attend-Neutral/Failure-Anagram condition reported significantly higher 

levels of negative affect at posttest than individuals in the Attend-

Neutral/Success-Anagram condition.  

Aim 4 The fourth set of tests addressed positive affect between the Attend-

Neutral and Control conditions.  As expected, there were no baseline differences 

in positive mood between the Attend-Neutral and Control conditions.  Also as 

expected, individuals in the Failure-Anagram condition reported greater negative 

affect at posttest than individuals in the Success-Anagram condition.  No other 

significant differences were detected in this set of analyses.   

Aim 5 The fifth set of tests determined that there was no difference in negative 

affect after the stress task between those in the Attend-Positive condition and 

those in the Attend-Neutral condition.  
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Aim 6 The sixth set of tests determined that there was no difference in positive 

affect after the stress task between those in the Attend-Positive condition and 

those in the Attend-Neutral condition.  

Fatigue At baseline there was a difference in fatigue between individuals in the 

Attend-Positive/Failure-Anagram condition and both the Control/Success-

Anagram and Attend-Neutral/Failure-Anagram conditions.  There was no 

apparent reason for these baseline differences.  However, it is important to note 

that baseline differences could affect the failure to train attention across groups 

given differential fatigue levels at baseline.  At posttest there were no differences 

between conditions.  As expected, participants in all conditions reported 

increased fatigue at post-assessment. 

Summary In summary, individuals in the Failure-Anagram condition reported 

higher negative PANAS scores at posttest than individuals in the Success-

Anagram condition, collapsed across ABM conditions.   Additionally, individuals 

in the Success-Anagram condition reported higher positive affect at posttest than 

individuals in the Failure-Anagram condition, collapsed across ABM conditions.  

When comparing the Attend-Positive/Failure-Anagram and Attend-

Neutral/Failure-Anagram conditions, there was no difference in negative affect 

following the failure anagram task.  Similarly, when comparing the Attend-

Positive/Success-Anagram and Attend-Neutral/Success-Anagram conditions, 

there was no difference in positive affect following the success anagram task.  
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Additionally, hypothesized differential affectivity among the interaction of Attend-

Positive and Control conditions and Anagram conditions was not found, nor was 

hypothesized differential affectivity among the interaction of the Attend-Neutral 

and Control conditions and Anagram conditions.  Last, all conditions reported 

increased fatigue at post-assessment.  Subsequent sections discuss possible 

explanations.  

5.2   General Discussion 

There are many possible factors that could help to explain the nature of these 

findings.  Although it is unclear exactly why positive effects of attentional training 

were not replicated in the present study, it is clear that further investigation into 

this paradigm is warranted and important.   

In a recent meta-analysis, Mogoaşe, David, and Koster (2014) found “rather 

small” therapeutic benefit of ABM for anxiety. These authors argued for more 

efficient and psychometrically valid procedures to assess and modify attentional 

bias (though they did not give specific examples of what these procedures would 

look like).  Therefore, the current study is another example that suggests the 

need for more valid and reliable procedures.  Below, some possible explanations 

are explored and future directions are suggested.   

Initial Anxiety Level: Recall that participants were screened into this study 

through a survey on the first day of their Introductory Psychology class.  At that 

time potential participants completed a PSWQ, and those with elevated scores 
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were invited to participate in the study.   There was a significant difference 

between participants subsequently assigned to the Attend-Positive (M = 66.47) 

and Control (M = 62.03) conditions on the PSWQ from the mass survey (p = .02), 

where individuals in the Attend-Positive condition reported a higher level of 

anxiety.  However, there was no significant difference between participants in 

any conditions on the Survey Monkey-administered PSWQ, which was 

completed closer in time to the actual lab appointment (Attend-Positive M = 

62.86, Attend-Neutral M = 62.47, Control M = 63).  However, given the higher 

PSWQ score of the Attend-Positive group on the mass survey, it is possible that 

individuals in this condition may have had higher levels of anxiety, overall, and 

could have been experiencing more elevated levels of anxiety at the time of their 

lab appointment, despite random assignment.  This could have affected 

subsequent attentional bias training.  It is also possible that the reverse is true: 

individuals in the Attend-Positive group had found some relief from anxiety since 

the mass survey, as indicated by the Survey Monkey screening, and thus were 

not in as much need of attentional bias training.  However, since none of the 

conditions were successful in biasing attention, this factor might contribute to the 

ambiguous results but not explain them fully. 

Baseline Differences: Baseline differences between groups suggest a failure of 

randomization and make it impossible to tell whether the attentional manipulation 

would have worked if randomization had worked as intended.  The baseline 

attentional bias away from negative images (and toward positive and neutral 
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images) means that the sample did not start with the assumed attentional bias 

that would be expected for the attentional training to be effective.  This raises an 

important consideration: if a sizable subgroup of individuals who meet criteria for 

elevated anxiety do not show a baseline attentional bias, that begs the question 

of whether there are multiple mechanisms explaining the development of 

elevated anxiety.  Biased attention might not be the whole story. 

