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Abstract 
 

Anxiety disorders are on the rise, with a great deal of research exploring the factors and 

consequences of this. However, less focus has been given to the prevalence of subclinical 

anxiety and its effects on cognition with the rise coinciding with clinical anxiety. 

Furthermore, treatment has become more digitised with a lack of research vetting the 

effectiveness of this.  This study sought to explore the effects of an online-based progressive 

muscle relaxation (PMR) on anxiety levels in a sample of participants with subclinical 

anxiety. In addition to this, changes in anxiety were correlated with changes in working 

memory performance, measured using a Reverse Corsi Block Task (RCBT). A diverse 

sample of 162 participants was collected and pseudo-randomly allocated into two groups, the 

PMR experimental group (n = 97) and the control group (n = 65). In a four-week study, 

participants within the experimental group were asked to complete the PMR exercise three 

times a week whilst the control was inactive. Data was collected regarding anxiety levels at 

the beginning of the study and every two weeks subsequently using the GAD-7. The RCBT 

was used to collected working memory data across the same timepoints. The findings show 

that there was a significant decrease in reported anxiety levels for those in the experimental 

group compared to those in the control group, whereas due to conflicting correlations, no 

significant correlation could be established between the levels of anxiety and working 

memory. This shows that there is potential for online PMR to be effective, however further  

research is required. Attrition rates were measured and the implications for the attrition on the 

results and the effectiveness of online-based PMR was discussed.  
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Introduction 

 

Anxiety is defined as a feeling of worry and tension with physiological components 

(for example elevated blood pressure). In cases which the anxiety suffered is considered 

pathological, individuals are diagnosed with an anxiety disorder. There are a range of anxiety 

disorders with the diagnosis dependent on both the severity of the anxiety as well as the cause 

of it. The pathology of these disorders is outlined within diagnostic criterions, the most 

prominent of which is the DSM-V (APA, 2013). The most prevalent anxiety disorder is 

Generalised Anxiety Disorder (GAD). The DSM-V diagnostic criteria for this includes 

feelings of excessive anxiety and uncontrollable worry that persists for at least six months. 

This must be accompanied by at least three of the following symptoms: restlessness, 

tiredness, poorer concentration than usual, irritability, muscle soreness and inhibited sleep. 

 Anxiety disorders more broadly are the most prevalent psychological conditions 

(Kessler et al., 2005). It is estimated that 33% of all adults in the United States will 

experience pathological anxiety at least once in their life (Bandelow & Michaelis, 2015). 

Additionally, within the UK the number of people at risk for clinical anxiety rose from 

6.2/1000 in 2003 to 14.7/1000 in 2018 and diagnosis of anxiety incidents rose from 

13.2/1000 to 15.3/1000 in the same period (Archer et al., 2021). The prevalence of anxiety 

and discussions regarding anxiety in contemporary society is one of the defining cultural 

zeitgeists and is emblematic of a greater focus and knowledge of one’s mental wellbeing. 

This is particularly notable amongst younger people, which has contributed to the rise in 

anxiety cases (Archer et al., 2021). Indeed, as understanding and acceptance has increased 

culturally, the prevalence of self-reported anxiety has increased (Somers et al., 2006). It must 
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be noted that this link has not been demonstrated to be causal, although acceptance has been 

posited as a key factor for introspecting on one’s own mental well-being (Fleming et al., 

2013). Whilst introspection has increased, there has also been a coinciding rise in broader 

cultural trends that induce anxiety. This includes cultural factors, such as a greater focus on 

materialistic goals in place of communal enrichment, and technological development, such as 

social media, that has precipitated the rise of anxiety (Twenge et al., 2010). It is important to 

note that the rise in anxiety is not limited to clinical anxiety disorders, but rather anxiety as an 

acute emotion (Somers et al., 2006).   

Subclinical anxiety 

Due to the nature of the diagnostic criteria, there is a subsection of individuals who 

suffer from anxiety at a rate which is considered problematic but does not meet the threshold 

for a diagnosis, this is phenomena is termed ‘subclinical anxiety’. A good example of 

subclinical GAD would be individuals meeting the two core tenants of GAD (worry and 

anxiety) but only having two of the necessary three aforementioned symptoms for a GAD 

diagnosis. Discerning the impact of subclinical anxiety is a difficult as acute elevated levels 

of anxiety are common, which limits the ability to draw conclusions when examining the 

general population. It has been demonstrated that elevated levels of subclinical anxiety 

reduce quality of life (Gostoli et al., 2017). Quality of life measured in Gostoli et al. (2017) 

was measured using the MOS 36-Item Short Form Health Survey (SF-36) (Ware, 1999). This 

measure accounts for physical as well as psychological wellbeing with scales focused defined 

as Mental Health and General Health. The study found that there was a significant decrease in 

both physical and psychological related quality of life with subclinical anxiety and this 

decrease was seen across the domains of the SF-36. These domains include social 

functioning, mental health and general vitality which pertain to anxiety specifically.  
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Furthermore, subclinical anxiety has been associated with a reduction in broad cognitive 

capabilities (Derakshan & Eysenck, 2009; Ansari & Derakshan, 2010), this includes a 

decrease in task efficiency pertaining to working memory (Derakshan et al. 2009) meaning 

the speed the task was completed in as well as the utilisation of the resources provided. 

Subclinical anxiety was also demonstrated to reduce planning performance, this was 

demonstrated in Unterrainer et al. (2018). This study used a population-based sample of 

participants aged between 40-80 and measured their proficiency at the Tower of London task. 

This task required participants to cognitively plan their moves in order to succeed in the 

allotted number of moves. It was found that subclinical anxiety was associated with lower 

performance in the Tower of London task, independent of age, and that anxiety levels were 

the only measure with predictive value on cognition. However, the permanence of these 

effects is directly tied to the rate at which the anxiety is present, with the aforementioned 

factors returning to the average for the individual after the anxiety has dissipated. It should be 

noted that subclinical anxiety can manifest in two ways, as an acute heightened level of stress 

or anxiety tied to a particular event, this is common with students during exams which can 

have an indelible impact on their future (Khoshhal et al., 2017). The other manifestation is 

low level chronic anxiety which more so impacts daily life, including socialising and 

maintaining basic needs (Crisan et al., 2016). Research focusing on solutions for these issues 

have predominantly focused on acute anxiety with exam anxiety a particular area of focus. 

This has resulted in suggestions for coping techniques (Shimave et al., 2020) and structural 

changes to the examination process, including making UK primary school SATS non-

statutory by 2023. It must be noted that exam anxiety can manifest as both acute anxieties, 

whilst completing the exam, and chronically for the months preceding the exam, as evidenced 
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with elevated anxiety in the months prior to exams (Lotz & Sparfeldt, 2017). However, as it 

is an event orientated anxiety, the anxiety is reduced once the event has finished.  

Research into reducing trait subclinical anxiety has been mostly focused on 

preventive interventions such as exercise (Smits et al., 2008; Herring et al., 2018), 

psychological education and a modified version of Cognitive Behavioural Therapy (Norton, 

2008). However, these interventions have only been demonstrated to reduce anxiety 

sensitivity, which can be defined as the fear of anxiety and the related symptoms 

(Hovenkamp-Hermelink et al., 2019). This reduction has been correlated to a decrease in 

anxiety (Olatunji & Wolitzky-Taylor, 2009) however, it is dependent on the participant 

demonstrating a heightened sensitivity to anxiety and anxiety sensitivity is not predictive of 

anxiety. The Contemporary Transdiagnostic Preventative Intervention (CTPI) for anxiety was 

designed by Korte and Schmidt (2020), this incorporates elements from prior anxiety disorder 

prevention but attempts to encompasses anxiety broadly compared to prior incarnations 

focusing on specific anxiety disorders (Gardenswartz & Craske, 2001). The research 

demonstrated that the CTPI was effective at reducing anxiety symptoms after a week, 

however it was not a significant mediator after one month.  

When discussing the implications and treatments for subclinical anxiety it is 

important to establish what constitutes pathological anxiety. The DSM-V outlines eleven 

distinct anxiety diagnosis (American Psychiatric Association, 2013). These anxiety disorders 

can explain the cause for the anxiety (such as agoraphobia) or how the anxiety itself 

manifests (such as panic disorder). As mentioned prior, GAD is the most predominant 

pathological anxiety diagnosis, with an estimated 5.9% of UK residents diagnosed (McManus 

et al.,2016). The threshold criteria for a GAD diagnosis have been demonstrated to exclude a 
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robust cohort of individuals who are negatively impacted by anxiety. A critical literature 

review conducted by Haller et al. (2014) demonstrated that subthreshold GAD impeded 

social and psychological functioning when compared to a non-anxious control. This included, 

greater levels of distress, with 83.7% of younger people and 75% of older people with 

subthreshold GAD considered to have a distress impairment, lower levels of psychosocial 

functioning, poorer sleep quality and an increase in suicide attempts as compared to a healthy 

control. This further demonstrates that subclinical anxiety has measurable negative effects 

which provides the rationale to investigate ways to mitigate it. Additionally, it solidifies the 

notion that the clinical/non-clinical dichotomy is an incomplete lens through which to view 

anxiety. Indeed, the absence of specialised or codified approaches to subclinical anxiety is 

problematic as there is no treatment no universal treatment for them, making the issue 

difficult to address (Korte & Schmidt, 2020). 

