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ABSTRACT 

 

 

Worry is a chain of negative thoughts about uncertain future events. It is the primary 

diagnostic criterion for generalized anxiety disorder and is a major cognitive component 

of anxiety. Worry can be dissociated from anxiety through the use of psychometric 

measures such as the abbreviated version of the Penn State Worry Questionnaire (PSWQ-

A), which assesses the severity of generalized worry and may be used to indicate the 

likelihood of anxiety pathology. Chronic worriers often experience free-floating anxiety 

due, in part, to the paradoxical nature of worry: it is associated with a lower threshold for 

threat detection as well as a failure to rationally evaluate the threat. Therefore, better-

understanding the temporal dynamics of information processing as a function of worry 

severity may lead to the identification of objective markers of pathological worry that can 

then be used as targets for anxiety treatment. The present studies were conducted to 

increase our knowledge of the processes underlying worry. Participants were nonclinical 

young adults who were recruited using the PSWQ-A. Despite its high test-retest 

reliability, the PSWQ-A demonstrated temporal instability, particularly among high 

worriers, for whom trait anxiety served to better-predict final classification as either a 

moderate or chronic high worrier. Activation of the defensive motivational system was 

probed using the acoustic startle response, and startle modification by visually presented 

words was used to quantify threat perception across various stages of information 

processing. Chronic high worriers exhibited word-induced startle facilitation at all stages 

of information processing. Notably, the failure to show startle inhibition at a timepoint 

associated with the threshold for conscious perception may indicate a worry-dependent 

disengagement of attention following semantic analysis. These findings are consistent 
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with the vigilance-avoidance hypothesis of anxiety, and support the use of word-induced 

startle facilitation as a potential pathognomonic for chronic worry. High worriers then 

completed an attention-retraining intervention. Word-induced startle facilitation was 

unaffected by the intervention; however, state anxiety increased over time, suggesting 

that repeated exposure to startle stimuli may be anxiogenic for high worriers. This finding 

limits the utility of affective startle modification paradigms for evaluating the efficacy of 

anxiety-reducing treatments within a single session.  
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CHAPTER I 

 

 

General Introduction  

 

People anxiously anticipating the uncertain future cannot be really alive in the present. 

                                            – Jan Fawcett, MD 

 

Statement of Problem 

All people encounter threat, whether real or imagined, at some point in their lives, 

but how they perceive and respond to it determines the extent of its psychosocial 

consequences. Some people logically evaluate the threat, determine an appropriate course 

of action, deal with it, and move on with their lives. Others, however, perseverate in a 

state of anxious apprehension of the threat, while some may make an effort to avoid it all 

together. Although these latter two behaviors differ in terms of their immediate effects, 

they both may serve to increase feelings of anxiety and distress in the long run. In 

extreme cases, the anxiety may become excessive and begin to interfere with daily life 

activities, thereby warranting a clinical evaluation of anxious pathology.  Treatment of 

anxiety disorders is often complicated and difficult, with few people attaining complete, 

lifetime remission. This is due, in part, to gaps in the knowledge of mechanisms 

underlying maladaptive threat processing in anxious people. One area of debate is the 

role of conscious awareness of threat in the anxiety cascade, since threat biases have been 

observed in both subliminal and supraliminal conditions. Worry, or preoccupation with 

threat, is a major cognitive component of anxiety. As such, identifying the impact of 

worry severity on information processing at distinct stages of cognitive involvement may 

ultimately yield viable targets for anxiety-reducing strategies. Once it is known where in 

the information processing stream these threat biases arise, it may be possible to develop 
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objective markers of symptom severity and track changes in the expression of these 

phenotypes in response to cognitive-bias modification interventions.  

The present studies were designed to determine psychophysiological correlates of 

threat perception as a function of worry severity and to explore the stability of these 

features over time. The short-term goals were to examine the temporal dynamics of 

negative information processing in low and high worriers and to identify characteristics 

of people who may be differentially susceptible to attenuation of threat biases at 

preconscious vs. conscious stages following exposure to an implicit attention-training 

program. The long-term goal was to inform the optimization of interventions for 

decreasing anxiety and associated symptoms of psychological distress.  

 

Anxiety and its Associated Features 

For the first time in the history of the Diagnostic and Statistical Manual of Mental 

Disorders (DSM), the recently released fifth edition (DSM-V; American Psychiatric 

Association, 2013) contains a working definition of anxiety. Accordingly, anxiety is 

defined as the anticipation of potential threat. It differs from the emotional response 

associated with fear primarily in the perceived proximity of the threat, which is often 

tenuous or remote in the case of anxiety and real or imminent in the case of fear. In 

addition, the expression of anxiety is typically more subtle than that of fear. For example, 

whereas fear may trigger a rapid increase in autonomic arousal, followed by the initiation 

of voluntary motoric escape behaviors, anxiety may manifest as an increase in muscle 

tension and a broadened attentional stance, in preparation for responding to the threat. 

Acute anxiety may be considered a normal reaction to stress and is, therefore, not always 
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a bad thing. The heightened physiological arousal and alertness associated with anxiety 

may actually serve to improve task performance; however, there is an inverse relationship 

between these feelings and performance on effortful tasks (Yerkes & Dodson, 1908), 

such that excessive levels of anxiety may actually prevent one from accomplishing their 

goals. If a person experiences prolonged periods of excessive, debilitating anxiety, they 

may meet the criteria for an anxiety disorder.  

Anxiety disorders are the most prevalent class of psychiatric illnesses in the 

United States, affecting an estimated 18.1% of American adults each year (Kessler, Chiu, 

Demler, Merikangas, & Walters, 2005), or about 40.62 million people. Over the course of 

a lifetime, roughly 1 in 4 adults (28.8%) will meet diagnostic criteria for a DSM-IV 

anxiety disorder, with the median age of onset occuring during preadolescence, at 11 

years of age (Kessler, Berglund, et al., 2005). Women have a 60% greater risk of 

developing an anxiety disorder than men (Kessler, Berglund, et al., 2005). These 

estimates were determined based on the anxiety disorders described in the fourth edition-

text revision of the DSM (DSM-IV-TR; American Psychiatric Association, 2000): panic 

disorder, agoraphobia without panic, specific phobia, social phobia, generalized anxiety 

disorder, obsessive-compulsive disorder, and separation anxiety disorder.
1
 Statistics for 

                                                 
1
 The following DSM-IV-TR anxiety disorders were not included in the prevalence estimates from the 

National Comorbidity Survey Replication: anxiety disorder due to a general medical condition, substance-

induced anxiety disorder, and anxiety disorder not otherwise specified. Furthermore, the DSM-IV-TR 

distinguishes between panic disorder and agoraphobia across three separate disorders (panic disorder 

without agoraphobia, panic disorder with agoraphobia, and agoraphobia without history of panic disorder). 

Lastly, there is a distinction between posttraumatic stress disorder and acute stress disorder, which was not  

clearly factored into the estimates reported in Kessler et al. (2005a,b).  
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the DSM-V disorders
2
 remain to be determined. Nevertheless, the annual cost of 

pathological anxiety in the United States is more than $42 billion annually, with a 

substantial portion of that sum being spent on health care services (Greenberg et al., 

1999).  

In the 1980s, David Barlow and colleagues, inspired by advances in emotion 

theory, began reexamining the multifaceted nature of anxiety as important for survival. 

They put forth a series of models to explain the origin and variable expression of anxiety 

as an emotion that can become disordered in people with certain biological and 

psychological vulnerabilities (Barlow, 1988; Barlow, Chorpita, & Turvosky 1996). Just 

like any emotion, anxiety can be conceptualized as consisting of four components: 

subjective, physiological, behavioral, and cognitive. The subjective component, 

sometimes referred to as the emotional component, is what most people think of when 

they describe their feelings. For Barlow, anxiety is a “state of helplessness, because of a 

perceived inability to predict, control, or obtain desired results or outcomes in certain 

upcoming personally salient situations or contexts” (Barlow, 2000, p. 1249). The 

physiological component of anxiety often manifests as the sensation of autonomic arousal 

associated with activation of the defensive motivational system, as the body prepares to 

encounter the threat. Symptoms of physiological anxiety may include the following: 

increased muscle tension, hyperventilation, tachycardia, increased perspiration, pupillary 

                                                 
2
 Posttraumatic stress disorder, acute stress disorder (“Trauma and Stressor-Related Disorders”), and 

obsessive-compulsive disorder (“Obsessive-Compulsive and Related Disorders”) are no longer included in 

the chapter on anxiety disorders; they have been reassigned to new chapters, which are indicated in 

parenthesis. Separation anxiety disorder and selective mutism are now recognized as anxiety disorders. In 

addition, panic disorder and agoraphobia are no longer linked.  
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dilation, and jitteriness. Prolonged periods of sympathetic nervous system activation, due 

to chronic psychological stress, may also result in compromised immune and digestive 

functions. The behavioral component of anxiety can be thought of as the motoric 

response to the perceived threat stimulus. Expanding on Cannon’s (1929) original 

characterization of the acute stress response and resulting defensive behavior, there are 

three main outcomes: fight, flight, or freeze. It is this behavioral expression of anxiety 

that seems to determine whether the emotion is adaptive or maladaptive. For example, 

people who are motivated to confront the source of the threat may be more likely to form 

a realistic evaluation of the true intensity and likelihood of its occurrence. This is in direct 

opposition to those who are more inclined to escape or avoid the threat at all costs, which 

may result in immediate, albeit, temporary relief from anxiety at the expense of 

improving one’s coping skills to better handle the threat in question or similar threats in 

the future. The final, cognitive, component of anxiety is the most abstract. It is comprised 

of mental processes associated with evaluating the threat and deciding on an appropriate 

action or response. Threat evaluation can be a rapid but complex process and, in the case 

of anxiety, often constitutes the basis of worrisome thoughts.  Although worry is common 

to all forms of anxiety, excessive worry is the cardinal feature of generalized anxiety 

disorder (GAD; American Psychiatric Association, 1987, 1994, 2000, 2013).  In fact, 

many elements of GAD are shared by other anxiety disorders, leading GAD to be 

considered the “basic anxiety disorder” (Roemer, Orsillo, & Barlow, 2002, p. 477). 

Knowledge of factors contributing to the generation and maintenance of GAD may, 

therefore, provide tremendous insight for other anxiety disorders as well.  
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GAD is characterized by chronic, diffuse worry, occuring more days than not for 

a minimum of six months (see Table 1 for the full DSM-V diagnostic criteria). The worry 

is often perceived as unwanted, yet difficult to control. In addition, people with GAD 

experience a variety of physiological and cognitive symptoms that can impair functioning 

in several domains of life. Specifically, they may have muscle tension, headaches, and 

stomach pain, difficulty concentrating, and trouble relaxing and sleeping, and they may 

be highly irritable (National Institue of Mental Health, 2010).  It is the pervasiveness of 

worry in GAD, however, that causes the most life interference; the majority of people 

with GAD spend most of their waking hours each day worrying about various things 

(Sanderson & Barlow, 1990).   

Approximately 3.1% of American adults meet the diagnostic criteria for GAD in a 

given year (Kessler, Chiu et al., 2005) and 5.7% are affected within their lifetime 

(Kessler, Berglund et al., 2005), although the estimated lifetime morbid risk of 

developing GAD is slightly higher (9%, American Psychiatric Association, 2013). The 

mean age of onset of GAD is 32 years (Vesga-Lopez et al., 2008); however, evidence 

from retrospective studies suggests that the onset may be much earlier, during young 

adulthood (Burke, Burke, Rae, & Regier, 1991 as cited in Kessler, Walters, & Wittchen, 

2004). The problem is that the onset may be slow and progressive, confused with neurotic 

personality tendencies, such that it is not until later in life that people begin to recognize 

the debilitating nature of their symptoms. Women are twice as likely as men to have 

GAD (Vesga-Lopez et al., 2008), and significant gender differences have been reported 

in the course and clinical presentation of GAD. Specifically, men with GAD have a 

greater propensity for comorbid alcohol and substance use disorder, whereas women with 
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GAD have a greater propensity for comorbid mood disorders, such as major depressive 

disorder (Vesga-Lopez et al., 2008).  GAD is the most common anxiety disorder 

observed in primary care settings (Wittchen et al., 2002); however, it is rarely the explicit 

reason for the medical visit, as patients are more likely to present with other 

psychosomatic symptoms (e.g., sleep disturbances, tension headaches, irritable bowel 

syndrome), and it takes a highly trained physician to correctly attribute the source of 

these problems to an overarching anxiety disorder. In addition, people with GAD often 

experience significant disability, both personally and professionally, resulting in impaired 

social functioning and work productivity, respectively (Wittchen, 2002).  As a result, it is 

perhaps little wonder that people with GAD report poor quality of life and lower levels of 

life satisfaction. Therefore, one conclusion that can easily be drawn from these findings is 

that the human and economic burden of GAD is significant (Hoffman, Dukes, & 

Wittchen, 2008).   

Compared with other anxiety disorders, GAD is understudied and, consequently, 

poorly understood. This is partially due to controversy surrounding its nosology and 

diagnostic criteria, which have evolved significantly since GAD first appeared in the 

DSM as a residual disorder, secondary to other mood and anxiety disorders (American 

Psychiatric Association, 1980). Although it is now recognized as an independent anxiety 

disorder, there is much heterogeneity in the expression and symptom severity of GAD. 

Furthermore, it is highly comorbid with other disorders (Judd et al., 1998), making 

reliable assessment quite difficult. Nevertheless, much like other emotional disorders, the 

etiology of GAD likely comprises complex interactions among generalized biological and 
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psychological vulnerabilities (Barlow, 1988, 2000; Roemer et al., 2002); see Figure 1 for 

a theoretical model of GAD.    

There is a moderate genetic contribution (30 – 40%) to the variance in anxiety 

disorder symptomatology, with environmental factors largely determining the nature and 

severity of the specific disorder (as cited in Hudson & Rapee, 2004). Some evidence 

indicates that GAD and major depressive disorder (MDD) share a common genetic factor 

(Kendler et al., 1995), which may reflect an inherent disposition toward neuroticism and 

negative affect. Estimates of the unique heritability of GAD range from 15 – 38%, with 

differences in the perceived impact of family environment.  Results from a meta-analysis 

of the genetic epidemiology of anxiety disorders suggest that genes determine 31.6% of 

the susceptibility to GAD, regardless of gender (Hettema, Neale, & Kendler, 2001).  

Familial environment was a modest predictor of GAD in women, with the remaining 

variance attributable to individual-specific environmental factors. However, this meta-

analysis used the former DSM-III criteria for GAD symptom duration (a minimum of 1 

month as opposed to 6 months).  

A biological vulnerability toward anxiety, although necessary, may not be 

sufficient for the development of GAD. Rather, people with stable behavioral inhibition 

who experience early life stress and learn maladaptive coping strategies may be at an 

increased risk for GAD. These people are considered to have an anxious vulnerability 

(i.e., they are more prone to developing pathological anxiety), and are inclined to react 

negatively to events involving unpredictability and uncontrollability (Barlow, 2000), 

which they may find especially threatening. After all, how they perceive and respond to 

threat has significant implications for the progression to GAD. For example, it is well-
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established that avoidance of threat is important for the maintenance of pathological 

anxiety. Therefore, studying the mechanisms by which people with anxious 

vulnerabilities differentially attend to and process threat-related stimuli may lead to 

improved understanding of the development of GAD.   

For this reason, neurocognitive information-processing models have focused on 

elucidating brain regions important for threat perception in pathological anxiety 

(Hofmann, Ellard, & Siegle, 2012). A primary goal of such models is to identify the 

neurocorrelates of threat perception at various stages of information processing so as to 

better understand how threat hijacks evolutionarily conserved fear circuits to cause 

significant interference in the lives of anxious people. Functional magnetic resonance 

imaging (fMRI) studies suggest that a delicate interplay between subcortical and cortical 

structures may be related to the expression of anxiety and predictive of responsivity to 

anxiety-reducing treatment strategies. For example, compared with matched 

nonpsychiatric controls, GAD patients show greater bilateral activation of the dorsal 

amygdala during anticipation of both aversive and neutral pictures (Nitschke et al., 2009). 

In addition, anticipatory activity in the anterior cingulate was positively associated with 

symptom improvement following an 8-week pharmacotherapeutic intervention (i.e., 

treatment with a serotonin-norepinephrine reuptake inhibitor, venlafaxine). Taken 

together, these findings suggest that people with GAD may experience hypervigilance in 

response to any anticipatory signal (as evidenced by indiscriminate activation of the 

amygdala following cues signaling the presentation of both neutral and threat stimuli); 

however, those who employ top-down emotion regulation strategies (recruiting the 
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anterior cingulate cortex) in an effort to combat the initial negative reaction associated 

with anticipation may be more amenable to certain treatments.  

Even at rest, in the absence of any external stimuli or emotional cues, patients 

with GAD demonstrate unique patterns of functional brain connectivity (Etkin, Prater, 

Schatzberg, Menon, & Greicius, 2009) that may be related to the pathophysiology of 

anxiety. In nonanxious people, the basolateral and central nuclei of the amygdala project 

primarily to cortical and subcortical regions, respectively. However, in GAD patients, 

these projections are less distinct. That is, there is more overlap in the connectivity of the 

amygdalar subregions with their respective targets, which may reflect disorganization of 

the underlying cytoarchitecture of the amygdala. Normally, the basolateral amygdala 

receives sensory input from the thalamus and encodes information about the emotional 

salience of stimuli, especially in response to threat-related cues. It then relays this 

information to both higher-order cortical regions and to the central nucleus of the 

amygdala. The central nucleus is important for regulating appropriate defensive 

responses, primarily through activation of structures in the brainstem, hypothalamus, and 

basal forebrain regions, in order to facilitate arousal and motivated behaviors (Amaral, 

Price, Pitkanen, & Carmichael, 1992; LeDoux, 2000). Considering the specific functions 

of the amygdala subregions, the intra-amygdalar abnormalities observed in GAD patients 

may explain differences in the processing of threat-related information associated with 

anxiety. Furthermore, GAD patients had a connection between the amygdala and the 

dorsolateral prefrontal cortex that was not present in controls (Etkin et al., 2009). The 

strength of this connection was negatively correlated with self-report measures of anxiety 
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severity, suggesting that it may be a compensatory neuroadaptation of GAD patients with 

better cognitive control over emotional reactivity.  

In a follow-up study, Etkin, Prater, Hoeft, Menon, and Schatzberg (2010) found 

deficits in spontaneous regulation of emotional conflict in GAD patients. For example, 

emotional conflict triggers activation of the dorsomedial prefrontal cortex (DMPFC), and 

adaptation to emotional conflict is reflected in a corresponding decrease in DMPFC 

activation. However, only healthy controls showed this pattern of neuromodulation, with 

GAD patients exhibiting blunted responsivity in the DMPFC. In addition, whereas 

nonanxious controls appear to recruit the anterior cingulate cortex to suppress amygdala 

activation during conflict adaptation, GAD patients do not. By contrast, GAD patients 

show persistent hyperactivation of the amygdala. Impaired cortical flexibility 

(particularly that of the DMPFC) during presentation of emotional stimuli was positively 

correlated with GAD symptom severity. These observations lend additional evidence to 

the theory that improving top-down regulation of amygdalar activity may be a promising 

avenue of treatment for pathological anxiety. Although the results of fMRI studies are 

often quite tantalizing, interpretation of the data may be confounded by several factors 

such as fluctuating baseline levels of activity (Stark & Squire, 2001), within-session 

variability (McGonigle et al., 2002), and methodological differences resulting in 

artificially high correlations between brain activity and measures of personality and 

cognition (Vul, Harris, Winkielman, & Pashler, 2009). Consequently, structural MRI may 

be a more feasible means of assessing stable neurobiological makers of GAD.  

Early structural neuroanatomical studies of GAD were conducted in 

heterogeneous pediatric and adolescent samples and yielded inconsistent results 
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concerning the relative size of the amygdala as a function of pathological anxiety. 

Namely, GAD has been associated with both larger (De Bellis et al., 2000) and smaller 

(Milham et al., 2005) amygdala volumes. However, in both of these studies, no other 

structural differences were detected between patients with anxiety and non-anxious 

controls. A well-controlled structural brain MRI study in adult women with and without 

pure GAD revealed gray matter abnormalities in key areas associated with anticipatory 

anxiety and emotion regulation (Schienle, Ebner, & Schafer, 2011). Specifically, the 

amygdala (bilateral) and DMPFC (right) were larger in women with GAD than in 

matched controls. In addition, scores on self-report measures of worry severity were 

positively correlated with the size of the anterior cingulate cortex and DMPFC, but not 

with the amygdala. Although these latter results support a general relationship between 

specific cortical regions and the expression of worry, a causal relationship remains to be 

determined. For example, it may be that larger volumes in these brain regions facilitate 

worry, and are potential neurobiological markers of GAD, or that the experience of 

chronic worry leads to a thickening of regions implicated in evaluative processing. 

Therefore, longitudinal studies of people with anxious vulnerabilities may be an 

appropriate step toward understanding the neurodevelopment of GAD.  

In summary, GAD is associated with alterations in brain regions that have been 

implicated in the processing of emotional information. Specifically, the amygdala appears 

to be both larger and more active in patients with GAD. The anterior cingulate and 

prefrontal cortex, which are important for dampening the activity of the amygdala, also 

appear to be larger in GAD. However, the degree of top-down regulation of the amygdala 

by these cortical regions is negatively related to the severity of GAD symptoms. 
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Despite its chronic, debilitating nature, GAD is treatable. Although, compared to 

other anxiety disorders, treatment of GAD is often more challenging. The course of GAD 

is characterized by fluctuations in symptom severity such that people with GAD can 

experience intermittent periods of full or partial remission, but half of those who recover 

will experience at least one relapse. Without treatment, spontaneous remission of GAD 

occurs in only 20-25% of cases (Ballenger, et al., 2001). In a five year prospective study 

of treatment seeking GAD psychiatric outpatients, the probability of full remission 

(defined as a period of eight consecutive weeks of occasional or no symptoms) was 38%, 

and the probability of partial remission (defined as worry less than 50% of the time and 

few other symptoms) was 47%; however, relapse remained a significant problem 

(Yonkers, Dyck, Warshaw, & Keller, 2000).  

The most common treatment strategies for GAD are psychotherapy and 

pharmacotherapy, or a combination of both. Currently, the only validated, clinically 

approved, form of psychotherapy for GAD is Cognitive Behavioral Therapy (CBT), in 

which clients learn strategies for the early identification of anxiety triggers and practice 

new, healthy methods of coping with the symptoms they experience (Borkovec & Ruscio, 

2001), including relaxation and reality testing in order to challenge their perceptions of 

future threats. CBT produces both immediate and long-lasting symptom improvement in 

GAD clients and has been shown to reduce the number of comorbid disorders at a 12-

month follow-up (Borkovec & Ruscio, 2001).  Results from a meta-analysis of CBT in 

GAD further supports the efficacy of this combined treatment package for the attenuation 

of anxiety symptoms; the mean anxiolytic effect size (ES) of CBT was 0.90, which was 
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slightly larger that of standard cognitive therapy (ES = 0.59) or behavioral therapy (ES = 

0.51) alone (Gould, Safren, Washington, & Otto, 2004).   

In more difficult-to-treat forms of GAD, particularly when it is comorbid with 

depression, pharmacotherapy may be recommended as either a primary therapy or an 

adjunct to psychotherapy. Serotonergic antidepressants are considered the most 

efficacious drugs for the attenuation of GAD symptom severity. Currently, three 

antidepressant drugs are approved by the U.S. Food and Drug Administration (FDA) for 

the treatment of GAD. These include two selective serotonin reuptake inhibitors (SSRIs)–

paroxetine (Paxil) and escitalopram (Lexapro)–and one serotonin-norepinephrine 

reuptake inhibitor (SNRI)–venlafaxine (Effexor), although other drugs in these classes 

have demonstrated effectiveness in randomized trials for GAD (Bvstritskv, 2013). For 

treating GAD, antidepressants are preferable to traditional γ-amino butyric acid-ergic 

(GABA-ergic) anxiolytics, such as benzodiazepines –diazepam (Valium)–for several 

reasons. Specifically, they have shown promise in lessening the cognitive or psychic 

symptoms associated with GAD (i.e., excessive worry) as well as the negative affect 

commonly observed in this disorder, whereas compounds that primarily increase GABA 

synaptic transmission (i.e., GABA agonists) may be good for treating the somatic 

symptoms of anxiety but are less able to treat the cognitive symptoms or improve the 

poor mood associated with GAD (Hoehn-Saric, McLeod, & Zimmerli, 1988). In addition, 

antidepressants are generally well-tolerated and have low abuse potential, which is a 

historical problem with benzodiazepines since they can induce dependency and 

subsequent withdrawal symptoms when used chronically (Ciraulo, 1985). Although 

benzodiazepines are not considered the first line of pharmacotherapy for patients with 
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GAD (Bvstritskv, 2013), they may be suitable for the treatment of acute bouts of anxiety 

and may also be used in the first few weeks of pharmacotherapy, in the time before the 

antidepressants exhibit their full efficacy. However, if a person fails to respond favorably 

to benzodiazepines within a short amount of time, treatment should be discontinued, as 

there is some evidence that benzodiazepines may actually increase depressive symptoms 

(Lydiard, Laraia, Ballenger, & Howell, 1987), which may worsen GAD severity. 

Furthermore, GAD has been associated with decreased benzodiazepine receptor 

sensitivity (Tiihonen et al., 1997 as cited in Sinha, Mohlman, & Gorman, 2004), such that 

these compounds may not interact as well with their target sites, thereby limiting their 

efficacy as therapeutic agents for GAD, compared with other anxiety disorders.  

Direct comparisons of CBT with pharmacotherapy suggest that both are equally 

effective for the short-term treatment of GAD: ES = 0.70 and ES = 0.60, respectively; 

however, following treatment cessation, the benefits of CBT are better-maintained than 

those of pharmacotherapy (Gould, Otto, Pollack, & Yap, 1997).  Also, CBT may be 

better-tolerated than pharmacotherapy, as evidenced by a lower attrition rate (Mitte, 

2005). Notably, in both of these meta-analytic studies, benzodiazepines were the primary 

class of drugs included in the pharmacotherapy arm. Because these compounds tend to 

have more adverse side effects than antidepressants (Longo & Johnson, 2000), it is 

possible that the efficacy of current pharmacotherapies for GAD may be higher than that 

which is indicated by early estimates. However, short-term studies of the effectiveness of 

paroxetine in GAD indicate modest remission rates of 33-39%, which were slightly better 

than those observed following treatment with a placebo (Rickels, Rynn, Iyengar, & Duff, 
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2006). If the results from these studies generalize to other SSRIs, this further emphasizes 

the need to develop improved treatments for GAD.   

Several non-pharmacologic alternative therapies for GAD have gained significant 

interest in recent years. Specifically, meditation-based stress reduction programs show 

promise in the treatment of generalized anxiety and panic (Kabat-Zinn et al., 1992). 

Meditative practice is associated with feelings of relaxation and improved concentration, 

suggesting its potential for ameliorating the somatic and psychic symptoms of anxiety. 

Practioners of mindfulness meditation learn to attend to present-moment experiences, 

which may be particularly beneficial for people with GAD, who tend to get stuck in bouts 

of uncontrolled worry about uncertain future events. By learning to detach themselves 

from their thoughts, in a non-judgmental way, understanding that thoughts are not reality, 

people may gain an illusion of control over their lives, which, as described above, may be 

an important protective factor against anxiety. Furthermore, the benefits obtained from 

mindfulness meditation appear to be long-lasting. In the pilot study of mindfulness 

meditation for anxiety disorders (Kabat-Zinn et al., 1992), the clinically significant 

anxiolytic effects of the 8-week training program were maintained for periods of three 

months to three years post-treatment.  

Applied Relaxation (AR) is comparable to CBT in the treatment of GAD 

symptoms (Borkovec & Costello, 1993). AR involves periods of self-monitoring, early 

identification of anxious reactions, and the initiation of progressive relaxation techniques 

(i.e., slow deep breathing) to prevent the escalation of anxiety (Öst, 1987). Mindfulness is 

a component of AR and has been attributed as the primary mechanism of action by which 

AR reduces symptoms of GAD (Hayes-Skelton, Usmani, Lee, Roemer, & Orsillo, 2012).  



17 

 

In addition, computerized cognitive-bias modification programs have been 

developed based on evidence that GAD is associated with the preferential processing of 

threat-related information (i.e., attentional bias toward threat). The fundamental goal of 

cognitive bias modification programs is to implicitly guide attention away from threat-

related stimuli, toward benign stimuli. These simple programs have demonstrated strong 

therapeutic potential for the reduction of GAD symptom severity in both clinical (Amir, 

Beard, Burns, & Bomyea, 2009; Amir & Taylor, 2012) and nonclinical populations 

(which will be expanded upon in the section on Cognitive Bias Modification, below).  

As research on GAD continues and the understanding of this disorder improves, 

more treatment options will inevitably be considered. However, a focus on worry as the 

hallmark feature of GAD and a core component of many other emotional disorders may 

prove to be worthwhile in the quest to better understand these psychiatric conditions and 

improve the quality of life of those who suffer from them.  

 

The Importance of Worry 

A lot can be learned about worry by examining its rich etymology. The word 

worry first appeared in the English language before the 12
th

 century as a verb, derived 

from the Old English word wyrgan, which was related to the Old High German word 

wurgen, meaning to strangle, and the Lithuanian word vertzi, meaning to constrict. The 

following is the definition of worry provided by Merriam-Webster’s Collegiate 

Dictionary (2003): 

vt…1 dial Brit : CHOKE, STRANGLE  2 a : to harass by tearing, biting, or 

snapping esp. at the throat  b : to shake or pull at with the teeth …  c : to touch or 
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disturb something repeatedly  d : to change the position of or adjust by repeated 

pushing or hauling  3 a : to assail with rough or aggressive attack or treatment : 

TORMENT  b : to subject to persistent or nagging attention or effort  4 : to afflict 

with mental distress or agitation : make anxious ~ vi  1 dial Brit : CHOKE, 

STRANGLE  2 : to move, proceed, or progress by unceasing or difficult effort : 

STUGGLE  3 : to feel or experience concern or anxiety : FRET…. 

syn WORRY, ANNOY, HARASS, HARRY, PLAGUE, PESTER, TEASE 

mean to disturb or irritate by persistent acts. WORRY implies an incessant 

goading or attacking that drives one to desperation. . . (Mish, 2003, p. 1444)  

Worry as a noun was introduced in 1804. It is this part of speech that is perhaps more 

readily conjured when thinking about worry within the context of psychological distress. 

The following is the definition provided by Merriam-Webster’s Collegiate Dictionary 

(2003): 

1 a : mental distress or agitation resulting from concern usu. for something 

impending or anticipated : ANXIETY  b : an instance of occurrence of such 

distress or agitation  2 : a cause of worry : TROUBLE, DIFFICULTY.         

(Mish, 2003, p. 1445)  

Taken together, these definitions highlight the inherent unpleasantness of worry. Worry is 

violent, formidable, and harmful. It suffocates the object of its action, offering little 

opportunity for escape. It is constant.  

In 1971, Shlomo Breznitz published a seminal paper “A Study of Worrying” and 

laid the foundation for the scientific investigation of worry as a real psychological 

phenomenon. Breznitz recognized worry as an active, intensive cognitive process that 
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was fundamentally distinct from the related constructs of fear and anxiety, which could 

be considered passive, fleeting emotional reactions. He was aware of the difficulties 

associated with objectively studying worry, given that it is private in nature, calling this 

aspect of worry, “the biggest single obstacle in the way of its analysis” (1971, p. 271). 

Nevertheless, Breznitz attempted to characterize worry with respect to a delicate 

interaction between fear and anxiety; neither fear nor anxiety is sufficient to produce 

worry independently of one another. The formal operational definition offered by 

Breznitz is as follows: “If an external threat concerning a possible future event touches 

upon an anxiety-inducing content, the process of worrying starts” (1971, p. 273). In other 

words, the experiencer of worry identifies a threat that is personally relevant; it has the 

potential to negatively affect their self-preservation goal, thereby resulting in feelings of 

anxiety (Oatley & Johnson-Laird, 1987). What sustains worry, however, is uncertainty of 

the future. Specifically, fear of the threat is confounded by hope that it will not occur, 

which creates cognitive dissonance. And worry is an attempt to reconcile this cognitive 

dissonance via the engagement of problem-solving resources. Breznitz later shortens his 

definition of worry, describing it as a “preoccupation with a threat” (1971, p. 273). As a 

person becomes more involved in the process of worrying, they may begin to internalize 

the external threat, which effectively transforms fear into anxiety.  

 Although it was Breznitz who emphasized the “potential richness of this area of 

investigation” (1971, p. 279), it was not until one decade later that Thomas D. Borkovec 

and colleagues at the Pennsylvania State University began a research program that was 

devoted entirely to elucidating the nature and function of worry. Picking up where 

Breznitz left off, Borkovec re-emphasized a curious gap in the knowledge base of worry 
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and the widespread benefits associated with closing that gap, stating, “[understanding 

worry] will ultimately bear on a variety of processes related to human maladjustment” 

(Borkovec, Robinson, Pruzinsky, & DePree, 1983, p. 9). Drawing from the test anxiety 

literature (Deffenbacher, 1980), which suggested that anxiety could be partitioned into 

two factors: worry and emotionality, with worry being more related to cognitive aspects 

of anxiety and emotionality being more related to the physiological aspects of anxiety, 

Borkovec and colleagues focused on worry, as this was the factor that seemed to be the 

most deleterious to task performance, perhaps because of attentional interference. In the 

“Preliminary Exploration of Worry”, Borkovec and colleagues offered the following 

working definition of worry: 

  Worry is a chain of thoughts and images, negatively affect-laden and relatively 

  uncontrollable. The worry process represents an attempt to engage in mental 

  problem-solving on an issue whose outcome is uncertain but contains the  

  possibility of one or more negative outcomes. Consequently, worry relates  

  closely to fear process. (Borkovec et al., 1983a, p. 10)  

Like Breznitz, Borkovec thought that the worry sequence was initiated by a fear stimulus. 