Number of Training Sessions: It is also possible that failure to replicate effects of 

attentional training could be a result of single-session training paradigms (Julian 

et al., 2012).  Research teams who have used longer protocols have observed 

larger effects than in single-session studies (e.g. Amir et al., 2009, Schmidt et al., 

2009).  A meta-analysis showed a positive association between number of 

attentional training sessions and attentional bias modification (Hakamata et al., 

2010; Beard, 2011). 

Use of Images versus Words: In order to decipher the differential impact of using 

words or images as stimuli in an ABM paradigm, researchers compared two ABM 

training groups (i.e. faces versus words) and found that using positive faces led 

to reduced depressive symptoms, whereas words did not (Browning, Holmes, 

Charles, Cowen, & Harmer, 2012). One meta-analysis showed that whether 

words or images are found to be a superior stimulus is inconsistent across 

studies (Beard et al., 2012).  However, Hakamata et al. (2010) reported that 

attentional bias modification tasks that use words instead of images produce 
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larger changes in attention. The present study used complex IAPS images, the 

minority of which were biologically prepared images (e.g. snakes).  The majority 

of IAPS images were categorized as negative because of social learning and 

thus require conscious processing and so likely more time to process.  It is 

possible that since the images used in the present study were not biologically 

prepared, the dot probe paradigm (i.e. 500 milliseconds exposure) may not be 

long enough for the kind of differentiated effect proposed here to occur.  Further 

research is needed on whether images or words are superior stimuli in attention 

modification paradigms and whether images varying in biological preparedness 

result in differential effects.   

Reliability of Dot-Probe Task:  Research shows that the mixed findings in the 

attentional bias literature might be due to the unreliability of the dot probe task 

(Schmulke, 2005).  Studies indicate that results of the dot probe task are 

inconsistent in non-clinical populations, regardless of whether words, faces or 

scenes are used as the target stimulus (Schmulke, 2005).  In a study aimed at 

determining the reliability of the dot probe using IAPS images (as well as other 

images), results showed the dot-probe lacked internal consistency (Cronbach’s 

alpha < .30) and the test-retest correlation was .14 (Schmulke, 2005).  This 

author suggests that insufficient reliability could be due to the lack of 

interindividual differences in attentional allocation to threat in a non-clinical 

sample or to insensitivity of the dot probe in detecting interindividual differences 

in attentional allocation to threat (Schmulke, 2005).  Researchers have also 
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posed that it is not clear whether the dot probe is measuring orienting toward 

stimuli or disengaging from stimuli (Salemink, van den Hout & Kindt, 2007).  

Therefore, Salemink and colleagues (2007) suggest that the dot-probe task 

results in attentional bias scores that do not differentiate whether the anxious 

individual has a greater orientation toward threat, more difficulty with disengaging 

from threat, or both.  In order to address this concern, a study was run to 

differentiate between orienting and disengaging from threat stimuli, and results 

suggest that individuals with elevated anxiety showed difficulty in disengaging 

from threat rather than speeded orientation toward threat (Salemink, van den 

Hout & Kindt, 2007).  The dot-probe task used in the present study did not 

differentiate between orienting toward a stimulus and disengaging from a 

stimulus.  Therefore, it is impossible to determine whether individuals in the 

present study started with a disengagement toward threat bias and whether that 

disengagement bias was trained.   

Failure to Replicate Attentional Bias in the Literature: There is a growing 

literature that reports failure to successfully replicate attentional bias modification 

effects (e.g. Carlbring et al., 2012; Boettcher et al., 2013, Rapee et al., 2013; 

Heeren, Reese, McNally & Philippot, 2012; Neubauer, von Auer, Murray, 

Peterman, Helbig-Lang & Gerlach, 2013; Everaert, Mogoaşe, David & Koster, 

2014, MacLeod & Clarke, 2015, Table 1).  Indeed, it appears that more of the 

failures to achieve attentional bias modification have occurred in papers that 

have been published recently enough that, at the time the present study was 
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designed, there still appeared to be fairly consistent support for the impact of 

Attentional Bias Modification (ABM) training. Clarke, Notebaert & MacLeod 

(2014) compiled a list of ABM studies to explore the effectiveness of this 

paradigm.  Of the studies that include measures of both attentional bias change 

and affective reactivity (N = 29), 26 demonstrate a link between attentional bias 

modification and emotional vulnerability.  Sixteen studies show that a change in 

attentional bias leads to a subsequent change in emotional vulnerability.  Ten of 

the studies show that failure to modify attention lead to no subsequent change in 

emotional vulnerability, which is the case with the present study.  Of the three 

remaining studies, two focused on specific phobias which have been identified as 

change resistant with cognitive bias modification measures (MacLeod and 

Mathews, 2012), and the other showed successful modification of attention bias 

but had a subsequent impact on behavioral measures instead of emotion 

affectivity. The following is an overview of several of the studies listed above that 

showed failure to replicate. 

