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ABSTRACT 

The goal of the current study was to investigate the relationship between trait worry, trait 

anxiety, and visual working memory (WM) updating accuracy. Participants completed 

questionnaires assessing trait anxiety and worry. Participants completed a WM updating 

task, during which they were presented with an array of shapes. Each shape was occluded 

by a square and participants were required to monitor the successive swapping of WM 

item pairs. Participants were then probed with one square and were asked to indicate the 

shape that would be in that location. We expected a decline in accuracy on the task as set 

size and the number of swaps increased. We also predicted that trait worry, but not trait 

anxiety, would be associated with updating accuracy deficits as set size and number of 

swaps increased. We found that WM updating accuracy declined as set size increased. 

We also found that updating accuracy declined as the number of swaps increased. We 

found no effect of trait worry or trait anxiety on updating accuracy. In line with prior 

research, our results suggest that individuals with high trait anxiety and high trait worry 

do not experience impairment in updating accuracy.  
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INTRODUCTION 

 Anxiety disorders are among the most prevalent mental disorders worldwide and 

are estimated to affect 7% of the world’s population (Stein et al., 2017). For example, 

generalised anxiety disorder (GAD) is characterised in the DSM-V by long-term 

excessive anxiety and worry, restlessness, muscle tension, sleep disturbances, and 

difficulty concentrating such that the patient experiences distress or impairment in 

important areas of functioning (American Psychiatric Association, 2013). Anxiety is also 

an emotion that is commonplace in the human experience. Feelings of anxiety are 

characterised by elevated heart rate, hyperarousal, vigilance, apprehension and tension 

(Bateson et al., 2011). From an evolutionary perspective, anxiety is an adaptive 

mechanism which prepares the mind and body for potential threats in order to protect 

one’s physical, social, and emotional well-being (Bateson et al., 2011; Maner, 2009). 

However, anxiety can be maladaptive, especially if anxiety is felt disproportionately to 

the dangers of the situation at hand and experienced for a prolonged amount of time 

(Tyrer & Baldwin, 2006).  

The experience of anxiety typically consists of a combination of somatic, 

emotional, cognitive, and behavioural components (Andreescu et al., 2015). Somatic 

anxiety responses involve increased sympathetic nervous system activation to prepare the 

body for action (Saviola et al., 2020). Associated physiological effects include increased 

heart rate, increased stress hormone secretion, increased blood flow to the muscles, and 

hyperventilation (Bateson et al., 2011). Cognitive effects of anxiety consist of heightened 

vigilance, broadened attention, increased attention towards negative stimuli, and worry 

(Maner, 2009). The transient emotion of anxiety, as described here, is referred to in the 
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literature as state anxiety (Saviola et al., 2020). However, anxiety is also a trait describing 

one’s propensity to become anxious. Individuals with high trait anxiety are likely to be 

hyper-responsive when they perceive a potentially threatening stimulus (Maner, 2009; 

Saviola et al., 2020). 

 Anxiety disorders, such as GAD, social anxiety, posttraumatic stress disorder, and 

panic disorder, are often characterised by heightened trait and state anxiety. These 

disorders have been shown to have profound and widespread impacts on physical health 

and daily life. Past research has also found that anxiety disorders are associated with 

negative health outcomes such as increased risk for cardiovascular and cerebrovascular 

diseases, and higher incidence of gastrointestinal disorders (Bowen et al., 2000). In 

particular, panic disorder is associated with a higher incidence of respiratory disorders 

compared to healthy controls (Bowen et al., 2000). Anxiety disorders are also associated 

with lower quality of life in other domains such as social relationships, mental health, 

occupation, and home life (Olatunji, Cisler, et al., 2007). Additionally, anxiety disorders 

have been found to be linked with disability in social interaction, life activities, and 

cognitive functioning (Hendriks et al., 2014).  

High trait anxiety and clinical levels of anxiety have been linked to impairments 

in major executive functions (EF). EF refers to processes that regulate lower-level 

cognition, such as perception and motor responses, allowing for goal-directed behaviour 

(Snyder et al., 2015; Warren et al., 2021). Past research suggests that impairments in EF 

are linked with most psychological disorders and may even be risk factors for the 

development of psychopathology (Madian et al., 2019; Snyder et al., 2015). For example, 

EF deficits, such as diminished ability to suppress automatic responses and impaired 
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attention switching, have been shown to predict negative affect and negative repetitive 

thought, which are both prominent symptoms of anxiety disorders (Madian et al., 2019). 

As a result, the relationship between EFs and anxiety have been heavily studied. 

Research on EFs and anxiety have focused on the three fundamental EF domains: 

shifting, inhibition, and updating (Eysenck et al., 2007; Miyake et al., 2000). Past studies 

have reliably shown that anxiety disorders and high trait anxiety are associated with 

impairments in the inhibition of prepotent responses and shifting between tasks or 

memory sets (Berggren & Derakshan, 2013; Eysenck et al., 2007). By comparison, 

studies investigating the relationship between updating working memory (WM) 

representations and anxiety have been inconsistent. The goal of this study is to investigate 

the relationship between anxiety, worry, and visual WM updating.  

Anxiety Mechanisms and Worry 

Although anxiety and fear responses share a considerable number of overlapping 

mechanisms, these two emotions are separate and dissociable. Fear is an acute, rapid 

response to specific perceived threatening stimuli that are present in the moment. 

Anxiety, on the other hand, is a sustained response to perceived potential harm or 

anticipation of threat in the absence of immediate threat (Maner, 2009; Robinson et al., 

2019). Fear and anxiety share physiological pathways but originate in different brain 

regions. Fear is associated with activation in the central nucleus of the amygdala while 

anxiety is associated with activation of the bed nucleus of stria terminalis (BNST; Maner, 

2009). In either case there is a physiological stress response where neurons from either 

the amygdala (fear response) or BNST (anxiety response) innervate the hypothalamus, 

triggering a cascade of events in the hypothalamic-pituitary-adrenocortical (HPA) axis. 
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The hypothalamus releases corticotropin releasing factor, which causes the release of 

adrenocorticotropic hormone from the pituitary gland followed by the secretion of 

glucocorticoids from the adrenal gland. Glucocorticoids act on peripheral organs and 

structures in the central nervous system to activate the stress response and inhibit 

functions that are not pertinent to survival (Brawman-Mintzer & Lydiard, 1997; Smith & 

Vale, 2006). Anxiety disorders are associated with dysregulation of the HPA axis due to 

disruptions in limbic system structures (amygdala, BNST, and hippocampus). Impairment 

to the limbic system is often a result of chronic stress (Herman et al., 2005; Lebow & 

Chen, 2016; Roy & Sapolsky, 2003).  

Worry is considered a major hallmark of anxiety and anxiety disorders 

(McLaughlin et al., 2007; Olatunji, Schottenbauer, et al., 2007). Worry is a form of 

future-oriented thinking and is often described as a chain of uncontrollable negative 

thoughts and images about the possibility of negative future events (Olatunji, 

Schottenbauer, et al., 2007; Pajkossy et al., 2017). Worry should not be confused with 

rumination, a symptom of major depressive disorder, defined as repetitive negative 

thoughts about the past (McLaughlin et al., 2007). The cycle of negative repetitive 

thinking about potential threats can contribute to HPA axis activation during stress and 

further perpetuate its dysregulation (Lebow & Chen, 2016).  

While anxiety and worry are highly correlated, past research has determined that 

they are dissociable constructs (Gana & Canouet, 2001; Mathews, 1990). The term 

anxiety includes somatic and cognitive symptoms while the construct of worry is 

reserved specifically for the cognitive aspect of anxiety and excludes other anxiety 

components like physiological arousal (Mathews, 1990). It is widely accepted that worry 
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is the specific mechanism behind impairments in EF for individuals with high anxiety 

(Eysenck et al., 2007). Major theories detailing the effects of anxiety on EF propose that 

worry occupies cognitive resources, leaving the individual with fewer resources to devote 

to goal-related tasks (Berggren & Derakshan, 2013; Zainal & Newman, 2018).  

Executive Function Impairments Associated with Anxiety 

Shifting, inhibition, and updating are the most widely studied EFs, especially in 

relation to anxiety and anxiety disorders (Eysenck et al., 2007; Miyake et al., 2000). 

Collectively, these three executive functions are considered control functions for WM 

processes (Warren et al., 2021); however, in the case of shifting and inhibition, their 

functions are not limited to WM processing (Miyake et al., 2000). WM is the ability to 

maintain and manipulate information over a short period of time in order to complete 

goal related tasks (Baddeley, 2002; Luck & Vogel, 2013). Baddeley and Hitch’s (1974) 

model of WM contains three components: the central executive, the phonological loop, 

and the visuospatial sketchpad. The central executive is the control centre of the WM 

system which engages in shifting, inhibition and updating in order to manage the contents 

of the visual and verbal WM (Baddeley & Hitch, 1974). Shifting is used to flexibly 

allocate attention to relevant mental sets and allows for the ability to switch between WM 

tasks. Inhibition plays a role in suppressing irrelevant information to shield WM from 

distraction (Zuber et al., 2019). Finally, updating is the manipulation of WM 

representations and allows for WM items to be filtered in and out of storage as needed 

(Zuber et al., 2019). Researchers have suggested that the central executive is also 

responsible for other executive functions typically associated with the frontal lobe, such 

as planning, decision making, and dividing attention. The phonological loop and 
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visuospatial sketchpad are WM stores which hold verbal and visual spatial information, 

respectively (Baddeley & Hitch, 1974).  