However, unlike Breznitz, who viewed fear as having an external source, Borkovec noted 

that the fear stimulus could be either environmental or imaginal. Borkovec also described 

the apparent dual purpose of worry: (1) to prevent the feared outcome from occurring 

and/or (2) to devise coping strategies to deal with the feared outcome should it eventually 

occur. In theory, therefore, worry seems like a positive thing, yet the consequences of 

worry generally include an increase in negative affect and feelings of discomfort, making 
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worry somewhat of a paradox. Nevertheless, worry appears to be uncontrollable. 

Reflecting on worry, Borkovec and colleagues wrote:   

…we feel compelled to engage in the activity, cannot terminate it on our own 

unless distracted by attention-demanding environmental events, cannot prevent its 

recurrent emergence throughout the day, and generally feel that we would rather 

not be bothered by it. (Borkovec et al. 1983a, p. 10)  

  These perspectives on worry were based largely on interviews with chronic 

worriers and the personal experiences of the Penn State research team members, as few 

empirical studies had attempted to rigorously characterize worry. With the interest in 

worry at a peak level, Borkovec et al. (1983a) conducted three seminal studies to 

elucidate this construct. Worth noting, all of the participants in these early studies on 

worry were undergraduate students who were selected from psychology classes.  

 In the first questionnaire study, participants assessed the percentage of time spent 

worrying and feeling tense each day. No effect of gender was identified using this 

approach. Self-report estimates of daily worry and general tension were intercorrelated, 

which is expected given that they are both thought to reflect different aspects of anxiety. 

Compared with general tension, however, worry was more highly correlated with a 

multifaceted measure of trait anxiety (i.e., the trait scale of the Spielberger State-Trait 

Anxiety Inventory) and with many potentially fear-inducing life events. Further 

examination of the relationships between worry and fearful life events indicated that 

social-evaluative scenarios (i.e., being criticized, failing a test) were of greatest concern 

for high worriers, although worry was still positively associated with several physical 

fears (e.g., illness, blood, riding in an airplane).  
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In the second questionnaire study, participants were prompted to identify 

themselves as either a worrier or a non-worrier. Of those who were surveyed, a greater 

proportion of women (≈ 55%) identified as worriers than did men (≈ 35%). When asked 

to select adjectives to best describe the emotional experience of worrying, the majority of 

students reported feeling “anxious”. The content of worries was focused primarily on 

academic and interpersonal issues; however, Borkovec et al. (1983a) concede that this is 

likely reflective of a bias in the selection of study participants, that the same concerns 

may not generalize to a non-student population. In addition, worries tended to be centered 

on future events (46.9%) followed by present (29.5%) and past (20.9%) events. Worry 

did not appear to be strongly associated with many somatic symptoms; the autonomic 

perception most frequently endorsed while worrying was muscle tension and upset 

stomach, again supporting the distinction between worry and physiological correlates of 

anxiety. Lastly, self-proclaimed worriers reported having less controllability over their 

worries than non-worriers, as demonstrated by greater difficulty stopping the worry 

process once it had begun; this was true for both men and women.  

  Uncontrollability of worry was the variable that best distinguished between 

worriers and non-worriers, which prompted the third, and only experimental, study of the 

series. For this study, Borkovec et al. (1983a) developed a simple worry induction 

procedure that has since been widely used. It consists of a 5-min breathing focus task 

administered before and after a worry condition of variable duration during which 

participants are instructed to “pick a topic that [is] currently of concern to them and to 

worry about it in their typical fashion” (Borkovec et al. 1983a, p. 14). During each 

breathing focus task, participants’ thoughts are sampled five times. Specifically, a tone 
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signals the participants to indicate whether they were a) focusing on the task, b) 

distracted by positive thoughts, c) distracted by negative thoughts, or d) other. In this 

study, participants were high worriers and low worriers, defined by the approximate 

amount of time spent each day engaged in worry (≥ 50% and ≤10%, respectively). 

Compared with low worriers, high worriers endorsed more symptoms of psychological 

distress, as demonstrated by higher scores on self-report measures of anxiety and 

depression. They also reported significantly more intrusive thoughts during the pre-test 

breathing focus-task (i.e., less time spent attending to their breathing). Specifically, high 

worriers reported more negative thought intrusions than low worriers, whereas both 

groups reported a similiar number of positive thought intrusions. Equal numbers of high 

and low worriers were assigned to one of three worry conditions: 0-, 15-, or 30-min 

worry induction. The purpose of this manipulation was to examine the role of worry 

incubation as a mediating factor of its consequences. Borkovec et al. observed that worry 

tends to occur in bouts. Although a person may report feeling chronically worried, it is 

more likely that they are referring to the frequency of their worry bouts rather than to 

constancy of any single worry episode. Inspired by the fear-incubation literature 

(Eysenck, 1979), Borkovec et al. hypothesized that the negative effects of worry would 

be greater in the 15-min condition (worry-incubation) and attenuated in the 30-min worry 

condition (worry-extinction). Their data supported this hypothesis. Specifically, when 

comparing the number of distracting thoughts in the 5-min breathing focus task that 

followed the worry induction procedure, participants assigned to the 15-min worry 

condition reported a significant increase in the number of intrusive negative thoughts. 

Those assigned to the 0- and 30-min worry conditions, however, reported a decrease in 



24 

 

negative thought intrusions. Worry status did not differentially affect these results, which 

suggests that the negative consequences of worry are not restricted to those who 

habitually engage in it. Rather, a relatively brief period of worry can interfere with 

performance on a subsequent attentional task. In addition, Borkovec et al. measured 

changes in heart rate over the course of the experimental session. Heart rate failed to 

distinguish low worriers from high worriers and was unaffected by the worry induction 

procedure. Although these data lend support to the theory that worry is unrelated to 

autonomic activity, Borkovec et al. end their seminal paper with a call for a more 

thorough evaluation of the relationship, if any, between worry and physiology.   

 As the Penn State research program on worry began to flourish, the 

conceptualization of worry became more crystallized. Borkovec and colleagues 

recognized worry as a secondary process, arising from an immediate fear response to a 

threatening stimulus. Although the goal of worry may be to prevent the occurrence of 

future harm, the thought pattern associated with worry (e.g., repeated generation of 

possible negative outcomes), often results in more harm than good. After all, thoughts, by 

themselves, are not real, in the sense that they are not tangible and cannot directly 

influence the feared outcome. In order for any real change to take effect, thoughts must 

be translated into action. If the feared outcome fails to occur, the chronic worrier may slip 

into magical thinking, believing that they, through careful introspection and 

contemplation (i.e., worry), successfully prevented the negative result, which serves to 

reinforce the thought patterns of worry. Alternatively, they may persist in a state of 

anxiety, constantly anticipating the feared outcome. However, the majority of things that 

people worry about never actually happen. Nevertheless, this is the cognitive loop in 
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which the worrier seems to perseverate. That worry may then serve to maintain anxiety 

is, perhaps, its greatest paradox. 

 Perhaps the rapid succession of worries is more conducive to anxiety incubation 

than it is to effective problem-solving. However, Borkovec, Wilkinson, Folensbee, and 

Lerman, (1983) did not see worry as an inevitable consequence of a fear reaction but 

rather as a somewhat labile cognitive construct that could theoretically be modified to be 

less intrusive and more useful. Therefore, Borkovec et al. (1983b) proposed that worry 

reduction strategies target three primary areas:  

(a) the reduction of fear reactions to threat-relevant stimuli; 

(b) the replacement of the secondary worry reaction with more effective 

problem-solving or coping techniques; and  

(c) the establishment of better stimulus control for its occurrence (Borkovec et 

al., 1983b, p. 247).  

 Believing point (a) to be a subject for future resesarch, Borkovec et al. (1983b) 

designed an elegant series of studies related to points (b) and (c). Specifically, they 

created a worry treatment program in which they trained self-proclaimed high worriers to 

be more aware of worrisome thoughts and to restrict the elaboration of their worries to a 

30-min period each day. The time of day and location of the scheduled worry episode 

were to remain constant for the duration of the 4-week intervention. If worry began to 

occur outside of this scheduled worry time, participants in the active condition were 

instructed to redirect their attention to the present-moment experience (i.e., mindfulness) 

until the concerned thoughts subsided. Participants in the control condition were given no 

instructions on worry or relaxation methods. Throughout the course of the study, 
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participants completed daily worry questionnaires to track changes in the frequency and 

nature of their worry over time. At the end of the study, participants in the active 

condition reported feeling significantly less worried and had fewer worries about 

unrealistic events, whereas participants in the control condition reported no change in 

worry relative to the measures obtained at study enrollment.  

Borkovec et al. (1983b) then evaluated the effectiveness of a more concrete 

expression of worry (e.g., a written composition) as a means of reducing its negative 

consequences; participants in the active condition were instructed to either worry 

mentally or in writing for a 30-min period each day. Again, participants in the control 

condition received no information on strategies for dealing with worry. Compared with 

the no-treatment control condition, both the mental-worry and written-worry active 

conditions yielded significant reductions in worry and muscle tension (i.e., cognitive and 

somatic manifestations of anxiety). Although participants in the written-worry condition 

reported a greater improvement in worry frequency than those in the mental-worry 

condition (worrying, on average, 24.72% and 37.95% of the day, respectively), these 

differences were not statistically significant.  Taken together, these results suggest that 

chronic worriers can learn to manage their worry severity and minimize the amount of 

daily interference associated with worry. Specifically, a combination of stimulus control 

of worry and mindfulness seems to be an effective means of treating worry.  

 Shortly after Borkovec et al. (1983a,b) published their early accounts of the 

characteristics and treatment of worry, a counter argument was presented that questioned 

the validity of studying worry as a separate construct from anxiety (O'Neil, 1985). For 

George O’Neil, the most parsimonious explanation of worry is that it “represents the 
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cognitive aspect of anxiety” (1985, p. 479). Specifically, O’Neil found the working 

definition of worry provided by Borkovec et al. (1983a) to be unsatisfactory, placing too 

much emphasis on worry in the context of scenarios requiring problem-solving. O’Neil 

believed that this was too restrictive a definition as worry could arise out of any anxiety-

inducing experience. O’Neil also criticized the experimental approach in the Borkovec et 

al. (1983) studies, pointing out that it was unclear whether or not prospective participants 

were given this definition of worry before completing surveys about their experience with 

worry. Futhermore, O’Neil thought that what Borkovec et al. (1983a,b) referred to as 

worry could easily be subsumed under the umbrella of anxiety. According to O’Neil, 

worry and anxiety cannot be clearly dissociated. Anxious people will also be high 

worriers, non-anxious people will be non-worriers, and vice versa. He emphasized this 

point by stating the following: 

If worry and anxiety both relate to behavior in the same way, then what purpose is 

served by adding ‘worry’ to our vocabulary? To add new terms which have 

essentially the same meaning as currently existing ones merely obfuscates our 

understanding of behavior. Worry and anxiety are two referents of the same 

thing–worry indicating only the cognitive component, anxiety including the 

autonomic component. This understanding would not lead one to design a 

treatment to eliminate worry. A technique which reduces anxiety would reduce 

both the autonomic and cognitive components. (O’Neil, 1985, p. 480)  

Immediately following O’Neil’s commentary was a clarification by Borkovec (Borkovec, 

1985), in which he asserted the potential value of worry. Borkovec explained his opinion 

of worry, claiming that O’Neil misunderstood his original view: 
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I do presently assume that worry is a cognitive component of anxiety, just as 

motoric avoidance can be called a behavioral component or heart rate can be seen 

as a physiological component. We actually did not discard that position… 

(Borkovec, 1985, p. 481)  

Borkovec emphasized that defining worry as the cognitive component of anxiety is, by 

itself, not meaningful. He proposed that by studying the nature of worry, it may be 

possible to understand more general cognitive functions, specifically with respect to 

intrusive negative thoughts. Borkovec reiterated the relationship of worry to the fear 

process and claimed that worrisome thoughts were the “cognitive maintainers of anxiety” 

(1985, p. 481). His next statement was, however, even bolder: “Indeed, we suggest that 

most of human anxiety experience is caused by the thoughts and images of worry” (1985, 

p. 481).    

Revisiting the fundamental components of anxiety, Borkovec describes worry as 

the cognitive equivalent of motoric avoidance, claiming that its primary function is 

cognitive avoidance. Cognitive avoidance refers to a variety of implicit and explicit 

mental strategies that occur in response to perceived threat and serve to prevent deep, 

elaborative processing of threatening information. These strategies dampen the emotional 

and physiological reactions associated with threat detection, a consequence that often 

promotes feelings of relief. However, cognitive avoidance, in and of itself, may actually 

maintain anxiety (Borkovec, 1974; as cited in Borkovec, 1985).  

Chronic worriers tend to be hypervigilant of their surroundings, meaning they 

have a persistant awareness of possible future danger that they would like to avoid.  
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Oftentimes, this hypervigilance is associated with a belief that they are ill-equipped to 

cope with danger. Because worries are typically centered on future events, worriers 

cannot physically escape the perceived threat in the moment. Therefore, they resort to 

excessive thinking as a default mechanism in an effort to prepare themselves to 

appropriately deal with the threat in the event that it does occur. Despite being an 

inefficient process, worry can be best described as an attempt at problem-solving. The 

quintessential verbalization of the initiation of worry is, “What if…” Because worry is a 

cognitive component of anxiety, studies in which worry is the primary focus may 

facilitate a better understanding of the cognitive biases associated with anxiety.  

 

Cognitive Biases and Anxiety 

 Compared with their nonanxious counterparts, people who experience chronic, 

excessive worry and anxiety have maladaptive thought processes that favor the 

preferential processing of negative, threat-related information. These so-called threat 

biases may play a role in the etiology and/ or maintenance of anxiety (MacLeod, 

Rutherford, Campbell, Ebsworthy, & Holker, 2002). Evidence for a threat bias in people 

with high levels of trait anxiety has been found at both preconscious and conscious stages 

of information processing with a variety of methodologies (for a review see Bar-Haim, 

Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007). Specifically, 

presentation of emotionally salient, threat-related stimuli has been shown to produce 

interference in cognitive tasks requiring executive function when presented to either the 

auditory (e.g., dichotic listening task; Mathews & MacLeod, 1986) or visual (e.g., 

emotional Stroop task; Mathews & MacLeod, 1985; Williams, Mathews, & MacLeod, 
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1996) channels. Furthermore, selective processing of threat-related information in 

anxious people has been well-documented in studies of stimulus-driven attentional 

capture (e.g., using the dot-probe task; MacLeod & Mathews, 1988; MacLeod, Mathews, 

& Tata, 1986). In some cases, threat biases are purported to be stronger when stimuli are 

presented below the threshold for conscious awareness (as determined by reliable 

identification of stimulus attributes) or when information processing is sampled at 

preconscious stages (Aitken, Siddle, & Lipp, 1999).  

Several cognitive models of anxiety have been proposed to account for the 

enhanced processing of threat-related information in anxious people (Mathews & 

Mackintosh, 1998; Mogg & Bradley, 1998; Mogg, Mathews, & Weinman, 1987; Ohman, 

1993; Wells & Matthews, 1994; Williams, Watts, MacLeod, & Mathews, 1988). 

Although these models share some common features, they differ in important, yet subtle, 

ways. Specifically, there has been debate concerning the relative contribution of 

automatic (preconscious) vs. strategic (conscious) mechanisms as well as the importance 

of state vs. trait components to the development and maintenance of threat biases in 

anxious people. Moreover, newer models incorporate distinct mechanisms to explain the 

differential processing of mild and severe threats in light of their corresponding 

evolutionary, or biological, significance. These models offer parsimonious explanations 

for selective attention to and avoidance of mild threat in high and low trait-anxious 

people, respectively. For example, in the cognitive-motivational model proposed by 

Mogg and Bradley (1998), information is initially processed by a valence evaluation 

system that serves to determine the relative threat value of a given stimulus. The degree 

of activation of the valence evaluation system is influenced by the physical properties of 
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the stimulus, contextual cues, the unique experiences of a person, etc., and is directly 

modulated by trait anxiety. This valence evaluation system then projects to a goal 

engagement system that ultimately determines the appropriate behavioral course of 

action, resulting in either the interruption or continuation of current goal-related behavior 

depending on whether or not the stimulus is regarded as threatening. The cognitive-

motivational model proposes that vulnerability to anxiety stems from a lower threshold 

for threat detection, such that mild, potentially threatening stimuli are more readily 

perceived as danger triggers by people with heightened levels of anxiety than by controls, 

thereby having a greater probability of interrupting goal-related behaviors in favor of 

orienting to the source of threat. In this model, however, stimuli that are inherently 

threatening would be perceived as such by both low and high trait anxious people and 

would, therefore, result in the interruption of goal-related behavior. In a similar cognitive 

model proposed by Mathews and Mackintosh (1998), more weight is given to automatic, 

or preconscious, processing of emotionally salient information as a function of anxiety 

through activation of a threat evaluation system. This threat evaluation system may 

compete with higher-order cognitive resources to bias attentional allocation toward 

threat-related stimulus representations, which may result in emotional interference on 

performance of behavioral tasks.  

Advances in the field of cognitive affective neuroscience have provided 

neuroimaging evidence to support the theoretical constructs originally proposed by these 

cognitive models of anxiety (for a review see Bishop, 2007). Several studies have 

identified dysregulations in amygdala-prefrontal neurocircuitry in anxious people. 

Specifically, elevated levels of state anxiety (i.e., anxious mood) are associated with 
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hyperactivation of the amygdala and its efferent connections. Chronic anxiety, however, 

has been associated with a downregulation of functional activity in the prefrontal cortex. 

Because prefrontal cortical circuits have been shown to suppress the amygdala in healthy 

controls, reduced activation of regions such as the anterior cingulate cortex and lateral 

prefrontal cortex may lead to increased activation of the amygdala. Therefore, a 

combination of increased activation of the amygdala and decreased activation of 

prefrontal cortical regions may underly the cognitive biases resulting in selective 

attention to threat-related stimuli or the negative interpretation of ambiguous information 

that are characteristic of people with high levels of anxiety.  

Although advances in translational science have yielded many studies devoted to 

understanding the role of the amygdala in fear and anxiety in humans (Davis, 1992, 2006; 

Etkin et al., 2009), comparatively less is known about the neural mechanisms underlying 

late-stage information processing biases associated with anxiety. For example, the 

vigilance-avoidance hypothesis of anxiety (Mogg et al., 1987) was proposed to explain 

the failure to observe enhanced memory for threat-related information in anxious people 

despite the well-documented early attentional capture by threat stimuli. The vigilance-

avoidance hypothesis makes intuitive sense and fits well with clinical accounts of anxiety 

in that generally anxious people are more likely to detect threat in their environments but, 

instead of facing their fears and confronting the source the potential threat, they may 

initiate avoidance mechanisms to prevent deep processing of the anxiety-provoking 

stimulus. These avoidance mechanisms are purported to produce immediate relief from 

anxiety, which may both justify and reinforce their induction in response to future threats; 

however, it is appreciated that full activation of fear and anxiety schema may be 
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necessary in order to achieve long-term attenuation of anxiety. Therefore, failure to 

activate cognitive representations associated with threat-related stimuli, in the absence of 

any real, imminent danger, may actually serve to propagate anxiety.  

 

Cognitive Bias Modification (CBM) 

In 2002, MacLeod and colleagues conducted a seminal study in which they 

demonstrated that implicit manipulation of attention toward or away from threat words 

could subsequently augment or attenuate self-reported anxiety in moderately anxious 

young adults after exposure to a stressful event (MacLeod et al., 2002). Based on these 

findings, computerized attention-training programs have been developed to reduce the 

processing of negative, threat-related stimuli in anxious people by repeatedly directing 

attention toward neutral stimuli. In accordance with the paradigm employed by MacLeod 

et al. (2002), these attention-training programs typically consist of modified dot-probe 

discrimination tasks (PDT). Each trial begins with the presentation of a fixation cross in 

the middle of the computer screen. Immediately following termination of the display, two 

stimuli, one threat-related and one neutral, are shown briefly on the screen. The threat-

related stimulus can appear with equal probability in the top or bottom half of the screen. 

The offset of the stimuli is followed by a small neutral target that appears in the location 

of either the neutral or threat-related stimulus. This neutral target can also appear with 

equal frequency in the top or bottom half of the screen. Participants are instructed to press 

a button to identify a target appearing in the location of one of the stimuli in the pair. In 

active CBM programs, there is a contingency between the targets and stimuli, such that 

the targets usually appear in the location of the neutral stimulus. In the sham CBM 
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programs, targets appear in the location of neutral stimuli in 50% of trials. These 

programs have demonstrated clinical efficacy in the treatment of GAD (Amir et al., 2009) 

and pathological worry (Hazen, Vasey, & Schmidt, 2009); however, the mechanisms by 

which anxiety is reduced by these programs are unknown.   

Since the introduction of attention-training programs as methods of influencing 

emotional states (MacLeod et al., 2002), there have been few attempts to identify and 

distinguish the effects of attention training on early vs. late stages of threat information 

processing. Original examination of cognitive biases toward subliminal and supraliminal 

stimuli, which are presented below and above the threshold of conscious awareness, 

respectively (MacLeod, et al., 2002), failed to identify an effect of attention training on 

subliminal threat detection in non-anxious individuals. This interpretation, however, was 

based on reaction time data, which may not accurately reflect preconscious information 

processing given that it is delayed (500-600 ms in young adults) and subject to voluntary 

(conscious), motoric influences. Similarly, more recent studies support the modification 

of late-stage information processing by attention training procedures and infer an absence 

of an effect at early stages as determined by cortical event related potentials (Eldar & 

Bar-Haim, 2010)
 
(90-400 ms after stimulus presentation)

 
and behavioral responses in a 

forced-choice reaction time task (Koster, Baert, Bockstaele, & De Raedt, 2010). Neither 

of these methods permits direct assessment of automatic or preconscious information 

processing. Alternatively, the eyeblink component of the acoustic startle reflex provides 

reliable measurement of emotional and attentional influences on information processing 

at all stages of cognitive involvement (Anthony & Graham, 1985; Lang, Bradley, & 

Cuthbert, 1990; Vrana, Spence, & Lang, 1988).   
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The Startle Reflex 

The startle reflex is an obligatory musculoskeletal, behavioral response to the 

sudden presentation of an intense stimulus (Hunt & Landis, 1936). The startle response 

can be conceptualized as a primitive defense mechanism that evolved as a means of 

preparing the body for exposure to potentially dangerous stimuli. Startle can be elicited in 

any modality; however, the response to presentation of acoustic stimuli is the one that is 

most typically measured in psychophysiological studies. Although a whole-body startle 

pattern has been characterized (Hunt & Landis, 1936), the eyeblink component is the 

most reliable measure of startle and is the slowest to habituate over time (Landis & Hunt, 

1936).  

The human eyeblink startle response is typically measured by recording the 

electromyographic (EMG) activity of the orbicularis oculi muscle surrounding the eye. 

Contraction of this muscle results in the closing of the eye lid. The orbicularis oculi 

muscle is innervated by the facial nerve (Cranial Nerve VII), which receives input from 

the startle center (nucleus reticularis pontis caudalis; nRPC) and conveys preconscious, or 

reflexive information about defensive behavior from the brainstem to the eyelid muscles.  

The startle response is scored or quantified based on the following three 

parameters: (1) magnitude (µV), (2) latency (ms) and (3) probability of occuring (0-1). 

Because the startle center is embedded within the brainstem, cortical activity is not 

required for elicitation of the eyeblink reflex; however, the startle response is affected by 

arousal, emotion, and attention, which suggests that both the limbic system (e.g., the 
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amygdala) and higher-order cognitive processes (e.g., the prefrontal cortex) are capable 

of affecting the startle response).  

Startle stimuli are often perceived as unpleasant or aversive. Therefore, the startle 

response has been used extensively to probe activation of the defensive motivational 

system under a variety of conditions (Lang, 2010; Lang et al., 1990; Lang, Bradley, & 

Cuthbert, 1998). The defensive motivational system is a primitive, evolutionarily 

conserved neurocircuit that is activated by the detection of threat-related stimuli and 

corresponds to feelings of fear, anxiety, and distress. The degree of activation of this 

system is similar whether the threat is real and imminent or imagined and remote.  

Presentation of another stimulus prior to the delivery of a startle stimulus can alter 

the parameters of the startle response. The preceding stimulus is refered to as a lead 

stimulus or prepulse, and its effect on the startle response is known as startle eyeblink 

modification (or simply startle modification) (Dawson, Schell, & Bohmelt, 1999; 

Graham, 1975, 1980). Startle modification can be observed in two directions: facilitation 

(prepulse facilitation-PPF) or inhibition (prepulse inhibition-PPI), in which the EMG 

response to a startle-eliciting stimulus becomes larger or smaller, respectively. The 

degree of facilitation or inhibition is always quantified relative to the startle response in 

the absence of a prepulse, which is commonly referred to as a control blink. Thus, the 

formula for calculating startle modification is as follows: [{(mean startle response 

magnitude) lead-stimulus condition - (mean startle response magnitude)control condition }/ (mean 

startle response magnitude)control condition] * 100.   

The degree and direction of startle modification depends on several factors, the 

most prominent being the time (lead interval) between the onset of the lead stimulus and 
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that of the startle stimulus. Using the temporal distinctions described by Neumann, Lipp, 

and Pretorius (2004), lead intervals can be conceptually separated into three groups: (1) 

very short, ≤ 60 ms; (2)  short, 61 ≤ 500 ms; and (3) long, > 500 ms. By varying the lead 

interval between presentation of a stimulus and that of a startle stimulus, investigators can 

assess information processing at various stages. In general, startle modification at very 

short and short lead intervals is thought to reflect automatic (or preconscious) information 

processing, whereas startle modification at longer lead intervals may reflect strategic 

(conscious) processes. Two of the most reliable, modality non-specific, forms of startle 

modification are short lead interval inhibition (Blumenthal, 1999) and long lead interval 

facilitation (Putnam & Vanman, 1999) of blink magnitude. Maximal short lead interval 

inhibition has been shown to occur between lead intervals of 120–240 ms, whereas long 

lead interval facilitation has been generally documented at lead intervals ≥ 2 s. 

Modification of the startle reflex is sensitive to both attentional demands and the 

affective valence of external (e.g., words and pictures), as well as internal (e.g., thoughts 

and memories) stimuli. The ease with which the startle reflex can be both elicited and 

modified has made it a valuable research tool for understanding the physiology of 

thought processes, emotions, and behavior in people with a number of psychiatric 

disorders, including anxiety (Grillon, 2008; Grillon & Baas, 2003; Vrana et al., 1988). 

Essentially, analysis of the startle response enables researchers to conduct “bloodless 

neurophysiological investigations” (Hoffman, 1997, p. 200) by examining issues at a 

neural level while using primarily behavioral techniques. 

Despite the abundance of studies examining the startle reflex in certain forms of 

anxiety (i.e., post traumatic stress disorder, obsessive compulsive disorder, and social 
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anxiety) little is known about startle in worry or GAD. Few studies have been published 

on this topic (Delgado et al., 2009; Ray et al., 2009), none of which addresses startle 

modification.  

Because startle modification is a relatively noninvasive measure that does not 

require self-report or high levels of compliance and allows for the distinction between 

more-or-less automatic vs. strategic stages of information processing (Aitken et al., 1999; 

Filion, Dawson, & Schell, 1993; Neumann et al., 2004), it is a promising methodological 

approach to assess the temporal dynamics of threat bias associated with generalized 

worry. 

 

Word-Induced Startle Modification in Young Adults  

The present dissertation was heavily influenced by previous studies conducted by 

Ottmar Lipp (Aitken, et al., 1999; Waters, Lipp, & Cobham, 2000) and colleagues at the 

University of Queensland, Australia. Specifically, Lipp and colleagues used an acoustic 

startle paradigm to investigate attentional bias toward threat words in college students 

(see Figure 2). They examined the impact of visually presented non-threat and threat 

words on acoustic startle blink magnitude at four lead intervals (60, 120, 240, and 2000 

ms) and found greater startle modification by threat words than non-threat words. These 

effects were significant at only two lead intervals: 60 and 240 ms (see Figure 2A). 

Specifically, blink magnitude was generally facilitated by words presented at a lead 

interval of 60 ms and inhibited by words presented at a lead interval of 240 ms. For the 

second portion of this study, the authors replicated the procedure in participants who 

were selected for low and high levels of trait anxiety (see Figure 2B).  
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The pattern of results was similar to that observed in the first study: there was 

startle facilitation by words presented at a lead interval of 60 ms and startle inhibition by 

words presented at a lead interval of 240 ms. But, blink facilitation was significantly 

larger during threat words than non-threat words only in high trait-anxious participants. 

There were no differences between low and high trait-anxious participants with respect to 

the pattern of startle modification at the 240-ms lead interval. The authors interpret the 

threat-specific effect at a 60-ms lead interval as suggestive of a bias toward automatic 

processing of threat-related information in high trait-anxious people. These findings of 

Lipp and colleagues laid the foundation for the present dissertation project.  

 

Specific Aims  

Computerized attention-training interventions have been developed to reduce the 

processing of negative, threat-related stimuli in anxious populations. These programs 

have demonstrated clinical efficacy in the treatment of pathological worry (Hazen et al. 

2009) and GAD (Amir et al. 2009) as evidenced by a prolonged reduction in self-report 

measures of anxiety severity following the training period. What is not clear is how these 

programs affect automatic (bottom-up, early-stage) and strategic (top-down, late-stage) 

information processing in anxious individuals. Therefore the precise mechanisms by 

which anxiety is reduced by these attention-training programs remain unknown. 

My long-term goal was to understand how computerized attention-training 

programs change cognition in people with excessive worry. The objective of this project 

was to determine how implicit attentional manipulation influences the perception of 

negatively valenced words at three stages of information processing: (1) very early, (2) 
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early, and (3) late. My central hypothesis was that the anxiety-reducing efficacy of 

attention-training programs would be driven by a greater attenuation of threat information 

processing at very early stages than at early and late stages. This hypothesis was based on 

psychophysiological evidence for increased preconscious processing of threat-related 

words relative to non-threat words in people with high trait anxiety compared to those 

with low trait anxiety (Aitken et al., 1999; Waters et al., 2000). The rationale for this 

research was that it may be possible to develop objective, quantitative measures of 

predicting and interpreting the therapeutic potential of computerized attention-training 

once it is known how these programs influence the processing of negative information to 

decrease anxiety and worry severity. This knowledge may facilitate the establishment of 

interventions tailored to modify specific cognitive biases at their point of origin, at 

preconscious and/or conscious stages of information processing, which could have a 

positive impact on clinical practice for anxiety disorders. 

I tested my central hypothesis in a sample of undergraduate college students with 

and without excessive worry, as defined by scores on an abbreviated version of the Penn 

State Worry Questionnaire (PSWQ-A; Crittendon & Hopko, 2006; Meyer, Miller, 

Metzger, & Borkovec, 1990) by pursing the following aims: 

Aim 1: Establish the effect of trait worry severity on preconscious and 

conscious processing of neutral and threat-related words. Modification of the acoustic 

startle eyeblink reflex by visually presented words was used to dissociate information 

processing at different stages of conscious involvement. Words were presented at very 

short (30, 60 ms), short (240 ms), and long (750 ms) intervals before the delivery of the 

startle-eliciting stimulus (Neumann et al., 2004). 
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Hypothesis 1a: Compared with low-worriers, high worriers would demonstrate 

greater processing of threat-related words during very early (preconscious) stages of 

information processing.  

Hypothesis 1b: Processing of neutral words would not differ between non-

worriers and worriers.  

Aim 2: Determine the effectiveness of a computerized attention-training 

intervention to reduce attention to threat words and psychological distress as a 

function of worry. Cognitive biases were assessed by recording button-press response 

times to identify visually presented targets.  

Hypothesis 2a: Participants in the active intervention group would exhibit an 

attenuation of threat biases compared with participants in the sham (control) group.   

Hypothesis 2b: Reductions in threat-biases would positively correlate with 

reduced self-report levels of distress as determined by scores on the PSWQ-A and the 

State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 

1983). 

Hypothesis 2c: These effects would be more pronounced for high-worriers than 

for low-worriers.  

Aim 3: Quantify the efficacy of an attention-training intervention to reduce 

negative information processing at preconscious and conscious stages. Differences in 

startle reactivity and startle modification following attention-training sessions were used 

to measure changes in cognitive biases at various stages of information processing.   
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Hypothesis 3a: Participants in the active intervention group would demonstrate 

reduced processing of threat-related words at preconscious stages compared with those in 

the control group. 

Hypothesis 3b: This effect would be greater for high-worriers than for low-

worriers. 
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Table 1 

 

Diagnostic Criteria for Generalized Anxiety Disorder 

A. Excessive anxiety and worry (apprehensive expectation), occurring more days than 

not for at least 6 months, about a number of events or activities (such as work or 

school performance). 

B. The individual finds it difficult to control the worry. 

C. The anxiety and worry are associated with three (or more) of the following six 

symptoms (with at least some symptoms having been present for more days than not 

for the past 6 months): 

 

Note: Only one item is required in children.  

 1. Restlessness or feeling keyed up or on edge. 

2. Being easily fatigued. 

3. Difficulty concentrating or mind going blank. 

4. Irritability. 

5. Muscle tension. 

6. Sleep disturbances (difficulty falling or staying asleep, or restless, unsatisfying 

sleep).  

D. The anxiety, worry, or physical symptoms cause clinically significant distress or 

impairment in social, occupational, or other important areas of functioning.  

E. The disturbance is not attributable to the physiological effects of a substance (e.g., a 

drug of abuse, a medication) or another medical condition (e.g., hyperthyroidism).  

F. The disturbance is not better explained by another mental disorder (e.g., anxiety or 

worry about having panic attacks in panic disorder, negative evaluation in social 

anxiety disorder [social phobia], contamination or other obsessions in obsessive-

compulsive disorder, separation from attachment figures in separation anxiety 

disorder, reminders of traumatic events in posttraumatic stress disorder, gaining 

weight in anorexia nervosa, physical complaints in somatic symptom disorder, 

perceived appearance flaws in body dysmorphic disorder, having a serious illness in 

illness anxiety disorder, or the content of delusional beliefs in schizophrenia or 

delusional disorders.  