Britton and colleagues (2013) reported on an attentional bias modification study 

aimed at training attention toward happy faces.  In this study there were no 

baseline group biases toward or away from happy faces, and at post-treatment a 

significant bias away from happy faces was detected.  The authors suggest that 

this finding should be considered a red flag to the field to be on alert for 

unintended clinical consequences of attentional modification training.   
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Schoorl, Putman and Van Der Does (2013) investigated the effects of attentional 

bias modification in individuals with chronic posttraumatic stress disorder (PTSD) 

in a randomized controlled double-blind trial.  Participants engaged in eight 20-

minute sessions over a three week period.  Individuals in the active and control 

group reproted equal reductions in PTSD symptoms.  Neither group showed an 

effect of attention bias modification.  These authors used IAPS images in their 

dot probe task.  

Boettcher et al. (2013) examined the effects of attentional training on social 

anxiety symptoms.  Individuals were randomized to an ‘attend to positive’ 

condition, an ‘attend to threat’ condition, or a control condition.  Attentional bias 

was not successfully modified in this study.  Individuals in the study sample did 

not demonstrate a pre-existing bias toward threat or toward positive words or 

images.  

Boettcher, Berger & Renner (2012) administered a 4-week Internet based 

attentional training program for individuals with social anxiety disorder in a 

randomized controlled double-blind study containing a training and control group.  

There were no differences between groups at post-treatment predicted by 

change in attention bias, change in overall reaction times, or amount of training 

sessions.  The results showed that participants in both groups demonstrated 

attentional bias away from threat at baseline and post-assessment.  These 

researchers sited Bar-Haim (2010), who suggests that attentional modification 



 96 

programs improve control over attention processes in general, rather than 

training valence-specific attentional biases.  Therefore, it is possible that both 

conditions in their study could lead to improved attentional control.  Additionally, 

the attentional modification program is aimed toward biasing attention away from 

threat.  However, individuals in this study demonstrated an attentional bias away 

from threat prior to the attentional training, thus suggesting that disengagement 

from threat was not needed and thus would not likely be trained.  These findings 

mirror the results of the present study where individausl did not demonstrate a 

baseline negative attentional bias. 

Carlbring et al. (2012) intended to replicate and extend the positive effects found 

by Amir et al. (2009) and Schmidt, Richey, Buckner, & Timpano (2009), using 

tasks administered via the Internet. These researchers failed to show an 

attentional bias effect in an internet-delivered eight session attentional bias 

modification training for individuals with Social Anxiety Diroder (SAD), and they 

suggest that ABM methods need further research before they are ready to be 

disseminated through the Internet.    

Rapee and colleagues (2013) delievered attentional bias modification training 

subsequent to a 12-week CBT program.  Individuals either received a program to 

train attention away from threat or a control variant.  Results showed no 

significant differences between groups in threat bias.  
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Kruijt, Putman and Van der Does (2013) administered attentional bias 

modification training (toward happy faces) to a group of individuals with 

dysphoria. There was no effect of training on attentional bias, and positive and 

negative mood states were not differentially modified based on training condition 

(active versus control).   

Everaert and colleagues (2014) reported on three experiments aimed at 

modifying attention bias toward negative, away from negative, or toward positive 

stimuli.  All experiments failed to bias attention in any direction, even though they 

employed training procedures that closely resembled those that have been 

reported to be effective.  Experiments used words, faces and IAPS images in 

order to elicit an attentional bias response, and all stimuli were ineffective.  

Other researchers attempted to replicate previous findings suggesting that social 

anxiety is maintained by attentional bias toward threat.  These authors employed 

identical attentional training procedures that had been successful in other studies 

(i.e. Amir, Weber, Beard, Bomyea, & Taylor, 2008).  However, results showed no 

effect of attention training or subsequent emotion reactivity (Julian, Beard, 

Schmidt, Powers & Smits, 2012).   

Bunnell and colleagues (2013) employed a multimodal assessment of patient 

functioning with standard attention training measures, and their results showed 

no differences between groups on any study outcome variable, including 

attentional training effects.  They aimed to replicate findings from Amir and 
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colleagues (2009) and Schmidt and colleagues (2009).  Bunnell and colleagues 

propose that even in instances where post-treatment change is statistically 

significant, whether there is clinically significant change is questionable.  They 

state that post-treatment average scores on self- and clinician-reported social 

anxiety in previous studies (where attention training effects were found) were still 

above the clinical range for SAD (e.g. Amir et al., 2009; Schmidt, Richey, 

Buckner & Timpano, 2009). 

Emmelkamp (2012) argued that there “is no robust evidence that attention 

training is of clinical value” and referred to attention bias modification as “the 

Emperor’s new suit.”  Taken together, these studies provide significant evidence 

that there is questionable reliability of the dot probe as an attentional bias 

measure.   