The literature review by Haller et al (2014) also indicated that sub-clinical anxiety 

was comorbid with other mental disorders, in particular major and minor depressive 

disorders, as well as physiological disorders. This is supported by the multitude of research 

that has demonstrated the presence of sub-clinical anxiety in a range of chronic diseases and 

the adverse impacts it has on recovery (Munafò & Stevenson, 2001; Agarwal & Agarwal, 

2011; Chun et al., 2018). Regarding mental health, anxiety and depressive disorders have 

long been intertwined with comorbidity as high as 85% between depression and major 

anxiety symptoms (Gorman, 1996). The presence of elevated anxiety is problematic as it 

reduces help-seeking behaviour which is not limited to anxiety related conditions but for 

healthcare broadly (Heinig et al., 2021). It is plausible that reducing subclinical anxiety could 

in turn increase participation within healthcare for those with other comorbid disorders.  
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It is important to note that the literature review by Haller et al (2014) also asserted the 

subthreshold GAD was a risk factor for the future onset of pathological GAD. Indeed, an 

assertion presented in Rucci et al. (2003) was that subthreshold GAD could possibly a 

necessary part of the manifestation of threshold GAD. Essentially, that the delineation 

between clinical and subclinical is potentially arbitrary and should be considered on a greater 

spectrum. This demonstrates the need for greater focus on subclinical anxiety in order to 

reduce the rate of GAD diagnoses and other pathological anxieties, as well as improving 

help-seeking behaviour for other conditions.  

An assertion made by Haller et al. (2014) was that the prevalence of subthreshold 

GAD was double that of diagnosed GAD. Presently, this large group of non-pathological 

anxious individuals (according to traditional diagnostic criteria), does not have a standardised 

recommended treatment compared to clinical anxiety. It must be noted that prior research 

concludes that clinical level treatments for GAD were deemed unfit for those with 

subthreshold GAD (Rucci et al., 2003), therefore efforts should be made to find effective 

treatments pertaining to subclinical anxiety. 

An advantage of a diagnosis is that it can provide clarity on the type of anxiety a 

patient is suffering from. In the absence of a diagnosis, the nuances of the anxiety may be 

missed. This includes the trigger of the anxiety, and the way anxiety manifests. Indeed, two 

distinct dimensions of anxiety have been categorised: anxious apprehension and anxious 

arousal, as first defined in Heller et al. (1997). Anxious apprehension is defined as future or 

past orientated thinking, which typically manifests as worrying and anxious arousal is anxiety 

derived from immediate or present anxiety inducing stimuli, this is often associated with the 

somatic components of anxiety. There has been a litany of research supporting this assertion 
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(Nitschke et al.,1999; Engels et al., 2007; Engels et al., 2010). An example of the evidence 

found supporting this assertion was in relation to brain function connectivity. In particular, 

Default Mode Network connectivity differs with lower connectivity found to be associated 

with anxious apprehension and higher connectivity associated with anxious arousal 

(Burdwood et al., 2016). This pertains to clinical anxiety as research into the neural 

connectivity of subclinical anxiety has yet to conclude whether the relationship is the same 

for subclinical anxieties.  

The GAD-7 

Prior research tends to support the use of the GAD-7 as a widely accepted measure of 

anxiety (Spitzer et al. 2006). The GAD-7 is a short retrospective questionnaire measuring 

participants’ mood for the two weeks prior. It has been validated for assisting in the diagnosis 

of GAD (Bártolo et al., 2017) with strong cross-culture data supporting its effectiveness 

(Donker et al., 2011; Parkerson et al., 2015; Hinz et al., 2017; Muñoz-Navarro et al., 2017; 

Silva et al., 2018; Ahn et al., 2019; Teymoori et al., 2020; Borgogna et al, 2021). Pertinently 

for the present study, the GAD-7 was validated for use in measuring subclinical anxiety 

(Löwe et al., 2008). This research also indicated that the GAD-7 is internally consistent as 

well as consistent with comparable measures, lending credence to the GAD-7 as a valid 

measure for subclinical anxiety. In order to establish its effectiveness for subclinical anxiety, 

the researchers conducted face to face interviews on a nationally representative sample of 

5030 participants. The data collected included the GAD-7 scores and other established 

anxiety measures (the Rosenberg Self-Esteem Scale and Patient Health Questionnaire) as 

well as demographic data. The GAD-7 was found to have strong correlations with the 

aforementioned anxiety measures, which led the researchers to conclude the GAD-7 is an 

appropriate measure for anxiety on the general population. 
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 A core component of an effective measurement of subclinical anxiety is the 

sensitivity to granular change in anxiety levels. Indeed, within Löwe et al (2008) the average 

anxiety for the non-clinical group was 2.95, suggesting that a sufficiently sensitive measure 

should be used. The sensitivity of the GAD-7 was assessed by Toussaint et al. (2020), in 

which comorbid anxiety change was measured in a cohort with major depressive disorder. It 

found that the change in the GAD-7 score matched the other measures used in the study, with 

the author noting that the GAD-7 is sensitive to minor changes in anxiety. This is particularly 

necessary for measuring change in subclinical anxiety as the level of change is unlikely to be 

great. 

A systematic review conducted by Plummer et al. (2016) found that a reported score 

of 7-10 was the point where pathological anxiety could begin. It must be noted that this is 

contrary to the initial assertion made in Spitzer et al. (2006), which argued that a score of 10 

was required to show GAD. It can be inferred that below these scores, anxiety can be 

considered subclinical. It is important to consider that the GAD-7 is not definite in the 

diagnosis of GAD, meaning that if a participant or patient scores highly on the test, it does 

not necessitate the presence of GAD. Often it is used in collaboration with interviews of 

patients and provides insight to the practitioner regarding the potential for a diagnosis. The 

validity of the measure is key, as it is a simple anxiety measure that can be readily conducted 

by an individual who is concerned with their anxiety levels. In theory, having a measure that 

is accessible could help reduce avoidant behaviour prevalent in those with anxiety (Cook et 

al., 2012).  

Anxiety and Cognition 
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Anxiety’s impact on broad cognitive functions is varied, effectively illustrated by 

Robinson et al. (2013). The findings of the study indicated that survival cognitive abilities 

(for example vigilance) were improved when in distress (McAuley et al., 2009; Kastner-Dorn 

et al., 2018; Wermes et al., 2018) which results in both adaptive and maladaptive 

consequences. Conversely higher order cognitive ability (like memory) were negatively 

impacted. This broadly affirms the dual-processes approach to stress/anxiety, that thinking 

can be separated into intuitive and deliberate, with intuitive thinking enhanced by stress and 

deliberate inhibited.  One area of note is perception, evidence provided by Bar-Haim et al. 

(2007) demonstrated that perception is fundamentally altered when anxiety rises, with a 

greater sensitivity to discrepancies. This can be seen as an early threat detection mechanism 

which has adapted for anxiety. Research lends credence to this, with anxiety improving 

perception and attention focus more broadly (Hallion et al., 2019; Pacheco-Unguetti et al., 

2010), however excessive anxiety can lead to poorer levels of selective attention (Fernández-

Castillo & Caurcel, 2015). An area that intersects two areas of cognition is eyewitness 

testimony. This is dependent on perceptual awareness at the time and memory retention. 

Seminal research conducted by Loftus et al. (1987) indicated that memory recall was 

negatively impacted when the level of arousal felt during the incident was greater. Since then, 

eyewitness testimony research has largely supported these findings, with the caveat that a 

medium level of arousal produces the best recollection (for example, Dutton & Carroll, 

2001), with the causes of the poorer recollection elucidated. This includes the weapon focus 

effect (Fawcett et al., 2013). 

The effects of task complexity were investigated in a study by Diamond et al. (2005) 

which illustrated that memory recollection is dependent on the complexity of the task, not 
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solely the level of anxiety. The study corroborated two theories of anxiety and cognition. The 

first was the Yerkes-Dodson Law (1908) which proscribes that a base level of anxiety or 

other form of stimulation is required for optimum memory and the second was the dual 

processes theory. Whilst these theories explain the result of the outcomes, they are not able to 

establish a cause for why excessive levels of anxiety lead to reduced cognitive capabilities. 

An explanation for this is provided by Eysenck’s Attentional Control Theory (ACT) 

developed by Eysenck et al. (2007). This theory argues that when anxiety increases, the 

ability to effectively assign one’s cognitive resources decreases. This reduction, it is argued, 

is due to a limit on a person’s ability to pay attention if the anxiety or stress of a situation is 

too great. It has been demonstrated that this disruption in assigning cognitive resources 

significantly reduces working memory function (Sari et al., 2017). 

Working Memory 

The function of working memory is best described as temporary memory maintenance 

and manipulation necessary for complex tasks (Baddeley, 1996). The Working Memory 

Model (WMM), developed by Baddeley and Hitch (1974), is comprised of two levels, the 

first is the Central Executive, which coordinates the subsidiary systems in addition to 

delegating stimuli and cognitive resources to the appropriate systems. The second level 

contains the two subsidiary systems: the Visuo-spatial Sketchpad, which processes 

information in a visual or spatial form and the Phonological Loop, which processes spoken 

and written materials as well as accounts for the inner voice, which rehearses information. 