Note. Reprinted with permission from the Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition, (Copyright© 2013). American Psychiatric Association. 
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Figure 1. A model of the etiology of generalized anxiety disorder. Adapted from 

“Generalized Anxiety Disorder” by LL. Roemer, S.M. Orsillo, D. Barlow, 2002, in 

Anxiety and Its Disorders: The Nature and Treatment of Anxiety and Panic, 2nd
 
ed., p. 

500. Copyright 2002 by the Guilford Press.  
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Figure 2. Word-induced startle modification in young adults. Significant startle 

modification (defined as the 95% CI excluding zero) was found only at lead intervals of 

60- and 240 ms, with threat words producing a greater degree of startle modification than 

neutral words. Bars represent T-score difference from intertrial interval control blinks. 

Adapted from Aitken, C.J., Siddle, D.A.T., and Lipp, O.V. (1999). Psychophysiology, 36, 

699-705. Figure 1(A) and 2 (B). Copyright 2003 Society for Psychophysiological 

Research.  
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Abstract 

 

Participant selection is an important step in research on individual differences. If 

detecting an effect of a personality variable is predicated on the use of extreme groups, 

then mistakenly including participants who are not in the extremes may weaken the 

ability to see an effect. In this study, changes in trait worry were evaluated in 68 

undergraduate students reporting low or high levels of worry. Participants completed the 

abbreviated Penn State Worry Questionnaire (PSWQ-A) three times: (1) at the beginning 

of the semester; (2) 3–13 weeks later; and (3) 1 hr later, following a psychophysiological 

assessment session. Test–retest reliability across the three administrations was high, but 

almost half of the sample no longer met the pre-defined criteria for classification as low 

or high worriers at the second administration. That is, scores were reliable, but not stable, 

across time. Instability of self-report worry was significantly greater for high worriers 

than for low worriers, and this effect was predicted by trait anxiety at the beginning of the 

semester. These findings suggest that the PSWQ-A is sensitive to factors other than trait 

worry, which may result in dilution of effects when participants are selected for extreme 
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worry scores. This also suggests that screening participants weeks before the actual study 

should be supplemented by readministration of the screening questionnaire, to identify 

participants who no longer meet criteria for inclusion. 

Keywords: reliability, trait, PSWQ-A, worry, anxiety 
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Introduction 

Self-report measures are commonly used to screen for personality traits in both 

clinical and research settings. The stability of these questionnaires is crucial for 

accurate assessment, as well as for determining the effectiveness of a treatment or 

intervention strategy. Nevertheless, the stability of personality questionnaires can 

decrease with increasing length of time between evaluations (Schuerger, Zarrella, & 

Hotz, 1989). Mean shifts in self-report measures of anxiety, for example, can occur 

with repeated assessment even in the absence of an external variable, such that 

symptoms appear to improve over time (Knowles, Coker, Scott, Cook, & Neville, 

1996; Windle, 1954). The use of questionnaires to recruit participants may, therefore, 

pose a problem for researchers interested in mechanisms underlying anxiety and its 

associated features, as instability can result in misclassification of participants, 

weakening of effect sizes, and increased error in the data (Knowles et al., 1996). The 

purpose of this paper is to examine the stability of repeated administrations of trait 

questionnaires of worry and anxiety when such measures are used to screen 

participants for inclusion in a study.  

The use of self-report measures to screen large groups of prospective 

participants for a desired quality or personality trait is common practice in the social 

sciences and has been used in several studies designed to better understand the nature 

and function of worry (Delgado, et al., 2009; Ruscio & Borkovec, 2004). However, it 

is it is not always clear whether study eligibility was determined based on a single 

assessment of worry/anxiety or if these questionnaires were readministered in order to 

ensure stability of the desired trait over time. The former scenario is the most 
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convenient, and investigators may often assume minimal change in the trait over time. 

Nevertheless, it is important to recognize that personality traits may not be completely 

impervious to influence by environment, context, or emotional state (Mischel, 1977). 

Also, just as some individuals may be more sensitive to state-dependent fluctuations in 

self-report assessment of personality traits than others, some purported trait 

questionnaires may demonstrate more instability over time than others.  

The temporal instability of personality trait measures is particularly 

problematic for studies in which comparison groups are defined by their level of a 

particular trait, a problem that becomes more substantial when the groups represent 

opposite ends of the spectrum (Knowles et al., 1996). If the self-report measures used 

to select prospective participants do not reflect the trait of interest in a stable fashion, 

then individuals who are initially recruited may no longer actually meet the inclusion 

criteria upon study enrollment. Researchers who then fail to find significant 

differences between groups may attribute this failure to the lack of an effect of a 

specific personality trait on the dependent variable, when a real effect may have been 

diluted or masked by a shift in the trait used to assign participants to groups. 

Therefore, the ability to predict which participants will demonstrate trait stability vs. 

trait drift on a screening questionnaire is of methodological value. With respect to 

studies on pathological worry, advancements in ways to separate stable, chronic 

worriers from acutely worried individuals through the use of self-report measures will 

facilitate a better understanding of worry as a personality trait. 

 Worry is a major cognitive component of anxiety (Mathews, 1990); it is 

associated with poorly controlled negative thoughts about uncertain future events 
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(Borkovec, 1994). Chronic, excessive worry is the defining feature of Generalized 

Anxiety Disorder (GAD; Diagnostic and Statistical Manual of Mental Disorders IV, 

TR; American Psychiatric Association, 2000), and may contribute to the both the 

generation and maintenance of other forms of anxiety by facilitating the early 

detection of danger while preventing the rational processing of potentially threatening 

information (Borkovec, 1994). The establishment of severe worry as the primary 

diagnostic criterion for GAD (DSM-III-R, 1987) provided a major impetus for the 

development of psychometric instruments for the accurate and reliable assessment of 

trait worry, the most frequently used measure being the Penn State Worry 

Questionnaire (PSWQ; Meyer, Miller, Metzger, & Borkovec, 1990).  

The PSWQ is a content-nonspecific (i.e., general) instrument that is used to 

assess pathological worry in terms of its perceived excessiveness, uncontrollability, 

and duration. It has excellent internal consistency and test-retest reliability and is, 

therefore, considered to be highly reliable by conventional standards (Stober, 1998), a 

fact that reinforces its continued use in research studies. Because of the strong 

association between pathological worry and GAD, there is an increased incentive to 

use the PSWQ in studies designed to better understand this disorder by targeting 

participants that closely model it, which was one goal of the present investigation.  

An 8-item abbreviated version of the PSWQ (PSWQ-A) was proposed by 

Hopko et al. (2003). It is a shorter, more convenient measure with comparable 

psychometric properties to the full-length version, and it has been validated in young 

adults (Crittendon & Hopko, 2006). Crittendon and Hopko (2006) found that the 

PSWQ-A was strongly correlated with the full-length PSWQ (r = .83) and showed a 
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similar test–retest reliability compared with the PSWQ (r = .87 v. r = .74 - .93). 

Furthermore, the PSWQ-A demonstrated adequate construct validity as a measure of 

general worry and had strong internal consistency. Taken together, these observations 

suggest that the PSWQ-A may be a quick and effective screening tool for pathological 

worry.  

 However, little research has examined the PSWQ-A in a nonclinical sample of 

young adults. The aim of this study was to evaluate the stability of the PSWQ-A 

among young adults, classified as either low or high worriers. Based on previous 

reports, we expected the PSWQ-A to demonstrate high test-retest reliability in the 

present sample; however we refrained from making any hypotheses concerning the 

temporal stability of worry group classification, determined using pre-defined PSWQ-

A cut-off scores, due to the exploratory nature of the study design. In addition to the 

PSWQ-A, all participants completed the State-Trait Anxiety Inventory–Trait Scale 

(STAI-T; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) as part of a battery of 

self-report measures at the beginning of the academic semester. Because the STAI-T is 

a well-established measure of trait anxiety, we did not expect to see much variation in 

this measure over time. Consequently, we used the STAI-T as a gold-standard for 

comparison in determining the stability of the PSWQ-A.   

 

Method 

 

This paper reflects part of a larger psychophysiological study of the impact of trait 

worry on reactivity to affective stimuli.  
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Participants 

The PSWQ-A was administered to a total of 576 Introductory Psychology students 

during a series of Mass Testing sessions at the beginning of the spring (N = 266) and fall 

(N= 310) academic semesters. The distributions of PSWQ-A scores was normal in both the 

spring (skewness = 0.06) and fall (skewness = .12) semesters. Students reported slightly, but 

not significantly, lower PSWQ-A scores in the spring (M = 21.73, SD = 7.67) than in the fall 

(M = 22.92, SD = 9.00), t(574) = 1.69, p > .05. The mean PSWQ-A scores were consistent 

with that reported by Crittendon and Hopko (2006), M = 21.8, SD = 8.2, in a comparable 

sample of undergraduate students. Students scoring one or more standard deviations below 

or above the mean for a given semester were classified as low worriers and high worriers, 

respectively, and were invited to participate in a study on the effects of emotional words on 

information processing, the results of which will be reported elsewhere. No reference to 

worry was included in the invitation to participants. Study enrollment began 3–13 weeks 

after the initiation of Mass Testing and continued throughout the semester. Because the 

means and standard deviations of PSWQ-A scores differed slightly between the spring and 

fall semesters, the cut-off score for inclusion in the high worry group also changed:  ≥ 30 for 

the spring semester and ≥ 32 for the fall semester. The cut-off score for inclusion in the low 

worry group was the same for both semesters: PSWQ-A score ≤ 13.  

Seventy seven students (36 men, 41 women) provided written informed consent for 

participation in the psychophysiological study, and completed demographic and health 

questionnaires. Eight women and one man were excluded due to hearing loss, the use of 

psychostimulant medication, experimenter error, or requested termination of the testing 

session. This left a final sample of 68 students (Nspring = 39 and Nfall = 29) with a mean age 
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of 19.71 years (SD = 1.01, range = 18.42–22.42). No participants reported receiving 

psychotherapy or taking mood- enhancing (psychoactive) compounds. Students received 

course credit for their participation. All procedures were approved by the University’s 

Institutional Review Board. 

 

Measures 

The Penn State Worry Questionnaire-Abbreviated (PSWQ-A; Hopko et al., 2003) 

is an 8-item self-report trait measure of pathological worry symptomatology derived from 

the PSWQ (Meyer et al., 1990). General worry tendencies are rated on a 5-point Likert-

type scale that ranges from “1” (not at all typical of me) to “5” (very typical of me). 

Example items include “My worries overwhelm me” and “I have been worrying about 

things.” Internal consistency of the PSWQ-A in the present sample of nonclinical young 

adults was excellent (α = .96) and test–retest reliability was good (r = .88, 3–13-week 

period).  

The Spielberger State-Trait Anxiety Inventory (STAI; et al., 1983) is a widely used 

self-report measure of anxiety that consists of two separate 20-item scales for the 

assessment of immediate (state) and general (trait) anxious feelings (STAI-S and STAI-T 

scales, respectively). The current experience of anxiety is evaluated using the STAI-S and 

rated on a 4-point Likert-type scale that ranges from “1” (not at all) to “4” (very much so). 

The frequency of anxious symptomatology is determined using the STAI-T and rated from 

“1” (almost never) to “4” (almost always). Example items from the STAI-S and STAI-T 

are “I am tense” and “I feel nervous and restless,” respectively. In the present study, 

internal consistency of the STAI was excellent (α = .94 and α = .92 for the state and trait 
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scales, respectively) and test–retest reliability of the STAI-T was strong (r = .83, 3–13-

week period).  

The Generalized Anxiety Disorder 7-Item Questionnaire (GAD-7; Spitzer, 

Kroenke, Williams, & Lowe, 2006) is a brief instrument that measures the severity of GAD 

symptoms experienced over a 2-week period. The extent to which individuals are bothered 

by a given symptom (e.g., “worrying too much about different things”) is rated on a 4-pont 

Likert-type scale that ranges from “0” (not at all) to “3” (nearly every day).  

The Center for Epidemiologic Studies-Depression Scale (CES-D; Radloff, 1977) is 

a 20-item self-report measure of current depressive symptomatology, within a 1-week 

period. The frequency of each symptom (e.g., “I felt everything I did was an effort”) is 

rated on a 4-point Likert-type scale that ranges from “0” (rarely or none of the time [< 1 

day]) to “3” (most or all of the time [5-7 days]).  

 

Procedure 

Participants were screened for both trait worry and trait anxiety at the beginning of 

the academic semester. We were blind to participants’ worry and anxiety levels until the 

entire study was completed. Upon study enrollment, participants were tested individually in 

sessions lasting 1–1.5 hr.  

After informed consent was obtained and study eligibility was determined, 

participants completed the above questionnaires prior to a 30 min acoustic startle 
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assessment session.
1
  Participants then completed a final set of questionnaires that 

contained the PSWQ-A and additional measures that are not germane to this study.  

In summary, the PSWQ-A was administered three times in order to (1) recruit 

participants with either low or high levels of trait worry (Mass Testing), (2) obtain a 

baseline measure of worry severity upon arrival at the laboratory (pre-session), and (3) 

evaluate the effects, if any, of the psychophysiological procedure on worry severity (post-

session). To compare the stability of trait worry with that of trait anxiety, the STAI-T was 

administered in conjunction with the PSWQ-A at both Mass Testing and pre-session. The 

time between the first and second administrations of these questionnaires was 3–13 weeks, 

whereas the time between the second and third administrations was approximately 1 hr.  

 

Data analysis 

All data were analyzed using IBM SPSS Statistics version 19. Pearson’s product-

moment correlations (r) were used to compute test–retest reliability estimates for multiple 

                                                 
1
 Briefly, two miniature surface recording electrodes were placed on the skin above the orbicularis oculi 

muscle on the left side of the face, with a ground electrode placed on the left temple, and participants wore 

headphones through which 50-ms bursts of intense (100 dB) broadband noise were intermittently 

presented. During the testing session, participants passively viewed a series of words of varying emotional 

valence that were presented on a computer monitor at a viewing distance of 40 cm. For each word, the 

exposure duration was 1 s (average intertrial interval = 20 s). The electromyographic activity of facial 

muscle contractions in response to the loud noises (i.e., the acoustic startle eyeblink response) was 

recorded, quantified, and subsequently analyzed as a function of both worry severity and word type (those 

startle data are not included in this paper). Electrodes and headphones were removed before the third 

administration of the PSWQ-A.  
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administrations of self-report measures and intercorrelations among pre-session measures 

of psychological distress. Effect sizes for all t-tests and analyses of variance (ANOVA) are 

reported using Cohen’s d (Cohen, 1992) and partial eta squared (η
2
p), respectively. 

Greenhouse-Geisser epsilon (ε) corrected degrees of freedom were used to counteract 

possible violations of sphericity in repeated measures tests involving more than two levels. 

Although uncorrected degrees of freedom are reported below, statistical significance was 

determined using ε corrected values. All analyses consisted of two-tailed tests, and 

statistical significance was determined using an alpha level of .05. 

 

Results 

 

Temporal Instability of Worry  

Changes in PSWQ-A scores as a function of repeated assessment were examined 

using a 2 (semester: spring, fall) by 3 (time: Mass Testing, pre-session, post-session) mixed-

model ANOVA with repeated measures for time. There was no effect of semester on 

PSWQ-A scores, p > .3. However, a main effect of time on self-report worry was observed, 

F(2,136) = 17.56, p < . 001, ε =.658, η
2
p =.21. Tests of pairwise comparisons were 

conducted using Bonferroni adjusted alpha levels of .017 per test (.05/3). Results indicated 

that there were significant reductions in the average PSWQ-A score from Mass Testing (M 

= 20.44, SE = 1.45) to pre-session (M = 18.15, SE = 1.11) and from pre-session to post-

session (M = 16.82, SE = 1.12).  

Although the PSWQ-A had strong test–retest reliability across administrations (r = 
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.88, p < .001, from Mass Testing to pre-session, and r = .96, p < .001, from pre- to post-

session), further inspection of mean shifts in worry over time indicated that 41% of the 

sample failed to retain their original classification as members of either the low worry group 

or high worry group from Mass Testing to pre-session. An independent-samples t-test 

between proportions indicated that a greater number of high worriers (69%) demonstrated 

significant drift in self-report worry during this time than low worriers (20%), t(67) = 4.09, p 

< . 001.  

In an effort to better understand these mean shifts in worry, we divided the sample 

into four distinct groups based on PSWQ-A scores at pre-session (see Figure 1): (1) stable 

low worry (n = 31), M = 10.32, SE = .30; (2) unstable low worry, (n = 8), M = 15.75, SE = 

.80; (3) unstable high worry (n = 20), M = 25.00, SE = .84; and (4) stable high worry (n = 9), 

M = 33.67, SE = 1.18. Independent samples t-tests were used to evaluate the average 

difference (D) in PSWQ-A scores between the stable and unstable worry groups at the third 

assessment point (post-session). Unstable high worriers reported significantly lower levels 

of worry than stable high worriers, t(27) = 6.24, p < .001, D = 10.71, d = 1.20. However, 

unstable low worriers reported only marginally higher levels of worry than stable low 

worriers, t(37) = -2.05, p < .1, D = -2.04, d = -.33 (see Figure 1).  

 

Temporal Stability of Trait Anxiety 

Similar to the PSWQ-A, the STAI-T demonstrated high test–retest reliability (r = 

.83, p < .001). Based on changes in self-report worry in this sample, stability of trait anxiety 

from Mass Testing to pre-session was investigated using a 4 (group) by 2 (time) mixed-

model ANOVA with repeated measures for time (see Figure 2). There was a main effect of 
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time on STAI-T scores, F(1,64) = 4.82, p < . 05, η
2
p =.07, driven by a reduction from Mass 

Testing (M = 39.95, SE = 1.03) to pre-session (M = 38.03, SE = 1.05). In addition, there was 

a main effect of group, F(3,64) = 28.73, p < . 001, η
2
p =.57, such that the high worry groups 

had higher mean STAI-T scores than the low worry groups. However, the interaction 

between group and time was not significant, F(3,64) = 1.16, p > .3. To follow up the main 

effects, independent-samples t-tests were performed to examine differences in Mass Testing 

trait anxiety between groups as function of worry stability. Results indicated that 

participants in the stable high worry group (M = 51.11, SE = 3.11) reported significantly 

higher levels of trait anxiety at the beginning of the academic semester than those in the 

unstable high worry group (M = 44.45, SE = 1.66), t(27) = 2.07, p < .05, d = .83, despite the 

fact that members of both groups were originally recruited for comparable levels of worry 

severity. By contrast, Mass Testing trait anxiety did not significantly differ between 

participants in the stable low worry group (M = 30.00, SE = 1.22) and those in the unstable 

low worry group (M = 34.25, SE = 2.31), t(37) = -1.59, p >.1.  

Although trait anxiety and worry severity were highly correlated at both Mass 

Testing (r = .75, p < .001) and pre-session (r = .72, p < .001), significant shifts in worry 

were not paired with similar shifts in trait anxiety as a function of repeated assessment. 

Participants who were both highly worried and highly anxious showed less variance in 

self-report worry over time, providing a rationale to conduct a discriminant analysis of 

the predictive ability of trait anxiety at the beginning of the semester to determine the 

stability of worry several weeks later. Because trait anxiety did not differ between the 

low worry groups, the analysis was restricted to the high worry groups. 

The discriminant function, D = (.125 × trait anxiety) – 5.80, indicated a significant 
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association between groups and Mass Testing STAI-T scores. Specifically, the canonical 

correlation between trait anxiety and the discriminant function (R = .37), F(1,16) = 7.46, p < 

.05, explained approximately 14% of the variance between the stable and unstable high 

worry groups. Application of the function to group centroids generated mean scores of .572 

and -.258 for the stable and unstable high worry groups, respectively. The cross-validated 

classification showed that overall 72.4% of high worriers were correctly classified as 

belonging to either the stable high worry group (33.3%) or the unstable high worry group 

(90.0%). The value of tau for the classification was .355, meaning that 35.5% fewer errors 

were made by using the discriminate function to predict worry group membership compared 

with random classification, which supports the conclusion that the probability of observing 

temporal stability of worry among individuals who report initial high PSWQ-A scores 

increases if they also report high STAI-T scores (odds ratio = 4.5). Visual inspection of the 

raw data revealed that a score ≥ 45 on the STAI-T accounted for 89% of the stable high 

worry group and 50% of the unstable high worry group.  

 

Additional Measures of Psychological Distress 

Worry, state and trait anxiety, GAD symptomatology, and depression assessed prior 

to the acoustic startle test (pre-session) were found to be significantly positively correlated 

with one another at the level of the whole sample (all ps < .001, see Table 1); however, the 

strength of these relationships was diluted by the inclusion of participants in the unstable 

worry groups, for whom there were much weaker associations between pre-session worry 

and psychological distress. Significant differences in the strength of correlation coefficients 

among pre-session measures between the stable and unstable worry groups were evaluated 
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using Fisher z-to-r transformations and are highlighted in Table 1. 

 In order to better evaluate potential factors contributing to group differences in 

stability of self-report worry over time, each additional measure of psychological distress 

was examined as a function of final worry group classification using a series of one-way 

ANOVA. A significant main effect of group was observed for all measures (all ps < .001). 

F(3,64) values (with η
2
p in parenthesis) for the STAI-T, STAI-S, GAD-7, and CES-D were 

20.12 (.49), 9.63 (.31), 18.77 (.47), and 9.81(.31), respectively. Tukey’s honestly significant 

difference (HSD) tests were then used to compare mean differences in self-report measures 

of psychological distress among worry groups (see Table 2), with an emphasis on measures 

that distinguished stable and unstable worry groups. These results showed that both trait 

anxiety and GAD symptomatology significantly differed between the stable and unstable 

high worry groups (p < .05 in both cases), with stable high worriers reporting higher levels 

of trait anxiety and more GAD symptoms than unstable high worriers. Only depressive 

symptoms differed significantly between the stable and unstable low worry groups (p < .05), 

with unstable low worriers reporting a higher incidence of depression than the stable low 

worry group. However, this effect was largely driven by two participants in the unstable low 

worry group who had CES-D scores of 23 and 36 (with 36 being the maximum score 

reported in the present study). Excluding these two participants from the analysis reduced 

the CES-D mean score (from 14.25 to 9.17) for the unstable low worry group, thereby 

eliminating the significant difference between the low worry groups (Tukey’s HSD test, p > 

.89).  

 

 



76 

 

Discussion 

Consistent with Crittendon and Hopko (2006), who showed that the PSWQ-A has 

good 2-week test–retest reliability (r = .87) in undergraduate students (N = 183), we found 

that the strength of this relationship was maintained throughout a 3–13-week interval in a 

smaller sample of students (r = .88, N = 68). However, despite the fact that all participants 

were originally classified as either low worriers or high worriers based on PSWQ-A scores, 

almost half of the sample no longer met the criteria for inclusion in the study upon arrival at 

the laboratory. Drift in the trait worry scores was greater for high worriers than for low 

worriers, an effect that would not have been seen had we not readministered the PSWQ-A. 

This suggests that significant within-person variation across administrations in nonclinical 

young adults may limit the utility of the PSWQ-A as a trait measure. Also, these results 

illustrate the fact that reliability is not synonymous with stability; a relatively consistent 

change in score across participants will not affect the correlation between scores at the two 

times, but the actual scores will be different, and this may affect the probability of a 

particular individual being included in the study for which this particular questionnaire is a 

screen.  

Comparisons among pre-session measures of psychological distress revealed that all 

measures were highly intercorrelated in the stable worry groups; however, inclusion of 

participants in the unstable worry groups weakened the strength of these relationships, 

suggesting a unique dissociation between trait worry, as assessed by the PSWQ-A, and other 

well-established state and trait measures in these individuals. For personality researchers 

who use questionnaire scores dimensionally, rather than recruiting participants scoring in the 

extremes of the measure, this drift may not be as important an issue. In those cases, a score 
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that shifts from 1.1 to 0.9 SD above the mean may not cause significant problems. But when 

participant inclusion is based on specific cutoffs, the person scoring 1.1 SD above the mean 

would be included in the study, whereas the same person scoring 0.9 SD above the mean 

would not. Therefore, if a researcher does not know that the trait score is unstable, people 

may be included in the study who do not actually meet the inclusion criteria, weakening the 

effect size of the personality factor under study. This problem can be prevented by simply 

readministering the screening questionnaire again, as close to the time of the experimental 

session as possible. Although some investigators (Hazen, Vasey, & Schmidt, 2009; Krebs, 

Hirsch, & Mathews, 2010; Tallis, Eysenck, & Mathews, 1991) report readministration of 

screening questionnaires prior to study enrollment, and the subsequent exclusion of 

participants who no longer meet study criteria, many do not. We recommend the practice of 

questionnaire readministration and participant exclusion in studies utilizing extreme groups, 

since failure to do so may allow unqualified participants into a study, and that can lead to 

dilution of the distinction between extreme groups, increased error, and reduced effect sizes.  

There are three potential explanations for our findings. The first is regression toward 

the mean. Given the delay between recruitment and study enrollment, and the selection of 

participants with scores in the extremes of the PSWQ-A distribution, some regression 

toward the mean PSWQ-A score was anticipated, but this does not fully explain our results. 

For these changes in PSWQ-A score to be due to regression toward the mean, that 

regression would have been expected to be greater for participants further away from the 

mean, and this was not the case. Participants with extreme scores of 8 and 40 were as likely 

to retain their original worry group classification as they were to exhibit a shift in worry 

upon repeated assessment with the PSWQ-A. This was also true for participants with less 
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extreme PSWQ-A scores. Furthermore, the majority of high worriers (69%) demonstrated 

significant drift in self-report worry over time, which was in stark contrast to the percentage 

of low worriers (20%) who did so. Regression toward the mean may explain some, but not 

all, of the shift seen here. 

A second possibility is the test–retest effect, in which self-report anxiety decreases 

as a function of repeated assessment (Windle, 1954), possibly due to an increased familiarity 

with the test items, such that some participants respond in accordance with what they 

perceive to be a more socially acceptable level of negative affect upon reassessment 

(Goldberg, 1978; Knowles et al., 1996). While this may partially explain the reduction in 

worry from Mass Testing to pre-session in some high worriers, it cannot account for the 

increase in worry scores across the same time period in some low worriers.  

The most likely explanation for these findings may be that the PSWQ-A is sensitive 

to state-dependent fluctuations in worry, probing current experience of worry as opposed to 

general worry tendencies. This explanation may seem counterintuitive given the content-

non-specific nature of the items. However, misinterpretation of some items as asking about 

current state, by some participants, would be sufficient to yield the shifts in mean worry 

scores seen in this study.  

Trait anxiety as measured with the STAI-T was positively correlated with worry, but 

was more stable over time. Participants in the stable high worry group reported higher levels 

of trait anxiety than those in the unstable high worry group, suggesting that the stable 

participants were as worried as, but more anxious than, the unstable participants at the 

beginning of the semester. A discriminant function analysis suggests that trait anxiety may 

predict the stability of worry in participants with greater levels of psychological distress. In 
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order to decrease the possibility of recruiting participants with unstable worry scores, 

investigators may consider administering the STAI-T in conjunction with the PSWQ-A and 

recruiting only those individuals with high scores on both measures (e.g., STAI-T score ≥ 45 

and PSWQ-A score ≥ 30).  

Stability in a personality measure is especially important for studies in which change 

is a primary outcome measures (e.g., those involving implementation of an intervention to 

reduce worry). For example, if we had not administered the PSWQ-A when participants 

arrived at the laboratory, we would not have known that some of those participants no 

longer met inclusion criteria (one standard deviation or more from the mean). Had we then 

conducted the experiment and measured worry at the end of the session, we might have 

mistakenly attributed shifts in worry to the psychophysiological assessment session. More 

generally, if a pretest is used to select participants, and if a posttest is then used to evaluate 

the success of an intervention, drift in scores between the time of the pretest and the time 

immediately before the intervention could be mistaken for success (or failure) of the 

intervention. This would be a problem easily avoided by readministration of the 

questionnaire.  

 

Limitations of the Present Study 

 

There are several important limitations of our experimental design. First, our small 

sample may have had low statistical power. However, sample size cannot account for the 

shift of many participants out of their preliminary screening classifications. Second, a larger 

sample would have allowed us to conduct an item analysis of the PSWQ-A, which might 
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identify the items that are less or more stable over time. Third, our inability to track the 

exact dates between first and second administrations of the PSWQ-A means that we do not 

know if the participants in the unstable worry groups were those with the greatest temporal 

delay (13 weeks) between recruitment and study enrollment. Given that the majority of 

participants in the unstable group were high worriers, it is unlikely that these participants 

completed the PSWQ-A in the first week of Mass Testing and enrolled in the present study 

(for extra course credit) in the last week of the academic semester. Nevertheless, future 

studies should investigate the relationship between the time between administrations and the 

stability of the PSWQ-A. Fourth, it is possible that the full-length PSWQ may be more 

stable over time than the abbreviated version. However, Hazen et al. (2009) used the PSWQ 

to screen for pathological worry prior to implementation of an intervention designed to 

reduce worry severity; they report some degree of instability in this measure over time (e.g., 

8 of 32 high worriers no longer met the cut-off criterion for study enrollment in the 23 days 

between PSWQ-A administrations). Although 25% instability is much lower than the 79% 

instability among high worriers that we report, we recommend that a future study administer 

both versions of the PSWQ and directly compare the relative stability of worry as a function 

of repeated assessment among participants recruited for low and high levels of worry.  

 

Conclusions 

 

In summary, our data indicate that some measures of anxiety may be more stable 

than others across administrations, and that participants selected during preliminary 
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screening may no longer meet inclusion criteria when tested at a later date. This weakening 

of the distinction between groups occurs whether the researcher knows it or not. This can be 

a significant problem if high scores are used to select participants for some intervention or 

treatment that is expected to decrease these scores (e.g., testing a treatment for high 

anxiety/worry), since some “improvement” may be seen simply due to trait drift, although 

this shift maybe mistakenly be attributed to the treatment applied. Therefore, if a 

questionnaire is used to screen individuals for high levels of some factor prior to inclusion in 

a research study, we recommend that it be given at least two times in order to identify 

participants with stable levels of that factor. By only recruiting participants who will be most 

likely to maintain their study inclusion criteria upon enrollment, we may save valuable time 

and resources, increase effect size, and reduce experimental error.  
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Table 1  

 

Intercorrelations Among Pre-session Measures  

 STAI-T STAI-S GAD-7 CES-D 

PSWQ-A .715
***

 .577
***

 .704
***

 .499
***

 

 .790
***

/ .439
* 
+ .671

***
/ .419

*
 .798

***
/ .367

†
 ++ .656

***
/ -.090 +++ 

STAI-T  .568
***

 .715
***

 .663
***

 

  .635
***

/ .441
*
 .855

***
/ .370

†
 +++ .807

***
/ .311 ++ 

STAI-S   .604
***

 .452
***

 

   .673
***

/ .479
**

 .645
***

/ .125 + 

GAD-7    .807
***

 

    .854
***

/ .688
***

 

Note. Pearson’s r values. Intercorrelations for the entire sample (N = 68) are presented in 

bold. Intercorrelations for participants as a function of stability of self-report worry are 

presented below those for the whole sample. Left of the slash, stable worry groups (n = 

40, 31 stable low worriers and 9 stable high worriers); Right of the slash, unstable worry 

groups, (n = 28, 8 unstable low worriers and 20 unstable high worriers). PSWQ-A = Penn 

State Worry Questionnaire–Abbreviated; STAI-T = State-Trait Anxiety Inventory–Trait 

Scale; STAI-S = State-Trait Anxiety Inventory–State Scale; GAD-7 = Generalized 

Anxiety Disorder 7-Item Questionnaire; CES-D = Center for Epidemiologic Studies–

Depression.  †p < .1. *p < .05. **p < .01. ***p < .001, illustrating the strength of 

relationships within each group. +p < .05, ++p < .01, +++p < .001, reflecting differences 

in r values between groups determined using Fisher z-to-r transformations.  
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Table 2 

  

Characteristics Associated With Stability of Worry Over Time 

Variable 

stable  

low worry 

n = 31 

unstable  

low worry 

n = 8 

unstable high 

worry 

n = 20 

stable 

 high worry 

n = 9 

STAI-T 29.94 (1.24)
a
 31.88 (2.20)

a
 41.20 (1.78)

b
 49.11 (3.03)

c
 

STAI-S 27.42 (0.97)
a
 27.50 (2.54)

a,b
 36.40 (2.42)

b
 42.11 (4.14)

b,c
 

GAD-7 2.32 (0.33)
a
 5.38 (1.76)

a,b
 7.20 (0.82)

b
 11.22 (1.75)

c
 

CES-D 7.45 (0.84)
a
 14.25 (3.67)

b
 12.90 (1.09)

b
 19.33 (3.05)

b
 

Note. Within each row, significant differences between groups are denoted by distinct 

superscript letters (Tukey’s HSD post-hoc test after one-way ANOVA). STAI = State-

Trait Anxiety Inventory (STAI-T = Trait Scale, STAI-S = State Scale); GAD-7 = 

Generalized Anxiety Disorder 7-Item Questionnaire; CES-D = Center for Epidemiologic 

Studies–Depression.  

Mean scores (SE) 
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Figure 1.  

Changes in self-report worry in select groups of low and high worriers as a function of 

repeated assessment with the abbreviated Penn State Worry Questionnaire (PSWQ-A). 

Mean shifts in PSWQ-A scores from study recruitment (Mass Testing) to enrollment (pre-

session) resulted in the reclassification of participants into four groups: (1) stable low worry 

(n = 31); (2) unstable low worry (n = 8); (3) unstable high worry (n = 20); and (4) stable 

high worry (n = 9). Error bars represent the SEM.  
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Figure 2.  