The central executive is especially important for effective and efficient WM 

functioning. The WM process requires attending to task-relevant stimuli, inhibiting task-

irrelevant distractors, filtering WM items, storing relevant representations, updating no-

longer-needed representations, and shielding stored items from interference (Kessler & 

Meiran, 2008; Nir-Cohen et al., 2020; Warren et al., 2021). Shifting, inhibition, and 

updating have each been linked with trait anxiety and anxiety disorders. However, it is 

unknown whether impairments in executive functioning cause anxiety disorder symptoms 

or whether high trait anxiety causes impairments in executive functioning. In many cases, 

individuals with high trait anxiety tend to perform less efficiently, thereby having higher 

response times on EF tasks. However, studies investigating anxiety and EFs often fail to 

find an effect of anxiety on task accuracy. Researchers suggest that impaired response 

times coupled with intact accuracy scores may result from high-anxiety participants using 

more effort, reflected in longer response times, to complete the task with the same 

amount of accuracy as low-anxiety participants. The next subsections contain a brief 

review on the relationship between anxiety and each of the mentioned executive 

functions with an emphasis on the relationship between anxiety and updating.  

Shifting 

Shifting describes the processes of switching between tasks or memory sets and 

involves the disengagement of irrelevant tasks or stimuli and the synchronous 

engagement of relevant tasks or stimuli (Miyake et al., 2000). Tasks that assess shifting 

often require switching between two tasks with different operations. For example, the 
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Wisconsin Card Sorting Task (WCST) is a prototypical shifting task in which participants 

are asked to sort cards containing several coloured shapes based on an implicit rule that 

the participant must infer (i.e., shape, number, or colour). As the participant sorts the 

cards, the experimenter gives “yes” or “no” feedback reflecting whether the participant is 

sorting accurately. Once the participant has understood the rule, the rule can change 

unexpectedly, indicated by changing experimenter feedback. The participant must then 

shift to disengage from the previous rule and adopt the new, relevant rule (Miyake et al., 

2000; Uddin, 2021) 

Past research has demonstrated that high trait anxiety is associated with longer 

response times and sometimes lower accuracies on shifting tasks. For example, a study 

by Goodwin and Sher (1992) investigated the relationship between trait anxiety and 

shifting using the WCST and found that high-anxiety participants had longer response 

times than low-anxiety participants. They also found that high-anxiety individuals 

obtained lower accuracy scores than low-anxious individuals. Another study by 

Gustavson et al. (2017) investigated the effect of anxiety on an asymmetric switching 

task in which participants switched between tasks that imposed different demands on 

attentional control (Gustavson et al., 2017). In this case, participants were instructed to 

either identify the location of an arrow on the screen (less demanding) or to identify the 

direction the arrow is pointing (more demanding). Similar to the study by Goodwin and 

Sher (1992), Gustavson et al. (2017) found that individuals with high trait anxiety had 

longer response times than individuals with low trait anxiety when switching from the 

effortful direction task to the less effortful location task. In contrast to Goodwin and Sher 

(1992), Gustavson et al. (2017) found no difference in accuracy between high and low 
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anxiety individuals. The results by Gustavson et al. (2017) supported the notion that 

individuals with high anxiety found it more difficult to disengage from one task in order 

to engage in another as the longer response times seem to indicate increased effort for 

shifting. These studies, and many others, demonstrate that high trait anxiety is associated 

with diminished accuracy and longer response times on shifting tasks (Berggren & 

Derakshan, 2013; Eysenck et al., 2007). 

Inhibition 

Inhibition is the process of suppressing automatic or prepotent responses (Miyake 

et al., 2000). One quintessential inhibition task is the Stroop task. During the Stroop task, 

participants are presented with the names of colours in different coloured fonts and are 

instructed to respond with the colour of the word instead of reading the word itself. Given 

that most participants’ automatic response is to read the words, the Stroop task requires 

participants to inhibit their prepotent response (reading) in order to complete the task 

(naming the colour of the font). Past studies have found that high trait anxiety is linked to 

impairments in response time and task accuracy during inhibition tasks. For example, a 

study conducted by Pallak et al. (1975) found that high-anxiety individuals had longer 

response times compared to low-anxiety individuals on the Stroop task. In another study, 

Hallion et al. (2017) administered the Stroop task in a sample of clinically anxious 

participants diagnosed with GAD, along with healthy controls. In line with Pallak et al. 

(1975), they found that clinician-rated anxiety was predictive of both response time and 

performance accuracy on the Stroop task such that anxiety disorder patients showed 

impaired accuracy and longer response times compared to controls. Tempesta (2013) 

suggests a mechanism for impairments in inhibition associated with anxiety. They argue 



 9 

that uncontrollable worrisome thoughts that are typically associated with anxiety impair 

concentration by occupying attention. Distraction by worrisome thoughts leads to 

impaired inhibition. The studies discussed in this section demonstrate that high trait 

anxiety is related to impairments in inhibition accuracy and response time (Berggren & 

Derakshan, 2013; Eysenck et al., 2007). 

Updating 

Thus far we have established that past research has reliably demonstrated a link 

between trait anxiety and shifting, and a link between trait anxiety and inhibition. In both 

cases, high trait anxiety is associated with both accuracy and response time deficits. 

However, past research has shown inconsistent results regarding the link between trait 

anxiety and updating: the manipulation of WM items (Kessler & Meiran, 2008). 

Although effects of anxiety on inhibition and shifting have been demonstrated in non-

stressful situations, early researchers investigating the impact of anxiety on updating 

argued that the negative effects of anxiety were only related to deficits in updating when 

in stressful situations. For example, Sorg and Whitney (1992) investigated the effect of 

trait anxiety on WM updating in a stressful and non-stressful environment, which was 

manipulated using video games that participants played before the WM task. Each 

participant’s data was collected over two sessions, one with the stressful condition and 

the other with the non-stressful condition. During the stressful condition, participants 

played a competitive video game with the potential to receive a cash prize. In prior 

studies, the authors determined that this video game tends to elicit sympathetic nervous 

system activation. For the non-stressful condition, participants played a different game 

with no competition and no prizes. Sorg and Whitney (1992) administered the word span 
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and reading span tasks to assess WM updating performance. During a typical word span 

task, participants are presented with a set of words one at a time and are expected to add 

each subsequent word to WM storage. Similarly, during a typical reading span task 

participants read a set of sentences one at a time and are expected to store the final word 

of each sentence in order. At the end of each set for both tasks, participants are asked to 

recall all stored words in reverse order, beginning with the most recent word. Sorg and 

Whitney (1992) found that high anxiety participants were more accurate than low anxiety 

participants in the non-stressful environment. This may be because individuals with high 

anxiety may still feel more pressure to perform well in a non-stressful videogame, leading 

to better performance. However, high anxiety participants showed impaired updating 

accuracy in the stressful condition. This study demonstrated an interaction between trait 

anxiety and situational stress and found that high trait anxiety was only associated with 

impaired updating during stressful situations. Furthermore, a study conducted by Calvo 

and Eysenck (1996) investigated WM updating in non-stressful situations. They aimed to 

investigate the role of the phonological loop during reading comprehension in high and 

low anxious individuals by monitoring the use of articulatory strategies (lip movements) 

during a reading span task. They found in the first experiment that high-anxiety 

individuals recruited the phonological loop during a reading comprehension task by using 

articulatory strategies such as reading aloud (Calvo & Eysenck, 1996). They also found 

that individuals with high trait anxiety showed impairment on reading comprehension 

compared to low trait anxiety individuals; however, there was no significant difference 

between groups on reading span performance. Due to intact reading span performance, 

Calvo and Eysenck (1996) concluded that updating was not affected by trait anxiety in 
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non-stressful situations; however they did not have a stressful condition to compare their 

results. These studies, however, only evaluated accuracy and not response time. 

Therefore, it is possible that trait anxiety only affects updating accuracy in stressful 

situations. Recent research has found that high-anxiety individuals show impaired 

updating response times in non-stressful environments. 

Balderston et al. (2020) investigated updating efficiency and accuracy in 

participants with a diagnosis for an anxiety disorder and in healthy participants on a 

spatial n-back task using behavioural and neuroimaging data. During a typical n-back 

task, participants are presented with a stream of stimuli and report whether each stimulus 

exactly matches the stimulus presented n-trials prior. The n-back task requires constant 

monitoring of stimuli and constant updating of the stimulus presented N trials before in 

order to make correct judgements (Jaeggi et al., 2010). In the case of Balderston et al. 

(2020), participants completed a 0-back, 1-back, 2-back, and a 3-back task in the fMRI 

scanner. During each trial they were presented with an asterisk at one of four locations on 

the screen (top, bottom, left, or right). For the 1-, 2, and 3-back tasks, participants 

determined whether the current asterisk was in the same location as the asterisk one, two, 

or three trials prior. For the 0-back task, participants responded with whether each 

asterisk was at the top of the screen or not. Balderston et al. (2020) found that the 

clinically anxious participants had longer response times and lower accuracies than 

healthy controls. Additionally, they found that clinically anxious participants exhibited 

lower activation in the dorsolateral prefrontal cortex (DLPFC), a brain region that is 

heavily involved in WM processes. This may suggest that highly anxious individuals are 
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unable to engage brain areas involved in updating, leading to impairments in 

performance.  

Results from Balderston et al. (2020) are somewhat at odds with other 

neuroimaging studies on WM updating and trait anxiety. Fales et al. (2008) conducted a 

study investigating trait anxiety and updating using a 3-back task containing word stimuli 

where participants determined whether the current word matched the word presented 

three trials prior (Fales et al., 2008). Contrary to Balderston et al (2020), Fales et al. 