Conceptual evidence for the systems can be observed by how deficits in memory occur. 

Articulatory suppression impeded verbal working memory (Hanley & Bakopoulou, 2003) as 

well as the ability to rehearse (Nees & Leong, 2018). Furthermore, the effect of task 



17 
INVESTIGATING THE IMPACT OF A NON-PHARMACEUTICAL ONLINE 

INTERVENTION ON ANXIETY AND SUBSEQUENT WORKING MEMORY FUNCTION.  

 

irrelevant stimuli in prolonging the time taken to respond to a task lends credence to the 

central executive as a designatory role (Bocincova et al., 2017). Additionally, neurological 

evidence supports the WMM with fMRI scans indicating that the subsidiary systems work 

within the lateral prefrontal cortex (Funahashi ,2017), and the central executive process 

occurs in the dorsolateral prefrontal cortex (Owen, 2000). In spite of this, there is a growing 

sentiment in the research that the WMM is limited. The primary disagreement pertains to the 

central executive, with the argument that a centralised system that assigns tasks is flawed. 

Indeed, the initial intention of the central executive was to represent many complex cognitive 

mechanisms that interact thus functioning as the organiser. Logie (2016) provided such an 

argument with the assertion that research has thoroughly explored the mechanisms within the 

central executive enough that the concept of a unified central executive is unnecessary. 

Further criticism for the model is levied by Aben et al. (2012) with the assertion that working 

memory and short-term memory are only separated conceptually to explore the separate 

forms of memory, however they share many of the same constructs and systems. Despite this, 

there is a consensus in the literature that working memory is a complex form of memory that 

requires cognitive control and is important for everyday functioning and can be influenced by 

anxiety. 

Anxiety and working memory 

The notion that excessive anxiety overloads working memory has merit when 

considering how anxiety effects other cognitive mechanisms. Anxiety has been demonstrated 

to alter the threat detection, making it sensitive and facilitating threat related information 

having an undue influence on behaviour and emotion (Etkin & Wager, 2007; Waechter & 

Stolz, 2015). Additionally, the greater prevalence of intrusive thoughts (Otto et al., 2016) 

implies that cognition is in flux during an anxious episode. An illustration of this is in the 
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study conducted by Zainal and Newman (2017). They sought to investigate prospective links 

between broad cognitive function with GAD diagnosis in the future with the rationale that the 

symptomology of a poorly functioning executive function maps onto GAD. The results were 

that a global cognition score predicted higher GAD diagnoses and worse symptoms within 

nine years. Working memory was demonstrated to predict GAD diagnosis, however episodic 

memory was not. It must be noted that the focus of this research is on pathological anxiety 

rather than elevated subclinical anxiety. This theory argues that the restriction in memory is 

due to restrictions to the executive function, which dictates top-down attentional control in 

favour of bottom-up cognitive processes, therefore the deficit in working memory only 

occurs if the task requires attentional shifts (Derakshan & Eysneck, 2009; Cocks et al., 2016). 

The literature broadly reaffirms that individuals who are chronically anxious tend to 

perform worse on a variety of memory tasks compared to a control group (Stout et al., 2013; 

Ng & Lee, 2015; Yao et al., 2018; Moriya, 2020). However, the association with acute 

anxiety is not as definitive, indeed research has indicated that high levels of acute anxiety 

from participants who are not considered to have trait anxiety did decrease working memory 

(Robinson et al., 2008; Berggren et al., 2017). It must be noted however, research has also 

shown that the reduction to working memory is not to capacity but rather efficiency across 

both acute and chronic anxiety. This was demonstrated by Coombes et al. (2009) pertaining 

to motor planning and by Hadwin et al. (2005) pertaining to a phonological task. This lends 

partial credence to the ACT as the impact of the efficiency of responses is due to deficiencies 

in attentional control, as demonstrated by the extended time needed to solve the tasks. It 

should be noted that the field is not unanimous, this is exemplified by Ward et al. (2020). In 

this study memory capacity decreased, rather than efficiency in filtering task-irrelevant 
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stimuli with participants in acute anxiety inducement. This experiment was conducted by 

measuring the Contralateral Delay Activity (CDA). CDA is a slow wave EEG that is 

validated as a measure for visual working memory (Luria et al., 2016). The reduction in 

memory capacity was also demonstrated in Qi et al. (2014) with participants considered to 

have chronic anxiety. It is likely, due to the evidence, that different working memory types 

are impacted differently by anxiety, with visual working memory decreasing independently 

of reductions in attentional control. 

Research measuring within group changes in anxiety and working memory are sparse. 

This is a particular issue as the relationship between anxiety and working memory has been 

demonstrated as a bidirectional relationship. Indeed, a memory training exercise, named Dual 

N-Back, developed by Jaeggi et al. (2008) was designed to increase fluid intelligence, as 

defined as the ability to resolve novel problems independent of prior knowledge. This 

training involves participants identifying whether the visual stimuli (the location of the block) 

or the audio stimuli (the letter spoken) are the same. Research has demonstrated that this 

exercise over extended period of time has resulted in a reduction of anxiety (Brunoni et al., 

2014, Beloe & Derakshan, 2020). The rationale for this decrease is that the task improves 

attention (Lilienthal et al., 2013) as well as filtering through irrelevant stimuli (Owens et al., 

2013). This, it is speculated, enables effective processing of worries which in turn reduces the 

anxiety. This was demonstrated when the Dual N-Back was conducted in tandem with a 

wellness training (Course-Choi et al., 2017). It is posited that the reduction in anxiety can be 

understood through the lens of the ACT, with the reduction due to the increase activity in the 

central executive attentional control processes. However, Balderston et al. (2016) 

demonstrated that high load working memory trials decrease state anxiety, with the assertion 
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that maintenance processes that are independent of the central executive was able to reduce 

the overall anxiety, questioning the necessity of activating the central executive.  

This lack of clear research investigating the impact of anxiety reduction and the 

subsequent effect on memory is problematic as research should be able to show that if an 

individual’s anxiety decreases there is a follow-on effect on their working memory. 

Theoretically, this should occur however this has yet to be investigate directly which informs 

the rationale of the intended study.  

Reverse Corsi Block Task 

A method used to assess working memory is the Corsi Block Task, a task created by 

Corsi (1973) and standardised by Kessels et al. (2000), which requires participants to recall a 

sequence of blocks in the correct order. The Reverse Corsi Block Task (RCBT), selected for 

use in this study, is the inverse of the standard Corsi Block Task, requiring participants to 

recall the sequence in reverse order. The RCBT was chosen specifically for this experiment, 

rather than other working memory tasks such as the reverse digit span, as this task has a large 

component of spatial memory, which is the area of interest as even minor levels of anxiety 

can impact spatial working memory as compared to verbal working memory (Vytal et al., 

2016). The Corsi block task has a significant research presence focusing on the effectiveness 

of supplementary cognitive support for neurodegenerative disorders (Mandigout et al., 2020; 

Niemeijer et al., 2020) as well as measuring the progression of Parkinson’s disease (Stoffers 

et al., 2003; Smith et al., 2021). Furthermore, the task has been used to help assist in mapping 

the structure of the brain (Chechlacz et al., 2014; Lancia et al., 2018). The effectiveness of 

the RCBT at measuring working memory is well established, with evidence suggesting that it 

measures the effectiveness of the visual working memory (Smyth & Scholey,1994; Berch et 
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al., 1998; Kessels et al., 2000), whilst also measuring the executive function due to the 

reorganisation of the blocks requiring a higher order cognitive demand (Vandierendonck et 

al., 2004; Monaco et al., 2013). This is of note as visual working memory has been 

demonstrated to decrease with anxiety (Grosdemange et al, 2015) and executive function is 

associated with attention which is decreased by acute anxiety (Qi et al, 2014). This means 

that the RCBT is a valid measure for the measuring anxiety influenced working memory. 

It should be noted that multiple studies have indicated that the forward Corsi Block 

Task also required central executive function (Hester et al.,2004; Kessels et al., 2008). Higo 

et al. (2014) demonstrated that articulatory suppression (designed to inhibit the central 

executive) only reduced the performance in the RCBT, suggesting that the central executive 

is vital in RCBT. Indeed, evidence suggests that broadly the RCBT is more difficult (Wilde et 

al., 2004), therefore may be more sensitive to detecting effects of interest than the forward 

Corsi Block Task (Cornoldi & Mammarella, 2008).  

Anxiety Treatment 

As a result of the increased anxiousness, a greater emphasis has been placed on not 

only understanding anxiety but how to treat it. Pharmaceutical approaches have been 

accepted by most medical systems to be effective at reducing anxiety and this has support 

from the literature. For example, SSRIs and antidepressants have been demonstrated to 

reduce the overall anxiety felt by the individual (Stein et al., 2004; Yamada et al., 2020). 