Stability of self-report trait anxiety over time. Groups were defined by differences in the 

consistency of worry (PSWQ-A scores) from Mass Testing to pre-session. The stable high 

worry group reported higher levels of trait anxiety than the unstable high worry group at 

both time points. By contrast, trait anxiety did not differ between the stable and unstable low 

worry groups. Error bars represent the SEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



90 

 

CHAPTER III 

 

“Words might hurt me”: 

Facilitation of acoustic startle response magnitude by words in chronic high worriers 

 

Tamara E. Spence
a,b*

 and Terry D. Blumenthal
b 
 

 

a
Neuroscience Program, Wake Forest University Graduate School of Arts & Sciences, 

Bowman Gray Campus, Medical Center Boulevard, Winston-Salem, NC 27157-1001, 

USA 

 b
Department of Psychology, Wake Forest University, 1834 Wake Forest Road, P.O. Box 

7778 Reynolda Station, Winston-Salem, NC 27109-7487, USA 

 

 

 

 

 

An earlier draft of the following chapter was submitted to Psychophysiology for 

publication. Revisions were made based on the reviewers’ helpful comments. T. E. 

Spence developed the original study design, selected the verbal stimuli, programmed the 

stimulus presentation software, collected the data, performed the statistical analyses, and 

prepared the present manuscript. T. D. Blumenthal assisted with the study design and 

acted in an advisory capacity during data acquisition, analysis, and interpretation.  
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Abstract 

 

Excessive worry is characterized by poorly controlled negative thoughts about uncertain 

future events and may differentially affect the processing of threat-related information at 

distinct stages of cognitive involvement. We examined the temporal dynamics of threat 

biases as a function of worry severity in 98 undergraduate students using modification of 

acoustic startle eyeblink magnitude by visually presented words. Neutral and threat words 

appeared at very short (30 and 60 ms), short (240 ms), and long (750 ms) lead intervals 

before the delivery of a startle stimulus. There was a main effect of worry severity, such 

that chronic high worriers demonstrated startle facilitation by words at lead intervals of 

30, 60, and 750 ms, and impaired startle inhibition by words at a lead interval of 240 ms. 

We discuss the potential neural mechanisms underlying word-induced startle 

modification in chronic high worriers within the framework of the vigilance-avoidance 

hypothesis of anxiety.  

Keywords: worry, PSWQ-A, anxiety, startle, visual prepulse, blink  
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Introduction 

 

The goal of the present study was to examine the impact of pathological worry on 

defensive motivational system activation at various stages of information processing, 

which were dissociated using modification of the acoustic startle eyeblink reflex. Worry 

is a verbal-linguistic process that is associated with poorly controlled negative thoughts 

about uncertain future events (Borkovec, Robinson, Pruzinsky, & DePree, 1983) and is 

considered to be a major cognitive component of anxiety (Borkovec & Inz, 1990). 

Excessive worry is the defining feature of Generalized Anxiety Disorder (DSM-IV-TR; 

American Psychiatric Association, 2000) and may contribute to the generation and 

maintenance of anxiety by promoting early detection of danger (hypervigilance) while 

preventing more extensive, rational processing of potentially threatening information 

(cognitive avoidance) (Borkovec, 1994; Mathews, 1990). Worry may be automatically 

triggered by preconscious threat biases in the very early stages of information processing. 

Alternatively, the persistent nature of worry may result from higher-order, late-stage 

processing biases favoring negative affectivity or from deficits in attentional control, 

which may lead to difficulty suppressing negative thoughts (Wells, 1994). Although 

information processing models support roles for both preconscious and conscious threat 

biases in pathological anxiety (Beck & Clark, 1997; Mansell, 2000; McNally, 1995), the 

cognitive and neurobiological mechanisms underlying worry and anxiety remain to be 

fully elucidated (Cisler & Koster, 2010). Identification of these mechanisms may lead to 

the development of improved therapeutic interventions for anxiety disorders and their 

associated physical and psychological symptoms.  
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Threat bias is the preferential processing of negative, threat-related information, 

or the perception of threat where none exists; it has been causally linked to feelings of 

anxiety and psychological distress (MacLeod, Rutherford, Campbell, Ebsworthy, & 

Holker, 2002). Evidence for a threat bias in individuals with high levels of trait anxiety 

has been found at both preconscious and conscious stages of information processing (for 

a review see Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 

2007 and Cisler & Koster, 2010). In some cases, threat biases are purported to be stronger 

when stimuli are presented below the threshold for conscious awareness (MacLeod & 

Rutherford, 1992; Mathews & MacLeod, 1986; Mogg, Bradley, & Williams, 1995) or 

when information processing is probed at preconscious stages (Aitken, Siddle, & Lipp, 

1999).  

Several cognitive models of anxiety have been proposed to account for the 

enhanced processing of threat-related information in anxious people. For example, the 

cognitive-motivational model proposed by Mogg and Bradley (1998) suggests that 

vulnerability to anxiety stems from a lower threshold for threat detection, such that 

minimally threatening stimuli are more readily perceived as danger triggers by people 

with heightened levels of anxiety than by their nonanxious counterparts, and are, 

therefore, more likely to interrupt goal-related behaviors in favor of orienting to the 

source of threat. In this model, however, stimuli that are inherently threatening would 

elicit comparable behavioral responses in both low and high trait anxious people. In a 

similar cognitive model proposed by Mathews and Mackintosh (1998), more weight is 

given to automatic, or preconscious, processing of emotionally salient information as a 

function of anxiety through activation of a threat evaluation system. This threat 
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evaluation system may compete with higher-order cognitive resources to bias attentional 

allocation toward threat-related stimulus representations, which may result in emotional 

interference on task performance. Finally, the vigilance-avoidance hypothesis of anxiety 

(Mogg, Mathews, & Weinman, 1987) was developed to explain the failure to observe 

enhanced memory for threat-related information in anxious people despite the well-

documented early attentional capture by threat stimuli (MacLeod & Mathews, 1988; 

MacLeod, Mathews, & Tata, 1986; Mathews & MacLeod, 1985). This hypothesis fits 

well with clinical accounts of anxiety in that anxious people are more likely to detect 

threat in their environments but, instead of confronting the source of the potential threat, 

they may initiate avoidance mechanisms to prevent deep processing of the anxiety-

provoking stimulus. These mechanisms often produce immediate relief from anxiety, 

which may both justify and reinforce their induction in response to future threats; 

however, full activation of fear and anxiety schema may be necessary in order to 

attenuate anxiety in the long-run (Foa & Kozak, 1986).  

Recent studies in the field of cognitive affective neuroscience (for a review see 

Bishop, 2007) have identified dysregulations in amygdala-prefrontal neurocircuitry in 

anxious people, thereby providing neuroimaging evidence to support the theoretical 

constructs originally proposed by these cognitive models of anxiety.  For example, acute 

anxiety is associated with hyperactivation of the amygdala and its efferent connections 

and chronic anxiety is accompanied by a downregulation of functional activity in the 

prefrontal cortex. Because prefrontal cortical circuits have been shown to suppress the 

amygdala in healthy adults (as cited in Foland-Ross, et al., 2010), reduced activation of 

regions such as the anterior cingulate cortex and lateral prefrontal cortex may lead to 
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increased activation of the amygdala. Therefore, a combination of increased activation of 

the amygdala and decreased activation of prefrontal cortical regions may underlie the 

cognitive biases resulting in selective attention to threat-related stimuli or the negative 

interpretation of ambiguous information, both characteristic of individuals with 

pathological anxiety. As a supplement to these advances in identifying the 

neurocorrelates of anxiety, a comprehensive assessment of the time course of threat bias 

activation in people with varying levels of anxiety may provide more insight as to 

mechanisms underlying the generation and maintenance of anxiety.  

Acoustic startle response modification (or simply startle modification) is a 

promising methodological approach to assess threat biases, since measuring startle 

modification is relatively noninvasive, does not require self-report or high levels of 

compliance, and allows for the distinction between more-or-less automatic vs. strategic 

stages of information processing (Aitken, et al., 1999; Filion, Dawson, & Schell, 1993; 

Neumann, Lipp, & Pretorius, 2004). Startle modification results when a stimulus (lead 

stimulus) presented prior to the delivery of a startle stimulus alters the parameters of the 

startle response (Dawson, Schell, & Bohmelt, 1999; Graham, 1975, 1980). The startle 

reflex paradigm has been used extensively to probe activation of the defensive 

motivational system (Lang, 2010; Lang, Bradley, & Cuthbert, 1990, 1998), which is a 

primitive, evolutionarily conserved neurocircuit that is activated by the detection of 

threat-related stimuli and corresponds to feelings of fear, anxiety, and distress.  

The degree and direction of startle modification (i.e., response facilitation or 

inhibition) depends on several factors, the most important being the time (lead interval) 

between the onset of the lead stimulus and that of the startle stimulus. By varying the lead 
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interval, investigators can assess information processing at various stages. In general, 

startle modification at short lead intervals is thought to reflect automatic processes, 

whereas startle modification at longer lead intervals may reflect strategic processes 

(Blumenthal, 1999; Putnam & Vanman, 1999). The degree of startle modification differs 

with the lead interval and modality of the lead stimulus.  Specifically, acoustic lead 

stimuli inhibit startle at 30–500 ms lead intervals, with the peak effect occurring at 60–

240 ms, whereas visual lead stimuli facilitate startle at very short lead intervals (≤ 60 ms), 

but inhibit startle at short lead intervals (120–360 ms), and facilitate startle again at long 

lead intervals (> 500 ms; Neumann et al., 2004; Wynn, Dawson, & Schell, 2004).  

Aitken et al. (1999) investigated the differential effects of threat and non-threat 

words on startle modification at various stages of information processing in participants 

who were selected for high and low trait anxiety, as determined by the Spielberger State-

Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). 

They found that words generally facilitated startle at a 60-ms lead interval and inhibited 

startle at a 240-ms lead interval, with both effects being more pronounced for threat than 

for non-threat words. Enhanced startle facilitation by threat words at a 60-ms lead 

interval was driven by the high trait-anxious participants, suggesting increased automatic 

processing of threat in participants with high levels of anxiety. Word content did not 

differentially affect startle modification at a 60-ms lead interval in low trait-anxious 

participants. Both low and high trait-anxious participants, however, showed similar 

degrees of startle inhibition by words at a 240-ms lead interval, consistent with the notion 

that threat words command more attentional resources than non-threat words.  
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The STAI contains items that probe various components of anxiety: 

physiological, behavioral, and cognitive. In the absense of a factor analysis to isolate the 

relative impact of these components on word-induced startle modification, an underlying 

explanation for the differences in information processing observed as a function of trait 

anxiety remains to be determined. Because information processing can be studied at 

various levels of cognitive involvment and worry is a major cognitive component of 

anxiety, we determined that it would be reasonable to explore the temporal dynamics of 

threat bias activation as a function of worry severity.  

Therefore, the primary aim of our study was to use startle modification to 

establish the effects of trait worry on threat bias at distinct stages of visual word 

processing. We attempted to generalize the findings of Aitken et al. (1999) from 

participants selected for low and high trait anxiety to those selected for low and high trait 

worry. We hypothesized that, (1) compared with low worriers, high worriers would 

demonstrate greater processing of threat words during very early stages of information 

processing, and (2) the processing of neutral words would not differ between low and 

high worriers. We refrained from making specific predictions about the effects of worry 

on startle modification at early and late stages of semantic analysis because of the 

idiographic nature of words for worriers. For example, if participants with high trait 

worry are more sensitive to verbal stimuli, we were not sure how they would react to 

words once the meaning of the word gained access to conscious awareness. If high 

worriers found the words to be more inherently interesting, then they may be more likely 

to attend to the words, which may result in startle inhibition at early stages of information 

processing. Alternatively, if they found the words to be more threatening, then they may 
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attempt to avoid them by disengaging their attentional resources from word processing, 

which may result in startle facilitation at early stages of information processing.  

 

Method 

 

Participants 

 Prospective participants were undergraduate students who were recruited from the 

Introductory Psychology  research pool based on their total score on the abbreviated 

version of the Penn State Worry Questionnaire (PSWQ-A) that was administered at the 

beginning of the academic semester. Study recruitment occurred across four academic 

semesters, with 1,073 students completing the PSWQ-A. Mean PSWQ-A scores (see 

Table 1) were consistent with those previously reported in a comparable sample of 

undergraduate students (M = 21.8, SD = 8.2; Crittendon & Hopko, 2006). However, a 

one-way analysis of variance (ANOVA) indicated a significant difference in PSWQ-A 

scores as a function of semester, F(3, 1069) = 5.191, p = 0.0015. This effect was driven 

by higher mean worry scores during the fall semester than in the latter two spring 

semesters.  For the first three semesters, students with PSWQ-A scores that were one or 

more standard deviation(s) below and above the normative mean were operationally 

defined as low worriers and high worriers respectively, and invited to participate in a 

study about the effects of word valence on information processing. Only high worriers 

were recruited during the last semester, and a PSWQ-A cut-off score of 30 was selected 

based on data from the previous semesters. No reference to worry or anxiety was made in 

the invitation for study participation.  
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A total of 112 students (51 men, 61 women) provided written informed consent 

for participation in the present study and completed an investigator-developed Health 

History Questionnaire that determined final study eligibility. Inclusion criteria were 

normal or corrected-to-normal vision and normal hearing, and exclusion criteria were 

current use of psychostimulant and/or sedative hypnotic medication. Fourteen 

participants were excluded due to hearing loss (n = 1 woman), use of psychoactive 

medication (n = 5 women), voluntary termination of the acoustic startle testing session (n 

= 1 woman), experimenter error (n = 4, one man and three women), and failure to 

demonstrate quantifiable startle responses on more than 10% of trials (n = 2 men) or 

within a cell of the startle condition matrix (n = 1 woman). Therefore, the final sample 

consisted of 98 students (47 men and 51 women; Mage = 19.63 years, SD = 0.99; range 

18.42–22.42). The majority of participants identified themselves as non-Hispanic/Latino 

(95%) and Caucasian (86%); the remaining participants self-identified as either Asian 

(8%) or African American (5%), and one participant did not provide information about 

their racial and ethnic identity. 

 

Self-Report Measures 

Penn State Worry Questionnaire-Abbreviated (PSWQ-A; Crittendon & Hopko, 

2006; Hopko et al., 2003). The PSWQ-A is an 8-item instrument that assesses 

pathological worry in terms of its perceived excessiveness, uncontrollability, and 

duration. It was derived from the full Penn State Worry Questionnaire (PSWQ; Meyer, 

Miller, Metzger, & Borkovec., 1990), a 16-item measure of content-free worry, using 

confirmatory factor analytic procedures (Hopko et al. 2003). Example items include “My 
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worries overwhelm me” and “I am always worrying about something.” General worry 

tendencies are rated on a 5-point Likert-type scale (1 = “not at all typical of me” and 5 = 

“very typical of me”). The PSWQ-A has been tested in undergraduate students 

(Crittendon & Hopko, 2006) and shown to have excellent internal consistency 

(coefficient α = .94) and good test-retest reliability (r = .87, 2-week period). Internal 

consistency of the PSWQ-A in our sample of nonclinical young adults was excellent (α = 

.97) and test-retest reliability was good (r = .88, 3–13-week period).  

 Additional measures of psychological distress.  Participants who met inclusion 

criteria completed the PSWQ-A a second time at the beginning of the study session and 

then completed a battery of questionnaires to evaluate the severity of symptoms related to 

anxiety and depression. Specifically,  both the state and trait portions of the State-Trait 

Anxiety Inventory (STAI; Spielberger et al., 1983), were used to assess the intensity of 

current (STAI-S) and general (STAI-T) anxiety based on separate 20-item, 4-point Likert 

type scales (1 = “not at all”/ “almost never” and 4 = “very much so”/ “almost always”, 

for the STAI-S and STAI-T, respectively). The Intolerance of Uncertainty Scale (IUS; 

Buhr & Dugas, 2002) was used to evaluate the extent to which ambiguity concerning 

future events interferes with daily life activities based on a 27-item, 5-point Likert-type 

scale (1 = “not at all characteristic of me” and 5 = “entirely characteristic of me”). The 

Generalized Anxiety Disorder 7-Item Questionnaire (GAD-7; Spitzer, Kroenke, 

Williams, & Lowe, 2006) was used to measure the severity of GAD symptoms 

experienced over a 2-week period in accordance with the criteria outlined in the 

Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition (American 

Psychiatric Association, 1994), with the frequency of each symptom rated on a 4-point 
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Likert-type scale (0 = “not at all” and 3 “nearly every day). Finally, the Center for 

Epidemiologic Studies-Depression (CES-D; Radloff, 1977) questionnaire was used to 

quantify the frequency of depressive symptoms within a 1-week period using a 20-item, 

4-point Likert-type scale (0 = “rarely or none of the time [<1 day]” and 3 = “most or all 

of the time [5-7 days]”). For each questionnaire, responses were summed and total scores 

were averaged within worry groups. Higher scores reflect higher levels of psychological 

distress.  

Startle-stimulus visual analog scale. At the end of the session, participants rated 

the overall aversiveness of the startle stimulus by placing a vertical mark along a 10-cm 

line with the following anchors: far left = “not at all unpleasant” and far right = 

“extremely unpleasant.” Responses were measured from left to right and averaged within 

worry groups.   

Word ratings questionnaires. Participants also evaluated how they felt when 

reading each of a series of words using two 9-point investigator-developed scales (1 = 

“unhappy”/ “calm” and 9 = “happy”/ “excited”). For each scale, mean ratings for neutral 

and threat words were computed separately and averaged within worry groups.  

 

Stimuli 

 Visually presented words. The word lists differed across semesters. For the first 

semester, neutral and threat words were adopted from Miller and Patrick (2000), who 

matched words for mean length and frequency of usage (based on Carroll, Davies, & 

Richman, 1971). Miller and Patrick selected neutral words (activate, alertness, contents, 

context, doctor, errand, frog, fur, glacier, jelly, kerosene, orchestra, salad, seriousness, 



102 

 

subdue ) from the Affective Norms for English Words (ANEW; Bradley & Lang, 1999) 

and threat words (accident, ambulance, cancer, criticize, danger, disease, despise, hate, 

injury, pain, panic, reject, suffering, terrify, worry) from stimulus lists used in previous 

studies of biases in information processing among anxious individuals (MacLeod & 

Mathews, 1988; MacLeod, et al., 1986). For subsequent semesters, however, all words 

were chosen from the ANEW. They were matched for mean length and frequency of 

usage (based on Kucera and Francis, 1967, as reported in the ANEW). In addition, effort 

was made to select words that were moderately arousing, based on the normative ratings 

reported in the ANEW. For the second and third semesters, neutral words (Marousal = 4.26, 

SD = 0.91) were banner, barrel, boxer, butter, cabinet, cannon, clock, fabric, kerchief, 

lantern, limber, mischief, modest, noisy, poster. Threat words (Marousal = 5.87, SD = 0.76) 

were betray, crash, deceit, fearful, guilty, injury, insult, intruder, loser, misery, ridicule, 

stupid, tease, useless, wounds. For the fourth semester, neutral words were (Marousal = 

3.86, SD = 0.63) were barrel, butter, clock, column, context, elbow, highway, poster, 

prarie, seat, ship, stove, table, teacher, tool. Threat words (Marousal = 5.92, SD = 0.97) 

were alone, betray, crash, cruel, danger, failure, hate, mistake, pain, poison, quarrel, 

sick, stupid, traitor, victim. 

 Startle stimuli. Acoustic startle stimuli were 50-ms bursts of 100 dB (A) 

broadband noise with a near instantaneous rise/fall time (< 1 ms), created using Audacity 

software (version 1.2.6; Free Software Foundation) and converted to a WAV file. The 

sound output of the computer was amplified using a PreSonus HP4 Amplifier and 

presented binaurally to participants via Sennheiser eH250 headphones. The intensity of 

startle stimuli was calibrated by passing a 5-s long version of the sound file to a sound 
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level meter and earphone coupler (Model CA-15 and EC-9A, respectively; Quest 

Electronics, Oconomowoc, WI).   

 

Stimulus Presentation 

Presentation of both visual and auditory stimuli was controlled using SuperLab 

stimulus presentation software (version 4.5; Cedrus Corporation, San Pedro, CA). Words 

appeared in lowercase white text (24-point Arial Regular font) on a black background in 

the center of the monitor. The visual angle subtended by a word of average length (e.g., 

terrify) at a viewing distance of 40 cm was approximately 3.405º (range = 1.647–7.095º, 

for fur and seriousness, respectively). The startle stimulus was uploaded as a sound event 

to a SuperLab program containing a list of text events (one for each word). A separate 

sound event was created for each lead interval, and the precision of the stimulus onset 

asynchrony between presentation of a visual lead stimulus and that of a startle stimulus 

was verified using a photoplethysmograph sensor (Trans TP – TSD 200; BIOPAC 

Systems Inc.) taped to the center of the computer monitor in the experimenter’s control 

room; the video display of this computer was split so that an identical visual stream was 

presented on the monitor in the participant testing room.  

 

Procedure 

 The present study was conducted in accordance with the Code of Federal 

Regulations established by the Department of Health and Human Services for the 

protection of human subjects (as specified in Title 45, Part 46). All protocols were 
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approved by the University’s Institutional Review Board. Students received course credit 

for their participation. 

Participants were tested individually in sessions lasting approximately 1–1.5 hr. 

They were informed that the purpose of this study was to learn more about how the brain 

processes word meanings and how that processing affects reactions to other simple 

stimuli, such as sounds. In addition, participants were told that a secondary goal of the 

study was to determine how certain personality traits and emotional states influence 

information processing. After completing a series of self-report measures of anxiety and 

depression (PSWQ-A, STAI-S, STAI-T, IUS, GAD-7, CES-D)
1
, the skin under the left 

eye was cleaned with a cotton swab dipped in 70% isopropanol, and two reusable 

Ag/AgCl miniature biopotential skin electrodes (E220X-LP, 4 mm contact area; In Vivo 

Metric, Healdsburg, CA), filled with conductive cream (SYNAPSE; Kustomer Kinetics, 

Inc., Arcadia, CA), were placed on the skin surface overlaying the orbicularis oculi 

muscle using E401M adhesive discs (In Vivo Metric).
2
 One electrode was placed directly 

under the center of the pupil, but beneath the lower eyelid, and the second electrode was 

placed lateral to the first and slightly higher, with a distance of approximately 1.5–2 cm 

between the centers of the electrodes (Blumenthal, et al., 2005). A third electrode was 

placed on the left temple and served as the ground electrode. The electrode wires were 

then tucked behind the left ear and plugged into a MEC100 extension cable that was 

connected to a BIOPAC EMG100B bioamplifier and MP150 workstation (BIOPAC 

                                                 
1
 Participants in the fourth semester did not complete the IUS and CES-D. 

2
 In the fourth semester, participants completed the questionnaires after electrode placement.  
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Systems, Inc., Goleta, CA). The testing rooms had copper mesh built into the walls to 

decrease extraneous electrical noise (i.e., a Farady cage). 

Participants sat in front of a 19-inch flat panel monitor with an active matrix TFT 

LCD (Dell
™ 

1905FP) and were informed that they would see a series of words presented 

on the monitor, one word at a time. They were told that occasionally they would hear a 

loud sound through a set of headphones, but to ignore that sound and to fixate on a 

central cross on the monitor that served as a background stimulus throughout the entire 

assessment session (disappearing only when words were presented). Participants 

positioned their chin in a rest (Richmond Products, Inc., Albuquerque, NM) that was 

secured to a table approximately 40 cm from the monitor, and headphones were placed 

over their ears.
3
 During data acquisition, the experimenter observed the participant from 

an adjacent room on a closed circuit video monitor. 

Participants then underwent a startle assessment session, the duration of which 

varied across semesters (≈ 30 min in the first semester, ≈ 15 min in the second and third 

semesters, and ≈ 10 min in the fourth semester).
4
 To facilitate comparison of data across 

semesters, only the first half of the trials from the first semester were included in the 

                                                 
3
 During the first semester (n = 37), lights were dimmed in the testing room in order to minimize reflective 

glare on the monitor; however participants reported feeling fatigued at the end of the session. For this 

reason, the room lights were not dimmed during the subsequent semesters (n = 61).  

4
 We shortened the startle assessment session after examining data from the first semester. In the first 

semester, the startle assessment session consisted of 84 trials (72 with startle stimuli), whereas that of 

subsequent semesters consisted of 42 trials (36 with startle stimuli). 
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analyses.
5
 Sessions began with the presentation of a series of startle stimuli (acclimation 

trials),
6 
at an intertrial interval (ITI) of 10– 25 s

7
. Next, there was a word-induced startle 

modification component that consisted of three blocks of 12 trials (eight lead-stimulus 

trials and four control trials). On lead-stimulus trials, the onset of a neutral or threat word 

preceded the onset of a startle stimulus by a lead interval of 30, 60, 240, or 750 ms. 

Startle control trials consisted of a startle stimulus in the absence of a word lead stimulus 

and word control trials consisted of a word in the absence of a startle stimulus. The 

session ended with the presentation of a series of startle stimuli (recovery trials).
 8
 A total 

of 15 neutral and 15 threat words were presented on the monitor,
9
 with each word 

appearing for 1 s. Word type was balanced across lead-stimulus trials such that each lead 

interval had three neutral and three threat word pairings. The order of word presentation 

                                                 
5
 An omnibus ANOVA indicated that there was no effect of semester on word-induced startle modification, 

F(3,85) = 2.04, p > .12. 

6
 There were six acclimation trials in the first and fourth semesters and three in the second and third 

semesters.  

7
 The average ITI was 20 s (15, 20, 25 s) for the first three semesters and 12.5 s (10, 11, 12, 13, 14, 15 s) 

for the fourth semester.  

8
 There were six recovery trials in the first semester and three in the subsequent semesters.  

9
 Each word appeared twice during the word-induced startle modification component in the first semester. 

For subsequent semesters, each word was presented only once per session. Word presentation was balanced 

across experimental half in the first semester, such that all words were presented once during the each half 

of the startle assessment session.   
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was pseudo-random, with the restriction that no word type appeared on more than two 

consecutive trials.
10

  

Following the startle assessment session, headphones and electrodes were 

removed
11

 and participants completed the PSWQ-A again. They were then instructed to 

recall the intermittent bursts of noise (i.e., startle stimuli) that they heard while they were 

attending to words on the computer monitor and to rate the overall unpleasantness of 

those noises on a 10-cm visual analog scale. Lastly, they rated their reactions to the 

words that were presented during the testing session.
12

 Prior to dismissal, participants 

were provided with educational brochures on anxiety and depression (HELP ON THE 

WAY: Anxiety; Title No. 367 and HELP ON THE WAY: Depression; Title No. H232; 

from ETR Associates, Scotts Valley, CA) in order to reduce the probability of negative 

psychological consequences associated with exposure to the self-report measures. 

However, although all participants were free to abstain from completing the 

questionnaires, none of them did so.  

 

Startle Data Reduction and Processing 

 Startle responses. Raw electromyographic (EMG) data were collected from 

surface recording electrodes placed over the orbicularis oculi muscle. These signals were 

                                                 
10

 For the first semester, two stimulus presentation orders were created and were counterbalanced across 

participants so that all participants experienced the same word-lead interval pairings but in different orders. 

11
 In the fourth semester, electrodes were removed after participants completed a battery of questionnaires 

(including the PSWQ-A).  

12
 Participants in the fourth semester did not rate the aversiveness of the startle stimulus or their perception 

of words that were presented during the study.  
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first amplified (5000 gain) and filtered (low pass filter = 500 Hz and high pass filter = 1 

Hz) by the EMG 100B bioamplifier before being sent to a computer running 

AcqKnowledge
® 

software (version 4; BIOPAC Systems Inc.) for digitization at a 

sampling rate of 1000 Hz. Digital bandpass filtering was then applied (28–500 Hz) and 

signals were rectified and smoothed using a 5-sample boxcar filter. These transformed 

EMG data were used to quantify the acoustic startle response offline with a customized 

computer program (Kinzig, Schulz, Curio, & Schächinger, 2008). Detection of the startle 

response was semi-automated, with a 50 ms pre-startle-stimulus baseline window and a 

21–120 ms post-startle-stimulus onset window (Blumenthal, et al., 2005).  Each trial was 

inspected by a trained scorer who decided whether or not to accept or modify the 

program decisions. After elimination of trials contaminated by early blinks or movement 

artifact, startle response magnitude was the measure of interest, with scorable trials 

without a response given a value of zero.   

 Startle modification. Data from three trials were averaged to determine the mean 

startle response magnitude for each lead stimulus condition and data from six trials were 

averaged to determine the mean startle response magnitude for the control condition. 

Startle modification within each word type (neutral, threat) X lead interval (30, 60, 240, 

750 ms) condition was calculated within-participant as the percent change in startle 

response magnitude on trials with a lead stimulus relative to control trials with only a 

startle stimulus: [{(mean startle response magnitude) lead-stimulus condition - (mean startle 

response magnitude)control condition }/ (mean startle response magnitude)control condition] * 100.  

For each lead-stimulus condition, significant startle modification was present if the 95% 
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confidence interval (CI) around the mean did not include zero. Positive values reflect 

startle response facilitation whereas negative values reflect startle response inhibition.   

 

Statistical Analyses  

 All data were analyzed using IBM SPSS Statistics version 19. Descriptive 

statistics were used to evaluate the demographic characteristics of the sample, as a 

function of worry group classification; variations in the distributions among groups were 

explored using Pearson’s chi-square tests (χ
2
p). Pearson’s product-moment correlations 

(r) were used to compute test-retest reliability estimates for multiple administrations of 

self-report questionnaires, where appropriate, and to examine the strength of relationships 

between pre-session measures of psychological distress and word-induced startle 

modification at various stages of information processing.  

For repeated measures tests involving more than two levels, statistical 

significance was determined based on Greenhouse-Geisser epsilon (ε) corrected degrees 

of freedom, although uncorrected degrees of freedom are reported. Effect sizes for all t-

tests and ANOVA are represented as Cohen’s d (Cohen, 1992) or partial eta squared η
2
p, 

respectively. For tests involving multiple pairwise comparisons, a Bonferroni correction 

was applied. All analyses consisted of two-tailed tests; statistical significance was defined 

as p < .05.  
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Results 

 

Worry Group Classification  

 Participants were originally recruited for low (n = 42) or high (n = 56) levels of 

trait worry based on total scores on the PSWQ-A that they completed at the beginning of 

the semester. The PSWQ-A was readministered upon study enrollment, prior to the startle 

assessment session; these scores were then used to determine final worry group 

classification.
13

 Although the test-retest reliability of the PSWQ-A was strong (r = .88, p 

< .001; temporal delay of 3–13 weeks), approximately 30% of the sample no longer met 

the criteria for inclusion in the low or high worry groups upon arrival at the laboratory for 

study enrollment, illustrating the fact that the PSWQ-A is relatively, but not absolutely, 

stable. Therefore, participants were divided into four distinct groups based on the stability 

of PSWQ-A scores over time (Spence, Blumenthal, & Brenes, 2012): chronic low worry 

(n = 33), moderate low worry (n = 9), moderate high worry (n = 28), and chronic high 

worry (n = 28). Participants in the moderate low and high worry groups demonstrated 

significant shifts in the severity of self-report worry between the first and second 

administrations of the PSWQ-A (see Table 2 for group means).  

Women generally reported higher levels of worry than men, t(96) = 3.91, p <. 

001, mean difference (D) = 7.40, d = .79. Consequently, there were more women in the 

high worry groups (n = 38; n = 22 chronic high worry and n = 16 moderate high worry) 

than in the low worry groups (n = 13; n = 11 chronic low worry and n = 2 moderate low 

                                                 
13

 In an effort to minimize bias during data analysis, members of the research team remained blind to 

participants’ worry scores until the end of each academic semester, after the startle data had been scored.   
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worry), χ
2
p (3) = 16.02, p < .01. This was associated with an odds ratio of 4.7, indicating 

that the odds of being a woman in the high worry groups were approximately five times 

greater than the odds of being a woman in the low worry groups.  

 

Self-Report Measures of Distress 

Pre-startle worry severity was positively correlated with state anxiety (r(96) = 

.61), trait anxiety (r(96) = .79), intolerance of uncertainty (r(73) = .71), generalized 

anxiety disorder symptomatology (r(96) = .76), and depression (r(73) = .60), p < .001 in 

all cases. A series of one-way ANOVA were performed to examine differences in self-

report measures of psychological distress among groups defined by worry severity at the 

time of testing (see Table 2); p < .001 in all cases. Subsequent comparisons between 

worry groups were made using a Bonferroni adjusted alpha level of .0083 per test (.05/6). 

Compared with the chronic low worry group, the chronic high worry group endorsed 

more symptoms of psychological distress. In addition to worry severity, only trait anxiety 

distinguished the moderate low worry group from the moderate high worry group; 

whereas all measures except state anxiety distinguished the moderate high worry group 

from the chronic high worry group.  

In general, worry severity, state anxiety, and trait anxiety were associated with 

modification of acoustic startle response magnitude by words (see Table 3). All measures 

of psychological distress were positively associated with startle modification by words at 

a lead interval of 240 ms. Because startle modification was generally inhibitory at this 

lead interval, these correlations suggest that as scores on these questionnaires increased, 

the degree of startle inhibition decreased.  
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Startle Reactivity  

 Changes in startle blink magnitude over the course of the testing session were 

examined as a function of worry severity using a 4 (worry group: chronic low worry, 

moderate low worry, moderate high worry, chronic high worry) X 3 (time: acclimation 

trials, control trials, recovery trials) mixed-model ANOVA, with repeated measures for 

time. There was a main effect of time on startle reactivity, F(2, 188) = 74.32, p < .001, 

η
2
p

 
= .442, ε = .730, due to a reduction in blink magnitude over the course of the testing 

session (i.e., habituation of the acoustic startle response). Worry severity did not 

differentially affect startle habituation, F(3,94) = .35, p > .7. Mean response magnitudes 

(with standard errors in parenthesis) for the acclimation, control, and recovery trials were 

4.57 (.39), 2.61 (.24), and 1.87 (.18) μV • s, respectively. A one-way ANOVA indicated 

that there were no differences in baseline startle reactivity, defined as mean blink 

magnitude on startle control trials, among worry groups, F(3, 94) = .41, p > .7. Baseline 

startle reactivity (with standard errors in parentheses) for the four groups, in order of 

increasing worry severity, were 2.55 (.30), 3.03(.56), 2.22 (.40), and 2.65 (.47) μV • s.  