5.3  Limitations 

This study has several limitations.  First, individuals were screened for elevated 

levels of anxiety using SurveyMonkey.  Based on those responses, they were 

invited into the lab.  The goal was to minimize the time between the 

SurveyMonkey questionnaire administration and the lab visit so that the state of 

anxiety reported in SurveyMonkey would most closely reflect that likely during the 

lab visit.  However, because of scheduling issues, it was not always possible to 

get participants in to the lab immediately, and sometimes the wait time was up to 

a week or two.  Therefore, it is impossible to know whether the participants would 
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have reported similarly elevated anxiety while in the lab, since the relevant 

measurement was taken prior to the lab visit.  Future research should test 

anxiety level (i.e. PSWQ) at the time of the laboratory intervention in order to 

more accurately examine PSWQ scores as a moderator variable.  

Second, despite random assignment to groups, there were group differences in 

pre-training response time scores.   However, random assignment was done as 

participants completed the SurveyMonkey questionnaires.  Therefore, it is 

possible that there was a meaningful difference between those who enrolled in 

the study earlier in the semester versus later in the semester, e.g. perhaps less 

happy people were slower to respond to the invitation to participate. 

Third, the study was limited by being slightly underpowered.  The reason for this 

is that while we ran 118 participants through the study, data cleaning led to the 

elimination of 10 participants due to technical issues or status as an outlier.   The 

power analysis required N = 102 to detect small effects, and this study had a final 

N of 98.  It should be noted that even with greater power the results would not 

have supported the stated hypotheses.   

Fourth, the ABM failure rendered subsequent affectivity results uninterpretable.   

Fifth, given the levels of dullness and fatigue reported throughout the ABM task, 

it is possible that participants were not always fully attending to the task.   
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Sixth, two incomparable mood measures were used.  PANAS was used to 

measure mood at baseline and at follow up.  Analog mood scales were used to 

measure mood throughout the ABM task.  

Last, no objective measure of attention was included, and therefore it is 

impossible to determine whether participants’ baseline attentional functioning 

moderated outcomes.  Additionally, participants were not recruited based on 

attentional bias toward threat (Bernstein & Zvielli, 2014). 

 

5.4   Future Directions 

A recent meta-analysis aimed to account for publication bias1 and negative 

results in Attentional Bias Modification (ABM) studies.  These authors attempted 

to more thoroughly consolidate the entire research base, not just positive 

findings.  They expressed a need for more powerful ABM procedures, by both 

improving existing tools and developing and testing new theory-driven 

interventions (Mogoaşe, David, & Koster, 2014).  They also suggest a few 

possible modifications, such as including intermediate measurements of 

attentional bias.  Other suggestions include creating more engaging training 

tasks, using more visual stimuli, and investigating which component of attentional 

                                                
1	  Authors	  calculated	  a	  fail-‐safe	  N	  for	  all	  effect	  size	  subsets	  in	  order	  to	  estimate	  how	  many	  
unpublished	  studies	  with	  effect	  sizes	  of	  0	  would	  be	  needed	  in	  order	  to	  reduce	  the	  computed	  effect	  
size	  below	  significance.	  	  This	  fail-‐safe	  N	  should	  be	  larger	  than	  5K+10,	  where	  K	  represents	  the	  number	  
of	  studies	  included	  in	  the	  meta-‐analysis	  (Rosenthal,	  1991).	  	  Refer	  to	  Mogoase	  and	  colleagues	  (2014)	  
for	  a	  more	  in-‐depth	  discussion	  of	  how	  publication	  bias	  was	  calculated.	  	  	  
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bias (i.e. disengagement or engagement) is being measured (Mogoaşe, David, & 

Koster, 2014).   

Reliability: As research on attentional bias modification moves forward, it is 

important to develop and refine reliable measures that will generalize – measures 

that have increased ecological validity (Mogoaşe, David, & Koster, 2014).  The 

reliability of the dot-probe task has been questioned (e.g. Cisler, Bacon, & 

Williams, 2009), yet most of the research to date is based on it.  MacLeod and 

colleagues developed the task, and it is unlikely that the first ABM ever created 

will be the best at producing robust and sustainable attentional change. A 

primary motive of research in this field must be to enhance and refine ABM tasks 

(Clark et al., 2014).  

Todd, Cunningham, Anderson and Thompson (2012) suggest that the dot-probe 

is an exogenous spatial cueing task and does not directly measure or manipulate 

affect-biased attention.  Instead, they argue that the dot-probe measures “the 

propensity to be oriented by affectively salient stimuli to the spatial location at 

which they occur, rather than an individual’s pre-tuning to specific categories of 

stimulus.”  These authors suggest that visual search tasks (where participants 

are instructed to locate a specific facial expression among distractors) are more 

suitable measures of affect-biased attention, and such measures should be 

employed in future research.   
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Boettcher et al. (2013) argue that clear conclusions from attentional bias 

modification studies require either A) finding that differential modification of 

attentional bias led to subsequent changes in emotional reactivity or B) finding 

that differential modification of attentional bias did not lead to subsequent 

changes in emotional reactivity.  In scenario A the attentional bias modification 

hypothesis is supported, and in scenario B the validity of the hypothesis is 

questioned.  However, when a study shows C) that attentional bias is not 

modified, then the hypothesis is untested (Boettcher et al., 2013).  The pattern of 

results in the present study show that the targeted change in attention was not 

achieved by the methods employed.  Therefore, future research should focus on 

identifying more effective and reliable methods of biasing attention (e.g. Rapee et 

al., 2013).  The possiblity has been raised that attentional bias may be modified 

but that the attentional probe task may not be sensitive enough to detect the 

modification (Rapee et al., 2013).   