However, limitations pertaining to the side effects of these pharmaceuticals have been 

discovered. Antidepressants resulted in decrease to executive function and to working 

memory (Tempesta et al., 2013) and SSRIs have resulted in a decreased memory (Wadsworth 

et al., 2005).  
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Wellness training and anxiety 

The effectiveness of pharmaceuticals is limited solely to pathological anxiety as they 

are not appropriate for subclinical use as the potential side effects outweigh the potential 

gain. This means that individuals with subclinical anxiety must find alternative ways to 

decrease their anxiety. Wellbeing and mindfulness have been at the epicentre of non-

pharmaceutical treatments for subclinical anxiety. Mindfulness, as defined by the American 

Psychiatric Association (2013), is a state in which the individual is able to see their current 

experiences non-judgementally. From this, mindfulness training or therapies have been 

developed. These trainings can vary however they do feature core concepts, such as 

meditation exercises and breathing training. Indeed, mindfulness-based stress training has 

been demonstrated to reduce anxiety levels amongst subclinical anxiety groups as well as 

clinically anxious groups (Hofmann et al.,2010; Song & Lindquist, 2015). Hofmann et al. 

(2010) demonstrated the efficacy of general mindfulness therapies by conducting a meta-

analysis. This found that the therapies were moderately effective for reducing the level of 

anxiety participants felt (with a Hedges’ g = 0.63). It should be noted that the meta-analysis 

contained a range of therapies, therefore a definite statement regarding the efficacy of 

individual therapies cannot be made. However, the findings do indicate that mindfulness is a 

valid approach to anxiety, which provides the onus needed to investigate individual 

mindfulness tasks.  

As mentioned prior, there are multiple forms of mindfulness therapies, one such is 

yoga. Yoga is a broad category that encompasses many exercises; however, these exercises 

have a set of core principles. These are to challenge the body in repetitive and deliberate 

ways to build strength whilst also meditating to build mindfulness. There is also a focus on 

breathing to assist in achieving a meditated state. Research has demonstrated that 
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physiological health can impart benefits for mental well-being, an example of this was 

presented by Mackay and Neil (2010) in which exercising outdoors significantly improved 

the anxiety as compared to a control which did not exercise. Interestingly, the exercise 

specifics did not factor into the reduction in anxiety, this includes the duration and the 

intensity of the workout, rather the prominence of greenness was key for anxiety reduction. 

This indicates that although the physical component of exercise does assist with anxiety, the 

mindfulness component of exercise is seemingly more important. As the etiology and 

pathophysiology of anxiety is not fully understood, the assertions for the decrease associated 

with exercise specifically are numerous. For brevity only two will be discussed to 

demonstrate the effectiveness of exercise. One assertion is that neurogenesis in the 

hippocampus region is poorer in individuals with anxiety, this has been demonstrated 

utilising rats in animal studies (Uno et al., 1989; Jin et al.,2016). This results in poorer 

emotional control, which is what leads to anxiety. It has been demonstrated that exercise can 

improve hippocampal neurogenesis within an animal study (Duman et al., 2001) which in 

turn reduces stress and anxiety. The second explanation of a psychological mechanism which 

is associated with anxiety is self-efficacy, with a lower self-efficacy resulting in greater levels 

of anxiety (Tahmassian & Moghadam, 2011). Exercise enables an individual to feel like they 

are mastering a task in which improves self-efficacy (Matsuo et al., 2015). Research has 

demonstrated that a yoga intervention which focused on reducing heart rate, successfully 

decreased anxiety as well as blood pressure, which is considered a physiological symptom of 

anxiety within groups of clinical and subclinical anxiety (Forfylow, 2011; Yoshihara et al., 

2011; Roche & Hesse 2014; Roche et al., 2016). In spite of the advantages of yoga, 

participation is difficult to acquire and maintain with cultural and economic factors 
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influencing the participation levels (Spadola et al., 2017; Cagas et al., 2021) as well as 

perceived social stigma derived from body consciousness and distress tolerance (Baird et al., 

2016). These factors lead to a demand for an easily accessible mindfulness activity which can 

be practiced with minimal spending or social stigma.  

Progressive Muscle Relaxation 

  Progressive Muscle Relaxation (PMR) is one such method. This exercise involves 

deliberately focusing on each muscle group, tensing them, and then relaxing them whilst 

breathing methodically. The PMR has numerous variants, however the core principles of 

focusing on each muscle group remains constant. The categorisation of PMR as a wellness 

treatment is disputed, with the relaxation technique often accompanied by more explicit 

wellness training, however, the exercise requires deliberate breathing and relaxing and 

whereas it does not have explicit meditation, the manner in which the individual relaxes is 

akin to yoga. There have been attempts to ascertain whether PMR is a form of wellness 

training by comparing the relative effects to an already established wellness technique. This 

was explored by Gao et al (2017), with the effects of PMR compared to Present Awareness 

Mindfulness training. The results indicated both measures resulted in significant 

improvements in mindfulness and reduction in stress, implying that PMR embodies similar 

effects to mindfulness training. However, the researchers posited that the fundamental 

mechanisms underlying the interventions were different. It must be noted that for the 

purposes of this study PMR will be treated as a wellness technique, although the lack of 

clarity of the category of wellness leaves that assertion as subjective.  

PMR has been demonstrated as an effective intervention with reducing both chronic 

and acute anxiety, when completed habitually or as a singular occurrence (Brown & 
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Schiraldi, 2004; Ahmadnejad et al., 2011; Dehghan-nayeri & Adib-Hajbaghery, 2011). The 

effectiveness of PMR was exemplified in a meta-analysis conducted by Manzoni et al. 

(2008). This meta-analysis consisted of 27 studies which found a medium-large effect size in 

the treatment of anxiety. It must be noted that this analysis was comprised of studies that used 

both clinical and subclinical populations as well as face to face PMR training, however as this 

meta-analysis was conducted in 2008 it was limited in the forms of PMR training that could 

be examined. The one of particular note for the present study is PMR via the internet. 

Furthermore, there were multiple forms of muscle relaxation training used, however the 

concept behind them is the same. PMR is a physical mindfulness activity, akin to yoga, for 

this reason, the effectiveness of PMR is more pronounced in groups with physiological issues 

with subclinical anxiety as the physical pain is decreased with deliberate muscle relaxation 

(Lolak et al., 2008; Pan et al., 2012; Novais et al., 2016). It is for this reason research into 

PMR as a supplementary treatment for recovery from chronic illness is plentiful, with the 

evidence suggesting that PMR is an effective support in reducing anxiety in those with co-

occurring illnesses (Cheung et al., 2003; Jorm et al., 2004; Dehdari et al., 2009; Zhao et al., 

2012; Farquhar et al., 2018). Indeed, PMR utilises the same underlying concepts of yoga, 

however the focus is more on stress and pain relief compared to other interventions.  

Understanding the improvements in wellbeing associated which PMR requires an 

analysis of which cognitive and physiological processes are influenced by PMR and how they 

interact. PMR has been demonstrated to improve cognition in participations suffering from 

both clinical and subclinical anxiety (Khanna et al., 2007; Francesco et al., 2010; Tyndall et 

al., 2016). Of particular interest is Tyndall et al (2016), which utilised a brief, one-time PMR 

exercise lasting eleven minutes. Participants were shown to improve on a relational 
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responding task. It should be noted that this looks at acute PMR just prior to the activity 

rather than a longitudinal PMR over many weeks. 

 This improvement can be viewed through the lens of ACT, with the decrease in stress 

allowing more efficient executive function. It should also be noted that PMR has been 

effectively implemented to improve sleep within anxious individuals (Xiao et al., 2020). 

Sleep deficit can be seen as a secondary effect of anxiety, with excessive worrying reducing 

sleep (Kalmbach et al., 2018). Additionally, a lack of quality sleep and a negative association 

with sleeping results in a greater susceptibility to anticipation anxiety (Grupe & Nitschke, 

2013). This creates a cycle of anxiety; hence why effective wellness treatments are based 

upon relaxation. Physiologically, PMR has been demonstrated to alter hormone production. 

Research conducted by Chellew et al. (2015) found that cortisol levels in participants post 

PMR were reduced compared to a non-active control. This evidence suggests that biological 

markers for stress are reduced rather than self-reported anxiety. Research focused on salivary 

cortisol further lends credence to these findings with salivary cortisol significantly lower in 

participants who participated in a muscle relaxation exercise compared to the control 

(Pawlow & Jones, 2005). Research pertaining to the impact of PMR on the cardiovascular 

system indicates that utilising PMR reduces blood pressure and regulates heart rate (Sheu et 

al., 2003; Dolbier & Rush, 2012). Reduction in these biological markers for anxiety results in 

a decrease of perceived anxiety (Özpelit et al., 2015).  

Due to the effectiveness of PMR, it has sustained institutional support from the NHS, 

who promote their own version of PMR for general relaxation and anxiety as well as anxiety 

hotlines which utilise similar methods (Cumbria, Northumberland, Tyne & Wear NHS 

Foundation Trust, 2017). The practical effectiveness of PMR is demonstrated in Merakou et 
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al., (2019) in which they sampled long-term unemployed people to compare the effectiveness 

of an eight weeklong PMR course in reducing anxiety compared to a control group. The 

results indicated that stress and anxiety related symptoms decreased significantly. The basis 

for this study was the economic crisis in Greece and the subsequent anxiety associated with 

the fallout. This sample was therefore based on an acute trigger whereas the present study is 

focused on general subclinical anxiety Furthermore, the study did not utilise an internet-based 

approach, rather a face-to-face training period designed to coach participants. 