 

Word-Induced Startle Modification 

 The ability of words to impact the magnitude of the acoustic startle eyeblink 

response was evaluated as a function of worry severity using a 4 (group: chronic low 

worry, moderate low worry, moderate high worry, chronic high worry) X 4 (lead interval: 

30, 60, 240, 750 ms) X 2 (word type: neutral, threat) mixed-model ANOVA, with 

repeated measures for lead interval and word type. There was a main effect of group, F(3, 

94) = 4.56, p < .01, η
2
p
 
= .129, driven by a net facilitation of startle blink magnitude by 

words in both the chronic high worry group (M = 40.85, 95% CI [22.72, 58.98]) and the 
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moderate high worry group (M = 20.78, 95% CI [2.65, 38.91]). No net word-induced 

startle modification was observed in either the chronic low worry group (M = -3.55, 95% 

CI [-20.24, 13.15]) or the moderate low worry group (M = .75, 95% CI [-31.22, 32.73]).  

There was a main effect of lead interval on startle modification, F(3, 282) = 22.98, p < 

.001, η
2
p
 
= .196, ε = .697, such that blink magnitude was facilitated by words presented at 

lead intervals of 30, 60, and 750 ms and inhibited by words presented at a lead interval of 

240 ms. Word type by itself did not differentially affect startle modification, F(1, 94) = 

2.23, p > .1; and there was no group by word type interaction, F(3, 94) = .42, p > .7. This 

latter observation was due to the fact that both neutral and threat words produced net 

facilitatory effects on blink magnitude in the high worry groups but failed to induce 

significant startle modification in the low worry groups. Although there was no 

significant interaction among group, lead interval, and word type, F(9, 282) = .27, p >.9, 

we had a priori reasons to further examine the effects of word type on startle modification 

at each lead interval as a function of worry group classification. Specifically, we expected 

worry severity to more strongly impact the processing of threat, but not neutral, words 

only at very early stages of information processing. Therefore, we performed a follow-up 

4(group) X 2(word type) mixed-model ANOVA, with repeated measures for word type, 

at each lead interval (see Figure 1).  

 At a lead interval of 30 ms (i.e., a very early stage of information processing; see 

Figure 1A), there was a marginal effect of group on word-induced startle modification, 

F(3,94) = 1.92, p = .1, η
2
p
 
= .058, due to a net facilitation of blink magnitude by words in 

both high worry groups. By contrast, words did not affect startle responding in either of 

the low worry groups. A similar pattern of facilitation was observed at a lead interval of 
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60 ms (also a very early stage of information processing; see Figure 1B), in which the 

effect of group on startle modification, F(3,94) = 2.73, p < .05, η
2
p
 
= .080 was driven by 

both high worry groups. In addition, there was an effect of word type on startle 

modification at a lead interval of 60 ms, F(1,94) = 4.44, p < .05, η
2
p
 
= .045, such that 

threat words (M = 35.34, 95% CI [19.75, 50.73]) induced less facilitation of blink 

magnitude than neutral words (M = 53.23, 95% CI [29.22, 77.24]).  In fact, all worry 

groups exhibited significant facilitation of blink magnitude by neutral words at this lead 

interval.  

At a lead interval of 240 ms (i.e., an intermediate stage of information processing; 

see Figure 1C), the effect of group on startle modification, F(3,94) = 3.75, p < .05, η
2
p

 
= 

.107, was driven by a net inhibition of blink magnitude by words in all groups except the 

chronic high worry group. Specifically, the low worry groups showed significant startle 

inhibition by both neutral and threat words. However, the high worry groups showed 

differential effects of word content on startle modification: the moderate high worry 

group exhibited significant startle inhibition by threat words and marginally significant 

startle inhibition by neutral words, whereas the chronic high worry group exhibited 

impaired startle inhibition by neutral words and a slight facilitation by threat words. At a 

lead interval of 750 ms (i.e., a late stage of information processing; see Figure 1D), the 

effect of group on startle modification, F(3,94) = 5.26, p < .01, η
2
p
 
= .144, was driven by 

a net facilitation of blink magnitude by words in only the chronic high worry group; all 

other groups failed to show significant startle modification by words.  

Because word content only differentially affected startle modification at a lead 

interval of 60 ms, we collapsed the data across word type and performed a series of 
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follow-up one-way ANOVA at each lead interval in order to better characterize the 

impact of worry severity on word-induced startle modification. By doubling the number 

of cells of data contributing to these analyses, we expected to reduce the variability 

within groups, thereby allowing a more accurate assessment of the effect(s) of worry 

severity on startle modification by words in general. In addition, we explored these 

effects as a function of worry group reclassification by performing two sets of analyses in 

which groups were defined by scores on the PSWQ-A completed either at the beginning 

of the academic semester (see Figure 2A) or prior to the startle-assessment session (see 

Figure 2B).  

When groups were defined by low and high worry (Figure 2A), significant 

differences in modification of startle blink magnitude by words were found at all stages 

of information processing. Specifically, high worriers exhibited more startle facilitation 

by words than did low worriers at lead intervals of 30, 60, and 750 ms: F(1, 96) = 4.86, 

8.13, and 7.01, respectively. In addition, high worriers showed less startle inhibition by 

words than did low worriers at a lead interval of 240 ms, F(1, 96) = 7.07, p < .01, η
2
 = 

.069.  

A similar pattern of word-induced startle modification was observed when groups 

were defined by the temporal stability of self-report worry (Figure 2B), with two notable 

exceptions: only the chronic high worry group (1) failed to exhibit significant startle 

inhibition by words at a lead interval of 240 ms and (2) showed significant startle 

facilitation by words at a lead interval of 750 ms. Follow-up protected t-tests between the 

moderate and chronic high worry groups revealed that this difference was marginal at a 
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lead interval of 240 ms, t(54) = 1.76, p = .07, and significant at a lead interval of 750 ms, 

t(54) = 2.89, p < .05.  

 

Post-Startle Ratings 

 The high worry groups judged the startle stimulus to be slightly, but not 

significantly, more unpleasant than the low worry groups, F(3,71) = 2.45, p = .07. Mean 

ratings (with standard errors in parenthesis) for the four groups, in order of increasing 

worry severity, were 6.89 (.33), 5.63 (.71), 7.57 (.34), 7.19 (.68).  

 There was a main effect of worry severity on ratings of word-induced happiness, 

F(3, 71) = 3.16, p = .03, η
2
 = .118, such that the  chronic low worry group (M = 4.10, SE 

= .10) and moderate low  worry group (M = 3.83, SE = .19) rated words more positively 

than the moderate high worry group (M = 3.62, SE = .13) and chronic high worry group 

(M = 3.78, SE = .15). However, ratings of word-induced excitement did not differ among 

groups, F(3, 71) = 1.54, p > .4.  Overall, participants effectively discriminated  between 

the neutral and threat word types; they reported feeling more unhappy and aroused after 

reading threat words than after reading neutral words, F(1, 71) = 378.50, p < .001, η
2
p = 

.842 and F(1, 71) = 49.77, p < .001, η
2
p = .412, respectively.  

 

Discussion 

 

In this study, we quantified the differential effects of worry severity on defensive 

reactivity (i.e., threat detection) at various stages of semantic analysis, which we 

dissociated using modification of the acoustic startle response eyeblink magnitude by 
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visually presented words. We found that high worriers were more affected by verbal 

stimuli than low worriers, as demonstrated by a greater degree of word-induced startle 

facilitation at all of the stages of information processing. This finding is consistent with 

the notion that words may be idiographic stimuli for high worriers, in that they are the 

fundamental components of thoughts, which, in turn, can develop into worry when they 

are future-oriented and negatively affect laden. In addition, we found preliminary 

evidence to suggest that the stability of excessive worry may be important for reliably 

detecting word-induced startle modification at and beyond the threshold for conscious 

perception of word meanings. Specifically, chronic high worriers and moderate high 

worriers exhibited differential patterns of startle modification by words presented at lead 

intervals of 240 and 750 ms, effects that would have been missed had the temporal 

stability of self-report worry not been taken into consideration (see Spence et al., 2012).   

Word content only influenced startle modification at a lead interval of 60 ms, such 

that neutral words induced more facilitation of blink magnitude than threat words. At 

first, this observation seemed counterintuitive, given that this is a lead interval that is 

generally associated with cross-modal startle facilitation, and, presumably, the negative 

content of threat words would cause greater activation of the defensive motivational 

system, resulting in larger magnitude blinks (see Aitken et al., 1999). However, if startle 

modification by lead stimuli is viewed as a continuous variable, instead of as a 

categorical variable, as it was in the present study, it is possible that threat words 

captured attention more than neutral words, thereby beginning to strengthen the 

inhibitory input to the brainstem startle center that is often associated with allocation of 

attentional resources to stimuli other than that which is responsible for startle-elicitation. 
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In other words, perhaps semantic analysis of threat words is accelerated compared with 

that of neutral words; however, this is purely speculative in the absense of data from a 

lead interval between 60 and 240 ms.  

A lead interval of 240 ms is optimal for inhibition of the acoustic startle response 

by visual lead stimuli, and that is precisely what occurred in chronic and moderate low 

worriers following presentation of both neutral and threat words, whereas moderate high 

worriers showed significant inhibition of startle blink magnitude following presentation 

of only threat words. By contrast, chronic high worriers failed to exhibit significant 

startle modification by either neutral or threat words at a lead interval of 240 ms. 

Moreover, they showed a slight facilitation of startle blink magnitude by threat words at 

this lead interval.  At a lead interval of 750 ms, chronic high worriers were the only 

participants to demonstrate significant facilitation of startle blink magnitude, with similar 

degrees of startle facilitation induced by both neutral and threat words, although this 

effect was only significant for neutral words.  

We interpret  these observations as broadly consistent with the vigilance-

avoidance hypothesis of anxiety (Mogg et al., 1987): for chronic high worriers, (1) the 

general word-induced startle facilitation at lead intervals of 30 and 60 ms (i.e., early 

stages) may reflect automatic activation of defensive responding or a lower threshold for 

the detection of verbal threat, before the content of the word can be reliably extracted; (2) 

the failure to observe word induced startle inhibition at a lead interval of 240 ms 

(intermediate stage), with a trend for threat-specific startle facilitation, may reflect the 

initiation of avoidance mechanisms as the content of the word begins to gain access to 

conscious awareness (Kissler, Assadollahi, & Herbert, 2006); and (3) the general word-
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induced startle facilitation at a lead interval of 750 ms (late stage) may reflect the 

sustained activation of avoidance mechanisms.  

Our findings of increased defensive motivational system activation in chronic 

high worriers are also in accordance with previous reports that worry facilitates motor 

programs associated with action preparation (as demonstrated by increased muscle 

tension and excitation of corticospinal motor outputs, Oathes, Bruce, & Nitschke, 2008), 

thereby providing a rationale for using startle modification as a tool for the assessment of 

threat bias in worriers. Specifically, the unique patterns of word-induced startle 

modification in chronic high worriers at lead intervals of 240 and 750 ms suggest that the 

acoustic startle reflex paradigm could potentially be used to identify psychophysiological 

markers (or pathognomonics) for pathological worry. However, more research is 

necessary to better understand the precise cognitive and neurobiological mechanisms 

underlying facilitation of startle blink magnitude by words in high worriers at distinct 

stages of information processing.  

The magnitude of the acoustic startle eyeblink response is determined by the net 

effect of at least three factors: (1) the excitation of the brainstem startle center (nRPC) by 

sensory input; (2) the inhibition of the nRPC by the pedunculopontine tegmental nucleus 

(PPTg; Fendt, Li, & Yeomans, 2001); and (3) the facilitation of the nRPC by the 

amygdala (Davis, 2006). Figure 3 depicts a simplified schematic of the possible 

neuroanatomical pathways mediating word-induced startle modification as a function of 

worry severity. Presentation of a visual word may directly activate the superior colliculus 

(SC) in the midbrain, which projects to both the PPTg and the amygdala, thus producing 

opposing effects on the nRPC. The observed facilitation of startle blink magnitude by 
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words in high worriers may reflect hyperactivation of the amygdala and its associated 

output to the nRPC (Davis, 2006; Du, Wu, & Li, 2011) in response to potentially 

threatening stimuli. In support of this mechanism, chronic worry and/or anxiety is 

characterized by increased input to a subcortical threat-evaluation system (i.e., the 

amygdala) that serves to facilitate attentional capture by threat-related stimuli (Mathews 

& Mackintosh, 1998), thereby priming chronic worriers to perceive threat, or the 

potential for threat, more readily than moderate and low worriers. Therefore, presentation 

of any word may induce feelings of heightened anxiety and promote the desire to escape 

the testing session, which may result in the initial facilitation of startle blink magnitude  

At a lead interval of 240 ms, an intermediate stage of information processing 

characterized by the beginnings of semantic access (for a review of visual word 

processing in terms of event-related brain potentials, see Kissler et al., 2006), threat 

words failed to induce significant inhibition of startle blink magnitude in chronic high 

worriers. One potential explanation for this finding is that the detection of linguistic 

threat by the amygdala (Isenberg et al., 1999) may have induced the activation of 

excitatory projections to the nRPC that effectively competed with the normally dominant 

inhibitory projections from the PPTg at this lead interval. Therefore, lack of significant 

startle inhibition by words presented at a lead interval of 240 ms may simply reflect a 

contribution of startle facilitation. Alternatively, a failure of visually presented words to 

activate the SC or a decrease in the strength of inhibitory projections from the PPTg to 

the nRPC could result in a general reduction in startle inhibition. Because these 

seemingly contradictory neural mechanisms produce similar net effects on startle 

modification, and we are only measuring the final output of the nRPC (i.e., the magnitude 
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of the acoustic startle eyeblink response), we are unable to dissociate the relative 

contribution(s) of each of these pathways in the present study.  

Functionally, the differential effects of worry severity on startle modification at a 

lead interval of 240 ms may reflect distinct cognitive processes. For example, inhibition 

of startle blink magnitude by words may reflect increased attentional capture by verbal 

stimuli at this critical point in the time course of visual word processing. By contrast, the 

failure to observe significant startle inhibition by words in chronic high worriers at a lead 

interval of 240 ms suggests that the content of the word may have already been extracted 

by this point, perhaps reflecting the initiation of cognitive avoidance mechanisms in an 

effort to prevent deeper processing of emotionally salient, threat-related stimuli, which 

could promote defensive motivated behaviors, as assessed with the startle reflex 

paradigm. If this latter effect is true, then only chronic worriers demonstrated cognitive 

avoidance during semantic analysis of words. Assuming that the failure to detect 

significant startle inhibition by words at a lead interval of 240 ms is mediated by 

excitatory projections from the amygdala to the nPRC, then it may simply be that the 

strength of this facilitatory projection is stronger in chronic high worriers than in 

moderate worriers, such that chronic high worriers may perceive all words as threatening, 

at least within the context of our experimental setting. In support of this notion, all words 

were subsequently judged to be less pleasant by high worriers than by low worriers. 

However, both low and high worriers rated threat words to be more unpleasant and more 

arousing than neutral words. This finding suggests that the words elicited their intended 

interpretation after a few seconds of consideration, which validated the appropriateness of 

word selection and categorization. Because words may be idiographic stimuli for 
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worriers, and chronic high worriers have cognitive biases that favor rapid threat 

detection, it may be that both neutral and threat words activate excitatory projections 

from the amygdala to the nPRC, but that the degree of facilitation induced by threat 

words is stronger than that induced by neutral words. In any case, the extent to which 

startle inhibition is weaker at a lead interval of 240 ms in people with high levels of trait 

worry may also be due to increased startle facilitation. Therefore, investigators examining 

deficits in startle inhibition associated with heightened anxiety may actually be assessing 

increased facilitatory activation.  

The finding that only chronic high worriers showed sustained facilitation of startle 

blink magnitude by words presented at a lead interval of 750 ms may provide additional 

psychophysiological support for the avoidance component of the vigilance-avoidance 

hypothesis (Oathes, Siegle, & Ray, 2011). Avoidance of emotional processing is known 

to contribute to the maintenance of anxiety and psychological distress (Foa & Kozak, 

1986) and, therefore, underlies much of the theoretical significance of exposure therapy. 

By disengaging attentional resources from the visually presented words, chronic high 

worriers may ultimately favor the processing of the acoustic startle stimulus. An 

alternative explanation for the finding of word-induced startle facilitation in only chronic 

high worriers may be heightened arousal, or anticipatory anxiety, associated with the 

potential delivery of the startle-eliciting stimulus. More research is necessary, however, 

to better understand the significance of the observed differences in word-induced startle 

facilitation at a late stage of semantic analysis as a function of worry severity.  

All measures of psychological distress that we examined were positively 

associated with startle modification by words at a lead interval of 240 ms, suggesting a 
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unique relationship between self-awareness of anxiety symptomatology and information 

processing at the threshold for conscious perception of stimuli. Similarly, the measures 

that directly assess components of anxiety (PSWQ-A, STAI-S, STAI-T, and GAD-7) 

were also positively associated with startle modification by words at a lead interval of 

750 ms. Therefore, the degree of startle modification at intermediate and late stages of 

information processing may be viable psychophysiological markers for anxiety severity. 

If this is true, then treatments designed to reduce anxiety and improve well-being may 

also attenuate startle facilitation at lead intervals of 240 and 750 ms.  

Notably, the finding of word-induced startle facilitation in high worriers could not 

be explained by group differences in the reported unpleasantness of the acoustic startle 

stimulus, as all participants judged the startle stimulus to be equally aversive.  

 The failure to find a difference between the low and high worry groups with 

respect to startle blink magnitude on control trials suggests that worry may not affect 

basal activation of the defensive motivational system, an observation consistent with 

findings from both nonclinical (Delgado et al., 2009) and clinical (Ray et al., 2009) 

samples of high worriers. This suggests that differential activation of the defensive 

motivational system as a function of worry severity may be task-dependent and/or 

mediated by allocation of attentional resources, either toward exogenous stimuli (e.g., 

visual words) or toward one’s self (e.g., worrisome thoughts). 

The failure to generalize the results reported by Aitken et al. (1999) in a sample of 

undergraduate students with low and high levels of trait anxiety to those with low and 

high levels of trait worry might have been due, in part, to methodological differences 

between our laboratories with respect to data reduction and processing. Specifically, 
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Aitken et al. filtered the EMG signal using a bandpass of 10-35 Hz, compared to the 

bandpass of 28-500 Hz used in the present study. This dramatic difference in the EMG 

bandpass frequencies may prevent reliable comparisons between our data sets (see van 

Boxtel, Boelhouwer, & Bos 1998). In addition, Aitken et al. presented word stimuli using 

a slide projector and tachistoscope whereas we presented stimuli using a computer 

monitor. Therefore, we had to account for the potentially confounding effect of the 

computer refresh rate (60 Hz) when we programmed our experiment, which meant that 

visual stimuli could only remain on the monitor for a duration that was a multiple of 

16.67 ms. Although we were eventually able to ensure stimulus presentation precision, 

the timing of stimulus presentation was likely more accurate in the studies conducted by 

Aitken and colleagues. On a related note, each word in the Aitken et al. studies was 

presented for 6 s, whereas we limited word presentation to approximately 1 s.
14

 

Therefore, it is difficult to rule out the possibility of spillover effects associated with 

sustained processing of previously presented words in the Aitken et al. studies.  Lastly, 

we used a slightly less intense startle-eliciting stimulus than that used by Aitken et al. 

(100 dB vs. 105 dB), but it is unlikely that this difference can account for the opposite 

patterns of startle modification by neutral and threat words that we observed at lead 

intervals of 60 and 240 ms, which were the only two lead intervals that overlapped 

between our study and that of Aitken et al.  

One limitation of the present study is the low number of men in the chronic high 

worry group. Although worry is more frequently reported in women than in men (Dugas, 

                                                 
14

 This stimulus presentation duration was determined, in part, by methodological considerations for a 

subsequent study in which word-induced startle modification was interleaved with a reaction-time task.  
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Freeston, & Ladoucer, 1997; Meyer et al., 1990), future studies should attempt to 

generalize our finding of word-induced startle facilitation to a sample that has equal 

numbers of men and women high worriers.  Another limitation is our inability to draw 

any conclusions about the causal relationship, if any, between exaggerated startle 

responses during various stages of semantic analysis and the generation/ maintenance of 

worry and/or anxiety. That is, we are unable to determine if the observed facilitation 

following word presentation is a precursor to or a product of high levels of worry.  

Despite these limitations, this study illustrates the utility of startle modification in 

identifying levels of threat processing in chronic high worriers. By examining differences 

in defensive motivational system activation associated with single verbal stimuli as a 

function of worry severity, we have shown that chronic high worriers are more reactive to 

visual words than moderate worriers and low worriers. Therefore, startle facilitation by 

words may be a psychophysiological marker of worry severity. Future studies may 

consider correlating changes in word-induced startle facilitation at distinct stages of 

information processing with therapeutic interventions to reduce worry severity. These 

studies may help clarify the time-course of threat bias as it relates to the generation of 

worry and anxiety.   
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Table 1  

 Assessment of Early Semester Worry Severity  

    Number of Prospective Participants 

 Semester N M SD Low worry High worry 

Spring 2011
a
 266 21.73 7.67 49 46 

Fall 2011
b
 310 22.92 9.00 57 66 

Spring 2012
a,c

 227 20.28 7.78 42 35 

Spring 2013
a,c

 270 20. 99 7.93 0 42 

Note. Students completed the abbreviated version of the Penn State Worry Questionnaire 

(PSWQ-A) at the beginning of the academic semester. Significant differences between 

semesters are indicated by distinct superscript letters (determined using Bonferroni 

corrections for multiple comparisons, p < .0083 to be significant at the .05 alpha level).  
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Table 2 

 

Comparisons of Self-Report Measures of Psychological Distress as a Function of Worry 

Severity 

Measure 

chronic 

low worry 

moderate 

low worry 

moderate 

high worry 

chronic 

high worry F η
2
p 

PSWQ-A 10.33 (0.28)
a
 15.89 (0.68)

b
 24.86 (0.65)

c
 33.96 (0.58)

d
 412.16 .929 

STAI-S 27.58 (0.92)
a
 29.11 (3.02)

a,b
 38.14 (2.02)

b,c
 43.14 (2.09)

c
 16.79 .349 

STAI-T 29.73 (1.18)
a
 31.22 (1.40)

a
 43.96 (1.63)

b
 50.43 (1.65)

c
 42.21 .579 

IUS 42.42 (1.69)
a
 53.44 (3.71)

a,b
 59.58 (3.60)

b
 74.29 (5.29)

c
 18.84 .443 

GAD-7 2.30 (0.31)
a
 5.44 (1.56)

a,b
 7.36 (0.72)

b
 11.89 (0.93)

c
 33.57 .517 

CES-D 7.36 (0.79)
a
 13.89 (3.32)

a,b,c
 13.16 (1.25)

b
 21.29 (2.66)

c
 14.26 .376 

Note. All questionnaires were completed before the startle assessment session. Statistics 

reflect one-way ANOVA (two-tailed), p < .001 in all cases. Mean scores, with standard 

errors in parentheses, are presented in the columns. Within each row, significant 

differences between groups are indicated by distinct superscript letters (determined using 

Bonferroni corrections for multiple comparisons, p < .0083 to be significant at the .05 

alpha level). PSWQ-A = Penn State Worry Questionnaire-Abbreviated; STAI-S = State-

Trait Anxiety Inventory–State Scale; STAI-T = State-Trait Anxiety Inventory–Trait 

Scale; IUS = Intolerance of Uncertainty Scale; GAD-7 = Generalized Anxiety Disorder 

7-Item Questionnaire; CES-D = Center for Epidemiologic Studies–Depression.  
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Table 3 

 

Correlations Between Self-Report Measures and Acoustic Startle Modification by Visual 

Words 

  Lead Interval  

 30 ms 60 ms 240 ms 750 ms 

  Measure Neutral Threat Neutral Threat Neutral Threat Neutral Threat 

  PSWQ-A .209
*
 .268

**
 .304

**
 .327

**
 

 .211
*
 .158 .216

*
 .306

**
 .282

**
 .240

*
 .353

**
 .238

*
 

  STAI-S .210
*
 .289

**
 .207

*
 .296

**
 

 .247
*
 .124 .272

**
 .257

*
 .164 .191

†
 .166 .307

**
 

  STAI-T .284
**

 .310
**

 .261
**

 .313
**

 

 .301
**

 .202
*
 .260

**
 .323

**
 .267

**
 .175

†
 .259

*
 .289

**
 

  IUS .026 .074 .267
*
 .156 

 .003 .009 .022 .141 .256
*
 .213

†
 .131 .149 

  GAD-7 .147 .183
†
 .293

**
 .257

*
 

 .183
†
 .072 .156 .187 .255

*
 .238

*
 .238

*
 .225

*
 

  CES-D -.109 .005 .238
*
 -.048 

 -.133 -.062 .002 .014 .195
†
 .184 -.003 -.083 

Note. Pearson’s r values for the entire sample. Bold numbers denote the strength of the 

relationship between each measure and startle modification by words collapsed across 

word type. PSWQ-A = Penn State Worry Questionnaire-Abbreviated; STAI-S = State-

Trait Anxiety Inventory–State Scale; STAI-T = State-Trait Anxiety Inventory–Trait 

Scale; IUS = Intolerance of Uncertainty Scale; GAD-7 = Generalized Anxiety Disorder 

7-Item Questionnaire; CES-D = Center for Epidemiologic Studies–Depression.  

†
p < .1. 

*
p < .05. 

**
p < .01. 

***
p < .001.   
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Figure 1. Effects of worry severity on modification of acoustic startle response blink 

magnitude by visually presented words at various stages of information processing. 

Words were either neutral (gray bars) or subtle threat-related (red bars). Worry group 

classification was determined based on the stability of self-report worry from recruitment 

to study enrollment: chronic low worry (n = 33), moderate low worry (n = 9), moderate 

high worry (n = 28), and chronic high worry (n = 28). The asterisk above the bars 

indicates significant startle modification (95% CI excluding zero). Overall, words 

produced greater facilitation of blink magnitude in high worriers than in low worriers. 

Panels illustrate word-induced startle modification at very short, short, and long lead 

intervals. A, 30 ms. B, 60 ms. C, 240 ms. D, 750 ms. Bars represent the mean + SE.  
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Figure 2.  Differential patterns of word-induced startle modification as a function of 

worry group classification. A, Original worry group classification, determined by scores 

on the PSWQ-A at the beginning of the academic semester. B, Reclassification of worry 

groups, determined by scores on the PSWQ-A prior to the startle –assessment session.  

Compared with moderate high worriers, chronic high worriers show more startle 

facilitation at later stages of information processing. The asterisk above the bars indicates 

significant startle modification (95% CI excluding zero). Bars represent the mean + SE. 
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Figure 3. Schematic of the possible neural pathways mediating word-induced startle 

facilitation in high worriers. Startle responding is determined by the net effect of at least 

three factors: excitation of the brainstem startle center (nRPC) by sensory input; 

inhibition of the nRPC by the PPTg; and facilitation of the nRPC by the amygdala.  

Presentation of a visual word lead stimulus activates the SC in the midbrain. The SC then 

sends excitatory projections to both the PPTg and the amygdala, which produce opposing 

effects on nRPC. Chronic high worriers may have a lower threshold for threat detection, 

resulting in an initial hyperactivation of the amygdala and its associated efferent 

connections by novel stimuli. In this model, worry strengthens the input from the 

amygdala to the nRPC, increasing the probability of startle facilitation by words at lead 

intervals of 30 and 60 ms. Similarly, these excitatory projections from the amygdala may 

effectively compete with inhibitory projections from the PPTg and mask the ability to 

detect significant startle inhibition at a lead interval of 240 ms. Threat word-induced 

activation of the amygdala may also underlie the failure to observe startle inhibition by 

threat words in moderate low worriers and moderate high worriers. Two exemplar blinks 

from a high worrier are shown, sampled from the same experimental block (left = 

response during a control trial and right = response during a 30-ms neutral word lead 

interval trial). nCN VII = facial motor nucleus; nRPC =  nucleus reticularis pontis 

caudalis; OOM = orbicularis oculi muscle fibers; PPTg = pedunculopontine tegmental 

nucleus; SC = superior colliculus. 
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Abstract 

 

 

Worry is a major cognitive component of anxiety and is thought to underly much of the 

human experience of anxiety. Many anxious people have maladaptive cognitive patterns 

that favor the preferential processing of threat-related information. These so-called threat 

biases may, in turn, trigger worry and propagate feelings of free-floating anxiety. 

Therefore, recent advances in alternative treatments for anxiety disorders have focused on 

the attenuation of threat biases through the use of computerized cognitive bias 

modification (CBM) programs. Although these programs have shown therapeutic 

potential in the treatment of pathological worry and anxiety, the cognitive and 

neurobiological mechanisms by which they alter information processing remain 

unknown. We previously demonstrated the utility of acoustic startle modification by 

visually presented words for quantifying the temporal dynamics of threat bias at various 

stages of information processing as a function of worry severity. Specifically, we 

identified startle facilitation during semantic analysis as a psychophysiological correlate 

of threat bias in chronic high worriers. The present study employed a randomized 

controlled trial to examine the differential effects of an implicit CBM program on verbal 

threat perception. Participants were college students with high levels of self-report worry 

who completed a series of psychophysiological and behavioral assessments of threat bias. 

In general, word-induced startle modification was unaffected by the CBM program. 

However, participants who experienced the active CBM program showed blunted startle 

reactivity compared with those who experienced the sham CBM program. Notably, this 

difference was present prior to group assignment, which suggests that it is likely a 
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sampling error due to chance. In addition, state anxiety consistently increased within each 

session, an observation that may have precluded detection of any anxiolytic effects of the 

CBM program. Taken together, these findings support the stability of word-induced 

startle modification as a psychophysiological correlate of threat bias and suggest that 

caution should be used when subjecting participants who are at risk for anxiety disorders 

to multiple startle assessments within a relatively short period of time.  

 

Keywords: worry, startle modification, threat bias, information processing 
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Introduction 

 

Worry is a verbal-linguistic process that is best-described as a series of poorly 

controlled negative thoughts about future events involving uncertainty (Borkovec, 

Robinson, Pruzinsky, & DePree, 1983). Excessive worry is the primary diagnostic 

criterion for generalized anxiety disorder (GAD), but worry, in general, is considered to 

be a major cognitive component of all forms of anxiety (Mathews, 1990). Anxiety 

disorders are the most common mental illness in the United States, affecting 18–20% of 

American adults each year (Kessler, Chiu, Demler, Merikangas, & Walters, 2005), and 

worry has been credited as the root cause of much of the human experience of anxiety 

(Borkovec, 1985). Specifically, worry may contribute to the generation and maintenance 

of anxiety by facilitating early detection of potential threat and preventing deep, rational 

evaluation of this threat (Borkovec, 1994). Consistent with ironic process theory 

(Wegner, Schneider, Carter, & White, 1987), this latter function of worry may actually 

serve to perpetuate the processing of threat-related information (Lavy & Vandenhout, 

1994), which is the premise of the vigilance-avoidance hypothesis of anxiety (Mogg, 

Mathews, & Weinman, 1987). 

Many people with anxiety disorders have maladaptive cognitive patterns that 

favor the preferential processing of threat-related information. Specifically, it is well-

established that anxious and worried people demonstrate selective attention to threat 

(Krebs, Hirsch, & Mathews, 2010; MacLeod, Mathews, & Tata, 1986; Oathes, 

Squillante, Ray, & Nitschke, 2010), difficulty disengaging from threat (Koster, Crombez, 

Verschuere, & De Houwer, 2004; Verkuil, 2010), and a propensity to negatively interpret 
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ambiguous events (Andrew Mathews, Richards, & Eysenck, 1989).  These so-called 

threat biases have been shown to exist at both preconscious and conscious stages of 

information processing (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van 

IJzendoorn, 2007) and have been causally linked to feelings of anxiety and psychological 

distress (MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002), suggesting that 

reducing threat-related information processing may have therapeutic potential for the 

treatment of pathological anxiety.  

In support of this theory, the past decade has witnessed a surge in the 

development of computerized cognitive-bias modification programs that are designed to 

manipulate information processing under a variety of conditions with the goal of 

improving well-being  (Amir, Beard, Burns, & Bomyea, 2009; Amir, Beard, Taylor, et 

al., 2009; Amir & Taylor, 2012; Bar-Haim, 2010; Bar-Haim, et al., 2007; Hazen, Vasey, 

& Schmidt, 2009; Krebs, et al., 2010; See, MacLeod, & Bridle, 2009). One such program 

is the modified dot-probe discrimination task (PDT; MacLeod et al., 2002). From the 

perspective of the participant, this is a simple response time task in which they view a 

pair of words in the top and bottom half of a computer monitor and are instructed to 

identify a target stimulus (e.g., , ) appearing in the vicinity of one of the words 

following their offset. Word pairs typically consist of one neutral and one threat-related 

word. The threat-related word has an equal probability of appearing in the top or bottom 

half of the computer monitor. Speed and accuracy of target identification is emphasized. 

In the active attention-training condition, however, the targets appear in the vicinity of 

neutral words on 100% of trials. This is considered to be an implicit manipulation of the 

allocation of attentional resources since participants are not informed of the contingency 
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between word valence and target location. Furthermore, these programs are generally 

brief (i.e., 8–20 min) and participants rarely report an awareness of any pattern in the 

stimulus-target presentation when surveyed after the procedure. Following completion of 

the modified PDT, participants often report feeling significantly less anxious and are 

resistant to increases in negative affect associated with exposure to a stressful task (e.g., 

impossible anagrams or an improvised speech), but they do not attribute changes in 

cognition or behavior to their experience with the computerized task. In addition, these 

programs have demonstrated clinical efficacy in the treatment of GAD (Amir, Beard, 

Taylor, et al., 2009) and pathological worry (Hazen et al., 2009).  