Baseline Attention as a Moderator: Researchers have suggested that effective 

attentional bias modification delivery might depend on the participant’s ability to 

focus attention on the stimulus in the probe’s location (top down control) and to 

simultaneously inhibit attention on the stimulus in the opposite location (i.e. 

attentional control) (Eysenck, Derakshan, Santos, & Calvo, 2007).  Eysenck and 

colleagues suggest that individuals who have better attentional control may be 

better candidates for ABM training.  Therefore, future research should include 

measures of attentional control in order to identify whether this variable 
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moderates the effectiveness of ABM interventions (Everaert, Mogoaşe, David & 

Koster, 2014).  Attentional control can be assessed with the Posner Cueing Task 

(see Posner, 1980) and the Attention Network Test (see Fan, McCandliss, 

Sommer, Raz, & Posner, 2002). 

Baseline Attentional Bias: Individuals in the current sample did not express an 

attentional bias toward threat at baseline, even though they were selected based 

on self-reported elevated anxiety.  Future research should include attentional 

bias measures as a way of screening participants into studies.  It has been 

proposed that attentional bias modification procedures might have a greater 

impact on individuals who demonstarte a baseline attentional bias toward threat 

(Boettcher et al., 2013).   

Boredom and Distraction: In the search for the presumed mechanism of action 

and development of more reliable measures, it will be important to create training 

tasks that are more interesting and engaging for participants (Mogoaşe, David, & 

Koster, 2014).  Anecdotally, participants in the current study reported boredom 

across the majority of debriefings, and this was substantiated by significant 

increases in questionnaire-reported fatigue and dullness by the end of the 

attentional training.  It is possible that the presently obtained pattern of results at 

least partially reflects participants’ decreased attentional deployment toward 

stimuli, from baseline to post-assessment.  Such decreased engagement could 

have been a result of practice effects due to repeated IAPS images and 
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consequent fatigue or dullness over time.  One study failing to replicate 

attentional bias modification included eye tracking data and interpreted this data 

as suggesting that ABM trials were invalid for more participants at post-

assessment compared to baseline (Arditte, 2012).  After the attentional training, 

approximately 1/3 of participants spent more than 25% of the time that should 

have been allocated to processing the images closing their eyes, looking away 

from the stimulus presentation screen, or something else.  Arditte suggests that 

valid data collection was prevented due to participant distraction from the task.  

Although the present study did not include eye-tracking measures, it is possible 

that a similar distractibility was present, with decreased engagement in 

attentional training over time.  This possibility could help explain why predicted 

effects were not observed.  In future studies, eye tracking measures could be 

included in order to better understand how much individuals are engaging with 

the task versus experiencing distractions (Arditte, 2012).   

Mechanisms: Future research should focus on increased understanding of the 

possible mechanisms of change underlying attentional bias modification, 

providing predicted effects are obtained (Schoorl, Putman and Van Der Does, 

2013).  Investigators have proposed that the modification occurs through 

counteracting attentional bias, but data supporting this mechanism are not 

available in the literature (see Mogoaşe et al., 2014).  It has been suggested that 

attentional bias is modified through training participants to disengage from 

disorder-relevant material, i.e. threat material for individuals with anxiety (e.g. 
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Heeren, Lievens, & Philippot, 2011).  It is possible, though, that attentional bias 

modification could function through attentional avoidance, which could “backfire” 

to produce longer-term maintenance of clinical symptoms (Koster, Baert, 

Bokstaele, & De Raedt, 2010).  Foa and Kozak’s (1986) Emotional Processing 

Theory (EPT) suggests the absence of reactivity upon exposure to a feared 

stimulus is a demonstration of failure to engage in emotional processing.   In 

order to process emotionally, all components of what is feared (i.e. the full fear 

structure) must be activated, and this must be accompanied by increased 

arousal.  Subsequently, information that is incompatible with that which is feared 

must be incorporated (i.e. habituation).  Therefore, attentional modification that 

leads individuals to avoid attending to threat might preclude emotional 

processing that would otherwise allow for extinction.  Avoidance of threat, in this 

model, is a factor that would actually impair one’s ability to process emotional 

material and lead to the maintenance of anxiety symptoms (Koster et al., 2010).  

It is clear that these two theories (EPT and ABM) are at odds and further 

clarification concerning causal mechanisms in relationships between attention, 

attentional modification, and emotionality is needed (Koster et al., 2010).   