Telehealth and remote access to interventions 

With the increased access to the internet and rising technology literacy (Eshet-Alkalai 

& Chajut, 2009), the viability and importance of remote methods of addressing aliments is 

increasing. Telehealth, as defined as healthcare provided via telecommunications, has been 

recommended for physical illness, such as pulmonary conditions (McLean &McKinstry, 

2012; Pinnock & McKinstry, 2018; Bohingamu-Mudiyanselage et al., 2019). However, 

recent evidence suggests its efficacy for assisting with mental conditions. Indeed, research 

conducted by Lichstein et al. (2013) found that remote Cognitive Behavioural Therapy (CBT) 

was effective with hard to access patients. This finding is of particular interest for research 

pertaining to anxiety as anxious individuals tend to be hard to access (Roness et al., 2004; 

Alosaimi et al., 2014; Fine et al., 2018). It is important to differentiate two types of anxiety, 

anxiety which is preventing patients for engaging the healthcare system for other aliments (as 

investigated in Alosaimi et al., 2014) and anxiety which is the sole issue the individual has 

(shown in Roness et al., 2004). Standard telehealth assists individuals in the first group but 

not the second, as the anxiety is not addressed, rather it is navigated around. This does not 

mean that telehealth methods are not useful for helping with anxiety, just the treatment would 
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have to be specifically for anxiety. An effective example of this was provided in Lu et al. 

(2021), within this study adolescents with social anxiety engaged with anxiety therapies via a 

mobile app. Overall, the researchers argue that the mobile based treatment allowed the 

participants to feel more comfortable with the initial therapy, which the participants claim 

they would have not been. Social anxiety and the general worrying regarding novel 

environments present anxiety is the main concern that can be addressed effectively in 

telehealth.  

 To determine the effectiveness of telehealth in treating subclinical anxiety, it is 

important to take a multifaceted approach. Indeed, as mentioned earlier it provides greater 

access to hard to access individuals, however it still remains to be seen if it is as effective as 

face-to-face treatment. A meta-analysis conducted by Krzyzaniak et al. (2021) sought to 

investigate this concern. It was shown that there was no significant difference in the 

satisfaction rating when in person was compared to remote as well as no significant 

differences in the change of anxiety symptoms. This means that remote healthcare was at 

least comparable to in person treatments. 

 The intention of this study is to measure the efficacy of remote anxiety interventions. 

Evidence prior suggests that online based anxiety interventions are effective, indeed research 

by Dent et al. (2018) discusses effective ways of implementing a remote CBT. However, 

these interventions are tailored towards individuals who are clinically anxious, furthermore 

they require an active practitioner to work alongside the participants. An alternative to this 

has been explored via the use of wellness apps and their subsequent effects on anxiety. These 

apps utilise wellness technique including mediation. Research into the effectiveness of 

wellness apps conducted by Hwang and Jo (2019) indicated that the apps were effective in 
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reducing perceived stress and improve broad well-being, however the apps provided no 

significant improvement to anxiety. In addition to the concerns of effectiveness, there is a 

litany of privacy concerns that are dominant within the wellness app industry. For example, 

evidence presented by Huckvale et al. (2015), demonstrated that of 79 wellness apps certified 

by the NHS, 89% transmitted information to other online services. Additionally, 23 of the 

apps that sent data digitally did not used encryption which left it vulnerable to hacking. 

Regarding data, it has long been a concern that wellness apps are not forthright with how the 

data collected may be used. This is well explained in the prior study mentioned. Issues 

regarding how data is collected and used have been hard to engage with due to the fact that 

wellness apps are not considered intended for medical use in the USA. This was explored in 

Kasperbauer and Wright (2020) with the premise of the study designed to illustrate why 

wellness apps should be regulated as a medical app. The primary reason is that, in spite of 

disclaimers, users tend to utilise wellness as a healthcare and tend to share information 

pertinent to their health. This allows the apps to extract and use the data with less caution 

compared to medical records.  

 It is for these safety concerns and potential issues with the effectiveness of wellness 

apps for treating anxiety why an alternative remote intervention should be explored. As 

mentioned prior the PMR has been placed online from the NHS as a simple method of 

reducing stress. Research into the specific effectiveness of online based PMR on subclinical 

anxiety have not been explored. 

 

The current study 
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The effectiveness of PMR has been demonstrated throughout numerous studies, 

including its use with hospital patients and the elderly, however there is a dearth of research 

focusing on PMR effectiveness regarding individuals with subclinical anxiety. In addition to 

this, the effectiveness of PMR as an internet-based solution for anxiety has not been fully 

explored. As anxiety is potentially a self-perpetuating state, with the results an anxious 

episode leading to deliberate isolation which leads to further anxiety (McNeil et al., 2014), an 

effective long-remote treatment needs to be a priority. Without easily accessible outlets, it is 

difficult for people suffering from anxiety to maintain a healthy anxiety level. This is 

problematic due to the aforementioned consequences of elevated anxiety, as well as that 

untreated low-level anxiety can manifest into an anxiety disorder which typically has a long 

recovery phase and greater stress (Stahl et al., 2007). Indeed, enacting early preventive 

interventions has been demonstrated to more effectively reduce the severity of the 

subthreshold anxiety as compared to anxiety treated later (Grenier et al., 2011), hence why a 

quick and readily available intervention is required 

The importance of evaluating internet based PMR is due to the core tenant of 

mindfulness, that the tasks should be accessible. PMR was chosen for this specifically due to 

its ease of accessibility with easy-to-follow instructions. This is pronounced when compared 

to forms of CTPI as it requires time with both generic and specialised requirements based on 

an individual's symptoms which makes it difficult to generalise. A greater insight into the 

effectiveness of participant led online-based PMR would help elucidate whether in person 

directed learning PMR is necessary or if an easily accessible internet-based intervention 

would suffice. Anxiety is a state which limits one’s desire to put themselves in risk, whether 

real or imaged, hence why a safe and easily accessible version is preferable. 
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One area of great interest in this study is the level of adherence as an intervention is 

only as effective as one’s willingness to adhere to it. Research focusing on adherence 

indicates that internet-based support assists adherence to a medication schedule (Bass et al., 

2015) and that internet-based replacement therapies have similar levels of attrition when 

compared to the face-to-face counterparts (van Ballegooijen et al.,2014; Beintner et al., 

2014). However, these do not measure the effectiveness of anxiety reduction methods or 

wellness techniques, furthermore the studies were conducted on diagnosed patients so the 

adherence rate for non-clinical participants has not been assessed.  

This study also intended to measure the effect of anxiety on working memory. In line 

with prior research (Lukasik et al, 2019), it would be expected that as anxiety decreases, 

working memory increases, however, there has been little investigation into how long-term 

subclinical anxiety may impact working memory, rather than short intervals of anxiety 

inducement. Also, the use of Reverse Corsi Block Task should provide further insight 

whether the impact of anxiety is solely limited to efficiency or to capacity as the task has 

unlimited time. Additionally, it will address the dearth in research focusing on within group 

anxiety changes and how that corresponds to changes in working memory function.  

It is important to note that this study was conducted during the Coronavirus pandemic. This 

caused a greater rate of anxiety (Albery et al., 2021; Rudenstine et al., 2021) especially 

anxiety with patients who were diagnosed with other chronic illnesses (Salari et al., 2020; 

Spence, 2020). In addition to this, medical assistance was limited due to the high demand. 

This study does not focus on the pandemic, or the specific anxieties related to it, rather it 

displayed an extreme circumstance in which greater mental health aid is required whilst also 

being remote. 
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The aims and hypotheses  

The prospective study aimed to: 

 Contribute to the literature regarding the effectiveness of non-pharmaceutical 

interventions on subclinical anxiety. 

 Investigate the feasibility of internet based and participant driven PMR. 

 To further the understanding of the relationship between working memory and 

anxiety  

The hypotheses of this study are as follows: 

 PMR will significantly reduce the level of reported anxiety over time, compared to an 

inactive control. 

 As the anxiety of the participant decreases the performance of the Corsi Block 

memory task will increase. 

An area of note pertaining to the study is the attrition rate of participants. A key aim of 

this research is to investigate whether online based interventions are effective, and a high 

attrition rate could infer that although it may appear that the participants find it useful, the 

ones who do not would have dropped out artificially influencing the results.  
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Method 

Ethical Standards 

Ethical approval for this study was provided by the University of Huddersfield via the 

School of Human and Health Sciences – School Research Ethics and Integrity 

Committee. Reference: SREIC/2021/007. 

Participants 

A longitudinal sample of participants was recruited over a period of two months. 

During this time, 161 participants enrolled, with 655 additional participants excluded from 

the experiment due to not passing the screening test or engaging in activity deemed to signify 

botting. Of the remaining participants, 58 participants were male, and females comprised the 

remaining 104, with a mean age of 25.83 years. Regarding the nationalities of the cohort, the 

majority resided in the UK (39.5%), and the United States (13%) with further demographic 

breakdown present in Table 1. The inclusionary criteria consisted of: 

1) Participants must be fluent in English. 