(2008) found that high-anxiety participants were equally accurate and showed greater 

activation in the DLPFC compared to low-anxiety individuals. These results suggest that 

individuals with high anxiety can compensate for shortcomings by increasing effort, 

thereby increasing brain activation, to obtain similar accuracy scores to low anxiety 

participants. Basten et al. (2012) found similar results using a modified delayed response 

task. During the task, participants were first presented with four letters sequentially. Next, 

participants were presented with either the word “maintain” or the word “sort” telling 

them what to do next. For maintain trials, participants continued to remember the letters 

in the order in which they were presented. For sort trials, participants were asked to sort 

the letters in alphabetical order. Finally, during the test phase, participants were presented 

with one of the letters they had seen and a number indicating the placement on the list. 

Participants responded with a key press indicating whether the cued letter was in the cued 

placement. Basten et al. (2012) found no difference in either response time or accuracy 

between high and low trait anxiety participants. However, their neuroimaging results 

replicated the findings of Fales et al. (2008) such that individuals with high anxiety 

showed stronger activation of the right DLPFC and left inferior frontal sulcus, which are 
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both implicated in WM processing. Findings by Basten et al. (2012) support the notion 

that individuals with high trait anxiety can compensate for impairment by increasing 

brain activity and effort.  

Taken together, the described studies show inconsistencies in situational, 

behavioural, and neuroimaging results. While stressful situations seem to influence WM 

updating accuracy, studies have shown that individuals with high anxiety or clinical 

anxiety can still experience deficits in updating when the situation is not stressful. 

Behaviourally, there are discrepancies in whether updating response times and accuracies 

are impaired in individuals with high anxiety. Neurally there are mixed results about 

whether brain activation is increased or diminished in individuals with high anxiety. 

Balderston et al. (2020) suggest that the differences in results may be attributed to 

participant characteristics. More specifically, the clinically anxious participants studied 

by Balderston et al. (2020) are similar to subclinical, high trait anxiety participants 

recruited in the other two studies except for one key difference: impairment in daily 

functioning. As a prerequisite for diagnosis, clinically anxious individuals experience 

deficits in function that subclinical participants do not necessarily experience (Balderston 

et al., 2020). The difference in functioning between these samples might indicate that the 

lack of compensatory neural and behavioural mechanisms in anxiety patients are 

associated with having clinical levels of anxiety. However, this can only be speculated 

upon as research thus far has not investigated the differences in updating between clinical 

and subclinical anxiety. Research on anxiety and updating tends to either compare 

performance across individuals with high and low trait anxiety or across clinical anxiety 

disorder patients and healthy controls. While the controls that are included in clinical 
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studies may have varying levels of trait anxiety, researchers do not separate high and low 

anxiety control participants. Therefore, to our knowledge, researchers have yet to 

compare high trait anxiety individuals who do not meet DSM-V criteria to those who do. 

The studies described in this section represent the inconsistent findings across the 

anxiety-updating literature. The relationship between trait anxiety and updating accuracy 

seems particularly unilluminated. Early research found accuracy impairments exclusively 

in stressful situations for highly anxious individuals, but accuracy impairments are also 

present in non-stressful situations for clinically anxious participants. In the present study, 

we specifically aim to investigate the relationship between trait anxiety and a novel form 

of updating accuracy: the manipulation of visuospatial information in WM. 

Unified Theory: Attentional Control Theory 

Attentional Control Theory is a prominent theory that synthesises the 

relationships between anxiety and the fundamental EFs. According to Eysenck’s (2007) 

Attentional Control Theory (ACT), worry is the mechanism through which anxiety 

impairs cognitive control (Eysenck et al., 2005). The theory consists of six hypotheses 

(Table 1) about the relationship between anxiety and processing efficiency as well as the 

relationship between anxiety and processing effectiveness for inhibition, shifting, and 

updating (Eysenck et al., 2007). ACT distinguishes between the effects of anxiety on 

performance effectiveness, defined as performance accuracy, and performance efficiency, 

defined as response time. The first hypothesis states that anxiety affects efficiency more 

than it affects effectiveness on cognitive control tasks (Eysenck et al., 2007). Given that 

worry is the mechanism by which anxiety impairs cognition, ACT argues that worrisome 

thoughts enhance a highly anxious individual’s motivation to minimise the negative 
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effects of anxiety on performance. Therefore, task accuracy between high- and low- 

anxiety individuals tend to be the similar, but individuals with high anxiety tend to have 

longer response time and report putting in more effort. The second hypothesis states that 

the negative effects of anxiety on performance will increase with overall task demands 

(Eysenck et al., 2007). As a cognitive control task increases in difficulty, the effects on 

anxiety on performance will be more apparent as one’s ability to compensate for 

shortcomings in performance decreases. The third hypothesis states that anxiety impairs 

attentional control by increasing one’s susceptibility to bottom-up distraction (Eysenck et 

al., 2007). Eysenck et al. (2007) argues that individuals with high trait anxiety tend to be 

more vigilant and tend to cast attention widely rather than focussing attention to the 

current task. Casting attention widely increases attention towards external stimuli thereby 

increasing distractibility and interference with performance on cognitive control tasks.  

 

Table I: Overview of Eysenck's Attentional Control Theory Hypotheses 

1 Anxiety affects processing efficiency more than it affects processing effectiveness 

on cognitive control tasks. 

2 The negative effects of anxiety on performance increase with overall task demands. 

3 Anxiety impairs attentional control by increasing one’s susceptibility to bottom-up 

distraction. 

4 Anxiety impairs efficiency and, to a lesser extent, effectiveness on inhibition tasks 

with all stimuli but especially with threatening stimuli. 

5 Anxiety impairs efficiency and, to a lesser extent, effectiveness on shifting tasks. 

6 Anxiety impairs processing efficiency and sometimes effectiveness on updating 

tasks but only in stressful situations or with threatening stimuli. 
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The remaining components of ACT make specific predictions about how anxiety 

impairs inhibition, shifting, and updating. The fourth and fifth hypotheses state that 

anxiety impairs efficiency and, to a lesser extent, effectiveness on both inhibition and 

shifting tasks respectively. These hypotheses are consistent with the evidence described 

previously, demonstrating that individuals with high anxiety are slower and less accurate 

on inhibition and shifting tasks compared to low anxiety individuals. Finally, the sixth 

hypothesis states anxiety impairs processing efficiency and sometimes effectiveness on 

updating tasks but only in stressful situations or with threatening stimuli (Eysenck et al., 

2007). This hypothesis is inconsistent with the results mentioned previously, as several 

studies have found anxiety to have an effect on updating response time in non-stressful 

situations. The effect of anxiety on updating accuracy, however, requires further research 

as results in this area are vague and conflicting. 

Worry and Working Memory Updating 

Recent research has suggested that the literature on the relationship between 

anxiety and WM updating could be improved by investigating trait worry in relation to 

updating performance. Although it is widely believed that worry is the mechanism 

through which anxiety impairs EF, few studies measure worry directly. Instead, 

researchers examine worry indirectly using measures of trait anxiety, which tend to 

correlate with worry, even though they are separable constructs. A recent investigation by 

Gustavson and Miyake (2016) tested the effect of trait worry and trait anxiety on 

updating by measuring participants’ trait anxiety and trait worry and administering a 

unique updating task (Figure 1). They posited that trait worry, rather than trait anxiety, 

would be linked to deficits in WM updating. During their WM updating task, participants 
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were first presented with two lists of words, each with either a set size of one or a set size 

of three. After a brief delay, participants were cued to drop one of the lists. The removal 

of one list qualifies as an update to WM. During the test phase, participants were 

prompted with a word and responded with whether the word belonged to the retained list 

or not (Gustavson & Miyake, 2016). The cued word could be from the retained list, from 

the dropped list, or a new word the participants had not seen.  

 

Gustavson and Miyake (2016) found that individuals with high trait worry had 

significantly longer response times compared to individuals with low trait worry when 

probed with a word from either list. However, there was no difference between high and 

Figure 1:Schematic of WM updating task used by Gustavson and 
Miyake (2016) 
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low worry participants for new words that had not previously appeared. Gustavson and 

Miyake (2016) suggest that high worry individuals tend to update less efficiently and are 

more inclined to hold onto the items that they are expected to remove. As a result, it is 

more effortful to determine whether a given word belonged to the list they were supposed 

to remember or the list they were supposed to forget. They also found that high and low 

trait worry individuals did not differ on accuracy. Interestingly, they found that trait 

anxiety was not associated with impairments in updating and concluded that trait worry, 

not trait anxiety, impairs the processing efficiency of updating in non-threatening 

situations.  

Gustavson and Miyake (2016) successfully demonstrated that individual 

differences in trait worry are related to individual differences in updating efficiency for 

verbal information, such that that individuals with high trait worry were less efficient at 

removing words from WM than individuals with low trait worry. However, their study 

raises new questions about trait worry and updating. Gustavson and Miyake (2016) 

utilised only verbal stimuli and, therefore, their results show the relationship between the 

phonological loop and central executive for individuals with high and low trait worry. 

The relationship between trait worry and visual WM updating remains, to our knowledge, 

unexplored. We seek to investigate the relationship between individual differences in trait 

worry and individual differences in visual WM updating.  

While, research on other cognitive domains has found that trait anxiety affects 

processing effectiveness (i.e., behavioural accuracy) to a lesser extent than processing 

efficiency (i.e., response time) Gustavson and Miyake (2016) found no effect of trait 

worry on processing effectiveness. Given that the second ACT hypothesis states that 
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performance declines as task demands increase, it is possible that Gustavson and 

Miyake’s (2016) task was not demanding enough to produce impairments in task 

accuracy. Lastly, Gustavson and Miyake’s (2016) task only assessed the removal of items 

from WM. As mentioned previously, updating often involves the monitoring of the 

external environment and the manipulation of items inside WM. Therefore, the extent to 

which Gustavson and Miyake’s (2016) findings extend to the manipulation of items in 

WM remain unknown. In the current study, we aimed to focus on performance 

effectiveness by using a more challenging task that requires the manipulation of items 

held in WM called the dynamic change detection task (Pailian, 2015; Pailian & Halberda, 

2013). 