How these attention-training programs work to reduce anxiety and improve 

psychosocial function in vulnerable populations, however, remains unknown.  Only a few 

studies have attempted to separately examine the effects of attention-training on early vs. 

late stages of threat information processing in anxious people (MacLeod et al., 2002; 

Eldar & Bar-Haim, 2010). These studies support the modification of late-stage 

information processing by attention-training programs and infer an absence of an effect at 

early stages, based on cortical event related potentials (90–400 ms after stimulus 

presentation) and behavioral responses in a forced-choice reaction time task (500–600 ms 

after stimulus presentation). Neither of these methods, however, permits accurate 

assessment of very early, preconscious information processing. Alternatively, the 

eyeblink component of the acoustic startle reflex provides reliable measurement of 

emotional and attentional influences on information processing at all stages (Anthony & 

Graham, 1985; Vrana, Spence, & Lang, 1988; Lang, Bradley, & Cuthbert, 1990). The 

startle reflex is a brainstem/ midbrain-mediated involuntary response, and by the time 



148 

 

people are consciously aware of the startle-eliciting stimulus, it has already ended and the 

response has occurred.  

The relative ease with which the startle reflex can be elicited and modified has 

made it a valuable tool for understanding the psychophysiology of a number of 

psychiatric disorders. Despite the abundance of studies examining the startle reflex in 

certain forms of anxiety (i.e., specific phobia, post traumatic stress disorder, and social 

anxiety) little is known about startle reactivity in worry or GAD (Vaidyanathan, Patrick, 

& Cuthbert, 2009). Few studies have been published on this topic (Delgado et al., 2009; 

Ray et al., 2009; Larson, Nitschke, & Davidson, 2007), none of which systematically 

assessed startle modification by affective stimuli at various stages of information 

processing. Therefore, the present study was designed to determine the influence of 

attention-training on information processing at very early stages (30-60 ms after stimulus 

presentation), which is faster than previously described accounts of early threat bias 

components.  

Startle modification is a promising methodological approach to assess threat 

biases, since it is a noninvasive measure, does not require self-report or high levels of 

compliance, and allows for the distinction between more-or-less automatic (preconscious) 

vs. strategic (conscious) stages of information processing. A previous study in our 

laboratory (Spence & Blumenthal, in preparation), demonstrated the potential utility of 

startle modification by visually presented words as an objective way of evaluating threat 

biases as a function of worry severity. Specifically, we found that, compared with low 

worriers, chronic high worriers exhibited word-induced startle facilitation at both 

preconscious and conscious stages of information processing, suggesting that visually 
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presented words promote hyperactivation of the defensive motivational system in these 

individuals. Startle facilitation at very early (≤ 60 ms) stages of information processing is 

consistent with the vigilance component of the vigilance-avoidance hypothesis and 

indicates that simple verbal stimuli may automatically activate defensive responding in 

individuals with chronic worry (reflecting preconscious threat biases). In addition, only 

high worriers showed impaired startle inhibition by threat words at moderate stages (≈ 

240 ms) of information processing (when the normal response in healthy people is 

significant response inhibition), which may reflect the initiation of avoidance 

mechanisms as word content begins to gain access to conscious awareness. Lastly, only 

high worriers demonstrated startle facilitation at late stages (750 ms) of information 

processing. These moderate to late stages effects in high worriers suggest either (1) 

sustained vigilance in anticipation of threatening stimuli (due to activation of the 

amygdala input to the brainstem startle center) or (2) activation of avoidance 

mechanisms/ preventing the deep processing of emotionally salient stimuli (at the level of 

the midbrain). Although more research is necessary to better understand the neural 

mechanisms underlying these effects, taken together, the results of this earlier study 

provide a rationale for using startle modification by words to evaluate the temporal 

dynamics of changes in information processing associated with exposure to cognitive 

bias modification programs.  

The long-term goal of this research program is to understand the mechanisms by 

which computerized attention-training programs change cognition in individuals with 

chronic, excessive worry. Once it is known precisely how these programs influence the 

origination, propagation, and expression of threat biases to affect the experience of 
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anxiety and/or worry severity, it may be possible to design therapeutic interventions that 

are tailored to the specific needs of the individual (i.e., “personalized medicine”).  

Specifically, we hope to identify an objective, physiological measure of attention-

training program efficacy, which we believe will be a valuable addition to currently 

available self-report assessments of symptom severity. If startle modification proves to be 

one such measure, it may be possible to utilize it as a diagnostic tool for quantifying 

anxiety/worry severity and predicting treatment outcome following exposure to an 

attention-training program, which could potentially have a large, positive impact on 

clinical practice for anxiety disorders. 

The purpose of the current study was, therefore, to supplement our previous 

investigation of threat biases in worriers by parsing the effects of an implicit cognitive-

bias modification program on the processing of threat-related information at three distinct 

stages: (1) early, (2) moderate, and (3) late. Our central hypothesis was that the anxiety-

reducing effectiveness of attention-training programs will be driven by a greater 

attenuation of threat biases at early and moderate stages than at late stages. This 

hypothesis is based on psychophysiological evidence for increased preconscious 

processing of threat-related words relative to neutral words in individuals with high levels 

of trait anxiety compared to those with low levels of trait anxiety (Aitken, Siddle, & Lipp, 

1999; Waters, Lipp, & Cobham, 2000) and the partial generalization of these findings to 

individuals with high and low levels of chronic worry (Spence & Blumenthal, in 

preparation). 
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Method 

 

Participants 

 Prospective participants were recruited from the pool of Introductory 

Psychology students who completed the abbreviated version of the Penn State Worry 

Questionnaire (PSWQ-A) and the trait scale of the State-Trait Anxiety Inventory (STAI-

T) during Mass Testing, which occurred across multiple days at the beginning of the 

academic semester (see Figure 1for a diagram of participant progression through the 

study). Students with PSWQ-A scores ≥ 30 were considered to be high worriers and 

qualified for the present study. In order to optimize the inclusion of participants with 

chronic, excessive worry (i.e., GAD analogues), we initially recruited only students who 

also had STAI-T scores ≥ 45 (see Spence, Blumenthal, & Brenes, 2012); however, five 

weeks into data collection, we decided to lift this criterion in an effort to recruit more 

participants.  Therefore, approximately 16% of students were invited to participate in a 

study about individual differences in reactions to words. No reference to worry or anxiety 

was made in the invitation for study participation.  

Approximately 71% of prospective participants provided written informed 

consent for participation in the three sessions that constituted the present study and 

completed an investigator-developed Health History Questionnaire (HHQ) that 

determined final study eligibility. Inclusion criteria were normal or corrected-to-normal 

vision and normal hearing. Exclusion criteria were 1) current use of psychostimulants 

and/or sedative-hypnotics; 2) recent alcohol use (within 4 h) or intoxication; 3) current 

use of antidepressants; and 4) current psychotherapy and/or Mindfulness Based Stress 
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Reduction practice. These exclusion criteria were chosen because they would prevent 

reliable elicitation of the acoustic startle reflex (1, 2) and hinder our ability to attribute 

any changes in outcome measures to the intervention (3, 4). Eligible participants also 

completed a HHQ-update form at the beginning of Session 2 and 3 to evaluate changes in 

lifestyle or wellbeing that might warrant subsequent exclusion from the study; however, 

no additional participants were excluded based on this measure. Attrition in the present 

study was modest (15.38%), and, of those who completed all three sessions, 

approximately 27% were excluded from data analysis due to limited startle reactivity or 

experimenter error. Therefore, the final sample consisted of 16 high worriers (12 women 

and 4 men; Mage = 19.32, SD = 1.04; range 18.42–21.83). The majority of participants 

identified themselves as non-Hispanic/Latino (93.8%) and Caucasian (87.5%); the 

remaining participants self-identified as either African American or Asian. One 

participant did not provide information about their ethnicity.   

 

Self-Report Measures of Worry, Anxiety, and Feelings 

Penn State Worry Questionnaire-Abbreviated (PSWQ-A; Crittendon & Hopko, 

2006; Hopko et al., 2003). The PSWQ-A is an 8-item measure of worry severity as a 

function of its excessiveness, uncontrollability, and duration. Example items include 

“Many situations make me worry” and “I know I should not worry about things, but I just 

cannot help it.” General worry tendencies are rated on a 5-point Likert-type scale (1 = 

“not at all typical of me” and 5 = “very typical of me”). Internal consistency of the 

PSWQ-A in the present sample of nonclinical young adults was good (α = .85) and test-
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retest reliability was satisfactory (r = .62, 1.5–9-week period), although lower than that 

previously reported in a larger sample of students (r = .87; Crittendon & Hopko, 2006).  

Speilberger State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, 

Vagg, & Jacobs, 1983). The STAI is a widely used self-report measure of anxiety that 

consists of two separate 20-item scales for the assessment of immediate and general 

anxious feelings (state (STAI-S) and trait (STAI-T) scales, respectively). The current 

experience of anxiety is evaluated using the STAI-S and rated on a 4-point Likert-type 

scale that ranges from “1” (not at all) to “4” (very much so). The frequency of anxious 

symptomatology is determined using the STAI-T and is rated from “1” (almost never) to 

“4” (almost always). Example items include “I feel indecisive” and “I feel nervous and 

restless”, for the STAI-S and STAI-T, respectively. Each item on the STAI is weighted 

so that low scores reflect the absence of anxious feelings whereas high scores indicate the 

presence of anxious feelings. In the present study, internal consistency of the STAI was 

good (α = .86 and α = .87 for the state and trait scales, respectively) and the test-retest 

reliability of the STAI-T was strong (r = .75, from Mass Testing to study enrollment).  

Generalized Anxiety Disorder 7-Item Questionnaire (GAD-7; Spitzer, Kroenke, 

Williams, & Lowe, 2006). The GAD-7 is a brief instrument that measures the severity of 

Generalized Anxiety Disorder symptoms experienced within a two-week period, in 

accordance with the criteria outlined in the Diagnostic and Statistical Manual for Mental 

Disorders, Fourth Edition (American Psychiatric Association, 1994). The extent to which 

people are bothered by a given symptom is rated on a 4-pont Likert-type scale that ranges 

from “0” (not at all) to “3” (nearly every day). Example items include “not being able to 

stop or control worrying” and “trouble relaxing”. Internal consistency of the GAD-7 in 
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the present sample of nonclinical young adults was good (α = .85). If used as an anxiety 

screening tool in clinical assessments, Spitzer et al. (2006) have identified a cut-off score 

of ≥ 10 as suggestive of potential GAD (i.e., moderate to severe anxiety), thereby 

warranting further examination. By applying this standard to the present sample of 

convenience, 68.75% of participants were considered at risk for GAD.   

Affect Grid (Russell, Weiss, & Mendelsohn, 1989). The Affect Grid is a single-

item scale that is used to measure feelings of pleasure and arousal. It consists of a two-

dimensional 9 x 9 matrix; pleasantness is rated on the horizontal dimension, and alertness 

is rated on the vertical dimension by marking the square that best captures the shade and 

intensity of present-moment feelings. This mark is then assigned a value between 1 and 9 

for both pleasure and arousal, with higher scores reflecting greater feelings of 

pleasantness and alertness, respectively. By comparing scores on the Affect Grid with 

those on other mood scales, Russell et al. (1989) have shown that the Affect Grid has 

adequate convergent validity and discriminant validity for the evaluation of pleasure and 

arousal in undergraduate students.  

 

Stimuli 

Visually presented words. All verbal stimulus lists were selected from the 

Affective Norms for English Words (ANEW; Bradley & Lang, 1999). Word pairs were 

matched for mean length and frequency of usage (based on Kucera and Francis, 1967, as 

reported in the ANEW). In addition, effort was made to select words that were 

moderately arousing, based on the normative ratings reported in the ANEW. Stimuli that 
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were used to assess psychophysiological and behavioral correlates of threat bias are listed 

in Tables 1 and 2, respectively.  

 Startle stimuli. Acoustic startle stimuli were 50-ms bursts of 100 dB (A) 

broadband noise with a near instantaneous rise/fall time (< 1 ms), created using Audacity 

software (version 1.2.6; Free Software Foundation). The sound output of the computer 

was amplified using a PreSonus HP4 Amplifier and presented binaurally to participants 

via Sennheiser eH250 headphones. The intensity of startle stimuli was calibrated by 

passing a 5-s long version of the sound file to a sound level meter and earphone coupler 

(Model CA-15 and EC-9A, respectively; Quest Electronics, Oconomowoc, WI).   

 

Stimulus Presentation 

 Presentation of both visual and auditory stimuli was controlled using SuperLab 

stimulus presentation software (version 4.5; Cedrus Corporation, San Pedro, CA). Words 

appeared in lowercase white text (24-point Arial Regular font) on a black background in 

the center of the monitor. The visual angle subtended by a word of average length (e.g., 

victim) at a viewing distance of 40 cm was approximately 3.405º. Although the same set 

of stimuli was used for each startle component and probe discrimination task, the order of 

stimulus presentation varied across the study sessions. As such, separate SuperLab 

programs were created for each startle component and probe discrimination task. For the 

startle components, the startle-eliciting burst of 100 dB broadband noise was converted to 

a WAV file and uploaded as a sound event to a SuperLab program containing a list of 

text events (one for each word). A separate sound event was created for each lead 

interval, and the precision of the stimulus onset asynchrony between presentation of a 
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visual lead stimulus and that of a startle-eliciting stimulus was verified using a 

photoplethysmograph sensor (Trans TP – TSD 200; BIOPAC Systems Inc.) that was 

taped to the center of the computer monitor in the experimenter’s control room; the video 

display of this computer was split so that an identical visual stream was presented on the 

monitor in the participant testing room.  

 

Acoustic Startle Modification Component 

Each startle modification component began with the presentation of six startle 

stimuli (acclimation trials).
 
Then, there were three blocks of 12 trials (eight lead stimulus 

trials and four control trials). On lead stimulus trials, the onset of a neutral or threat word 

preceded the onset of a startle stimulus by a lead interval of 30, 60, 240, or 750 ms. 

Startle control trials consisted of a startle stimulus in the absence of a visual word lead 

stimulus and Word control trials consisted of a word in the absence of a startle stimulus. 

Sessions ended with the presentation of a series of three startle stimuli (recovery trials).
 
 

The average intertrial interval (ITI) was 12.5 s (ITI = 10, 11, 12, 13, 14, 15 s). A total of 

15 neutral and 15 threat words were presented, with each word remaining on the monitor 

for 1 s. Word type was balanced across lead stimulus trials such that each lead interval 

had three neutral and three threat word pairings (see Table 1). The order of word 

presentation was pseudo-random, with the restriction that no word type appeared on more 

than two consecutive trials. Participants underwent seven startle modification 

components over the course of the study, two during Sessions 1 and 3 and three during 

Session 2. Six block orders were created for the startle modification component, such that 

participants experienced the same stimulus presentation order only once (Startle #1 and 
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Startle #4);
1
 however, the lead interval – word pairing was held constant throughout the 

study.  

  

Probe Discrimination Task (PDT) 

  The protocol for the PDT used in the present study was an amalgamation of that 

described in previous reports (MacLeod et al., 2002; Amir et al., 2009; Hazen et al., 

2009; Krebs et al. 2010), in which participants view a pair of words on a computer 

monitor and are instructed to identify a target stimulus appearing in the vicinity of one of 

the words in each pair following word offset. The PDT consisted of 96 trials in which 48 

word pairs were repeated two times (see Table 2). Word pairs were presented in the 

center of a computer monitor. The vertical distance between words was approximately 

3.5 cm (measured from the bottom of the top word to the top of the bottom word). Each 

word pair contained one neutral and one threat-related word. The threat-related word had 

an equal probability of appearing in the top or bottom half of the computer monitor. 

Targets consisted of either a single dot ( ) or two adjacent dots ( ) and appeared with 

equal frequency in the vicinity of neutral and threat words.  

 A schematic of a single trial is illustrated in Figure 2A. Each trial began with the 

presentation of a fixation cross for 500 ms. A pair of words then appeared on the monitor 

for a duration of 750 ms (Krebs et al., 2010).  Immediately after word offset, a target 

stimulus appeared in the vicinity of one of the words. Participants were instructed to 

                                                 
1
 We were interested in the stability of word-induced startle modification over time and wanted to perform 

at least one comparison in which the stimulus presentation order was the same, in an effort to control for 

extraneous variables associated with order effects.  
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identify the target by pressing a corresponding button on a response box (Model: RB-610, 

Cedrus Corporation). Both speed and accuracy of performance were emphasized. 

Following the response, or after 2000 ms if no response was made, there was a 500-ms 

inter-trial interval (ITI) during which no stimuli were presented. Participants completed 

the PDT three times over the course of the study, once per session.  Four stimulus 

presentation orders were created using the 48 word pairs (see Table 2), which were 

categorized as blocks. Within each block, the order of word presentation was randomly 

determined. Participants completed blocks 1 and 2 in PDT #1, blocks 2 and 3 in PDT #2, 

and blocks 3 and 4 in PDT #3 (see Figure 3).   

 

Cognitive Bias Modification (CBM) 

 The CBM intervention had two arms: sham attention-training and active 

attention-training. Both programs were extended versions of the PDT and consisted of 

192 trials. They contained identical stimuli and presentation orders. The only difference 

between the two programs was the contingency (or lack thereof) between the targets and 

verbal stimuli. In the active attention-training program, targets appeared in the vicinity of 

neutral words on 100% of trials, whereas targets appeared in thie vicinity of neutral 

words on 50% of trials in the sham attention-training program (i.e., neutral and threat 

words were probed with equal frequency). A schematic of two consecutive trials in the 

active attention-training program is illustrated in Figure 2B.  Participants completed the 

CBM program during Session 2. The order of block presentation for the CBM was 4, 3, 

2, 1.  
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Procedure 

The present study was conducted in accordance with the Code of Federal 

Regulations established by the Department of Health and Human Services for the 

protection of human subjects (as specified in Title 45, Part 46). All protocols were 

approved by the University’s Institutional Review Board. Students received course credit 

for their participation. 

Participants were tested individually in three sessions within a one-week period 

(see Figure 3): (1) Session 1 (pre-training/ orientation), (2) Session 2 (active or sham 

attention-training), and (3) Session 3 (post-training/ follow-up).  Sessions 1 and 3 lasted 

approximately 1 hr, and Session 2 lasted approximately 1.5 hr. Participants were told that 

the purpose of this study was to learn more about how different people perceive and react 

to word meanings. Specifically, they were told that the goal of the study was to determine 

the effects of certain personality traits and emotional states on information processing and 

to track the stability of these effects over time. In addition, participants were informed 

that they would play a simple computer game in Sessions 1 and 3 and they would be 

randomly assigned to play either the same or a different game in Session 2.   

Study eligibility was assessed at the beginning of each session, after which five 

reusable Ag/AgCl miniature biopotential skin electrodes (E220X-LP, 4 mm contact area; 

In Vivo Metric, Healdsburg, CA), filled with conductive cream (SYNAPSE; Kustomer 

Kinetics, Inc., Arcadia, CA), were placed on participants using E401M adhesive discs (In 

Vivo Metric) to assess psychophysiological responses over the course of each session. 

Specifically, two electrocardiogram (ECG) electrodes were placed in a Lead II 

configuration, one on the upper right arm and the other on the lower left leg, and two 
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electromyography (EMG) electrodes were placed on the upper left portion of the face to 

measure acoustic startle reactivity. Prior to placing the EMG electrodes, the skin under 

the left eye was cleaned with a cotton swab dipped in 70% isopropanol, then two 

electrodes were placed on the skin surface overlaying the orbicularis oculi muscle: one 

electrode was placed directly under the center of the pupil, but beneath the lower eyelid, 

and the second electrode was placed lateral to the first and slightly higher, with a distance 

of approximately 1.5–2 cm between the centers of the electrodes (Blumenthal et al., 

2005). A ground electrode was placed on the left temple. The EMG and ground electrode 

wires were then tucked behind the left ear and plugged into a MEC100 extension cable 

that was connected to a BIOPAC EMG100B bioamplifier and MP150 workstation 

(BIOPAC Systems, Inc., Goleta, CA). The ECG electrode wires were plugged into a 

second MEC100 extension cable that was connected to a BIOPAC ECG100C 

bioamplifier affixed to the MP150 workstation. The MP150 workstation was located in 

an adjacent control room. As such, the extension cables were routed through a small 

opening in the wall between the participant room and the control room. The testing rooms 

had copper mesh built into the walls to decrease extraneous electrical noise (i.e., a Farady 

cage). 

After electrode placement, baseline ECG activity was measured.
2
 This period 

served two additional purposes: (1) to allow participants to acclimate to the testing 

environment, and (2) to allow the skin to absorb the electrolytic cream, thereby 

improving the EMG signal quality. Then, participants completed a series of 

                                                 
2
 ECG data are not reported in the present manuscript. Therefore, no further elaboration of this component 

was deemed necessary.  
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questionnaires to assess current feelings, anxiety, and worry. The Affect Grid always 

preceeded the PSWQ-A and was both the first and last questionnaire completed in this 

series. This was done in order to ensure that the research assistant would not see 

participants’ worry scores when collecting the packet of questionnaires
3
 and to track 

changes in participants’ moods as a function of completing the questionnaires. 

Participants then sat in front of a 19-inch flat panel monitor with an active matrix TFT 

LCD (Dell
™ 

1905FP) and were briefed on the acoustic startle component. Specifically, 

they were informed that they would view a series of single words on the monitor and that 

occasionally they would hear a loud sound through a set of headphones, but they were 

instructed to ignore that sound and to maintain fixation on a central plus sign on the 

monitor. Participants then positioned their chin in a rest (Richmond Products, Inc., 

Albuquerque, NM) that was secured to a table approximately 40 cm from the monitor, 

and headphones were placed over their ears. They then underwent an assessment of 

acoustic startle modification by visually presented words. Throughout data acquisition, 

the research assistant observed participants on a closed circuit video monitor located in 

the control room. After the startle component, a 6-button response box was placed on the 

table in front of participants and they were instructed how to perform the PDT. 

Specifically, they were told to use two hands to complete the task, pressing the button on 

the far left or far right to identify the target as one dot or two dots. Button location was 

counterbalanced across participants. Prior to beginning the PDT, participants completed 

eight practice trials and confirmed that they understood the task. Participants wore 

                                                 
3
 We wanted to reduce the probability of experimenter bias associated with knowledge of participants’ 

worry severity.  
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headphones during the PDT; however, they were informed that they would not hear any 

sounds during this portion of the study. After the PDT, the response box was removed 

from the table, and participants underwent another startle assessment before completing 

two questionnaires to evaluate their current feelings and level of anxiety. Finally, 

electrodes were removed, and participants scheduled times to complete Sessions 2 and 3.  

Session 2 was similar to Session 1 except that participants were randomly 

assigned to either the sham or active CBM group. Following the CBM program, 

participants completed the PSWQ-A to examine any immediate effects of attention 

training on perceived worry severity. They then underwent two more startle assessments, 

which were separated by a PDT. After electrode removal, participants were asked about 

their experience with the computer games. Only one participant in the active CBM group 

noticed the contingency between word content and target location, commenting that the 

dots seemed to appear more frequently in the location of the less negative word. The 

majority of participants stated that they were so focused on completing the task that they 

neglected to read the words on the monitor, claiming that they found it easier to focus on 

the space between the words.  

Session 3 was identical to Session 1. Prior to the final dismissal, participants were 

provided with educational brochures on anxiety and depression (HELP ON THE WAY: 

Anxiety; Title No. 367 and HELP ON THE WAY: Depression; Title No. H232; from 

ETR Associates, Scotts Valley, CA) in order to reduce the probability of negative 

psychological consequences associated with repeated exposure to questionnaries about 
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anxiety. Although all participants were free to abstain from completing the 

questionnaires, none of them did so.
4
  

 

Startle Data Reduction and Processing 

 Startle responses. Surface EMG data were collected from recording electrodes 

placed over the orbicularis oculi muscle. These signals were first amplified (5000 gain) 

and filtered (low pass filter = 500 Hz and high pass filter = 1 Hz) by the EMG 100B 

bioamplifier before being sent to a computer running AcqKnowledge
® 

software (version 

4; BIOPAC Systems Inc.) for digitization at a sampling rate of 1000 Hz. Digital bandpass 

filtering was then applied (28-500 Hz) and signals were rectified and smoothed using a 5-

sample boxcar filter. These transformed EMG data were used to quantify the acoustic 

startle response offline with a customized computer program (Clip
©
; Kinzig, Shulz, 

Curio, & Schächinger, 2008).  

Detection of the startle response and subsequent scoring of its parameters (e.g., 

probability of occurence, onset latency, and peak amplitude) was semi-automated. For 

each trial containing a startle stimulus, the computer program scanned a 500 ms search 

window, beginning 200 ms before the onset of the stimulus, and applied a preset 

algorithm to identify perturbations in the EMG waveform that signficantly differed from 

baseline activity (defined as the 50-ms period preceeding stimulus onset). The automated 

time window for the detection of possible startle responses was 0-200 ms after the onset 

                                                 
4
 Two participants missed a questionnaire in Session 3 (one STAI-S and one STAI-T), but they each 

completed all other questionnaires. Therefore, the failure to complete these two questionnaires was likely 

accidental.   
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of startle stimulus. Following the initial computer-determined response quantification, we 

inspected each trial
 
and decided whether or not to accept or modify the program selection. 

The time windows that we used to identify the startle response onset and peak latencies 

were 21–120 ms and 21–150 ms after the onset of the startle stimulus, respectively (Berg 

& Balaban, 1999; Blumenthal, et al., 2005).  

 In the present study, we focused on the magnitude of the acoustic startle 

response because it is the most robust measure of startle reactivity and is easier to 

objectively quantify than response onset latency. Startle response magnitude is a derived 

variable, determined by averaging the amplitudes of startle responses on trials with and 

without (zero magnitude) quantifiable blinks for a given condition and is expressed as 

microvolts • seconds (μV •  s).  

 Startle modification. Startle modification within each word type (neutral, threat) 

X lead interval (30, 60, 240, 750 ms) condition was calculated within-participant as the 

percent change in startle response magnitude on trials with a lead stimulus relative to 

control trials with only a startle stimulus: [{(mean startle response magnitude)  lead stimulus 

condition - (mean startle response magnitude)control condition} / (mean startle response 

magnitude)control condition] * 100. For each lead stimulus condition, significant startle 

modification was present if the 95% confidence interval (CI) around the mean did not 

include zero. Positive values reflect startle response facilitation and negative values 

reflect startle response inhibition.   
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PDT and CBM Data Processing 

Only trials in which the target was correctly identified were included in the 

analysis of response latency. For each trial, button response latencies shorter than 200 ms 

and longer than 2,000 ms were considered invalid (Krebs et al., 2010; MacLeod et al., 

2002). Separate median response latencies were then computed for trials in which the 

target appeared in the vicinity of neutral or threat words (hereafter defined as neutral 

trials and threat trials, respectively) and averaged across the following conditions: word 

location (top vs. bottom half of monitor) and target identity (  vs. ). Mean accuracy 

was calculated as the percentage of correct responses for neutral and threat trials and 

averaged across conditions.  

 

Statistical Analyses  

 All data were analyzed using IBM SPSS Statistics version 19. Descriptive 

statistics were used to evaluate the demographic characteristics of the sample, as a 

function of CBM group assignment; variations in the distributions between groups were 

explored using Pearson’s chi-square tests (χ
2
p). Pearson’s product-moment correlations 

(r) were used to compute test-retest reliability estimates for multiple administrations of 

self-report measures, where appropriate, and to examine the strength of relationships 

between questionnaries  and the primary outcome measures (i.e., word-induced startle 

modification at various stages of information processing and PDT/CBM performance).  

For repeated measures tests involving more than two levels, statistical 

significance was determined based on Greenhouse-Geisser epsilon (ε) corrected degrees 

of freedom, although uncorrected degrees of freedom are reported. Effect sizes for all 
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analyses of variance (ANOVA) are represented as partial eta squared (η
2
p). For tests 

involving multiple pairwise comparisons, a Bonferroni correction was applied. All 

analyses consisted of two-tailed tests, and statistical significance was determined using an 

alpha level of .05. 

 

Results 

 

CBM Group Assignment 

 Of the 16 high worriers who contributed viable data to the present study, six 

completed the sham attention-training program and ten completed the active attention-

training program during Session 2. The number of men and women in each group was as 

follows: Sham CBM (n = 1 man, n = 5 women), Active CBM (n = 3 men, n = 7 women). 

There were more women than men in each group and no difference in the gender 

distribution between groups, χ
2

p (1) = .36, p > .5. Similarly, there were no differences in 

the distributions of ethnicity, race, or level of education between groups. The mean age 

(with standard deviation in parenthesis) of the sham and active attention-training group 

was 19.78 (1.20) and 19.03 (.87), respectively, t(14) = 1.452, p > .15. 

 

Self-Report Measures of Worry, Anxiety, and Feelings 

 For all questionnaires, a series of two-way, mixed-design ANOVA were 

performed with attention-training (CBM) program as the between-group factor and time 

as the within-group factor (see Figure 4). In short, there were no significant interactions 
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between CBM program and time, suggesting that the attention-training intervention failed 

to affect conscious perception of worry and anxiety.  

Worry severity. Participants completed the PSWQ-A five times over the course of 

the semester: once during Mass Testing and four times within the one-week period that 

comprised the present study. There was a main effect of time, F(4, 56) = 12.57, p < 

.0005, η
2
p = .473, due to a significant reduction in worry severity from Mass-Testing to 

study enrollment, MD = -4.12, p = .016 (follow-up pairwise comparison; see Figure 4A). 

Although worry severity was stable across the three study sessions, participants who 

experienced the active CBM program had higher mean PSWQ-A scores than those who 

experienced the sham CBM program. Means (with standard errors in parenthesis) for the 

active and sham CBM groups were 31.95 (1.65) and 29.33 (2.13), respectively.   

Trait anxiety. Participants completed the STAI-T three times over the course of 

the semester: once during Mass Testing and twice during the present study. Unlike worry 

severity, levels of trait anxiety remained constant from Mass Testing to study enrollment 

(see Figure 4B). This is consistent with our previous findings (Spence et al., 2012).  Also, 

contrary to the pattern observed with respect to PSWQ-A scores, participants who 

experienced the active CBM program had lower mean STAI-T scores than those who 

experienced the sham CBM program. Means (with standard errors in parenthesis) for the 

active and sham CBM groups were 46.52 (2.83) and 51.92 (3.75), respectively.   

 State anxiety. Participants completed the STAI-S six times over the course of the 

present study: at the beginning and end of each session. There was a main effect of time, 

F(5, 65) = 3.13, p < .05, η
2
p = .194, due to a consistent increase in state anxiety within 

sessions that was followed by a return to baseline at the start of the subsequent session 
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(see Figure 4C). Identical patterns of anxiogenesis were observed between the sham and 

active CBM groups, despite the fact that participants who experienced the active CBM 

program had lower mean levels of state anxiety than did those who experienced the sham 

CBM program.  Means (with standard errors in parenthesis) for the active and sham 

CBM groups were 42.24 (2.13) and 44.39 (2.61), respectively.   

 Symptoms of generalized anxiety disorder. Participants completed the GAD-7 

twice over the course of the present study: at the beginning of both the first and third 

session. There was a marginal effect of CBM group assignment, F(1,14) = 3.17, p = .097, 

η
2
p = .184, such that participants who experienced the active attention-training program 

reported being less bothered by GAD-like symptoms than those who experienced the 

sham attention-training program  (see Figure 4D). In addition, although there was no 

interaction between CBM group and time, mean GAD-7 scores were lower in Session 3 

than they were in Session 1 for the active CBM group, whereas the opposite pattern was 

observed for the sham CBM group.  

 Current feelings. Participants completed the Affect Grid ten times over the 

course of the present study: three times during both the first and third session and four 

times during the second session. There was a main effect of time on pleasant feelings, 

F(9, 126) = 3.95, p < .0005, η
2
p = .220, driven by a general decline in mood within 

sessions that was followed by a rebound to more neutral feelings at the beginning of the 

subsequent session (see Figure 4E). By contrast, there were no changes in excited 

feelings over time (see Figure 4F). Rather, participants in both the active and sham CBM 

groups consistently reported moderately calm to neutral feelings with respect to arousal.  
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Word-Induced Startle Modification 

The impact of visually presented words on startle reactivity at various stages of 

information processing was first evaluated using a 2 (group: sham CBM, active CBM) X 

7 (startle component) X 4 (lead interval (ms): 30, 60, 240, 750) X 2 (word type: neutral, 

threat) mixed-design ANOVA, with repeated measures on the last three factors. 

Consistent with our previous findings (Spence & Blumenthal, in preparation), there was 

a main effect of lead interval on startle modification, F (3, 42) = 14.33, p < .0005, η
2
p
 
= 

.506, ε = .718, such that blink magnitude was facilitated by words presented at lead 

intervals of 30 and 60 ms and inhibited by words presented at a lead interval of 240 ms 

(see Figure 5A).  No other significant effects or interactions were observed.  

Although there was no significant interaction between lead interval and word 

type, F(3, 42) = 2.15, p = .13, η
2
p = .133, ε = .776, we had a priori reasons to justify 

further evaluation of startle modification at each lead interval as a function of word type. 

Specifically, we expected high worriers to show blunted startle inhibition by threat words 

at a lead interval of 240 ms (Spence & Blumenthal, in preparation).  Examination of the 

estimated marginal means for the lead interval by word type interaction revealed that this 

finding was replicated in the present study (see Figure 5B).  