The Game Approach:  One idea that could address a number of the issues listed 

above is to structure the dot-probe task as a game.  This game could include 

performance incentives, and as a part of its structure it could break trials into 

smaller blocks with more interesting tasks between them.  By decreasing 

distraction and boredom in these ways, the game approach might increase task 
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reliability. The game could also account for individual differences in attentional 

control and attentional bias malleability by interacting with the participant based 

on their moment-to-moment attentional behavior, somewhat like the GRE or 

Woodcock-Johnson tests that adjust for ability level.  For example, if in the first 

20 trials there is no movement in a uniform direction toward faster reaction times 

to the target stimulus, then the program would self-modify to increase the 

saliency of the stimuli.   

 

5.5   Summary 

The present study attempted to replicate and extend previous investigations of 

attentional training (i.e. MacLeod et al., 2002; Grafton et al., 2012).  Overall, the 

present findings fail to replicate previous findings where attention was 

successfully trained and in which such training led to subsequent differential 

changes in emotion reactivity.  The present research, along with the 

aforementioned failure to replicate studies, strongly suggests the need for 

continued development of attentional bias methods and efforts to replicate 

findings regarding these interventions. 

Future research is needed to explore the various possibilities that would explain 

differences between the present findings and those reported in the literature.  It is 

likely that one size does not fit all and that Attentional Bias Modification might be 

more effective for certain types of individuals and not for others.  Based on the 
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present study and the review of the literature, targeting variables such as 

individual differences in executive functioning, attentional malleability, anxiety 

and boredom/fatigue during attentional training, and attentional control will be 

important to further refine and understand the mechanisms underlying attentional 

bias training and subsequent affective regulation.  Future research should also 

seek to understand the specific mechanisms by which attentional change is 

impacted for individuals with elevated levels of anxiety. 
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APPENDICES 

 

Appendix A: CBM Analog Scales 

Scale 1* 

1 2 3 4 5 6 7 8 9 

Relaxed        Anxious 

 

Scale 2** 

1 2 3 4 5 6 7 8 9 

Calm        Distressed 

 

Scale 3** 

1 2 3 4 5 6 7 8 9 

Elated        Dull 

 

*From Macleod et al., 2002 

**From Grafton et al., 2012a 

  



 109 

Appendix B: List of Anagrams 

Success Anagram List 

# Anagram Solution 
1.  AGB BAG 
2.  DEKC DECK 
3.  AGT TAG 
4.  BDE BED 
5.  IPKE PIKE 
6.  EBY BYE 
7.  TIKC TICK 
8.  EOT TOE 
9.  MELA MEAL 
10.  ESE SEE 
11.  EYD DYE 
12.  GHU HUG 
13.  EARY YEAR 
14.  PIKC PICK 
15.  GUJ JUG 
16.  IGG GIG 
17.  LCIK LICK 
18.  FOMR FORM 
19.  IGR RIG 
20.  INW WIN 
21.  REEB BEER 
22.  IPG PIG 
23.  TEMR TERM 
24.  OBS SOB 
25.  WOMR WORM 
26.  OTC COT 
27.  OWR ROW 
28.  NEEK KEEN 
29.  OYS SOY 
30.  RAB BAR 
31.  OSFT SOFT 

# Anagram Solution 
32.  TLO LOT 
33.  LOTF LOFT 
34.  TUC CUT 
35.  LITF LIFT 
36.  UNS SUN 
37.  XOF FOX 
38.  YKS SKY 
39.  SOTR SORT 
40.  YMG GYM 
41.  BIET BITE 
42.  YRD DRY 
43.  FOTR FORT 
44.  YRT TRY 
45.  HODL HOLD 
46.  AHM HAM 
47.  TROP PORT 
48.  ERD RED 
49.  HEDL HELD 
50.  LIO OIL 
51.  OVW VOW 
52.  FIEV FIVE 
53.  MUE EMU 
54.  HSA HAS 
55.  FLLU FULL 
56.  TIS SIT 
57.  EWN NEW 
58.  LLUP PULL 
59.  UOY YOU 
60.  ENIN NINE 

 

Failure Anagram List 

# Anagram Solution 
1.  OLWGFNA insoluble 
2.  EOTSBT obtest 
3.  EMSTKI kismet 
4.  KDNITE insoluble 
5.  VDAOCO insoluble 
6.  GEIDLH insoluble  

# Anagram Solution 
7.  ALLRGON insoluble 
8.  ARSKEM makers, 

masker 
9.  UTAFIE insoluble 
10.  DNOEIG insoluble 
11.  EYEHLK insoluble 
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# Anagram Solution 
12.  COMEPR insoluble 
13.  HREAFTS fathers 
14.  ICIRMOSCC insoluble 
15.  AINNTRTSO insoluble 
16.  TAENSIG seating, 

teasing, 
eatings 

17.  OFFCIITECN insoluble 
18.  ACLADIR radical 
19.  SIAAVEBR abrasive 
20.  RISECET recites 
21.  AIPTLRA partial 
22.  PPSORALO proposal 
23.  TRNTHEGS strength 
24.  OSLURDEH shoulder 
25.  NIACUSEOT tenacious 
26.  ITWHEG weight 
27.  RNTEESA earnest, 

eastern, 
nearest 

28.  RPECACI caprice 
29.  TYIHEASR hysteria 
30.  OIRUPMTPM impromptu 
31.  TAHEREN earthen, 

hearten 
32.  AESIDUD insoluble 
33.  ACANSETIF fascinate 
34.  SNGDIE design, 

deigns, 
signed, 
singed 

35.  OLINUES elusion 
36.  VETIIFUG fugitive 
37.  EETMAID mediate 
38.  THGRUOH through 
39.  IUTRUCE insoluble 
40.  CEENRYEG