The dynamic change detection task requires participants to manipulate the 

representations held in WM and to update the location binding of the WM items (Pailian, 

2015; Pailian & Halberda, 2013). During the dynamic change detection task, participants 

monitor the successive swapping of items and actively update the location binding of 

those items. Participants are first presented with a memory display with an array of visual 

stimuli which they can view for an unlimited amount of time. The visual stimuli are then 

occluded and pairs of items in the array are swapped up to four times. After the final 

swap, participants are shown a test display. The test display can take one of two different 

forms (Pailian, 2015). One version of the dynamic change detection task uses a two-

choice response method where participants are probed with one stimulus in a given 

location and must respond with whether they expected the probed stimulus in the probed 

location (Pailian & Halberda, 2013). Another version of the dynamic change detection 

task uses a multiple-choice response method where participants are probed with a 
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location and must choose from several options which stimulus they expected to see in the 

probed location (Pailian, 2015). The dynamic change detection task has been used to 

assess WM updating across the lifespan and across species. A study by Pailian et al. 

(2020) investigated WM manipulation abilities in children, adults, and a Grey parrot. 

Participants were presented with two to four coloured objects which were occluded by 

opaque cups. The cups were then swapped zero to four times. Participants were instructed 

to mentally manipulate the objects in WM correspondingly. After all swaps were 

complete, participants were probed with one of the colours and were instructed to 

indicate the cup the probed coloured object was underneath. In adult participants, Pailian 

et al. (2020) found a main effect of set size whereby task accuracy was highest for trials 

containing a set size of two and lowest for trials containing a set size of four. 

Additionally, they found a main effect of swaps such that task accuracy declined linearly 

as a function of the number of swaps. They also found significant interaction of set size 

and swaps such that updating costs were exacerbated by the number of items held in 

WM. Finally, while children performed significantly worse than adults, researchers found 

that the grey parrot performed comparably to adults, which supports the notion that WM 

manipulation abilities are not uniquely human. In our study, we also plan on 

manipulating set size (2-4 items) and the number of swaps (0-2 swaps). Although past 

research suggests that anxiety-based deficits are largest for efficiency (e.g., response 

time), the nature of the dynamic change detection task makes accuracy the most sensitive 

measure of updating ability. Given that some trials will involve multiple sequential 

updates, any delays in response time while monitoring and updating might result in errors 

during the final test phase.  
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THE PRESENT STUDY 

The goal of the current study was to investigate the interaction between individual 

differences in trait anxiety, trait worry, visual set size, and the number of item swaps on 

visual WM updating performance. We conducted an in-person laboratory study on 

college students and measured trait worry and trait anxiety using questionnaires. 

Participants also completed a WM updating task, the dynamic change detection task, 

which we used to measure updating accuracy. Additionally, we were interested in 

extending the findings of Pailian et al. (2020) and Pailian (2015) to investigate the 

relationships among updating, trait anxiety, and trait worry. We administered a modified 

version of the dynamic change detection task. In the original dynamic change detection 

task, the memory display and the test display are presented for an unlimited amount of 

time (Pailian, 2015). However, we implemented a time limit for both of these displays in 

order to fit the experiment in a one-hour time window. As found by Pailian et al. (2020), 

we expected to find a main effect of set size and a main effect of number of swaps such 

that increases in set size and the number of swaps would separately be associated with 

declines in performance accuracy. We also expected to see an interaction of set size and 

swap whereby the combined increases in set size and swaps cause significant declines in 

performance accuracy.  

While past research on updating, anxiety, and worry have examined both response 

time and accuracy, we decided to focus on accuracy, without measuring response time. 

We made this decision because past research studying anxiety, worry, and updating has 

found inconsistent results for the relationship between updating accuracy and anxiety. 

Additionally, past studies have opted for tasks with only two response options such as the 
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N-back task (whether the stimuli match or do not match), and the task by Gustavson and 

Miyake (2016; whether the word is on the remembered list or not). We wanted to use a 

variant of the dynamic change detection task, which is particularly sensitive to 

behavioural accuracy because the test display contains eight response choices. This 

design resulted in only a 12.5% chance of responding correctly when guessing. However, 

with so many response options, we decided that using a mouse click rather than a button 

press was the best response method. Response time data when measuring a mouse click is 

noisy and imprecise as the cursor is not equidistant from all response options and 

participants may not take a direct path to their selection. Therefore, in order to prioritise 

our investigation into the relationship between anxiety, worry, and updating accuracy, we 

decided to forgo the response time measure.  

We administered trait anxiety and trait worry questionnaires to examine the 

relationship between trait worry and trait anxiety on performance accuracy on the 

dynamic change detection task. We expected to see an interaction between trait worry 

and task variables (set size and number of swaps) such than an individual’s level of trait 

worry affects the degree to which performance declines with increasing set size and 

swaps. However, we expected that trait anxiety would not be associated with impairments 

in WM updating. We believed that trait anxiety and trait worry would differ in their 

effects on WM updating because Gustavson and Miyake (2016) failed to find an effect of 

trait anxiety on their updating task. Furthermore, one of ACT’s major assumptions is that 

worry is the cognitive component of anxiety responsible for impairments in EFs 

therefore, worry should be related to updating impairment. To test these hypotheses, we 

utilised Analysis of Covariance (ANCOVA) and Multilevel Modelling (MLM). MLM 
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and ANCOVA both allowed us to examine all main effects and interaction effects that we 

were interested in, however, the addition of MLM also allowed us to also examine and 

compare model strength with and without the level two predictors. For ANCOVA 

analyses, set size and number of swaps were treated as within-subjects variables. Trait 

worry and trait anxiety analysed in separate ANCOVA analyses and were treated as 

covariates. We followed up these ANCOVA findings with MLM analyses in which set 

size and swaps were treated as level one predictors. Trait worry and trait anxiety were, 

again, analysed in separate models and were both treated as level two predictors.  

We also conducted an exploratory split-half analysis in order to examine whether 

time affected the impact of anxiety and worry on updating performance. It is possible that 

participants’ performance might change over the course of the experiment due to fatigue 

or practice effects. We predicted that there would be no significant effect of time on 

performance. We also predicted that time would not affect the relationship between set 

size, number of swaps and accuracy. Finally, we predicted that time would not alter the 

relationship between set size, number of swaps, and trait worry, or the relationship 

between set size, swaps, and trait anxiety.  

 Given that, to our knowledge, the dynamic change detection task has not been 

used in the study of WM updating and anxiety, we decided to monitor participants’ state 

affect throughout the WM updating task. We also examined whether any changes in 

affect varied according to individual differences in trait worry, and/or trait anxiety was 

related to affect over time. We used the affect grid, a single item measure assessing 

participant pleasure and arousal in the moment. Given that we were not using stress- or 

emotion-inducing stimuli, we predicted that there would be no significant differences 
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between affect measurements during the task. We also predicted that neither trait worry, 

nor trait anxiety would be significantly related to affect grid measurements over time.  

Finally, we conducted an exploratory analysis of the test-retest reliability of the 

Penn State Worry Questionnaire (PSWQ). The PSWQ is a widely used measure of trait 

worry with good convergent and divergent validity in college samples (Crittendon & 

Hopko, 2006; Hazlett-Stevens et al., 2004; Meyer et al., 1990). The abbreviated PSWQ, 

(PSWQ-A) has also been shown to correlate highly with the full-length PSWQ 

(Crittendon & Hopko, 2006), and both have shown good test-retest reliability (Hazlett-

Stevens et al., 2004; Spence et al., 2012). Prior research has, however, found that the 

PSWQ-A is not stable over time. Therefore, we did not use it as a pre-screening measure 

for our study. We did, however, administer the full-length PSWQ during Mass Testing at 

the beginning of the Spring 2021 Semester in addition to the PSWQ-A scores measured 

during our experiment. We examined the correlation between PSWQ scores from the 

beginning of the semester to PSWQ-A taken during our experiment. We predicted that 

there would be a significant positive correlation between PSWQ scores from Mass 

Testing and PSWQ-A scores collected during our study, reflecting good test-retest 

reliability,  

 

 

 

  



 25 

METHOD 

Participants 

We recruited 37 undergraduate students between the ages of 18 and 22 (12 

female, 25 male, Mage = 18.95) to participate in the study. Participants received 

introductory psychology course credit in exchange for participation. Participants were 

eligible to participate if they were over 18 years old at the time of data collection and if 

they had normal or corrected-to-normal vision. Participants were not asked about whether 

or not they have received an anxiety disorder diagnosis or whether or not they take 

anxiety medication. Participants were also not asked to stop taking any medications.  

Participants were excluded from some or all analyses for the following reasons: A 

few participants were excluded from analyses of the WM updating task for not 

completing the experiment due to technical issues (N = 2), for not following instructions 

(N = 1), or for obtaining accuracy scores lower than two standard deviations from the 

group mean on the WM updating task (N = 1). Two participants were excluded from all 

analyses due to an experimental administrative error and one participant withdrew from 

the study. Three participants were excluded from analyses involving trait anxiety for 

having incomplete STAI questionnaires, however they were included in analyses not 

involving anxiety. Therefore, we had and N of 27 in anxiety analyses and an N of 30 for 

other analyses.  