2) Participants must be 18 years of age or older. 

3) Participants must have access to an email address and laptop or PC. 

4) Participants must have not been diagnosed with an anxiety disorder.  

It must be noted that some participants’ scores on the anxiety measure exceeded the 

level which can be considered signs of a clinical anxiety disorder. It was decided that the 

participants should remain in the study and receive the debrief once completed with the links 

regarding anxiety and mental well-being. This is because the GAD-7 alone cannot be used to 

diagnose GAD, therefore it would be inappropriate to exclude the participants. As a result of 
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this, the participant data was analysed as normal, however if the findings are of note, they 

will be discussed in the analysis.  

Recruitment 

Participant recruitment was based entirely online, with advertisements placed in 

student forums, University recruitment tools (SONA), social media (Facebook, Reddit, & 

LinkedIn) and psychology-based forums. Participants were not requested to recruit other 

participants, however a number of participants noted they discovered the study via a friend.  

An incentive for participation was included. Participants who completed the were placed in a 

lottery with 20 chances to win a £10 gift voucher. The use of this incentive was due to the 

increased number of online based studies due to the Coronavirus lockdowns, which presumed 

to reduce the number of participants in the study. Furthermore, due to the concerns of 

attrition leading to unusable results, a pseudo-randomised sample was used rather than 

entirely random. This weighted sampling added participants to each variable group reactively 

depending on the total number of participants currently active within each group. In addition, 

the sampling sought to address concerns with the gender imbalance within experimental 

groups as gender is a known influence on anxiety. The use of pseudo-randomised sampling to 

ensure that the data collected was applicable to the research aims has support from the 

literature (Bartlett, 2020). 

The problematic nature of botting on online based participation has been 

acknowledged and discussed prior, notably in Pozzar et al. (2020). This issue was mitigated 

via three levels of detection. The first was the native bot detection in Qualtrics (the survey 

software platform used), the second was the RCBT portion of the study was located on a 

third-party website that was redirected to after completing the survey. This resulted in only 
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sophisticated bots completing the full study. The third step was designed to remove 

sophisticated bots, this was that the study required an active email address for follow up 

timepoints to be sent to, bots accounts typically use a database of known email addresses, 

however they do not have access to the inboxes. This manual authentication again limits the 

potential for bots to complete the full study. The effectiveness of manual authentications as 

screening for participants is established in the literature (Bowen et al., 2008; Godinho et al., 

2020). Overall, it was estimated that 285 of the initial respondents were considered to be 

potential bots and were duly removed from participation.  

The level of retention in the study was measured throughout, as displayed in Figure 1. 

To ensure retention participants were emailed with the necessary links to the following stages 

of the experiment when it was time to complete them. The emails contained reminders of 

participant ID and the experimental group they were assigned to. Participants were given up 

to a week to complete the tasks, after which they received a confirmation email within 24 

hours. No reminders were sent out to participants aside from the initial email, this was to 

ensure that there was a more natural attrition rate which is more comparable to the use of the 

interventions outside of the experiment.  
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Figure 1 

Participation and attrition at each timepoint  

Initial respondents to the 

experiment: 816 

Participants present in Baseline: 

162 

Participants present in Timepoint 

1: 111 

Participants present in Timepoint 

2: 76 

Participants present in Timepoint 

3: 6 

 28 did not consent to participate 

 1 formally withdrew 

 261 did not meet the exclusion criteria 

 79 did not finish the questionnaire/RCBT 

 285 were identified as potential bots 

 51 informally withdrew 

 35 informally withdrew 

 70 informally withdrew 

Note. Informal withdrawal refers to participants leaving the study without informing the 

researchers. 
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Materials  

Prior to starting the experiment, participants were required to complete an integrated 

screening questionnaire which filtered out those who did not meet the inclusionary criteria 

(see the Participants section). 

Questionnaires  

There was a questionnaire for participants to complete before the GAD-7. All together 

there were three distinct questionnaires which were used at varying timepoints. The first 

questionnaire was for the Baseline, see Appendix A, this was used specifically to gain formal 

consent and enforce the inclusion criteria. Additionally, it provided useful demographic data 

used later in the analysis. The second questionnaire was format was used in both Timepoints 

1 and 2, see Appendix B. There were minor word changes between the questionnaires, but the 

fundamentals remained the same. This questionnaire was designed to gain further consent for 

participation and ensuring that the data was assigned to the correct participant. In addition to 

this, the questionnaire asked the participants in the experimental group how many times they 

completed the PMR exercise per week. In order to measure the participants opinions on the 

intervention, participants were also asked how effective they believed PMR was for reducing 

anxiety as well as how motivated they were to complete the allotted PMR exercises. The 

phasing of the question made it apparent that the timescale interested in was intermediate two 

weeks between surveys. The final questionnaire was presented at Timepoint 3, see Appendix 

C. This questionnaire repeated the same questions as the prior questionnaire, however it also 

requested participants to state positives and negatives of the PMR. The intent was to quantify 

the qualitative data and analyse it. Additionally, it also requested participants to state how 
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they felt their anxiety has changed throughout the course of the experiment. This was asked 

to validate the anxiety change measured over the course of the experiment. 

GAD-7 

In order to establish the level of anxiety felt by the participants, the GAD-7 was used 

(Spitzer et al., 2006). A sample GAD-7 questionnaire can be viewed at Appendix D. This is a 

self-report questionnaire consisting of seven questions pertaining to anxiety over the prior 

two weeks, the frequency of the feeling as the determining variable. The scoring ranges from 

0 with the response “Not at all” and 3 with the response “Nearly every day”, with the total 

accumulated score of the questions resulting in an anxiety score. A total score of 7-10 has 

been considered indicative of GAD (Spitzer et al., 2006; Plummer et al., 2016). The GAD-7 

was chosen as it is a simple and accessible measure of anxiety that can be completed with 

minimal guidance (Donker et al., 2011; Ruiz et al., 2011). This measure has been 

demonstrated to be a valid measure of anxiety, with findings comparable to other established 

measures of anxiety (Kroenke et al., 2007; Bártolo et al.,2017; Byrd-Bredbenner et al., 2021). 

Furthermore, the GAD-7 has been used throughout the literature, in both clinical and non-

clinical populations (Esser et al., 2018; Lee & Kim, 2019; Zachar-Tirado and Donders, 2021), 

thus further validating its use. 

Reverse Corsi Block Task 

This was utilised to measure the working memory of the participants more broadly 

This task involved a static image of a number of blocks, starting at three and concluding at 

nine. After which the blocks flashed red and then return to white in a random sequence, each 

block change lasting for 0.5 seconds. Once each block had changed the participant had to 

click on the blocks using a mouse in the reverse order they appeared in, the response time 

was not recorded. An example of the RCBT sequence is shown in Figure 2. The sequence 
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length was chosen due to a design principle based on the average memory capacity (Miller, 

1956). Each sequence is repeated three times, giving a total of 21 individual randomised 

sequences. From this, a score was determined on the number of blocks correctly identified in 

the correct serial position across all sequences rather than total sequences correct. This metric 

allows more sensitivity whilst also broadly tracking the total sequences correct (Brunetti et 

al., 2014). 
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Figure 2 

A three block RCBT task in progress 

 

Note. The blocks will flash red sequentially, participants must wait for the complete sequence 

before repeating the sequence. Blocks cannot flash red twice, but blocks can be pressed twice 

in the participant's recollection. 

 

The task was developed in PsychoPy3 software and was implemented online via the 

Pavlovia platform. It should also be noted that research into the difference between digitised 

RCBT and regular RCBT have not been fully explored, however preliminary research 

indicates the difference between the two are negligible (Claessen et al., 2015). It must be 

noted that this was research focused on tablets in which participants tapped on the screen to 

identify the sequence, whereas the task present in this study utilises PCs, however there is 

precedent for this approach with LeFevre et al. (2010).  

Progressive Muscle Relaxation 

This method was based on the work by Dr Jacobson, which is well illustrated in 

Mushtaq and Khan (2018). The PMR can be designed in many ways, including in written 

form as well as a shortened version. For the present study a video form of PMR was used that 

lasted around 12 minutes (The Newcastle upon Tyne Hospitals NHS Foundation Trust, 
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2014). The relaxation technique itself begins with a focus on breathing and moves onto the 

deliberate tensing and relaxing the arms muscle group. The muscle relaxation gradually 

progresses to other muscle groups. 

The reason this specific PMR video was selected was due to it being designed by the 

NHS, which lends credence to its legitimacy, as well as wider use by the general public, 

therefore using it as a baseline for PMR seemed appropriate. Indeed, the majority of research 

focusing on the benefits of PMR share fundamentals, therefore discrepancies in method 

chosen are usually focus on how it is conducted. As the intention of this study is to measure 

the effectiveness of internet-based, participant-driven interventions, the video format was 

preferable as it was an effective demonstration for how to conduct the relaxation exercise. It 

should also be noted that the video was not necessitated every time the participants would 

perform the PMR, rather it was recommended at the start to gain an understanding of the 

intervention.  