M 
emergency 



Appendix C: IAPS Images

IAPS 
# 

Description Valence 
(m) 

Valenc
e (sd) 

Positive Images, Set A 

1440 Seal 8.19 1.53 

1441 PolarBears 7.97 1.28 

1460 Kitten 8.21 1.21 

1600 Horse 7.37 1.56 

1630 Fawn 7.26 1.48 

1710 Puppies 8.34 1.12 

1750 Bunnies 8.28 1.07 

1920 Porpoise 7.9 1.48 

2045 Baby 7.87 1.19 

2091 Girls 7.68 1.43 

2151 Father/Child 7.32 1.63 

2154 Family 8.03 1.13 

2209 Bride 7.64 1.46 

2274 Kids 7.47 1.51 

2314 Binoculars 7.55 1.24 

2340 Family 8.03 1.26 

2345 Children 7.41 1.72 

2347 Children 7.83 1.36 

2395 Family 7.49 1.69 

2530 Couple 7.8 1.55 

4622 Romance 7.46 1.61 

5260 Waterfall 7.34 1.74 

5470 Astronaut 7.35 1.62 

5480 Fireworks 7.53 1.63 

5600 Mountains 7.57 1.48 

5621 SkyDivers 7.57 1.42 

5660 Mountains 7.27 1.59 

5760 Nature 8.05 1.23 

5825 Sea 8.03 1.18 

5829 Sunset 7.65 1.42 

5831 Seagulls 7.63 1.15 

5982 Sky 7.61 1.48 

7200 Brownie 7.63 1.74 

7405 Cupcakes 7.38 1.73 

7492 Ferry 7.41 1.68 

IAPS 
# 

Description Valence 
(m) 

Valenc
e (sd) 

7502 Castle 7.75 1.4 

8030 Skier 7.33 1.76 

8170 Sailboat 7.63 1.34 

8190 Skier 8.1 1.39 

8200 WaterSkier 7.54 1.37 

8370 Rafting 7.77 1.29 

8380 Athletes 7.56 1.55 

8470 Gymnast 7.74 1.53 

8496 WaterSlide 7.58 1.63 

8497 CarnivalRide 7.26 1.44 

8499 Rollercoaster 7.63 1.41 

8502 Money 7.51 1.72 

8540 Athletes 7.48 1.51 

Negative Images, Set A 
2095 Toddler 1.79 1.18 

2141 GrievingFem 2.44 1.64 

2205 Hospital 1.95 1.58 

2345 Children 7.41 1.72 

2750 Bum 2.56 1.32 

2811 Gun 2.17 1.38 

2900 CryingBoy 2.45 1.42 

3016 Mutilation 1.9 1.31 

3102 BurnVictim 1.4 1.14 

3180 BatteredFem 1.92 1.13 

3195 Stitches 2.06 1.23 

3215 BurnVictim 2.51 1.32 

3220 Hospital 2.49 1.29 

3230 DyingMan 2.02 1.3 

3301 InjuredChild 1.8 1.28 

3350 Infant 1.88 1.67 

3500 Attack 2.21 1.34 

3530 Attack 1.8 1.32 

3550 Injury 2.54 1.6 

6212 Soldier 2.19 1.49 

6243 AimedGun 2.33 1.49 

6260 AimedGun 2.44 1.54 
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IAPS 
# 

Description Valence 
(m) 

Valenc
e (sd) 

6315 BeatenFem 2.31 1.69 

6520 Attack 1.94 1.27 

6563 Attack 1.77 1.23 

6821 Gang 2.38 1.72 

9043 Teeth 2.52 1.42 

9050 PlaneCrash 2.43 1.61 

9181 DeadCows 2.26 1.85 

9220 Cemetery 2.06 1.54 

9254 Assault 2.03 1.35 

9301 Toilet 2.26 1.56 

9325 Vomit 1.89 1.23 

9332 CryingWoma
n 

2.25 1.33 

9340 Garbage 2.41 1.48 

9419 Assault 2.55 1.33 

9420 Soldier 2.31 1.59 

9421 Soldier 2.21 1.45 

9428 Assault 2.31 1.31 

9433 DeadMan 1.84 1.19 

9435 Accident 2.27 1.47 

9570 Dog 1.68 1.23 

9635 Bomb 2.96 1.72 

9830 Cigarettes 2.54 1.75 

9901 CarAccident 2.27 1.25 

9908 CarAccident 2.34 1.49 

9911 CarAccident 2.3 1.37 

9921 Fire 2.04 1.47 

Neutral Images, Set A 

1350 Pig 5.25 1.96 

2002 Man 4.95 1.36 

2026 Woman 4.82 0.95 

2214 NeutMan 5.01 1.12 

2308 GirlMakeup 5.22 1.62 

2359 Mother/Child 5.87 1.41 

2383 Secretary 4.72 1.36 

2396 Couple 4.91 1.05 

2397 Men 4.98 1.11 

2411 Girl 5.07 0.85 

2487 Musician 5.2 1.8 

IAPS 
# 

Description Valence 
(m) 