For some analyses, we relied on data acquired at the beginning of the semester 

during Mass Testing. During Mass Testing, participants completed a battery of 

questionnaires submitted by several research labs in the Wake Forest Psychology 

Department to aid in pre-screening and study eligibility. At the beginning of data 
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collection for the current study, participants were not preselected for completing Mass 

Testing, however this was changed after the 24th participant. From then on, participants 

were only eligible to participate if they had complete Mass Testing during the Spring 

2021 semester. Twenty-four total participants from the present study completed Mass 

Testing, however, two participants had missing data yielding 22 participants for analyses 

relating the current data with those acquired during Mass Testing.  

Materials 

Penn State Worry Questionnaire 

 The Penn State Worry Questionnaire ( PSWQ; Appendix A) is a 16-item self-

report measure of trait worry (Meyer et al., 1990). Both the PSWQ and an abbreviated 8-

item version, the PSWQ-A (Appendix B; Hopko et al., 2003), were used during this 

study. The full-length PSWQ was administered during Mass Testing while the PSWQ-A 

was administered on the day participants completed the WM updating experiment. Mass 

testing and day-of PSWQ-A scores were used to examine the test-retest reliability of the 

PSWQ. For both versions, participants rated each item on a 5-point Likert scale (1- not at 

all typical of me to 5- very typical of me) reflecting how true each statement is of them 

(e.g., “I know I should not worry about things, but I just cannot help it”). The PSWQ and 

the PSWQ-A were scored by reverse coding the appropriate items and summing 

participant responses from each item. The internal consistency for both the full length 

PSWQ and PSWQ-A was excellent (α = .942 and α = .943, respectively).  

State Trait Anxiety Inventory, Trait Version, Form Y (STAI-T) 

 The STAI-T is a 20-item self-report measure of trait anxiety (Spielberger, 

Goruch, Lushene, et al., 1983). Participants responded to each item on a four-point Likert 
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scale (1- almost never to 4- almost always) to indicate how often they experienced the 

symptoms described in the 20 statements (e.g., “I lack self-confidence”; “I am a steady 

person”). The STAI-T was scored by reverse coding items where necessary and 

calculating a total from the participants’ ratings of each item. Prior research has shown 

that the STAI-T has high test-retest reliability and concurrent validity with other anxiety 

measures (Bieling et al., 1998). The internal consistency of the STAI-T in our sample 

was good (α = .873). 

Affect Grid  

 The Affect Grid is a single-item measure of the participant’s current affect 

(Russell et al., 1989). Participants were asked to indicate the degree to which they were 

feeling pleasure and arousal on a nine-by-nine grid (Figure 2). The horizontal axis 

represented pleasure such that higher numbers (towards the right) indicated pleasure. The 

vertical axis represented arousal such that higher numbers (towards the top) indicated 

more arousal. Participants were asked to click one of the squares to indicate how they are 

feeling in the moment. Each administration of the Affect Grid yielded two scores, one for 

pleasure from 1-9, and one for arousal also from 1-9.  
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Figure 2: Affect Grid 

 

Visual Working Memory Updating Task 

 The Psychophysics Toolbox-3 (Brainard, 1997) running in MATLAB R2019b 

controlled the presentation of the WM updating task. The visual WM updating task 

(Figure 3) was adapted from Pailian’s (2015; Pailian & Halberda, 2013) dynamic change 

detection task and was designed to measure performance on working memory 

manipulation. At the start of each trial, participants were presented with a two-digit 

verbal load for 500ms and were instructed to rehearse the digits subvocally throughout 

the trial. To assess compliance with these instructions, participants were required to 

report the two digits at the end of the trial. The verbal load ensured that participants were 

not employing verbal working memory stores by labelling and rehearsing. By occupying 

the phonological loop with the verbal load, participants must rely solely on visual WM to 

store the items in the visuospatial sketchpad. After a blank screen lasting 1000ms, 

participants were presented with an array containing two, three or four shapes out of eight 

possible shapes (circle, triangle, rectangle, plus, heart, star, hourglass, crescent). The 
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shapes remained on screen for 1000ms for participants to store in working memory. On 

the following screen, each shape was occluded by a white square for 1900ms. 

Participants were then presented with a series of swap animations. The swapping period 

lasted a total of 6400ms, 6450ms, or 6500ms1 during which pairs of the white squares 

swapped places either zero, one, or two times. For trials with zero swaps, participants 

were presented with the white squares for 6500ms without an animation. For trials with 

one and two swaps, each swap animation lasted for 1650ms and was followed by a  

reconsolidation period until the next swap or the onset of the test display. For two-swap 

trials, the reconsolidation period between swaps was 1550ms. For set sizes greater than 

two, the shapes and order of the swaps was randomized. Participants were then presented 

with a 100ms cue onset of test display, followed by the test display containing the white 

squares and a probe with a black outline around one of the squares. The participants 

responded by selecting one shape from a panel of eight, indicating the shape they 

expected to see under the probed square. The test display timed out after 4000ms. Finally, 

after a 500ms blank screen, participants reported the numbers that they were asked to 

rehearse by typing them on a keyboard. They had a maximum of 4000ms to indicate their 

response. The WM task had a 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 1, 2) factorial 

design yielding nine different trial types. The dependent variable, performance accuracy, 

was determined based upon whether the shape the participant selected matched the shape 

that should be in the probed location (the square with the black outline) for each trial.  

 

1 Due to a programming error, the swapping period was 6500ms for zero-swap trials, 6450 for one-swap 
trials and 6400 for two-swap trials. The extra 50-100ms was added to the end of the swapping period. 
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Figure 3: Schematic of the dynamic change detection task paradigm.  

 

Procedure 

The full length PSWQ was administered at the beginning of the Spring 2021 

semester as part of Mass Testing. Data collection for the current study took place during 

the last four weeks of the semester. On the day each participant was scheduled to arrive, 

they were seated in a dimly lit room with a desktop computer and were asked to set up 

their personal laptop or mobile phone to join a Zoom call with the experimenter. Due to 
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COVID-19 social distancing requirements, the experimenter and participant were never 

in the same room and only communicated through Zoom. Participants provided informed 

consent via Qualtrics and completed a brief demographic form (Appendix C) followed by 

the STAI-T and the PSWQ-A. After completing the questionnaires, the experimenter 

gave the participant instructions for the WM task and the Affect Grid. Once the 

participant expressed that they understood the instructions, they were given nine practice 

trials of the WM updating task. When participants were comfortable with the task, they 

began the experiment. The participant stayed on the Zoom call with their camera on for 

the remainder of the experiment. The Affect Grid was administered intermittently during 

the WM task. The first measurement was taken before the start of the first block and was 

subsequently measured after each of the four WM task blocks. Participants completed a 

total of 144 trials of nine trial types, which were randomly presented in equal proportion, 

resulting in 16 trials per type. The task was divided into four blocks.2 The experiment 

lasted approximately 60 minutes for each participant.  

Data Analysis 

 To analyse our data, we calculated each participant’s mean accuracy per trial type 

using MATLAB R2019b. When calculating each participant’s mean accuracies, we only 

considered trials correct when the participant reported both the verbal load and the cued 

shape accurately. By only including accurate verbal load and accurate shape choice trials 

in participant accuracy scores, we ensured that only the trials in which participants 

 

2 Due to a programming error, the blocks did not have an equal number of trials. Block one contained 35 
trials, blocks two and three contained 36 trials each, and block four contained 37 trials. As a result of the 
error, an extra measurement of the Affect Grid was taken such that the fifth measurement was administered 
one trial before the end of the final block, and the sixth was administered when the task concluded. The last 
measurement was dropped from analysis because only one trial had passed since the measurement prior. 
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utilised visual WM stores were included. Trials with both accurate verbal load and shape 

choice indicates that the phonological loop was not employed when manipulating the 

shapes in WM, and that the task was done correctly. We then analysed our data in 

RStudio v4.03 and SPSS v27. We mean centred PSWQ and STAI-T questionnaire scores 

such that all within-subject effects are reported at the grand average of each covariate 

(Schneider et al., 2015). We first conducted a 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 

1, 2) repeated measures ANOVA (N = 30). Next, we examined the correlation between 

PSWQ scores from Mass Testing and PSWQ-A scores from the day of the experiment (N 

= 22).  

We then conducted a 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 1, 2) repeated 

measures ANCOVA by adding PSWQ-A scores as a covariate (N = 30). We also 

conducted a slopes-as-outcome MLM in which task-level variables, set size and swaps, 

served as our level-one predictors, and added PSWQ-A scores as a level 2 predictor (N = 

30). As in the ANCOVA, MLM allowed us to examine the effect of trait worry on the 

relationship between set size and WM updating accuracy, the relationship between 

number of swaps and WM updating accuracy, and interaction of set size and swaps on 

WM updating accuracy. To test the effect of trait anxiety on WM updating accuracy, we 

conducted another ANCOVA (N = 27) and MLM (N = 27) analysis replacing PSWQ-A 

scores with STAI-T scores.  

 We also conducted an exploratory split-half analysis to examine whether time 

changed the effect of anxiety and worry on WM updating performance. Due to the large 

number of conditions, we were only able to include16 trials per swap and set size 

combination across the entire experiment. Given these low trial counts, a block-wise 
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analysis was not feasible, and the split-half analysis should be interpreted with caution. 

We calculated participants’ mean accuracy scores separately for the first half and the 

second half of the experiment. This resulted in one accuracy score from blocks one and 

two and a second accuracy score for blocks three and four per participant and per trial 

type. A 3 (set size: 2, 3, 4) x 3 (swaps: 0, 1, 2) x 2 (half: first half, second half) repeated 

measures ANOVA was conducted (N = 30). We also conducted one ANCOVA adding 

worry (N = 30) as a covariate and one ANCOVA adding anxiety (N = 27) as a covariate 

to the split-half ANOVA.  