 

Procedure 

Participants found the study via a website link, either on advertisements or provided 

by someone they know. They begin the experiment with an information sheet explaining the 

study and the criterion for participation. Participants were then directed to the screening 

questions in which, if they failed to meet the aforementioned criteria, the participants were 

ejected from the study. The participants were then asked to provide an email address for 

correspondence, generic demographic data and to create their own participant ID. After this, 

they were asked to complete the GAD-7, after which they were redirected to the RCBT. 

Upon completion, the participants received an email within the proceeding 24 hours 



42 
INVESTIGATING THE IMPACT OF A NON-PHARMACEUTICAL ONLINE 

INTERVENTION ON ANXIETY AND SUBSEQUENT WORKING MEMORY FUNCTION.  

 

assigning them to an experimental group. There were two groups, an inactive control group 

and the experimental PMR cohort. 

  The experimental PMR group was asked to complete a PMR session three times a 

week for two weeks, with a video provided for guidance (although it was not mandatory to 

watch). After two weeks, the participants once again completed the GAD-7 and the RCBT. 

The participants then received a confirmation email within 24 hours with instructions to 

continue with the PMR sessions. This schedule was then repeated for four more weeks, 

resulting in a Baseline established at the start of the experiment and three timepoints in the 

subsequent six weeks. It is important to note that nonadherence to the intervention was not an 

issue, as the effectiveness of the intervention must encapsulate the willingness to complete 

the task. As for the control group, after completing the Baseline battery of tasks, they were 

given no active instruction during the interim two weeks. They were only requested to 

complete the tasks once every two weeks for six weeks. An inactive control was chosen due 

to concerns that even menial tasks conducted a couple times a week may act as pseudo-

therapeutic and the control groups of typical unaltered anxiety levels were preferable as they 

better represent the general populace. Participants would remain in the study six weeks for 

completion, providing data for a Baseline, Timepoint 1, 2 and 3. After which, participants 

were debriefed and placed in the raffle if they so desired.  
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Analysis 

Participant Characteristics 

The analysis was conducted using IBM SPSS Statistics for Windows, Version 26.0 

To begin with, the scores for the GAD-7 and the RCBT were computed. From this, the 

descriptive statistics for the experiment were established. After this, a battery of analyses was 

conducted in order to provide a full description of the sample. The first was a simple T-test 

conducted to measure the difference in anxiety levels between males and females with the 

GAD-7. This was to test the validity of the sample as research indicates males have 

significantly lower reported anxiety levels as compared to females (McLean et al, 2011; 

Altemus et al., 2014). The second was a correlational analysis, conducted pertaining to 

anxiety levels and age, with the assumption that age is negatively correlated with anxiety 

levels (Jefferies and Ungar, 2020). Whilst these analyses cannot conclusively demonstrate 

that the sample is valid, it can provide insight into the results. 

Attrition 

 As attrition was an area of interest, analyses focused on attrition were conducted.  The 

primary attrition analysis was focused on the impact of the experimental group; therefore, it 

was conducted by using Chi-square with the rate in the experimental group compared to the 

frequency in which they remained in the study. The secondary attrition analysis was 

concerned with how anxiety impacted levels of attrition measured. The first approach was to 

use a T-test to compare the attrition rate compared to the anxiety levels whereas the second 

approach focused of levels of change in anxiety and attrition. This was conducted by 

measuring the level of change in anxiety from Baseline to Timepoint 1 and then comparing it 

to the level of adherence to the study. This form of analysis required a level of inference, as 
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the level of anxiety and the relative change cannot be ascertained when the participant left the 

study, rather the prior rate of change must be used as a proxy. It should also be noted that 

both analyses were conducted whilst considering the experiment group of the participants. 

The third attrition analyses focused on demographics and how they correlated with attrition. 

Considering the engagement with the technique with gender is of particular interest as 

typically wellness activities have reduced male participation, which would ideally be 

addressed by an online PMR technique. 

Primary Analyses  

Parametric assumptions were checked and are described in the results section, and 

where assumptions were violated, non-parametric tests were used. To assess the changes in 

the anxiety levels reported, a mixed ANCOVA analysis was used. This utilised the Baseline 

scores for the GAD-7 as a covariate in order to ensure that the measured change took into 

consideration the impact of the initial level of anxiety. The between-subject factor was the 

experimental group, PMR or control and the within-subjects factor was the anxiety score 

measured by the GAD-7 over time. It is important to note that this analysis, as well as 

subsequent analyses, excluded Timepoint 3. This is due to excessive participant attrition 

which resulted in a very small group size.  

In order to measure the relationship between anxiety and working memory, 

correlational analyses were conducted between the GAD-7 score and the RCBT score at 

Baseline, Timepoint 1 and 2. In the proceeding timepoints after the Baseline, the data was 

also split by the experimental group the participants were in, which was intended to identify 

any group specific effects.  
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Supplementary analyses  

To further support the veracity of the findings made pertaining to anxiety, a separate 

correlational analysis was conducted between the change in GAD-7 score with the perceived 

effectiveness of PMR in the prior two weeks, as reported by the participants. The perceived 

effectiveness was modified into a Likert scale, with the lowest ascribed effectiveness 

equalling 1 and the highest 4. The change in anxiety was measured between Baseline to 

Timepoint 1 and Timepoint 1 to 2. Additionally, a Paired Samples T-test was conducted to 

measure the change in perceived effectiveness as the experiment proceeded. There was 

further intention to measure the adherence to the intervention with the change in GAD-7 

score, however the group who did not adhere but continued in the study was too small for 

analysis. 

Further analysis was also conducted on the RCBT scores. RCBT score was analysed 

over time to measure if there was an improvement, regardless of the experimental group. The 

rationale for this analysis was to account for the potential learning effect of the RCBT and 

use that information to appropriately caveat the findings if necessary. The sample was non-

parametric; therefore, a Friedman Rank Sum Test was selected. This was a repeated measures 

analysis across each Timepoint. As with the analysis prior, the intention was to include the 

third Timepoint, however due to attrition it was deemed not appropriate.  
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Results 

Treatment of Data 

As both the GAD-7 and the subsequent RCBT completion were mandatory for the 

analysis, participants were unable to proceed in the experiment until they were finished with 

the measures. Of the 162 participants, 5 (or 3%) failed to complete the entire RCBT after 

having completed the GAD-7, due to this the data obtained from this group was limited to the 

prior timepoint they completed.  

As mentioned prior, the analysis was ended at Timepoint 2 rather than at the intended 

Timepoint 3. The reason for this was a reduction in participant retention with six (four control 

group and two experimental group) of the remaining 76 completing the final timepoint. This 

was sample was too small to analyse effectively. The impacts of the removal of the last 

timepoint will be discussed further in the discussion. 

Participant Characteristics  

Table 1 and 2 shows the demographic information for the participants and their 

characteristics.  
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Table 1 

Demographics of the participants 

Variable n % 

Gender     

    Male 58 35.80 

    Female 104 64.20 

Nationality     

    Uk 64 39.51 

    USA 21 12.96 

    Canada 11 6.79 

    Singapore 1 0.62 

    India 6 3.70 

    Israel 1 0.62 

    Australia 1 0.62 

    Portugal 11 6.79 

    Denmark 3 1.85 

    Netherlands 18 11.11 

    ROI 2 1.23 

    France 4 2.47 

    Germany 7 4.32 

    Bahrain 1 0.62 
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    Norway 2 1.23 

    Romania 1 0.62 

    Brazil 1 0.62 

    Turkey 1 0.62 

    Mexican 2 1.23 

    UAE 1 0.62 

    Malaysia 1 0.62 

    Russia 1 0.62 

    Italy 1 0.62 

Note. Due to rounding errors, percentages may not equal 100%. 
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Table 2 

Information of participants at baseline. 

Variable M SD n SEM Min Max Skewness Kurtosis 

Age 25.83 7.24 162 0.57 18.00 57.00 1.93 4.77 

GAD Baseline 6.32 4.59 162 0.36 0.00 21.00 1.03 0.81 

RCBT Baseline 85.08 21.54 162 1.69 10.00 118.00 -1.79 3.34 

Note: Information is present for all participants at baseline, including those who did not complete 

the study. 

 

The mean level of anxiety for the entire sample at each timepoint was, M = 6.32, SD = 

4.59 for the Baseline, M = 4.85, SD = 3.82 for Timepoint 1, M = 4.76, SD = 3.38 for 

Timepoint 2. The mean working memory score on the RCBT was, M = 85.08, SD = 21.54 for 

the Baseline, M = 95.88, SD = 10.75 for Timepoint 1, M = 98.08, SD = 9.94 for Timepoint 2.  