Valenc
e (sd) 

2489 Musician 5.66 1.44 

2516 ElderlyWoma
n 

4.9 1.43 

2745.
1 

Shopping 5.31 1.08 

2880 Shadow 5.18 1.44 

5040 Venusflytrap 5.39 1.11 

5395 Boat 5.34 1.21 

5510 Mushroom 5.15 1.43 

5740 Plant 5.21 1.38 

6150 Outlet 5.08 1.17 

7000 RollingPin 5 0.84 

7002 Towel 4.97 0.97 

7003 Disk 5 1.22 

7004 Spoon 5.04 0.6 

7010 Basket 4.94 1.07 

7012 Rubberbands 4.98 1.05 

7014 Scissors 5.15 0.97 

7019 Tools 5.2 1.17 

7020 Fan 4.97 1.04 

7021 Whistle 5.21 1.22 

7026 PicnicTable 5.38 1.26 

7033 Train 5.4 1.57 

7034 Hammer 4.95 0.87 

7035 Mug 4.98 0.96 

7052 Clothespins 5.33 1.32 

7057 Coffeecup 5.35 1.37 

7059 Keyring 4.93 0.81 

7080 Fork 5.27 1.09 

7090 Book 5.19 1.46 

7100 FireHydrant 5.24 1.2 

7170 LightBulb 5.14 1.28 

7207 Beads 5.15 1.46 

7255 Cracker 5.07 1.18 

7493 Man 5.35 1.34 

7512 Chess 5.38 1.22 

7640 Skyscraper 5 1.31 

7950 Tissue 4.94 1.21 

9070 Boy 5.01 1.89 

Positive Images, Set B 
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IAPS 
# 

Description Valence 
(m) 

Valenc
e (sd) 

1463 Kittens 7.45 1.76 

1610 Rabbit 7.82 1.34 

1811 Monkeys 7.62 1.59 

2071 Baby 7.86 1.32 

2550 Couple 7.77 1.43 

4626 Wedding 7.6 1.66 

5202 Garden 7.25 1.44 

5210 Seaside 8.03 1.09 

5700 Mountains 7.61 1.46 

5830 Sunset 8 1.48 

5833 Beach 8.22 1.08 

5910 Fireworks 7.8 1.23 

7330 IceCream 7.69 1.84 

8185 Skydivers 7.57 1.52 

8210 Boat 7.53 1.31 

8501 Money 7.91 1.66 

Negative images, Set B 

2053 Baby 2.47 1.87 

2703 SadChildren 1.91 1.26 

2799 Funeral 2.42 1.41 

2800 SadChild 1.78 1.14 

3015 Accident 1.52 0.95 

3101 BurntFace 1.91 1.19 

3181 BatteredFem 2.3 1.43 

3225 Mutilation 1.82 1.22 

IAPS 
# 

Description Valence 
(m) 

Valenc
e (sd) 

6560 Attack 2.16 1.41 

9040 StarvingChild 1.67 1.07 

9185 DeadDog 1.97 1.16 

9302 Toilet 2.32 1.41 

9326 Vomit 2.21 1.3 

9903 CarAccident 2.36 1.35 

9904 CarAccident 2.39 1.36 

9940 Explosion 1.62 1.2 

Neutral images, set B 

1675 Buffalo 5.24 1.48 

2102 NeuMan 5.16 0.96 

2191 Farmer 5.3 1.62 

2377 Reading 5.19 1.31 

5471 Satellite 5.21 1.18 

5532 Mushrooms 5.19 1.69 

5731 Flowers 5.39 1.58 

7001 Buttons 5.32 1.19 

7009 Mug 4.93 1 

7017 Video 5.18 1.07 

7041 Baskets 4.99 1.12 

7050 HairDryer 4.93 0.81 

7056 Tool 5.07 1.02 

7233 Plate 5.09 1.46 

7235 Chair 4.96 1.18 

7632 Airplane 5.22 1.69 

 

IAPS Significant Testing 

Category Set Valence (M) Valence 
difference 

Arousal (M) Arousal 
difference 

Negative  A 2.17 p =.16 5.77 p = .70 
Negative B 2.05 5.78 
Neutral A 5.14 p =.89 3.24 p = .87 
Neutral B 5.15 3.28 
Positive A 7.67 p =.47 5.14 p = .60 
Positive B 7.72 5.27 
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