Finally, we examined participants’ affect over time and whether any changes in 

affect varied according to individual differences in trait worry, and/or trait anxiety was 

related to affect over time. For pleasure-displeasure scores, we conducted three analyses: 

one repeated measures ANOVA to compare mean pleasure-displeasure scores over the 

five measurements, one repeated measures ANCOVA with worry as a covariate, and one 

repeated measures ANCOVA with anxiety as a covariate. The same three analyses were 

conducted with arousal-sleepiness scores by replacing pleasure-displeasure with arousal-

sleepiness scores.  

All post-hoc tests were conducted with Bonferroni corrections.  
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RESULTS 

Analysis of Variance: Task Variables on Updating Accuracy 

 A 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 1, 2) repeated measures ANOVA 

was conducted to examine the effect of task variables (set size and the number of swaps) 

on WM updating accuracy (N = 30; Figure 4). Consistent with our hypothesis, we found a 

main effect of set size (F(2, 58) = 142.89, p < .001) such that participants were 

significantly less accurate as set size increased (Figure 4). Participants were significantly 

more accurate on trials with a set size of two (M = .70, SE = .028) when compared to 

trials with a set size of three (M = .49, SE = .032), t(58) = 8.99, p < .001. Participants 

were also significantly more accurate on trials with a set size of three than trials with a set 

size of four (M = .31, SE = .029), t(58) = 7.90, p < .001. Additionally, participants were 

significantly more accurate on trials with a set size of two than they were on trials 

containing a set size of four, t(58) = 16.89, p < .001.  

 Also, in support of our hypothesis, we also found a main effect of number of 

swaps (F(2, 58) = 17.24, p < .001) such that participants were significantly less accurate 

as the number of swaps increased. Participants were significantly more accurate on trials 

with zero swaps (M = .56, SE = .027) than trials with one swap (M = .49, SE = .030), 

t(58) = 3.66, p = .002. Participants were also significantly more accurate on trials with 

zero swaps than on trials with two swaps (M = .45, SE = .028), t(58) = 5.81, p < .001. 

There was, however, no significant difference in accuracy between trials with one swap 

and trials with two swaps, t(58) = 2.15, p = .107.  

Contrary to our hypothesis, there was only a marginally significant interaction 

between set size and swaps on WM updating accuracy, F(4, 116) = 1.71, p = .056. For 
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trials with a set size of two, there were smaller declines in accuracy as swaps increased 

compared to trials with a set size of three and four.  

 
Figure 4: Results from ANOVA showing proportion of accurate trials across condition. 

Error bars represent standard error. 
 

Correlational Analyses of the PSWQ 

 We conducted a correlation between the full-length PSWQ, administered during 

Mass Testing, and the PSWQ-A administered during the experiment. We found a 

significant positive correlation (r(20) = .69, p < .001). We also computed PSWQ-A 

scores from the full-length version from Mass Testing (using a subset of the items shared 

with the PSWQ-A) and found that it was significantly, positively correlated with PSWQ-

A scores administered during the experiment (r(20) = .67, p < .001). This supports the 

notion that the PSWQ has good test-retest reliability. Finally, for the Mass Testing data 

only, we correlated the full-length PSWQ scores to the subset of PSWQ-A items and 

found a significant positive correlation (r(21) = .97, p < .001), which supports the use of 

the abbreviated PSWQ in lieu of the full-length scale.  
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Analysis of Covariance: Individual Differences in Trait Anxiety and/or Trait Worry 

Descriptive Statistics for Individual Differences Measures 

 In our sample, PSWQ-A scores ranged from 8 to 37 (M = 20.97, SD = 8.193). The 

PSWQ-A scores from our sample are very similar to normative data obtained from 

younger adults, M = 21.8, SD = 8.2 (Crittendon & Hopko, 2006). STAI-T scores ranged 

from 25 to 53 (M = 38.86, SD = 8.03). For females, mean STAI-T in our sample (M = 

40.38, SD = 4.00) was slightly higher than means found in normative data and was less 

variable (M = 36.15, SD = 9.53; Spielberger, Goruch, Vagg, et al., 1983). For males, 

mean STAI-T in our sample (M = 37.63, SD = 9.00) was also slightly higher but similarly 

spread to normative data (M = 35.55, SD = 9.76; Spielberger, Goruch, Vagg, et al., 1983). 

PSWQ-A and STAI-T scores were significantly positively correlated (r(25) = .66, p < 

.001).  

Task Variables and Trait Worry on Updating Accuracy 

 We conducted a 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 1, 2) repeated 

measures ANCOVA with trait worry as a covariate (N = 30). As before, we found a 

significant main effect of set size (F(2, 56) = 140, p < .001), a significant main effect of 

number of swaps (F(2, 56) = 16.90, p < .001), but no significant interaction between set 

size and number of swaps (F(4, 112) = 1.67, p = .162).  

The results did not support our hypothesis stating there would be an interaction 

between trait worry, set size, and number of swaps. There was no significant interaction 

between trait worry and set size (F(2, 56) = .41, p = .622) and no significant interaction 

between trait worry and number of swaps (F(2, 56) = .43, p = .650) on WM updating 

accuracy (Figure 5). There was also no three-way interaction between trait worry, set 
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size, and number of swaps (F(4, 112) = .34, p = .852). These results were graphed 

(Figure 5) by doing a median split on PSWQ-A scores so that accuracy for high and low 

worriers can be easily visualised.  

 

 
Figure 5: Proportion of accurate trials for high and low worriers per condition. 

Error bars represent standard error. 

  

Task Variables and Trait Anxiety on Updating Accuracy 

 We conducted a 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 1, 2) repeated 

measures ANCOVA with trait anxiety as a covariate (N = 27). As before, we found a 

significant main effect of set size (F(2, 50) = 146, p < .001), a significant main effect of 

number of swaps (F(2, 50) = 20.42, p < .001), but no significant interaction between set 

size and number of swaps (F(4, 100) = 1.39, p = .240).  
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We hypothesised that trait anxiety would not interact with set size and the number 

of swaps on WM updating performance. These results support our hypotheses. There was 

no significant interaction between trait anxiety and set size (F(2, 50) = .34, p = .713) and 

no significant interaction between trait anxiety and the number of swaps (F(2, 50) = 1.9, 

p = .170). There was also no significant three-way interaction between trait anxiety, set 

size, and the number of swaps (F(4, 100) = .91, p = .447). These results were graphed 

(Figure 6) by doing a median split on STAI-T scores so that accuracy for high and low 

anxiety participants can be easily visualised.  

 

 
Figure 6: Proportion of accurate trials for high and low trait anxiety per condition.  

Error bars represent standard error. 
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Multilevel Modelling 

In addition to the ANCOVA, we conducted three MLM analyses using the 

package lme4 in R, specifically, the lmer function. We first fit a reduced model with set 

size and number of swaps as level one fixed effects to compare to subsequent MLMs. We 

then fit two additional models where we separately added trait worry and trait anxiety as 

level two predictors. In both models, we used sum contrast coding for all categorical 

variables. AIC values indicate how well predictors in a MLM predict the outcome, such 

that lower values indicate better predictive power. The probability associated with the t-

statistic for each coefficient was estimated using Satterthwaite’s method (Luke, 2017).  

Trait Worry and Task Variables 

 We first analysed the relationship of individual differences in trait worry on the 

decline in accuracy associated with increasing set size and increasing number of swaps 

(N = 30). The addition of trait worry as a level two predictor, did not improve predictions 

of task accuracy as the AIC score for the base model (AIC = -278.11) is lower than for 

this model (AIC = -263.49). Set size and swaps were level one random effects, and trait 

worry as a level 2 fixed effect. We expected a cross-level interaction between trait worry 

and set size; between trait worry and number of swaps; and between trait worry, size, and 

the number of swaps. We did not find a cross-level interaction between trait worry and 

set size and between trait worry and the number of swaps (Table 2). We also did not find 

a three-way cross-level interaction between trait worry, set size and the number of swaps 

(Table 2).  
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Table II: Summary  of MLM Estimates of Fixed Effects with Worry as a L2 predictor. 

Comparisons Estimate SE t p 
Intercept 0.50 0.03 18.58 < .001 

Set Size 2 – Grand Mean (A) 0.20 0.01 14.79 < .001 

Set Size 3 – Grand Mean (B) < 0.01 0.01 -0.62 .534 

Num. Swaps 0 – Grand Mean (C) 0.06 0.01 5.41 < .001 

Num. Swaps 1 – Grand mean (D) < 0.01 0.01 -0.86 .392 

A * C -0.03 0.01 -2.16 .033 

B * C 0.02 0.01 1.72 .088 

A * D < 0.01 0.01 0.44 .658 

B * D -0.02 0.01 -1.26 .211 

Worry *A < 0.01 < 0.01 -0.91 .392 

Worry * B < 0.01 < 0.01 0.47 .642 

Worry * C < 0.01 < 0.01 -0.68 .500 

Worry * D < 0.01 < 0.01 0.89 .376 

Worry * A * C < 0.01 < 0.01 0.34 .732 

Worry * B * C < 0.01 < 0.01 0.79 .455 

Worry * A * D < 0.01 < 0.01 -0.13 .898 

Worry * B * D < 0.01 < 0.01 -0.64 .523 

 

Trait Anxiety and Task Variables 

 We then analysed the relationship between individual differences in trait anxiety 

and the decline in accuracy associated with increasing set size and increasing number of 

swaps (N = 27). Adding anxiety to the MLM did not improve the model’s ability to 

predict task accuracy as the AIC for this model (AIC = -254.56) is higher than for the 

base model (AIC = -263.76). As in the previously discussed trait worry model, set size 

and swaps were level one random effects, and trait anxiety was a level 2 fixed effect. We 
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failed to find a cross-level interaction between trait worry and set size and between trait 

worry and the number of swaps (Table 3). We also did not find a three-way cross-level 

interaction between trait anxiety, set size, and the number of swaps (Table 3). 