 

Startle Reactivity 

Changes in blink magnitude over the course of the present study were examined 

using a 2 (group: sham CBM, active CBM) X 7 (startle component) X 3 (time: 

acclimation trials, control trials, recovery trials) mixed-design ANOVA, with repeated 

measures on the last two factors. As expected, there was a main effect of time on startle 
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reactivity, F(2, 28) = 30.24, p < .0005, η
2
p
 
= .684, ε = .734, due to a reduction in blink 

magnitude within each startle component (i.e., habituation of the acoustic startle 

response). Mean blink magnitude (with standard errors in parenthesis) for the 

acclimation, control, and recovery trials was 4.23 (.70), 2.45 (.49), and 1.93 (.36) μV • s, 

respectively. In addition, there was a significant interaction between startle component 

and time, F(12, 168) = 3.98, p < .01, η
2
p = .221, ε = .347, due to differential effects of 

short- and long-term habituation over the course of the study. Although there was 

recovery from short-term habituation between sessions, as demonstrated by larger blinks 

in the first startle component than in subsequent startle components within each of the 

three sessions, less recovery from habituation was observed between Sessions 2 and 3, 

compared with Sessions 1 and 2. However, underlying all of these changes in startle 

reactivity was a main effect of group, F(1, 14) = 5.12, p < .05, η
2
p = .268. Specifically, 

participants in the active CBM group had smaller blinks than those in the sham CBM 

group. Mean blink magnitude (with standard errors in parenthesis) for the active and 

sham CBM groups was 1.73 (.62) and 4.01 (.80) μV • s, respectively. Because startle 

modification reflects the percent change in blink magnitude on lead stimulus trials 

relative to control trials (i.e., acclimation and recovery trials are excluded from this 

analysis), we performed a follow-up 2 (group: sham CBM, active CBM) X 7 (startle 

component) mixed-design ANOVA, with repeated measures on the last factor, for only 

control trials. The main effect of group was preserved, F(1, 14) = 4.68, p < .05, η
2
p
 
= .251 

(see Figure 6A). Mean blink magnitude on control trials (with standard errors in 

parenthesis) for the active and sham CBM groups was 1.39 (.60) and 3.51 (.78) μV • s, 

respectively. 
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This difference in control startle reactivity between groups prompted us to re-

examine the omnibus ANOVA as a function of raw blink magnitude instead of startle 

modification.
5
 There was a marginal effect of CBM group, F(1, 14) = 4.432, p = .054, η

2
p 

= .240, such that participants who experienced the active attention-training program were 

less reactive to startle-stimuli in the presence of words than those who experienced the 

sham attention-training program (see Figure 6B). Notably, this difference in startle 

reactivity was present before the random assignment of participants to CBM groups, 

which occurred in Session 2. Once again, startle reactivity was generally unaffected by 

word content.   

 

PDT Performance 

 Response time. The PDT was used to quantify the behavioral correlates of threat 

bias, defined as shorter probe discrimination latencies for threat trials than for neutral 

trials. Changes in threat bias over the course of the study were examined using a 2 

(group: sham CBM, active CBM) X 3 (session: Day 1, Day 2, Day 3) X 2 (word type: 

neutral, threat) mixed-design ANOVA, with repeated measures on the last two factors. 

Only a marginally significant three-way interaction between group, session, and word 

type was observed, F(2, 28) = 2.764, p = .080, η
2
p = .165, ε = .949, driven largely by PDT 

performance on Day 2 of the study (see Figure 7A). The active and sham CBM groups 

had distinct patterns of responding on Days 1 and 3 of the study. Specifically, the sham 

                                                 
5
 There was still a main effect of lead interval, F (3, 42) = 8.32, p < .0005, η

2
p
 
= .373, ε = .754, that was 

driven by significantly smaller blinks in the 240 ms lead-stimulus condition than in the 30 and 60 ms lead-

stimulus conditions. In addition, there was a main effect of block, F (6, 84) = 41.84, p < .0005, η
2

p
 
= .468, ε 

= .316, due to long-term habituation of startle reactivity over the course of the study.  
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CBM group demonstrated a slight threat bias, whereas the active CBM group 

demonstrated a slight threat avoidance. However, on Day 2 of the study, the sham CBM 

group had slightly faster response times for neutral trials than for threat trials, but the 

active CBM group had similar response times for both neutral and threat trials.  

Accuracy. Responses were considered inaccurate if they were incorrect, faster 

than 200 ms, or slower than 2000 ms. In general, accuracy on the PDT was high (> 96%) 

and stable across days (see Figure 7B).  

 

CBM Performance 

 An independent samples t-test was performed to compare response time and 

accuracy for neutral trials as a function of CBM group assignment. Consistent with the 

implicit attention-training literature, the active CBM group had slightly faster probe 

discrimination latencies (MD = -12.02 ms) than the sham CBM group, but this difference 

was not significant (see Figure 8A). Similarly, task accuracy did not differ between 

groups (see Figure 8B).  

Because the active attention-training program did not contain any threat trials 

(i.e., targets always appeared in the vicinity of neutral words), threat bias during this 

portion of the study was examined only for participants who completed the sham 

attention-training program, using paired t-tests to compare performance on threat vs. 

neutral trials. There was a significant speeding of response time on threat trials, 

t(5)=2.84, p < .05.  (see Figure 8C). Response accuracy, however, was similar for both 

neutral and threat trials (see Figure 8D).  
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 Finally, the relationship between self-report measures (worry, state anxiety, and 

feelings of pleasantness and excitement) on Day 2 of the study and performance on 

neutral trials in the CBM program was examined using a series of Pearson product-

moment correlations. Worry severity was associated with response accuracy, as 

demonstrated by significant negative relationships between accuracy and scores on the 

PSWQ-A completed both before and after the intervention: r(14) = -6.13, p <.05 (see 

Figure 8E) and r(14) = -5.93, p <.05  (see Figure 8F), respectively. In addition, post-

training arousal was negatively associated with accuracy on the CBM program, r(14) = -

.58, p <.05.  

 

Discussion 

 

Previously, we identified word-induced startle facilitation as a potential 

psychophysiological correlate of threat bias in chronic high worriers (Spence & 

Blumenthal, in preparation). The purpose of the present study was to track changes in 

threat bias following experience with a CBM program designed to reduce the impact of 

verbal threat perception. We examined the stability of word-induced startle facilitation at 

distinct stages of information processing. In general, the results of the present study 

replicated our previous findings of word-induced startle facilitation in high worriers. 

High worriers demonstrated facilitation of startle blink magnitude by both neutral and 

threat words presented at lead intervals of 30 and 60 ms. In addition, they showed 

impaired inhibition of startle blink magnitude by only threat words presented at a lead 

interval of 240 ms. This lead interval is of particular theoretical interest because it has 
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been associated with the threshold of conscious semantic analysis. Although high 

worriers exhibited a trend for facilitation of startle blink magnitude by words presented at 

a lead interval of 750 ms, this effect was not significant. This pattern of startle facilitation 

by words was found to be highly stable over the course of the present study, as there was 

no effect of the CBM program on startle modification at any lead interval that we 

evaluated. However, we found a pre-existing main effect of CBM group assignment on 

general startle reactivity. Despite the fact that participants were randomly assigned to 

either the active or sham CBM group, and group assignment occurred at the beginning of 

Session 2, the active CBM group had consistently smaller blinks than the sham CBM 

group, and this difference in startle reactivity was evident in the first startle component. 

Nevertheless, visually presented words produced similar degrees of startle facilitation in 

both the active and sham CBM groups, again emphasizing the stability of this 

psychophysiological measure over time.  

Overall, we failed to find much evidence of behavioral threat bias, as 

demonstrated by faster response times in the PDT for threat trials than for neutral trials. 

Only participants in the sham CBM group showed some semblance of behavioral threat 

bias, and this effect was temporarily reversed following experience with the sham 

attention-training program. These effects are difficult to interpret, although they do add 

support to the claim that fundamental differences between the active and sham CBM 

groups may limit our ability to draw any meaningful conclusions about the effectiveness 

of implicit attention-training on the temporal dynamics of information processing. 

Although we did not find any significant differences between groups with respect to self-

report measures of anxiety and worry, there was some evidence of a dissociation between 
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worry and anxiety between groups that may warrant further investigation. Specifically, 

the sham CBM group consistently reported higher levels of anxiety and lower levels of 

worry than the active CBM group. Thus, self-report anxiety and general startle reactivity 

may be better predictors of threat bias, as assessed with the PDT, than either worry or 

startle modification by words. 

 Despite the fact that the goal of the present study was to examine the anxiety-

reducing effects of an attention-training program designed to reduce the impact of verbal 

threat in high worriers, we failed to observe any signs of anxiolysis in participants with 

respect to self-report, behavioral, and psychophysiological measures. Rather, the study 

appeared to have been anxiogenic, as demonstrated by a consistent increase in state 

anxiety across participants within each session. Although we did not directly assess 

participants’ perception of the startle-eliciting stimulus, it is possible that repeated 

exposure to startle stimuli within a relatively short period of time may have been stressful 

for participants, who were already worried and anxious. In support of this hypothesis, 

acoustic startle paradigms have been shown to increase cortisol release in non-human 

primates (Parker et al., 2011). In the present study, participants were exposed to 78 startle 

stimuli in Sessions 1 and 3 and 117 startle stimuli in Session 2. Therefore, perhaps any 

anxiogenic effects of the startle paradigm may be attenuated by reducing the number of 

startle stimuli per session or increasing the average ITI between startle stimuli.  

 Another limitation of the present study is the small sample size of each group: n 

= 6, sham CBM and n = 10 active CBM. Other attention-training studies have been 

published with comparable sample sizes (n = 12 per group, Hazen et al., 2009, and n = 14 

and n = 15 for the active and sham CBM groups, respectively, Amir, Beard, Taylor, et 
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al., 2009). However, the low number of participants in the sham CBM group in the 

present study may preclude reliable interpretation of the effectiveness of the attention-

training program on measures of threat bias. This is particularly problematic given that 

the sham CBM group showed more psychophysiological and behavioral correlates of 

threat bias than the active CBM group, and these differences were present prior to group 

assignment. Taken together, these findings suggest that participants who received the 

sham attention-training intervention would have been better candidates for the active 

attention-training intervention than those who actually received it.  

 The attention-training program in the present study consisted of only 192 trials. 

Although this number of trials has been used before (See et al., 2009), other CBM studies 

have used more training trials: 240 and 576 (Amir, Beard, Burns, et al., 2009; Krebs et 

al., 2010, respectively). Therefore, it is possible that more training trials would have 

increased the likelihood of detecting an effect of the intervention on psychophysiological 

measures of threat bias. In addition, the present study employed only one attention-

training session, whereas other CBM studies have used multiple attention-training 

sessions over the course of multiple weeks (Amir et al., 2009; See et al., 2009). Although 

we would have liked to conduct multiple training sessions, we were limited by time and 

resources, and, thus, unable to do so. Nevertheless, it is possible that any effects of CBM 

on word-induced startle modification may be slow to emerge, requiring multiple training 

sessions in order to produce any quantifiable change. The present study was, however, a 

feasibility study and was designed to examine the differential effects of experience with 

an attention-training program on threat bias at distinct stages of information processing. 

We chose to measure startle reactivity before and after the attention-training program 
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because we determined that this would allow for the most basic evaluation of changes in 

word-induced startle modification associated with exposure to the training-program. 

However, it is possible that had we measured startle reactivity during attention-training, 

we would have obtained a different outcome. Therefore, future investigators may 

consider integrating a startle paradigm with a modified PDT to explore the interaction, if 

any, between behavioral and psychophysiological measures of threat bias.  

Although word-induced startle modification may be a novel psychophysiological 

marker of worry severity and threat bias, it was not affected by the simple CBM program 

used in the present study. One interpretation of this finding is that startle modification by 

words is resistant to change and may be more of a trait measure. If this is true, then startle 

modification may not be a suitable method for evaluating the efficacy of anxiety-reducing 

treatment strategies. Participants in the active CBM group failed to demonstrate the 

expected speeding of response time on neutral trails during the training program, nor did 

they show a reduction in worry severity after completing it. Therefore, it is possible that 

the CBM program used in the present study was simple ineffective. That is to say, it may 

not have trained attention away from threat-related stimuli after all. If this is true, then 

perhaps a more effective CBM program would have yielded differential results with 

respect to word-induced startle modification.  

 In addition to the limitations of the CBM program described above, there are two 

reasons why the CBM program may have failed to work: (1) insufficient discrepancy 

between the properties of neutral and threat words and (2) lack of participant interest in 

the task (see following paragraph). Despite the differences in the normative ratings of the 

neutral and threat words used in the present study, we have previously found evidence to 
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suggest that high worriers may be more reactive to verbal stimuli, regardless of word 

content, at least at early stages of information processing. Therefore, it is possible that 

high worriers in the present study perceived the neutral words as more threatening than 

would an average non-worrier. Alternatively, our decision to use threat words that were 

moderately arousing (i.e., subtle) may have made it more difficult to detect behavioral 

measures of threat bias.  

The majority of participants expressed frustration associated with the present 

study design; they found it to be repetitive and boring. During the manipulation check at 

the end of Session 2, many participants stated that they had not been reading the words in 

the PDT.
6
 Rather, almost all of them explained that they had developed a strategy for 

improving their task performance: by focusing their attention on the space between the 

words, they found that they were better-able to identify the target stimuli. At the end of 

the study, participants reported feeling relieved. Only one person expressed interest in 

learning more about the study purposes: an English major who was excited to participate 

in a study about “Individual Differences in Reactions to Words”. Although participants 

were provided with educational brochures on anxiety and depression at the end of the 

study, they were never informed of their worry status or told that the so-called 

experimental computer game may actually help them feel less anxious. Therefore, had the 

study been framed in such a way that participants could expect some personal benefit 

                                                 
6
 At the time, this was not considered a major setback because we were interested in preconscious threat 

biases, and we hypothesized that the CBM program would exert its effectiveness by implicit attentional 

manipulation.  
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associated with engagement in the PDT and CBM programs, perhaps the CBM program 

would have been more successful.  

 In conclusion, the present study failed to elucidate the cognitive and 

neurobiological mechanisms underlying the effectiveness of computerized attention-

training programs. Although affective startle modification may be a useful tool for 

examining differences in information processing at distinct stages of cognitive 

involvement as a function of worry severity, it may be too complex a measure to be 

effectively combined with an anxiety-reducing treatment strategy.  
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Table 1 

 

Visual Stimuli for Word-Induced Startle Modification  

Lead Interval (ms) Neutral  Threat  

30 table  alone  

30 context  traitor  

30 tool  hate  

60 clock  crash  

60 butter  victim  

60 elbow  poison  

240 poster  betray  

240 ship  pain  

240 teacher  failure  

750 stove  cruel  

750 highway  mistake  

750 prairie  quarrel  

word (control)  seat  sick  

word (control) barrel  stupid  

word (control) column  danger  

Note. Words were presented individually during the startle components.  Mean values 

(with standard deviations in parenthesis) for neutral words were as follows: Mlength = 5.67 

(1.11), Mvalence = 5.31 (.29), Marousal = 3.86 (.63), Mfrequency = 45.93 (49.63). Mean values 

(with standard deviations in parenthesis) for threat words were as follows: Mlength = 5.67 

(1.11), Mvalence = 2.24 (.40), Marousal = 5.92 (.97), Mfrequency = 46.07 (49.81).  
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Table 2 

 

Stimuli for Probe Discrimination Task and Cognitive Bias Modification Program 

 hat — sin  butter — victim  

 key — gun  limber — deceit  

 lawn — burn  locker — menace  

 foam — hurt  circle — broken  

 farm — fear  kettle — toxic  

 cord — rude  barrel — stupid  

 bake — tomb  fabric — misery  

 ship — pain  poster — betray  

 tool — hate  context — traitor  

 seat — sick  whistle — torture  

 lamp — ugly  cabinet — suicide  

 bench — waste  passage — tragedy  

 clock — crash  curious — destroy  

 salad — grief  prairie — quarrel  

 jelly — stink  highway — mistake  

 spray — tumor  privacy — neglect  

 table — alone  lantern — fearful  

 tower — upset  corridor — defeated  

 ankle — thief  kerchief — intruder  

 poetry — crisis  activate — disloyal  

 modest — guilty  elevator — dreadful  

 elbow — poison  material — pressure  

 museum  — damage  umbrella — inferior  

 statue — horror  window — stress  

Note. The threat word is the second member of each pair. Within each column, word 

pairs are listed in order of increasing length. Four blocks of stimuli were created using 

these 48 word pairs. Within each block, the order of word presentation was randomly 

determined. Mean values (with standard deviations in parenthesis) for neutral words were 

as follows: Mlength = 5.77 (1.40), Mvalence = 5.44 (.34), Marousal = 3.98 (.59), Mfrequency = 

35.27 (43.53). Mean values (with standard deviations in parenthesis) for threat words 

were as follows: Mlength = 5.77 (1.40), Mvalence = 2.43 (.49), Marousal = 5.87 (.89), Mfrequency 

= 35.71 (44.69).  
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Figure 1. Participant flow chart illustrating the progression of high worriers through the 

three sessions that comprised the present study. Session 1 and Session 2 occurred 

approximately 48 hr apart and Session 3 occurred 24–48 hr later.  
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Figure 2. Schematic of the computerized probe-discrimination task. Participants were 

instructed to press a designated button on a response box corresponding to the identity of 

the target stimulus (• or ••) as soon as they detect it on the monitor. Example of a single 

trial in the modified probe discrimination task (A) that was used to determine the 

behavioral component of threat bias. Example of two consecutive trials in the active 

attention-training program (B) in which the targets only appeared in the vicinity of 

neutral words, thereby implicitly directing attention away from threat-related stimuli.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



190 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Procedure flow chart broken down by study session. The purpose of Session 1 

(pre-training) was to screen for study eligibility and to obtain baseline measures of 

psychological distress, as well as psychophysiological and behavioral measures of threat-

bias. Participants completed either an active or sham attention-training intervention in 

Session 2 (Training). After the intervention, psychological distress and threat-bias were 

measured to assess immediate and short-delayed anxiolytic effects of the intervention. 

Session 3 (post-training) served as a follow-up assessment, in which the long-delayed 

anxiolytic effects of the intervention were explored. The duration of the following 

components was controlled: Baseline HRV (6 min), Startle (10 min), PDT (6 min), CBM 

(12 min). HHQ = Health History Questionnaire; HRV = heart rate variability; PSWQ-A = 

Penn State Worry Questionnaire-Abbreviated; STAI-S = State-Trait Anxiety Inventory-

State Scale; STAI-T = State-Trait Anxiety Inventory-Trait Scale; GAD-7 = Generalized 

Anxiety Disorder 7-Item Questionnaire; PDT = Probe Discrimination Task; CBM = 

Cognitive Bias Modification. 
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Figure 4. Changes in psychological distress and mood over time. Participants completed 

multiple questionnaires to assess fluctuations in worry (A), trait anxiety (B), state anxiety 

(C), generalized anxiety disorder symptomatology (D), and feelings of pleasantness and 

excitement (E and F, respectively) before and after exposure to a brief, computerized 

cognitive bias modification (CBM) program, which was administered during Session 2 of 

the study design. Data represent mean + or - SE following a series of mixed-design 

ANOVA, with CBM group assignment as the between-group factor and time as the 

within-group factor.  
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Figure 5. Modification of acoustic startle response blink magnitude by visually presented 

words. The asterisk above the bar indicates significant startle modification (95% CI 

excluding zero). Data represent mean + SE following an omnibus ANOVA. Main effect 

of lead interval (A). No significant lead interval by word type interaction (B).  
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Figure 6. Changes in startle response magnitude over the course of the study as a 

function of cognitive bias modification group assignment. Data represent mean + SE 

following an omnibus ANOVA. Blink magnitude on control trials (A). Blink magnitude 

on lead-stimulus trials (B).  
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Figure 7. Performance on the probe discrimination task (PDT) over the course of the 

study as a function of cognitive bias modification (CBM) group assignment and word 

type. Gray and red bars indicate performance on trials in which the neutral and threat 

word locations were probed, respectively. The CBM was administered before the PDT on 

Day 2 of the study. Data represent median + SE response time (A) and mean + SE 

accuracy (B).  
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Figure 8. Performance on the cognitive bias modification (CBM) program. Response 

time (A) and accuracy (B) on neutral trials as a function of CBM group assignment. 

Assessment of threat bias in the sham CBM group, quantified by differences in response 

time (C) and accuracy (D) between trials in which neutral vs threat words were probed. 

Relationship between Day 2 worry severity, assessed at the beginning of the session (E) 

and after the CBM (F), and task accuracy. PSWQ-A = Penn State Worry Questionnaire-

Abbreviated. Data represent median + SE response time and mean + SE accuracy.  
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CHAPTER V 

 

General Discussion 

 

 The main finding of the present body of work is that it is difficult to empirically 

evaluate chronic worry in college students. Self-report assessment of worry severity with 

the abbreviated Penn State Worry Questionnaire (PSWQ-A) was an insufficient method 

of recruiting people with excessive worry levels (see Chapter II). Only when the PSWQ-

A was delivered in combination with a well-established measure of trait anxiety (the 

State-Trait Anxiety Inventory; Trait Scale) were we able to recruit high worriers who met 

the criteria for inclusion in the present series of studies (see Chapters III and IV). 

Therefore, the PSWQ-A appears to be differentially sensitive to factors other than trait 

worry in some young adults. This finding was unanticipated and proved to be a major 

limitation for the present dissertation project, due to the fact that more than half of our 

original sample of high worriers was later reclassified as moderate high worriers (i.e., 

unstable high worriers). Once we discovered that high trait anxiety predicted stability of 

worry severity over time, we added the requirement of high trait anxiety to our inclusion 

criteria for classification as a high worrier. However, we then encountered another 

unanticipated problem: approximately 13% of high worriers who qualified for 

participation in the present series of studies were receiving psychotherapy or 

pharmacotherapy for anxiety management, both of which were exclusion criteria for 

participation in the attention-training intervention (see Chapter IV). When we were 

finally able to gather enough resources to perform a cognitive bias modification (CBM) 
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intervention, we decided to recruit only high worriers because they were the only group 

to exhibit psychophysiological correlates of threat bias, as demonstrated by significant 

word-induced startle facilitation at various stages of semantic analysis (see Chapter III). 

Although we randomly assigned high worriers to experience either a sham or active CBM 

intervention, we found significant group differences in general startle reactivity, such that 

participants in the active CBM group had blunted startle reactivity compared with those 

in the sham CBM group. This difference in startle reactivity was what we expected to see 

following exposure to the active CBM intervention; however, this effect was present at 

baseline, prior to group assignment. It is worth noting that these group differences in 

startle reactivity did not carry over to the word-induced startle modification data because 

startle modification is calculated relative to general startle reactivity. Therefore, the most 

striking finding of the present dissertation project remains that high worriers exhibit 

significant startle modification by visually presented words at all stages of semantic 

analysis (see Chapter III). Taken together, these observations limited our ability to pursue 

the long-term goal of the research program: to understand how computerized attention-

training programs change cognition in people with excessive worry.  

 Nevertheless, other researchers have found tremendous success with attention-

training programs as measured by reductions in anxiety and improvements in the ability 

to handle and react to stressful situations. Therefore, it may be worthwhile to repeat these 

studies in a clinical population of treatment seeking young adults and to consider another 

psychophysiological measure (e.g., pupillometry) that would be less likely to increase 

feelings of anxiety in the participants, which was a potential confound associated with the 

startle reflex paradigm (see Chapter IV).  
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Dissertation Aims Revisited 

 

Although the present series of studies was complicated by several pitfalls, we 

have identified modification of the acoustic startle eyeblink reflex by visually presented 

words as a potential psychophysiological marker of worry severity, as only high worriers 

demonstrated signficant word-induced startle modification at all stages of information 

processing that we examined. What follows is an overview of each of the proposed aims, 

original hypotheses, and actual outcomes (in italics).   

Aim 1: Establish the effect of trait worry severity on preconscious and 

conscious processing of neutral and threat-related words. Modification of the acoustic 

startle eyeblink reflex by visually presented words was used to dissociate information 

processing at different stages of conscious involvement. Words were presented at very 

short (30, 60 ms), short (240 ms), and long (750 ms) intervals before the delivery of the 

startle-eliciting stimulus (Neumann et al., 2004). 

Due to the temporal instability of the PSWQ-A that we observed among high 

worriers, we were somewhat limited in our ability to assess trait worry. Although all 

participants (in Chapters II and III) were originally recruited for low or high levels of 

worry severity, a significant number of high worriers no longer met criteria for inclusion 

in the “high worry” group upon study enrollment, a confound that was not unveiled until 

all the psychophysiological data had been collected and scored. Although ignoring the 

instability of the PSWQ-A may allow for a more representative assessment of the effects 

of words on startle modification, there may be fundamental differences in information 

processing between moderate and chronic high worriers, especially at intermediate and 
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late stages of information processing (see Chapter III, Figure 2), a finding that would 

have been missed had we not reclassified these participants on the basis of worry 

stability. From these data (see Chapters II and III), we conclude that the PSWQ-A, by 

itself, is not a reliable approach for assessing chronic, excessive worry in college 

students. Perhaps we would have increased the probability of recruiting high worriers 

that more closely resembled our targeted population (i.e., generalized anxiety disorder 

analogues) had we administered a Structured Clinical Interview for the Diagnostic and 

Statistical Manual for Mental Disorders (SCID; First, Spitzer, Gibbon, & Williams, 

2012) to all participants prior to study enrollment, but this was not feasible given the 

limited resources that were available to us. Specifically, there was no licensed or trained 

professional to oversee administration of the SCID.  

In addition, participants were never informed that they had been recruited for low 

or high worry levels. Rather, they were told only that they were recruited based on their 

responses to a questionnaire that they completed during Mass Testing at the beginning of 

the semester. Worry or anxiety was never identified as a primary variable in the present 

series of studies, although completing the packets of questionnaires, which included the 

STAI, PSWQ-A, Generalized Anxiety Disorder 7-Item Questionnaire (GAD-7), 

Intolerance of Uncertainty Scale (IUS), and the Center for Epidemiologic Studies of 

Depression (CES-D)
1
, most likely made participants’ feelings of psychological distress 

more salient. This increased awareness may have varied among participants and may 

partially explain some of the unexpected findings in the present study. Notably, one 

                                                 
1
 Participants in the attention-training intervention study (Chapter IV, and parts of Chapter III), did not 

complete the IUS and CES-D. 
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participant asked if the study was “really about anxiety”, and another participant stated, 

“I always thought I was an anxious person, but, after completing these questionnaires, I 

realize that I don’t have it so bad… I feel much better.” We have no way of empirically 

determining how many participants had this latter reaction to the questionnaires. 

However, the failure to find a significant increase in positive feelings following 

completion of the questionnaires (as assessed by scores on the Affect Grid), suggests that 

this was not a universal response to the questionnaires.  

 All studies in the present body of work were pitched to participants as a means of 

better-understanding information processing differences among individuals.  Specifically, 

participants were told that the purpose of each study was to examine the effects of certain 

personality traits and emotional states on the processing of verbal stimuli (i.e., words). 

We elected not to inform participants of the role of worry in the present series of studies 

because we were primarily interested in the implicit effects of worry on information 

processing. In other words, we did not want participants to be worrying about worry 

during the startle assessement session. However, it is possible that the participants who 

paid the most attention to the verbal stimuli were those with higher levels of worry and 

anxiety, as they may have been more compliant with the study instructions (e.g., keep 

your attention focused on the information appearing on the screen in front of you). If this 

were true, then the group differences in word-induced startle modification that we 

originally attributed to worry severity may ultimately be explained by differences in the 

allocation of attentional resources. This is a potential confound that we cannot correct 

for in the present series of studies due to the fact that word-induced startle modification 
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was our only objective measure of information processing, and attentional allocation is a 

prerequisite for deep (i.e., controlled) information processing.  

Hypothesis 1a: Compared with low-worriers, high worriers would demonstrate 

greater processing of threat-related words during very early (preconscious) stages of 

information processing.  

Our data did support this hypothesis (see Chapter II, Figure 1). Specifically, only 

chronic high worriers demonstrated significant processing of threat-related words at 

very early stages of semantic analysis, as indicated by the degree of word-induced startle 

modification at lead intervals of 30 and 60 ms.  

Hypothesis 1b: Processing of neutral words would not differ between non-

worriers and worriers.  

Compared with low worriers, high worriers demonstrated more startle 

facilitation by neutral words at all stages of information processing. Therefore, we 

rejected this null hypothesis. Rather, we found a main effect of worry group on word-

induced startle modification. Specifically, visually presented words, regardless of word 

type, had a greater impact on startle modification as worry severity increased, which was 

demonstrated by a significant positive relationship between worry and word-induced 

startle modification at all lead intervals assessed in the present body of work.  

 

 In general, the pattern of word-induced startle modification was similar for both 

neutral and threat-related words in all worry groups. There was, however, one notable 

exception: word content differentially affected startle modification at a lead interval of 60 

ms such that threat words induced significantly less startle facilitation than neutral 
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words. This observation was surprising, given that we expected to see greater processing 

of threat words than neutral words at very early stages of information processing, as 

evidenced by more word-induced startle facilitation at a lead interval of 60 ms (Aitken, 

Lipp, & Siddle, 1999; see Chapter I, Figure 2).  Our data are in direct opposition to that 

of Aitken et al. 1999, which suggests that greater startle facilitation at this lead interval 

may not actually be a reliable measure of greater word processing. One alternative 

explanation for this finding at a lead interval of 60 ms is that the processing of threat 

words may be speeded relative to that of neutral words, such that threat words may be 

beginning to activate inhibitory inputs from the pedunculopontine tegmental nucleus 

(PPTg) to the nucleus reticularis pontis caudalis (nRPC) (see Figure 3, Chapter III).  

These explanations, although highly speculative, point to the need for additional 

measures of information processing in the present series of studies. One of the most 

attractive features of the acoustic startle modification paradigm is that it allows for the 

evaluation of information processing in its “purest” form (i.e., without response bias). 

However, because information processing occurs on a continuum, and not necessarily at 

discrete intervals, opposing results (as in the present case, compared with those of Aitken 

et al. 1999) can be interpreted as reflecting either more or less information processing. 

As such, the question still remains as to whether or not greater word-inducted startle 

facilitation at very short lead intervals is indicative of more or less word processing. A 

similar question arose concerning word-induced startle modification at a lead interval of 

240 ms. Although there was no significant effect of word content at this lead interval, 

both chronic low worriers and chronic high worriers exhibited less mean blink 

magnitude inhibition by visually presented threat words than by neutral words (see 
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Chapter III, Figure 1). Again, this observation is in stark contrast to the findings of 

Aitken et al. (1999) that threat words induced greater inhibition of blink magnitude than 

neutral words, independent of participants’ anxiety levels (see Chapter I, Figure 2), 

which the authors interpret as indicative of greater processing of threat words than 

neutral words. If the degree of startle inhibition at a lead interval of 240 ms is positively 

associated with the depth of information processing, then our data suggest that low and 

high worriers may process threat words less than neutral words. Specifically, the failure 

to observe significant startle inhibition by either neutral or threat words at this lead 

interval in chronic high worriers may be consistent with a cognitive avoidance of deep 

processing of verbal stimuli. To further complicate interpretation of these data, startle 

facilitation by threat words at a lead interval of 250 ms in high trait-anxious participants 

in an aversive condition (e.g., threat of shock) has been associated with greater 

processing of emotional information (Miller & Patrick, 2005). Taken together, these data 

illustrate that the cognitive underpinnings of blink magnitude modification by words 

presented at very short and short lead intervals remain to be determined. Until a better 

measure of information processing is developed and integrated with the existing startle 

paradigm, the only thing that we are able to conclude from the present series of studies is 

that that word-induced startle facilitation may be a novel psychophysiological marker of 

worry severity among college students. Unfortunately, contradictory reports about the 

cognitive correlates of startle modification by visually presented words precludes 

accurate attribution of any meaning to the directionality of these effects.  

Aim 2: Determine the effectiveness of a computerized attention-training 

intervention to reduce attention to threat words and psychological distress as a 
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function of worry. Cognitive biases were assessed by recording button-press response 

times to identify visually presented targets.  

Although we had originally intended to recruit both low and high worriers for this 

study, we decided to recruit only high worriers because we didn’t expect to see threat 

biases in low worriers and we wanted to maximize the use of our research subject hours. 

The present study took place over the course of three sessions within a one-week period. 

Participants were randomly assigned to complete a sham or active attention-training 

(i.e., CBM) program during Session 2. Threat bias was assessed in each of the three 

sessions through the use of a dot-probe discrimination task (PDT) (see Chapter IV, 

Figure 1).  

We were surprised to find that high worriers generally failed to exhibit threat 

bias. However, analysis of threat bias as a function of CBM group assignment revealed 

that only participants who were eventually assigned to the sham CBM group exhibited a 

slight threat bias in Session 1, whereas those who were eventually assigned to the active 

CBM group showed a slight threat avoidance in Session 1 (see Chapter IV, Figure 7A). 

Again, these unexpected findings limit our ability to assess the effectiveness of the CBM 

intervention.  

Hypothesis 2a: Participants in the active intervention group would exhibit an 

attenuation of threat biases compared with participants in the sham (control) group.   

Our data failed to support this hypothesis. Participants in the sham CBM group 

actually showed a trend toward threat avoidance immediately following the intervention, 

whereas those in the active CBM group showed neither threat bias nor threat avoidance 

(see Chapter IV, Figure 7A). However, we found some evidence of a delayed effect of the 
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intervention on behavioral correlates of threat bias. Specifically, participants who 

experienced the sham CBM program in Session 2 showed a marginal threat bias in 

Session 3, whereas those who experienced the active CBM program in Session 2 showed 

a very slight threat avoidance in Session 3 (see Chapter IV, Figure 7A). Nevertheless, 

interpretation of these data is limited by the fact that participants in the active CBM 

group were slower at identifying the targets in the PDT than participants in the sham 

CBM group. One potential explanation for this finding is that participants in the active 

CBM group may have expected the targets to appear more often in the vicinity of neutral 

words, which was the case in the active CBM program.  However, if this were true, then 

we may have expected to see an even more pronounced slowing of response times in the 

PDT that followed the active CBM intervention, which was not what happened. 

Participants in both the sham and active CBM groups had similar response times in the 

PDT that followed the intervention.  