Table III: Summary  of MLM Estimates of Fixed Effects with Anxiety as a L2 predictor. 

Comparisons Estimate SE t p 
Intercept 0.49 0.03 17.98 < .001 

Set Size 2 – Grand Mean (A) 0.21 0.01 15.20 < .001 

Set Size 3 – Grand Mean (B) < 0.01 0.01 -0.75 .454 

Num. Swaps 0 – Grand Mean (C) 0.06 0.01 5.78 < .001 

Num. Swaps 1 – Grand Mean (D) < 0.01 0.01 -0.53 .601 

A * C -0.03 0.01 -1.89 .062 

B * C 0.02 0.01 1.58 .118 

A * D < 0.01 0.01 0.60 .552 

B * D < 0.01 0.01 -1.48 .141 

Anxiety *A < 0.01 < 0.01 -0.83 .413 

Anxiety * B < 0.01 < 0.01 0.43 .670 

Anxiety * C < 0.01 < 0.01 -0.11 .911 

Anxiety * D < 0.01 < 0.01 1.74 .088 

Anxiety * A * C < 0.01 < 0.01 -1.06 .294 

Anxiety * B * C < 0.01 < 0.01 1.68 .097 

Anxiety * A * D < 0.01 < 0.01 -0.23 .822 

Anxiety * B * D < 0.01 < 0.01 -0.36 .719 

 

Split-half Analysis 

 We conducted a split-half analysis of our data to compare WM updating accuracy 

on the first half of the task (blocks 1 and 2) to performance on the second half of the task 

(blocks 3 and 4). This analysis allowed us to examine the effect of block order on WM 
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updating performance. A 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 1, 2) x 2 (block 

half: first half, second half) repeated measures ANOVA was conducted. We failed to find 

a main effect of block half, F(1, 29) = 2.34, p = .137. However, we found a significant 

interaction between set size and block half on WM updating accuracy, F(2, 58) = 20.32, p 

< .001. For trials with a set size of two and trials with a set size of four, participants were 

more accurate in the first two blocks than the last two blocks. In contrast, for trials with a 

set size of three, participants were more accurate during the last two blocks than during 

the first two blocks. We also found a significant interaction between the number of swaps 

and block half on WM updating accuracy (F(2, 58) = 13.48, p < .001). For trials with 

zero swaps and two swaps, participants were more accurate during the first two blocks 

than during the last two blocks however, the reverse of this pattern was true for trials with 

one swap. Lastly, we found a significant three-way interaction between set size, number 

of swaps, and block half on WM updating accuracy, F(4, 116) = 17.17, p < .001. This 

three-way interaction findings qualifies the other significant interactions. On the first half 

of the experiment, participants saw a decline in performance as set size and swaps 

increased. However, during the second half of the experiment when there is a set size of 

two, accuracy seems to improve in trials with one swap compared to no swaps. A similar 

pattern is shown when there is a set size of four. In the first half, performance is best on 

trials with fewer swaps and smaller set sizes but in the second half, performance is not 

the best on trials with the least number of swaps and the smallest set size (Figure 7).  
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Figure 7: Proportion of trials accurate for the first and second half of the experiment. 

Error bars represent standard error. 

 

We then added trait worry as a covariate in a 3 (set size: 2, 3, 4) x 3 (number of 

swaps: 0, 1, 2) x 2 (block half: first half, second half) repeated measures ANCOVA. We 

found no significant interaction between trait worry and block half on WM updating 

accuracy, F(1, 28) = .027, p = .871. We also failed to find significant three-way 

interactions between trait worry, block half, and set size (F(2, 56) = .47, p = .626) and 

trait worry, block half, and the number of swaps (F(2, 56) = 1.42, p = .250). Finally, we 

did not find a significant four-way interaction between set size, number of swaps, block 

half, and trait worry, F(4, 112) = .47, p = .761.  

 We conducted a 3 (set size: 2, 3, 4) x 3 (number of swaps: 0, 1, 2) x 2 (block half: 

first half, second half) repeated measures ANCOVA with trait anxiety as the covariate. 
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There was no significant interaction between block half and trait anxiety (F(1, 25) = 45, p 

= .510). There also were no significant three-way interactions between trait anxiety, 

block half and set size (F(2, 50) = .199, p = .820) or between trait anxiety, block half and 

number of swaps (F(2, 50) = 1.61, p = .204). There also was no significant four-way 

interaction between set size, number of swaps, block half, and trait anxiety (F(4, 100) = 

.44, p = .779).  

Affect Grid 

Pleasure 

 We analysed whether participant pleasure changed throughout the experiment and 

whether affect grid measurements interacted with trait worry on pleasure scores. We 

found a significant effect of affect grid measurement time such that at least two 

measurements were significantly different from each other (F(4, 116) = 4.94, p = .004). 

We then conducted pair-wise comparisons using paired-samples t-tests with a Bonferroni 

correction (α = .005). The first pleasure measurement (M = 5.83, SD = 1.89) was 

significantly higher than the fourth (M = 4.42, SD = 2.07) measurement (t = 3.27 p = 

.003). However, there were no significant differences in pleasure scores between any 

other affect grid measurements, ts > 3.02, ps > .005. In two follow-up ANCOVAs, we 

also found affect grid measurement did not interact with either trait worry (F(4,100) = 

.97, p = .40) or trait anxiety (F(4,100) = .99, p = .40) on pleasure scores. 
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Figure 8: Mean pleasure scores across time. 

Error bars represent standard error. 
 

Arousal  

We also analysed whether participant arousal changed throughout the experiment 

and these scores interacted with individual differences in trait anxiety and/or trait worry. 

We found a significant effect of affect grid measurement such that at least two 

measurements were significantly different from each other (F(4, 116) = 8.99, p < .001). 

We followed up this significant effect with paired-samples t-tests with a Bonferroni 

correction as above (α = .005). The first arousal measurement (M = 5.13, SD = 2.18) was 

significantly higher than the fifth (M = 3.33, SD = 2.42), t = 3.32, p = .002. The second 

measurement (M = 5.47, SD = 2.16) was significantly higher than the fourth (M = 3.85, 

SD = 2.71, t = 3.80, p < .001), and fifth (M = 3.33, SD = 2.42, t = 5.48, p < .001) 

measurements. The third (M = 4.68, SD = 2.67) measurement was also higher than the 
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fifth (M = 3.33, SD = 2.42) measurement, t = 4.29, p < .001. There were no differences in 

arousal scores between any other Affect Grid measurements, ts > 2.75, ps > .01. As 

above, two follow-up ANCOVAs found that affect grid measurement did not interact 

with either trait worry (F(4,100) = 1.53, p = .23) or trait anxiety (F(4,100) = .53, p = .60) 

on arousal scores.  

 
Figure 9: Mean arousal scores across time. 

Error bars represent standard error.  
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DISCUSSION 

 The goal of the current study was to investigate the relationship between trait 

worry, trait anxiety, and WM updating accuracy. We measured trait worry using the 

PSWQ-A and trait anxiety using the STAI-T. We tested working memory updating 

accuracy using the dynamic change detection task, which required participants 

manipulated shapes in visual WM. The results did not support a relationship between trait 

anxiety and WM updating. This finding is consistent with previous research that also 

failed to find a relationship between trait anxiety and updating accuracy or a relationship 

between trait worry and updating accuracy. 

We predicted that participants would experience a decline in performance as set 

size and number of swaps increased. In support of our hypothesis, we found that 

increasing set size and increasing number of swaps was associated with declines in WM 

updating accuracy. Contrary to our hypothesis, we failed to find an interaction between 

set size and number of swaps on performance accuracy. These findings partially 

replicated results by Pailian and Halberda (2013) and Pailian et al (2020) who found that 

increasing set size and number of swaps were associated with worse performance 

accuracy and that set size and number of swaps interacted with each other. Our results 

demonstrate that WM updating accuracy declines as task demands increase. That is, when 

participants were required to hold more items in visual WM or were required to make 

more updates, performance tended to worsen. 

 We also predicted that trait worry would interact with set size and number of 

swaps such that individuals with higher trait worry would experience steeper declines in 

WM accuracy as set size and the number of swaps increased. The ANCOVA and MLM 
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analyses showed no significant two-way interactions between trait worry and set size, as 

well as no significant two-way interactions between trait worry and number of swaps. We 

also failed to find a three-way interaction between trait worry, set size, and number of 

swaps. Therefore, trait worry does not affect WM updating abilities according to the 

results of this study. We found similar results during our analyses of trait anxiety and task 

variables on WM updating accuracy. We confirmed our hypothesis that trait anxiety 

would not interact with either the set size, the number of swaps, or the interaction set size 

and the number of swaps.  

The lack of relationship between either trait worry and updating accuracy, or 

between trait anxiety and updating accuracy is in line with much of the literature on 

anxiety and updating. Several past studies have also found that individuals with high trait 

anxiety do not exhibit impairments in updating accuracy when compared with low 

anxiety individuals (Basten et al., 2012; Calvo & Eysenck, 1996). Additionally, 

Gustavson and Miyake (2016) also did not find differences in updating accuracy between 

high and low worriers. However, previous research had not investigated anxiety and 

updating using the dynamic change detection task or a similar task. Most previous 

research investigating the effects of anxiety on WM updating utilised a version of the 

span task, in which participants update WM by adding stimuli to storage during each trial 

(Calvo & Eysenck, 1996; Eysenck et al., 2005). Other studies have utilised the n-back 

task which involves continually replacing items in WM stores (Balderston et al., 2020; 

Fales et al., 2008). To our knowledge, no studies have tested the relationship between 

trait anxiety and trait worry on a task involving the manipulation of items held in WM. 

While we believed that our task would demonstrate that trait worry could affect WM 
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manipulation, our study ultimately shows that manipulation accuracy is not impaired in 

individuals with high trait anxiety. 

One possible explanation for our findings showing a lack of relationship between 

trait anxiety, trait worry, and WM updating is that there really is no effect of trait anxiety 

or trait worry on updating accuracy. As suggested by many studies preceding ours, it is 

possible that individuals with high trait anxiety can engage compensatory processes. 

Instead of sacrificing performance accuracy, individuals with high anxiety may exert 

more effort and take longer to complete a task. Therefore, individuals with high and low 

anxiety do not typically significantly differ on WM updating tasks.  

What may be inconsistent is that a few studies have previously found a 

relationship between trait anxiety and updating. This may be due to other factors included 

in those studies. For example, Sorg and Whitney (1992) found impairments in updating 

accuracy in highly anxious individuals but only in a stressful environment. This study 

confirms that trait anxiety is related to WM updating. It is therefore possible that high 

trait anxiety individuals exhibit deficits in WM updating, but only when the situation is 

stressful.  

Another explanation could be that high trait anxiety individuals are not impaired 

in WM updating, but individuals with clinical levels of anxiety are. For example, 

Balderston et al. (2020) found an effect of anxiety on updating accuracy; however, the 

participants in the study were all diagnosed with an anxiety disorder. In the present study, 

we did not ask participants about whether they had received a diagnosis for any anxiety 

disorders or whether they were on anxiety medication. Additionally, the STAI-T and 

PSWQ-A are not designed for diagnosis therefore it is unclear whether any of our 
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participants met criteria for an anxiety disorder. Therefore, it is possible that there may be 

an effect of disordered anxiety on updating accuracy that we could not address with the 

present study. Future research should investigate differences in high trait anxiety 

individuals that meet DSM-V criteria in comparison to high trait anxiety individuals that 

do not.  

We tested the test-retest reliability of the PSWQ-A. Our results confirmed our 

hypotheses that Mass Testing PSWQ scores would significantly correlate with scores 

measured during the study. Furthermore, we found that full-length PSWQ scores were 

highly correlated to PSWQ-A scores from the same day (r = .97) however, the correlation 

between PSWQ-A scores from mass testing and PSWQ-A scores from the day of the 

experiment (r = .67) was not as high. This discrepancy between these correlations 

suggests that the PSWQ-A is not stable across time as participants do not consistently 

obtain the same score, even though the PSWQ-A is considered a trait measure that should 

be stable. This finding supports other studies that demonstrate stronger correlations 

between PSWQ measurements taken the same day, and weaker correlations when there is 

time between measurements (Spence et al., 2012). Spence et al. (2012) found that 

PSWQ-A scores taken at the beginning and end of a session on the same day were 

correlated at r =.96. However, Mass Testing scores were correlated at r = .88 with 

PSWQ-A scores taken two weeks later. While the apparent instability of the PSWQ-A 

may be a function of the measure itself, it is also possible that this difference in 

correlations is a result of the COVID-19 pandemic in which our data were collected. 
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Limitations  

 Our study had notable limitations that can be used to inform future research. One 

possible limitation in our study is that we had a small number of trials per condition. 

Because we were constrained by the amount of time participants could reasonably take to 

complete the task and because we included a total of nine conditions in the study, we 

could only include 16 trials for each condition. By comparison, Pailian (2015) 

administered a total of 300 trials in their experiment of 18 participants using the dynamic 

change detection task. While Pailian et al (2020) were able to find significant effects 

using 120 trials with 21 participants, administering a larger number of trials would have 

increased the power of our study. 

 Another possible limitation of our study is that our task may have been too 

challenging. Compared to previous studies (Pailian, 2015; Pailian et al., 2020; Pailian & 

Halberda, 2013) employing the dynamic change detection task, our study appeared to 

have far lower overall accuracies. For example, Pailian et al. (2020), which administered 

the dynamic change detection task with colour stimuli, found that accuracy was highest 

for trials with zero swaps, which had a mean accuracy was 96%. In our sample, however, 

participant accuracy for trials with zero swaps was 56%. Additionally, Pailian et al. found 

that accuracy was also highest for trials with a set size of two, which had a mean 

accuracy of  95%. In our sample, mean accuracy for trials with a set size of two was 70%.  

This may be due to differences in time intervals used in our task. For example, we 

employed shorter memory displays, and shorter response windows during test displays 

compared to the original task. Furthermore, the verbal load added an extra level of 

difficulty. While past studies also contained a verbal load, Pailian (2015) found no 



 52 

difference when analysing only trials with accurate verbal load compared to analysing all 

of the trials regardless of verbal load. It is possible that the difficulty of our task is 

masking some of the effects in the study. It could be that accuracies for easier task 

demands (i.e., set size two, zero swaps) are so low in our sample that it is difficult to 

detect differences in performance as the task gets more difficult. Although updating 

accuracy decreases as set size increases and as the number of swaps increases, if 

participants have low accuracy for smaller set sizes and fewer swaps, participant 

accuracy scores cannot get much worse. 

 Another major limitation is that our study may not be generalisable. For one, our 

participant sample was skewed towards male participants with half as many females as 

males. This is important to note because high trait anxiety tends to be more prevalent in 

females than males. Additionally, the generalisability of the present study is affected by 

the COVID-19 pandemic. It is possible that anxiety and worry associated with COVID-

19 has affected our study because participants may have more anxiety than they would 

under normal circumstances.  While they are considered stable measures, STAI-T and 

PSWQ-A scores may have been influenced by circumstantial anxiety and worry due to 

the COVID-19 pandemic. Therefore, our self-report measures may not reflect the 

participants’ general trait anxiety and worry in a non-pandemic setting.  

Future Directions 

Future studies could modify the dynamic change detection task to allow for 

meaningful response time measures. The version of the dynamic change detection task 

used in this study would produce imprecise response time measures because of the 

amount of variability introduced when using a mouse to respond compared to keys on a 
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keyboard. Adapting the dynamic change detection task to allow for response time data 

would allow for investigations of anxiety and worry on updating efficiency. A modified 

task can therefore enable investigations of both efficiency and accuracy in updating to 

evaluate whether individuals with high trait anxiety exert more effort into updating tasks. 

One possibility is to change the response method for participants. Instead of using a 

mouse to select a response, the task could be altered to use a keyboard. For example, each 

shape option could be bound to different keys so that participants could quickly make a 

selection with a button press.  

Another potential future study could compare clinically anxious, subclinical highly 

anxious, and healthy individuals to examine whether the dysfunction associated with 

clinically anxious patients plays a role in impairments in updating and in other EF 

domains. To our knowledge, there are not many studies comparing cognition and EF 

impairments between high trait anxiety and clinically anxious individuals. While these 

two groups tend to be thought of as one in the same, Balderston et al. (2020) provides a 

compelling argument pointing out their differences. It is possible that a third variable, 

such as resilience or protective factors, is the difference between subclinical and clinical 

anxiety. These differences may also result in divergent symptoms, such as deficits in EFs 

and cognition. 
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CONCLUSION 

 The current study investigated the effect of trait worry and trait anxiety on a novel 

visual WM manipulation task. The results of this study suggest that high trait worry, and 

high trait anxiety do not affect WM updating accuracy. Our findings contribute to the 

current literature on anxiety and WM updating and support other studies that have failed 

to find a relationship between trait anxiety and WM updating impairment. The results of 

this study in conjunction with previous studies can guide future research into EF 

impairment, especially in patients diagnosed with anxiety disorders.  
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APPENDIX A: PENN STATE WORRY QUESIONNAIRE 

 

Instructions:  

Rate each of the following statements on a scale of 1(“not at all typical of me”) to 5 

(“very typical of me”). 

 

1. If I do not have enough time to do everything, I do not worry about it. 

2. My worries overwhelm me 

3. I do not tend to worry about things. 

4. Many situations make me worry. 

5. I know I should not worry about things, but I just cannot help it.  

6. When I am under pressure, I worry a lot  

7. I am always worrying about something. 

8. I find it easy to dismiss worrisome thoughts.  

9. As soon as I finish one task, I start to worry about everything else I have to do.  

10. I never worry about anything.  

11. When there is nothing more I can do about a concern, I do not worry about it 

anymore.  

12. I have been a worrier all my life. 

13. I notice that I have been worrying about things.  

14. Once I start worrying, I cannot stop. 

15. I worry all the time. 

16. I worry about projects until they are all done.  
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APPENDIX B: PENN STATE WORRY QUESIONNAIRE - ABBREVIATED 

 

Instructions:  

Rate each of the following statements on a scale of 1(“not at all typical of me”) to 5 

(“very typical of me”). 

 

1. My worries overwhelm me 

2. Many situations make me worry. 

3. I know I should not worry about things, but I just cannot help it.  

4. When I am under pressure, I worry a lot  

5. I am always worrying about something. 

6. As soon as I finish one task, I start to worry about everything else I must do.  

7. I have been a worrier all my life. 

8. I notice that I have been worrying about things.  
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APPENDIX C: BRIEF DEMOGRAPHIC FORM 

 
Please take a few minutes to respond to the demographic questions below selecting the 
appropriate response. 
 
1. Gender:  

Female     

Male       

Do not wish to reply 

2. Age (in years): __________  

Do not wish to reply 

3. Ethnicity:  

Hispanic/Latino      

Non-Hispanic/Latino      

Do not wish to reply 

4. Race:  

American Indian/Alaska Native       

Asian 

Native Hawaiian/Other Pacific Islander 

Black/African American 

White/Caucasian 

Multiracial 

Other 

Do not wish to reply 
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