Hypothesis 2b: Reductions in threat-biases would positively correlate with 

reduced self-report levels of distress as determined by scores on the PSWQ-A and the 

State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 

1983). 

We were unable to test this hypothesis because high worriers, in the present 

study, failed to demonstrate significant threat bias in Session 1. Furthermore, we failed to 

find an effect of the intervention on self-report measures of psychological distress (see 

Chapter IV, Figure 4). Rather, participants who eventually experienced the active 

intervention reported less worry, but more anxiety, than participants who eventually 
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experienced the sham intervention. These slight differences between groups were present 

in Session 1 and remained constant throughout the entire study.  

Hypothesis 2c: These effects would be more pronounced for high-worriers than 

for low-worriers.  

We were unable to test this hypothesis because we decided not to recruit low 

worriers.  

Aim 3: Quantify the efficacy of an attention-training intervention to reduce 

negative information processing at preconscious and conscious stages. Differences in 

startle reactivity and startle modification following attention-training sessions were used 

to measure changes in cognitive biases at various stages of information processing.   

Hypothesis 3a: Participants in the active intervention group would demonstrate 

reduced processing of threat-related words at preconscious stages compared with those in 

the control group.  

Our data failed to support this hypothesis. Specifically, we failed to observe a 

significant 4-way interaction between CBM group, startle component, lead interval, and 

word type on word-induced startle modification (see Chapter IV, Figure 5). However, 

examination of general startle reactivity as a function of CBM group assignment revealed 

that participants who eventually experienced the active intervention had lower basal 

levels of startle reactivity than participants who eventually experienced the sham 

intervention. Once again, these differences were present in Session 1 and remained 

constant throughout the entire study. Therefore, the failure to observe an effect of the 

intervention on word-induced startle modification may due, in part, to the fact that the 

participants who were randomly assigned to experience the active attention-training 
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program may have simply been less reactive to the startle stimuli than participants who 

were randomly assigned to experience the sham attention-training program.  Taken 

together, these negative results limit further elaboration of and interpretation of these 

data. If we were to repeat this study, we would match participants for basal startle 

reactivity prior to CBM group assignment.  

Hypothesis 3b: This effect would be greater for high-worriers than for low-

worriers. 

We were unable to test this hypothesis because we decided not to recruit low 

worriers.  

Conclusion 

 

Although the present body of work failed to elucidate the cognitive and 

neurobiological mechanisms underlying the effectiveness of computerized attention-

training programs in chronic worriers, it did lead to the identification of word-induced 

startle facilitation as a novel psychophysiological marker for worry severity. In addition, 

we found preliminary evidence for an interaction between worry severity and word 

content on word-induced startle modification at a lead interval of 240 ms.  This time 

point has been previously associated with conscious semantic analysis (for a review see 

Kissler, Assadollahi, & Herbert, 2006). In addition, chronic high worriers failed to 

demonstrate significant startle inhibition by words presented at this lead interval. Startle 

inhibition (i.e., prepulse inhibition; PPI) is one of the most robust, well-conserved 

measures in all of psychophysiology. Therefore, we believe that the failure to detect 
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significant startle inhibition in a sample of college students selected for high levels of 

worry warrants further investigation.  

 

Future Directions 

 

Imparied startle inhibition by visually presented words at a lead interval of 240 

ms may be a novel psychophysiological marker of chronic worry severity. This finding 

could have great utility in clinical settings. In addition, the relative ease with which the 

startle response can be both elicited and quantified makes affective startle modification 

an attractive methodological approach for application in translational research. The 

present series of studies utilized a nonclinical sample of convenience (i.e., undergraduate 

students with high levels of self-report worry). We expect that the observed effects would 

be strengthened in a clinical sample of treatment-seeking patients with generalized 

anxiety disorder and/ or pathological worry. Therefore, we recommend that future 

investigators consider using startle modification to further examine the temporal 

dynamics of threat bias in clinical populations. Specifically, it may be useful to elucidate 

the pattern of word-induced startle modification at lead intervals between 60 and 240 ms, 

as this may reveal differences in semantic analysis surrounding the threshold of conscious 

awareness of word meaning as a function of worry severity.  

Although startle modification may not be a suitable method of evaluating the 

effectiveness of an anxiety-reducing treatment strategy within a single session (given the 

observed increase in state anxiety associated with repeated exposure to startle-eliciting 

stimuli), it may be a good way to study changes in threat bias across multiple treatement 
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sessions. Of course, this would depend, in part, on the extent to which word-induced 

startle facilitation (and impaired startle inhibition) is hard-wired. If word-induced startle 

facilitation proves to be labile, then it may serve as an objective psychophysiological 

marker for tracking changes in worry severity. Furthermore, it may be beneficial to 

combine affective startle modification with other psychophysiological measures, such as 

pupillometry and electroencephalography, but one would be hard-pressed to find a better 

method for evaluating preconscious information processing than modification of a 

brainstem-midbrain reflex.    
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person. 

4. The Materials and all of the intellectual property rights therein shall at all times remain 

the exclusive property of John Wiley & Sons Inc or one of its related companies (WILEY) 

or their respective licensors, and your interest therein is only that of having possession of 

and the right to reproduce the Materials pursuant to Section 2 herein during the continuance 

of this Agreement. You agree that you own no right, title or interest in or to the Materials or 

any of the intellectual property rights therein. You shall have no rights hereunder other than 

the license as provided for above in Section 2. No right, license or interest to any trademark, 

trade name, service mark or other branding ("Marks") of WILEY or its licensors is granted 

hereunder, and you agree that you shall not assert any such right, license or interest with 

http://myaccount.copyright.com/
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respect thereto. 

5. NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR 

REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, EXPRESS, 

IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS OR THE 

ACCURACY OF ANY INFORMATION CONTAINED IN THE MATERIALS, 

INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF 

MERCHANTABILITY, ACCURACY, SATISFACTORY QUALITY, FITNESS FOR A 

PARTICULAR PURPOSE, USABILITY, INTEGRATION OR NON-INFRINGEMENT 

AND ALL SUCH WARRANTIES ARE HEREBY EXCLUDED BY WILEY AND ITS 

LICENSORS AND WAIVED BY YOU. 

6. WILEY shall have the right to terminate this Agreement immediately upon breach of this 

Agreement by you. 

7. You shall indemnify, defend and hold harmless WILEY, its Licensors and their 

respective directors, officers, agents and employees, from and against any actual or 

threatened claims, demands, causes of action or proceedings arising from any breach of this 

Agreement by you. 

8. IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY 

OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL, 

CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR PUNITIVE 

DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN CONNECTION WITH 

THE DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE MATERIALS 

REGARDLESS OF THE FORM OF ACTION, WHETHER FOR BREACH OF 

CONTRACT, BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT 

OR OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON 

LOSS OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF 

THIRD PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF 

THE POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY 

NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED 

REMEDY PROVIDED HEREIN. 

9. Should any provision of this Agreement be held by a court of competent jurisdiction to 

be illegal, invalid, or unenforceable, that provision shall be deemed amended to achieve as 

nearly as possible the same economic effect as the original provision, and the legality, 

validity and enforceability of the remaining provisions of this Agreement shall not be 

affected or impaired thereby. 

10. The failure of either party to enforce any term or condition of this Agreement shall not 

constitute a waiver of either party's right to enforce each and every term and condition of 

this Agreement. No breach under this agreement shall be deemed waived or excused by 

either party unless such waiver or consent is in writing signed by the party granting such 

waiver or consent. The waiver by or consent of a party to a breach of any provision of this 

Agreement shall not operate or be construed as a waiver of or consent to any other or 
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subsequent breach by such other party. 

11. This Agreement may not be assigned (including by operation of law or otherwise) by 

you without WILEY's prior written consent. 

12. Any fee required for this permission shall be non-refundable after thirty (30) days from 

receipt 

13. These terms and conditions together with CCC's Billing and Payment terms and 

conditions (which are incorporated herein) form the entire agreement between you and 

WILEY concerning this licensing transaction and (in the absence of fraud) supersedes all 

prior agreements and representations of the parties, oral or written. This Agreement may not 

be amended except in writing signed by both parties. This Agreement shall be binding upon 

and inure to the benefit of the parties' successors, legal representatives, and authorized 

assigns. 

14. In the event of any conflict between your obligations established by these terms and 

conditions and those established by CCC's Billing and Payment terms and conditions, these 

terms and conditions shall prevail. 

15. WILEY expressly reserves all rights not specifically granted in the combination of (i) 

the license details provided by you and accepted in the course of this licensing transaction, 

(ii) these terms and conditions and (iii) CCC's Billing and Payment terms and conditions. 

16. This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type 

was misrepresented during the licensing process. 

17. This Agreement shall be governed by and construed in accordance with the laws of the 

State of New York, USA, without regards to such state's conflict of law rules. Any legal 

action, suit or proceeding arising out of or relating to these Terms and Conditions or the 

breach thereof shall be instituted in a court of competent jurisdiction in New York County 

in the State of New York in the United States of America and each party hereby consents 

and submits to the personal jurisdiction of such court, waives any objection to venue in 

such court and consents to service of process by registered or certified mail, return receipt 

requested, at the last known address of such party. 

Wiley Open Access Terms and Conditions 

Wiley publishes Open Access articles in both its Wiley Open Access Journals program 

[http://www.wileyopenaccess.com/view/index.html] and as Online Open articles in its 

subscription journals. The majority of Wiley Open Access Journals have adopted 

the Creative Commons Attribution License (CC BY) which permits the unrestricted use, 

distribution, reproduction, adaptation and commercial exploitation of the article in any 

medium. No permission is required to use the article in this way provided that the article is 

properly cited and other license terms are observed. A small number of Wiley Open Access 

journals have retained the Creative Commons Attribution Non Commercial License (CC 

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
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BY-NC), which permits use, distribution and reproduction in any medium, provided the 
original work is properly cited and is not used for commercial purposes. 

Online Open articles - Authors selecting Online Open are, unless particular exceptions 

apply, offered a choice of Creative Commons licenses. They may therefore select from the 

CC BY, the CC BY-NC and the Attribution-NoDerivatives (CC BY-NC-ND). The CC BY-

NC-ND is more restrictive than the CC BY-NC as it does not permit adaptations or 

modifications without rights holder consent. 

Wiley Open Access articles are protected by copyright and are posted to repositories and 

websites in accordance with the terms of the applicable Creative Commons license 

referenced on the article. At the time of deposit, Wiley Open Access articles include all 

changes made during peer review, copyediting, and publishing. Repositories and websites 

that host the article are responsible for incorporating any publisher-supplied amendments or 

retractions issued subsequently. 

Wiley Open Access articles are also available without charge on Wiley's publishing 

platform,Wiley Online Library or any successor sites. 

Conditions applicable to all Wiley Open Access articles: 

 The authors' moral rights must not be compromised. These rights include the right 

of "paternity" (also known as "attribution" - the right for the author to be identified 

as such) and "integrity" (the right for the author not to have the work altered in such 

a way that the author's reputation or integrity may be damaged).  

 Where content in the article is identified as belonging to a third party, it is the 

obligation of the user to ensure that any reuse complies with the copyright policies 

of the owner of that content.  

 If article content is copied, downloaded or otherwise reused for research and other 

purposes as permitted, a link to the appropriate bibliographic citation (authors, 

journal, article title, volume, issue, page numbers, DOI and the link to the definitive 

published version on Wiley Online Library) should be maintained. Copyright 

notices and disclaimers must not be deleted. 

o Creative Commons licenses are copyright licenses and do not confer any 

other rights, including but not limited to trademark or patent rights. 

 

 Any translations, for which a prior translation agreement with Wiley has not been 

agreed, must prominently display the statement: "This is an unofficial translation of 

an article that appeared in a Wiley publication. The publisher has not endorsed this 

translation."  

Conditions applicable to non-commercial licenses (CC BY-NC and CC BY-NC-

http://creativecommons.org/licenses/by-nc-nd/3.0/
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ND) 

For non-commercial and non-promotional purposes individual non-commercial 

users may access, download, copy, display and redistribute to colleagues Wiley 

Open Access articles. In addition, articles adopting the CC BY-NC may be adapted, 

translated, and text- and data-mined subject to the conditions above. 

Use by commercial "for-profit" organizations 

Use of non-commercial Wiley Open Access articles for commercial, promotional, or 

marketing purposes requires further explicit permission from Wiley and will be 

subject to a fee. Commercial purposes include: 

o Copying or downloading of articles, or linking to such articles for further 

redistribution, sale or licensing;  

o Copying, downloading or posting by a site or service that incorporates 

advertising with such content;  

o The inclusion or incorporation of article content in other works or services 

(other than normal quotations with an appropriate citation) that is then 

available for sale or licensing, for a fee (for example, a compilation produced 

for marketing purposes, inclusion in a sales pack)  

o Use of article content (other than normal quotations with appropriate 

citation) by for-profit organizations for promotional purposes  

o Linking to article content in e-mails redistributed for promotional, marketing 

or educational purposes;  

o Use for the purposes of monetary reward by means of sale, resale, license, 

loan, transfer or other form of commercial exploitation such as marketing 

products  

o Print reprints of Wiley Open Access articles can be purchased 

from:corporatesales@wiley.com  

The modification or adaptation for any purpose of an article referencing the 

CC BY-NC-ND License requires consent which can be requested 

fromRightsLink@wiley.com . 

 

 

Other Terms and Conditions:  

BY CLICKING ON THE "I AGREE..." BOX, YOU ACKNOWLEDGE 

THAT YOU HAVE READ AND FULLY UNDERSTAND EACH OF THE 

mailto:corporatesales@wiley.com
mailto:RightsLink@wiley.com
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SECTIONS OF AND PROVISIONS SET FORTH IN THIS AGREEMENT 
AND THAT YOU ARE IN AGREEMENT WITH AND ARE WILLING 

TO ACCEPT ALL OF YOUR OBLIGATIONS AS SET FORTH IN THIS 

AGREEMENT. 

 

v1.8 

If you would like to pay for this license now, please remit this license along with your 

payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be 

invoiced within 48 hours of the license date. Payment should be in the form of a check 
or money order referencing your account number and this invoice number 

RLNK501097486. 

Once you receive your invoice for this order, you may pay your invoice by credit card. 
Please follow instructions provided at that time. 

 

Make Payment To: 
Copyright Clearance Center 

Dept 001 

P.O. Box 843006 
Boston, MA 02284-3006 

 

For suggestions or comments regarding this order, contact RightsLink Customer 

Support:customercare@copyright.com or +1-877-622-5543 (toll free in the US) or +1-
978-646-2777. 

 

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable 
license for your reference. No payment is required.  
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Permission to adapt Figure 2 in CHAPTER I 

 

RE: question about materials 

Tuesday, May 06, 2014 

4:45 AM 

Subject RE: question about materials 

From Goldweber, Paulette - Hoboken  

To Tamara Spence 

Sent Monday, August 26, 2013 9:35 AM 

  

Hi Tamara, 

  

Yes, that’s fine. 

  

Thanks, 

  

Paulette Goldweber 

Associate Manager/Permissions-Global Rights 

Professional Development 

  

Wiley 

111 River Street, 4-02 

Hoboken, NJ 07030-5774 

U.S. 

www.wiley.com 

  

T          +1  201-748-8765 

F          +1  201-748-6008 

pgoldweb@wiley.com 

PermissionsUS@wiley.com 
  

 
  

 

 

 

 

 

 

 

mailto:pgoldweb@wiley.com
http://www.wiley.com/
mailto:jgrosso@wiley.com
mailto:PermissionsUS@wiley.com
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From: Tamara Spence [mailto:tspence@wakehealth.edu]  

Sent: Saturday, August 24, 2013 10:16 PM 

To: Permissions - US 

Subject: question about materials 

  

I have just received a license (3215661242127) to reproduce material from a previously 

published article in my doctoral dissertation. Does this license permit me to make slight 

modifications to the figures that I requested in order to improve their readability in the 

context of my dissertation? If not, who should I contact to obtain the permission to adapt 

the figures. Thank you very much.  

  

Tamara Elena Spence 

PhD Candidate 

Neuroscience Program 

Wake Forest University Graduate School of Arts & Sciences 

Medical Center Boulevard 

Winston-Salem, NC 27157-1001 

tspence@wakehealth.edu 
  
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:tspence@wakehealth.edu
mailto:tspence@wakehealth.edu
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Permission to republish CHAPTER II 

 

Subject RE: Request to republish paper ID 6900551 in doctoral dissertation 

From psych  

To Tamara Spence 

Sent Sunday, August 25, 2013 2:17 AM 

  

Dear Tamara Elena Spence, 

  

Thank you for your email. 

  

It is acceptable for your request. 

  

Please feel free to contact us if you have any questions. 

  

  

Best wishes, 

Vivian Qi 

PSYCH Editorial Board 

www.scrirp.org/journal/psych   

SCIRP Android Package: http://www.scirp.org/android/android.html  

  

   

 

From: Tamara Spence <tspence@wakehealth.edu> 

Sent: Sunday, August 25, 2013 6:57 

To: psych 

Cc: Terry Blumenthal WFU Reynolda Campus 

Subject: Request to republish paper ID 6900551 in doctoral dissertation  

  

Dear Psychology Editorial Board, 

 

I am requesting permission to reprint the following paper, which I recently had published 

in your Open Source Journal, as a chapter in my doctoral dissertation. 

 

Paper ID 6900551: Spence, T.E., Blumenthal, T.D., Brenes, G.A. (2012). Where have all 

the worriers gone? Temporal instability of the abbreviated Penn State Worry 

Questionnaire limits reliable screening for high trait worry. Psychology, 3(11), 940-946.   

 

This request is for non-exclusive, irrevocable, and royalty free permission, and it is not 

intended to interfere with other uses of the same work by you. If you require any 

additional information, do not hesitate to contact me. 

 

mailto:psych@scirp.org
http://www.scrirp.org/journal/psych
http://www.scirp.org/android/android.html
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If you agree with the terms described above, please indicate so in a response to this e-

mail.   

  

Sincerely, 

  

Tamara Elena Spence 

PhD Candidate 

Neuroscience Program 

Wake Forest University Graduate School of Arts & Sciences 

Medical Center Boulevard 

Winston-Salem, NC 27157-1001 

tspence@wakehealth.edu 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:tspence@wakehealth.edu
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CURRICULUM VITAE 

 

Tamara Elena Spence 
   

CURRENT ACADEMIC TITLE: Ph.D. Candidate; Track 6-Neuroscience Program 

 

ADDRESS:   

10350 Crestgate Terrace     2500 Gateway Center Boulevard  

Apartment 204      Suite 100 

Raleigh, NC 27617      Morrisville, NC 27560 

Mobile Phone: 908.797.6066    Office Phone: 919.460.2510 

E-mail: tamaraespence@gmail.com   E-mail: tamara.spence@brainvision.com 

   

EDUCATIONAL HISTORY:   

2014 (expected) Doctorate of Philosophy (Neuroscience)      

 Wake Forest University, Winston-Salem, NC               

 Graduate School of Arts & Sciences 

 Cumulative GPA: 3.93 

 

2006 Bachelor of Science          

 Furman University, Greenville, SC                       

 Neuroscience Major, GPA: 3.75   

 Spanish Major, GPA: 4.0  

 

Summer 2006,  Interdisciplinary study of Spanish language and culture  

Summer 2004 Universidad Internacíonal, Cuernavaca, Mexico               

 The Center for Bilingual Multicultural Studies                

 

EMPLOYMENT HISTORY: 

Fall 2013-present Scientific consultant 

 Noninvasive Neurophysiology 

 Brain Vision, LLC 

 Morrisville, NC  

 

Fall 2007-present Graduate student researcher 

 Neurophysiology and Psychophysiology 

 Wake Forest University Graduate School of Arts & Sciences, 

 Winston-Salem, NC  

 

Spring 2006 Undergraduate student researcher 

 Behavioral Neuroscience 

 Furman University, Greenville, SC 

 

Summer 2005 Laboratory manager 

 Neuropharmacology 

 Recinto de Ciencias Medicas, Rio Piedras, Puerto Rico    
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Summer 2004 Laboratory assistant 

 Preclinical Pharmacy 

 Advancis Pharmaceuticals, Germantown, MD 

 

LANGUAGES: 

I am a native English speaker, and I am fluent in Spanish, both written and spoken. 

 

PROFESSIONAL MEMBERSHIPS: 

2012-2013 Anxiety and Depression Association of America 

2011-2014 Association for Psychological Science 

2010-present Society for Psychophysiological Research 

2008-2009 Research Society on Alcoholism 

2007-2013 Western North Carolina Chapter of the Society for Neuroscience 

2007 Society for Neuroscience 

 

TEACHING EXPERIENCE:  

2011-2012                Teaching assistant/Laboratory instructor for undergraduate 

                                  Introduction to Neuroscience, Wake Forest University                             

2011-2013 Teaching assistant for undergraduate Physiological Psychology 

  laboratory sessions, Wake Forest University 

2011   Tutor for Neurological Disorders first year seminar course,  

  Wake Forest University 

2006-2007 Tutor for high school geometry and physics, Pope John XXIII 

Regional High School, Sparta, NJ 

2004-2006 Tutor for undergraduate Spanish classes, Furman University  

2003 Tutor for Analytical and Organic Chemistry classes, Furman

 University 

 

STUDENT MENTORING: 

2008-2013 Mentor to new graduate students through Wake Forest University’s 

 Matching Matriculating and Returning Students (MMARS) Program  

2004-2006 Mentor to incoming freshmen and international students, Furman   

University 

 

SERVICE: 

2013 Ad-hoc reviewer: International Journal of Psychophysiology  

2013 Wake Forest University Joint Committee on Campus Integration and 

Collaboration, Graduate Student Representative  

2012-2013 Wake Forest University Graduate School Honor Code Panel, 

Graduate Student Representative   

2008-2010 Medical interpreter for Spanish-speaking patients at Community 

Care Center, Winston-Salem, NC 

2008-2009 Interpreter Volunteer Coordinator for the Delivering Equal Access 

to Care (DEAC) student-run clinic at Wake Forest School of 

Medicine  

2002-2004 Volunteer at Greenville Free Medical Clinic, Greenville, SC 
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LEADERSHIP & OUTREACH:  

2010-2012  Senior Living Visits Chair-Wake Forest University Brain Awareness 

    Council (BAC) 

2008-2010  Public Relations Chair-Brain Awareness Council 

2007-2013  Student member-Brain Awareness Council 

2005-2006  Secretary-Furman University International Student Association 

(F.U.I.S.A) 

2002-2006  Student member-F.U.I.S.A. 

2002-2005  Participation in Leadership Edge at Furman University: Leadership 

Edge, fall 2002; Leadership Ascent, fall 2003; Leadership Links, winter 

2005 

 

ACADEMIC HONORS AND AWARDS:   

2013 Runner-up, Social Science category, 13
th

 Annual Graduate and 

Postdoctoral Research Day (poster session) 

2006   Magna Cum Laude, Furman University 

2006   Phi Beta Kappa, Academic Honor Society, Induction 

2006    Sigma Delta Pi scholarship for one month of study at la Universidad 

     Internacíonal in Cuernavaca Mexico (tuition and housing) 

2004 Sigma Delta Pi, National Collegiate Hispanic Honor Society, Induction 

2004   Phi Sigma Iota, International Foreign Language Society, Induction 

2004 Alpha Epsilon Delta, National Premedical Honor Society, Induction 

2003    Phi Eta Sigma, National Honor Society, Induction 

2002-2006  Dean’s List, Furman University 

2002-2006  Hispanic Academic Achievement Award 

2002-2006  Furman Achiever Scholarship ($4,000/year) 

 

PUBLICATIONS:  

Spence, T.E., Blumenthal, T.D., Brenes, G.A. (2012). Where have all the worriers gone? 

Temporal instability of the abbreviated Penn State Worry Questionnaire limits reliable 

screening for high trait worry. Psychology, 3(11), 940-946.  

 

In Preparation 

Spence, T.E., Blumenthal, T.D. (2014). Worried about startle: Complications involving 

the use of startle modification by words to quantify threat bias reduction in anxiety.  

 

Spence, T.E., Blumenthal, T.D. (2014). “Words might hurt me”: Facilitation of acoustic 

startle response magnitude by words in chronic worriers. 

 

Blumenthal, T.D., Reynolds, J.Z., Spence, T.E. (2014). Support for the interruption and 

protecton hypothesis of prepulse inhibition of startle.  

 

CONFERENCE PRESENTATIONS: 

National and International: 

Blumenthal, T.D., Reynolds, J.Z., Spence, T.E. (2013). Assessing prepulse processing 
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with reaction time measures. Abstract for symposium. 53
rd

 Annual Meeting for the 

Society for Psychophysiological Research, Florence, Italy.  

 

Spence, T.E., Blumenthal, T.D. (2012). Using acoustic startle facilitation by words to 

assess threat bias in excessive worriers. Abstract for poster presentation. 52
nd

 Annual 

Meeting for the Society for Psychophysiological Research, New Orleans, LA.  

 

Spence, T.E., Blumenthal, T.D., Brenes, G.A. (2012). Individual differences in the 

temporal stability of self-report worry severity among non-clinical young adults. Abstract 

for poster presentation. 32
nd

 Annual Conference for the Anxiety Disorder Association of 

America, Arlington, VA.  

 

Pattison, L.P., Skelly, M.J., Aston, E.R., Riegle, M.A., Haynes, K., Spence, T.E., Rose, 

J.H., Shan, H.Q., Bach, S.V., Nattkemper, L., Johnston, W., Peiffer, A.M., Friedman, 

D.P., Hampson, R.E., Oppenheim, R.W., Godwin, D.W. (2012). A graduate course in 

scientific outreach initiated by the Wake Forest University Brain Awareness Council. 

Abstract for poster presentation. 42
nd

 Annual Meeting of the Society for Neuroscience 

(SfN), New Orleans, LA.  

 

Blumenthal, T.D., Spence, T.E., Reynolds, J.Z., Brown, S., Firan, A., Meekins, K., 

Massey, A. (2011). Greater worry severity is associated with increased activation of the 

defensive motivational system. Abstract for poster presentation. 23
rd

 Annual Convention 

of the Association for Psychological Science (APS), Washington DC.  

 

Blumenthal, T.D., Spence, T.E., Reynolds, J.Z., Brown, S., Meekins, K., Massey, A., 

Firan, A. (2011). Speeding reaction time with a startle stimulus. Abstract for poster 

presentation. 51
st
  Annual Meeting for the Society for Psychophysiological Research, 

Boston, MA.  

 

Burnett, E.J., Dobrin, S.E., Dolson, E.P., Martucci, K., Moussa, M., Pattison, L., Riegle, 

M., Spence, T.E., Trimnal, M.W., Wiggins, W., Willard, S.L., Pecore, J.L., Godwin, 

D.W. (2010). Wake Forest University’s Brain Awareness Council: Illuminating minds 

one brain at a time. Abstract for poster presentation, 40
th

 Annual Meeting of the Society 

for Neuroscience (SfN), San Diego, CA. 

 

Dobrin, S.E., Burnett, E.J., Spence, T.E., Martucci, K.T., Wiggins, W.F., Dobrin, C.V., 

Willard, S.L., Dolson, E.P., Trimnal, M.W., Blaylock, B.L., Perret, D.S., Godwin, D.W. 

(2009). Illuminating minds one brain at a time: Brain Awareness in NC’s Triad. Abstract 

for poster presentation, 39
th

 Annual Meeting of the Society for Neuroscience (SfN), 

Chicago, IL.  

 

Grisel, J.E., Crawford, J, Locklear, M.E., Spence, T.E., Anderson, N.Y.J., McCool, B.A. 

(2009). Altered sensitivity to EtOH in β-endorphin deficient mice may be mediated by 

GABAA receptor heterogeneity. Abstract for poster presentation, 32
nd

 Annual Research 

Society on Alcoholism (RSA) Scientific Meeting, San Diego, CA.  
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Spence, T.E., Christian, D.T., Díaz, M.R., McCool, B.A. (2009). Hyperpolarization-

activated cation current (Ih) mediates the acute facilitatory effects of ethanol on 

GABAergic transmission in the basolateral amygdala. Abstract for poster presentation, 

32
nd

 Annual Research Society on Alcoholism (RSA) Scientific Meeting, San Diego, CA.  

 

Regional: 

Spence, T.E., Blumenthal, T.D. (2013). Changes in threat bias in chronic high worriers 

following an implicit cognitive-behavioral intervention. Abstract for poster presentation. 

13
th

 Annual Graduate and Postdoctoral Research Day, Winston-Salem, NC.  

 

Spence, T.E., Blumenthal, T.D. (2012). Threatened by words: Dysregulation of the 

defensive motivational system in high worriers. Abstract for poster presentation. 12
th
 

Annual Graduate and Postdoctoral Research Day, Winston-Salem, NC.  

 

Spence, T.E., Blumenthal, T.D. (2011). “Words will potentially hurt me”: Facilitation of 

the acoustic startle response by words in individuals with excessive worry. Abstract for 

poster presentation. Western North Carolina Chapter of the Society for Neuroscience 

Research Day, Winston-Salem, NC.  

 

Blumenthal, T.D., Spence, T.E., Reynolds, J.Z., Brown, S., Firan, A., Meekins, K., 

Massey, A. (2011). Speeding reaction time with a startle stimulus. Abstract for poster 

presentation. 9
th

 Annual Symposium for Young Neuroscientists and Professors of the 

South East, Wake Forest University, Winston-Salem, NC. 

 

Blumenthal, T.D., Spence, T.E., Reynolds, J.Z., Brown, S., Meekins, K., Massey, A., 

Firan, A. (2011). Prepulse inhibition of startle varies with attention task difficulty. 

Abstract for poster presentation. North Carolina Conference on Cognition, University of 

North Carolina, Greensboro, NC.  

 

Spence, T.E., Reynolds, J.Z., Blumenthal, T.D. (2010). Using the startle response to 

study the relationship between worry and defensive motivation. Abstract for poster 

presentation. Western North Carolina Chapter of the Society for Neuroscience Research 

Day, Winston-Salem, NC.  

 

Spence, T.E., Christian, D.T., Díaz, M.R., McCool, B.A. (2008). Hyperpolarization-

activated cation current (Ih): A potential target for ethanol in the basolateral amygdala. 

Abstract for poster presentation, Western North Carolina Chapter of the Society for 

Neuroscience Research Day, Winston-Salem, NC. 

 

Spence, T.E., Ortíz, J.G. (2006). Effects of Valeriana officinalis root extracts on 

[
3
H]fluorowillardiine binding in rat synaptic membranes. Abstract for poster presentation, 

4
th

 Annual Symposium for Young Neuroscientists and Professors of the South East, 

Davidson College, Davidson NC. 
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SEMINARS: 

“Semantic analysis in the blink of an eye: Using the startle reflex to investigate 

preconscious and conscious word processing” (May 10, 2012). Neuroscience Seminar 

Series, Wake Forest School of Medicine, Winston-Salem, NC. 

 

“Worry severity is related to activation of the defensive motivational system: 

Evidence from startle-probe studies” (June 30, 2011). Neuroscience Luncheon 

Tutorial, Wake Forest University Graduate School of Arts & Sciences, Winston-Salem, 

NC. 

 

“Eliminate the Negative: Using the acoustic blink reflex to measure cognitive bias 

modification in individuals with excessive worry” (August 5, 2010). Neuroscience 

Luncheon Tutorial, Wake Forest University Graduate School of Arts & Sciences, 

Winston-Salem, NC.  

 

“Inside the brain: An overview of anatomy, function and pathology” (April 26, 

2010). Brighton Gardens Assisted Living Community, Winston-Salem, NC.   

  

“Contribution of Ih to the intrinsic excitability of the basolateral amygdala: 

Interactions with GABAergic interneurons and ethanol” (June 11, 2009). 

Neuroscience Luncheon Tutorial, Wake Forest University Graduate School of Arts & 

Sciences, Winston-Salem, NC.  

 

“True Life: I’m a graduate student” (May 21, 2009). Furman University May 

Experience. Piedmont Triad Community Research Center, Winston-Salem, NC.  

  

“Hyperpolarization-activated cation current (Ih): A potential target for ethanol in 

the basolateral amygdala” (December 22, 2008). Department of Physiology & 

Pharmacology Graduate Student Seminar Series, Piedmont Triad Community Research 

Center, Winston-Salem, NC.  

 

“Queer current: A potential target for ethanol in the basolateral amygdala” (July 

24, 2008). Neuroscience Luncheon Tutorial, Wake Forest University Graduate School of 

Arts & Sciences, Winston-Salem, NC.  

 

“The effects of Valeriana officinalis root extracts on [
3
H]fluorowillardiine binding to 

AMPA receptors” (May 5, 2006). Neuroscience Senior Seminar Series, Furman 

University, Greenville, SC.  

 

RESEARCH INTERESTS:  

   My current research is focused on better understanding the neurobiological 

mechanisms underlying the development and expression of anxiety-related behaviors, as 

well as the cognitive components of the human experience of anxiety. Specifically, I am 

interested in elucidating the origin of information processing biases that are thought to 

contribute to the generation and/or maintenance of pathological anxiety. I am also 
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interested in studying individual differences in vulnerability to, and recovery from, 

anxiety as a function of stress reactivity, resilience, and coping strategies.  

For my dissertation research, I used word-induced modification of the acoustic 

startle reflex to investigate the impact of worry severity on the processing of verbal 

information at distinct stages of cognitive involvement. I found that visually presented 

neutral and threat words consistently promote hyperactivation of the defensive 

motivational system in high worriers (as demonstrated by startle facilitation at various 

lead intervals), with some evidence of a threat-specific effect at a timepoint associated 

with the threshold for conscious semantic analysis. In addition, self-report worry was 

significantly associated with startle modification by words. These results suggest that 

startle facilitation by words may be a novel psychophysiological marker for worry 

severity.  

By applying a broad, translational approach to the study of anxiety, I hope to 

contribute to the advancement of more objective means of evaluating anxiety. I believe 

that the identification of specific psychophysiological markers of anxiety will be an 

excellent supplement to current evidence-based treatment approaches for anxiety 

disorders.  
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