The two participant sample sizes were different, this was to address the earlier attrition 

observed within the experiment group. Table 3 shows the level of attrition within each group 

across each timepoint. Factors around attrition have been analysed later in this section. The 

sample also was weighted towards females, who comprised 64.20% of the total sample. This 

gender split was deemed not significantly different using a Chi-square at Baseline, X2(1, n = 

162) = .059, p = .81, therefore there was no need to covary gender in the subsequent analyses. 
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Table 3 

Level of attrition at timepoints categorised by experimental groups 

  Experimental groups 

Variable Control PMR  

Attrition Baseline-T1      

    Remained in the study 46 (71%) 65 (67%)  

    Withdrew in the study 19 (29%) 32 (33%)  

    

    Total 65 (100%) 97 (100%)  

Attrition T1-T2      

    Remained in the study 32 (49%) 44 (45%)  

    Withdrew in the study  14 (22%) 21 (22%)  

    

    Total 46 (100%) 65 (100%)  

Note. Due to rounding error, percentages may not sum to 100%. 

 

An independent T-test was conducted to measure the difference in anxiety levels 

reported between genders. The analysis demonstrated that females (M = 7.33, SD = 4.77) 

were significantly more anxious than males (M = 4.52, SD = 3.62) as reported at the Baseline 

GAD-7, t(145) = -4.21, p < .001. In addition to this a Pearson correlational analysis was also 

conducted on the levels of anxiety reported at Baseline with the age of the participants. This 
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analysis found that the correlation between anxiety and age was not significant, r(161) = .12, 

p = .12.  

Attrition analysis 

Attrition can be measured at two points during the experiment, between Baseline and 

Timepoint 1 and between Timepoint 1 and 2. The attrition from Timepoint 2 to 3 was not 

analysed as the change was too great to provide any meaningful analysis. A tabulated 

accounting of the attrition rates can be seen in Table 3.  

The primary assumption for Chi-square is that less than 20% of the expected counts 

are less than 5 (Yates et al., 1999). All attrition analysis conducted had 0% expected counts 

less than 5. Furthermore, for the use of a 2x2 cell, all expected counts must be greater than 10 

(Cochran, 1952). For the data at hand, all expected counts were greater than 10, meaning all 

assumptions were met. As all assumptions were found to be true, a Chi-square was conducted 

to measure the potential correlation between the attrition rate and the sample the participant 

was assigned to. 

Of the initial 162 participants, 111 proceeded to participate in Timepoint 1, a 31.39% 

rate of attrition. Breaking this down into the experimental samples, of the 65 within the initial 

control group, 19 left constituting an attrition rate of 29.2% and for the PMR group, of the 97 

initial participants 32 left, resulting in a 33% attrition rate. There was found to be no 

significant relationship between the attrition rate between the Baseline and Timepoint 1 with 

the assigned experimental group, X2(1,162) = .26, p = .61. 

The second point of attrition was between Timepoint 1 and 2. Of the remaining 111 

participants, 76 remained within the study, resulting in an attrition rate of 31.53%. Breaking 

this down into the experimental samples, of the remaining 46 within the control group, 14 left 



52 
INVESTIGATING THE IMPACT OF A NON-PHARMACEUTICAL ONLINE 

INTERVENTION ON ANXIETY AND SUBSEQUENT WORKING MEMORY FUNCTION.  

 

constituting an attrition rate of 30.4% and for the PMR group, of the remaining 65 

participants 21 left, resulting in a 32.3% attrition rate. It was demonstrated that there was no 

significant relationship between the attrition rate between Timepoint 1 and 2 and the assigned 

experimental group, X2(1,111) = .044, p = .83. 

The attrition separated by gender between Baseline and Timepoint 1 was of the 58 

males in the starting cohort, 15 withdrew, resulting in an attrition rate of 25.9% and of the 

104 females at the beginning, 36 withdrew, resulting in an attrition rate of 34.6%. A 

subsequent Chi-square test was conducted to ascertain the impact of gender of the level of 

attrition. There was found to be no significant relationship between the attrition rate between 

the Baseline and Timepoint 1 with gender, X2(1,162) = 1.32, p = .25. The attrition separated 

by gender for second attrition analysis was of the 43 males, 11 withdrew, resulting in an 

attrition rate of 25.6% and of the 68 remaining females, 24 withdrew, resulting in an attrition 

rate of 35.3%. From this it was demonstrated that there was no significant relationship 

between the attrition rate between Timepoint 1 and 2 and the gender of the participant, 

X2(1,111) = 1.51, p = .28. 

In order to measure whether the change in anxiety resulted in participants remaining 

in the study, a T-test was conducted on the reported anxiety change between Baseline and 

Timepoint 1 and the attrition rate between Timepoint 1 and 2. The dataset was split by 

experimental group. For the experimental PMR group, a Levene’s test for equality of 

variance was not significant, F(63) = .38, p = .54, therefore the assumptions of the T-test 

were met. The resulting T-test found there was not a significant interaction between the level 

of anxiety change and the willingness to proceed further in the study, t(63) = -.54, p = .59. 

For the control group, a Levene’s test for equality of variance was not significant, F(44) = 
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.72, p = .40, therefore the assumptions of the T-test were met. The resulting T-test found 

there was not a significant interaction between the level of anxiety change and the willingness 

to proceed further in the study, t(44) = -.64, p = .53. 

Main Analysis 

 The intention of the following analyses was to directly address the hypothesis outlined 

prior. 

GAD-7 anxiety scores and intervention 

Anxiety scores per group at each timepoint are provided in Table 4. A T-test was 

conducted at the baseline between the groups to ensure there was a similar starting anxiety. 

This was to ensure the initial samples were comparable, otherwise the findings would have to 

be caveated. Overall, there was no significant difference between the experimental groups at 

the Baseline, t(160) = -.52, p = .61. 

Table 4 

Anxiety levels at each timepoint, as a total and per group 

Variable M SD n SEM Min Max Mdn Skewness Kurtosis 

GAD Score at 

Baseline  
6.32 4.59 162 0.36 0.00 21.00 6.00 1.03 0.81 

    Control 6.09 4.47 65 0.55 0.00 20.00 6.00 1.02 0.83 

    PMR 6.47 4.68 97 0.48 0.00 21.00 6.00 1.04 0.76 

GAD Score at T1 4.85 3.82 111 0.36 0.00 21.00 4.00 1.72 4.51 

    Control 5.13 3.43 46 0.51 0.00 16.00 4.00 1.03 1.25 

    PMR 4.65 4.09 65 0.51 0.00 21.00 3.00 2.04 5.68 

GAD Score at T2 4.76 3.38 76 0.39 0.00 14.00 4.00 0.81 0.46 
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    Control 5.78 3.10 32 0.55 0.00 13.00 6.00 0.44 0.13 

    PMR 4.02 3.41 44 0.51 0.00 14.00 3.00 1.25 1.52 

Note. Experimental groups presented below the representative timepoint. 

 

Table 4 illustrates the descriptive values relevant to anxiety scores. From this, the data 

can be assessed in order to ensure the appropriate analysis was conducted. When the 

skewness is greater than 2, the variables are asymmetrical, in addition to this, when the 

kurtosis is greater than or equal to 3, then the distribution of variables are not on a normal 

distribution. These factors can both result in a greater number of outliers limiting the 

usefulness of the data (George & Mallery, 2010; Westfall & Henning, 2013).  However, due 

to the robust size of the sample (greater than N>20 per group), the mixed ANCOVA is still 

valid (Cox, 2010). Due to the different sample sizes in each group, the homogeneity of 

variances must be satisfied in order to meet the assumptions. Levene’s Test of Equality of 

Error Variances was conducted on both dependent variables to ensure homogeneity. The test 

indicated equal variance, F = 1.55, p = .22; F = .009, p = .92, for Timepoint 1 and 2 

respectively, ensuring the validity of the ANCOVA. Furthermore, to test the homogeneity of 

regression, an ANOVA was conducted to ensure that the interaction between the covariate, 

the Baseline anxiety score, and the between subject factor, the experiment group the 

participant was placed in, was not significant (Field, 2017). The ANOVA demonstrated that 

the interaction between the variables was not significant, F(1,72) = .43, p = .52, indicating the 

sample was eligible for the ANCOVA. The final assumption of linearity between the 

covariate and the dependent variables is demonstrated in the proceeding scatter plots (Figure 

3 & 4), with Pearson’s correlation demonstrating the correlation between the Baseline 
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correlation with Timepoint 1 anxiety, r(111) = .77, p <.001, and Timepoint 2 anxiety, r(76) = 

.669, p < .001. 

 

 

 

Figure 3 

Scatterplot for GAD-7 score at Baseline and Timepoint 1 

 

Note. Data present only contains participants who completed both Baseline and Timepoint 1. 

  



56 
INVESTIGATING THE IMPACT OF A NON-PHARMACEUTICAL ONLINE 

INTERVENTION ON ANXIETY AND SUBSEQUENT WORKING MEMORY FUNCTION.  

 

Figure 4 

Scatterplot for GAD-7 score at Baseline and Timepoint 2 

 

 

Note. Data present only contains participants who completed both Baseline and Timepoint 2. 

 

As the dataset met the assumptions necessary, a mixed ANCOVA was conducted. The 

main effect for intervention group was significant, F(1, 73) = 6.59, p = .012, 𝜂2 = .083, 

indicating that there were significant differences in anxiety at Timepoint 1 and 2 between the 

PMR group and the inactive control after controlling for anxiety at Baseline. The direction of 

the analysis indicates that anxiety in the PMR group was significantly lower as compared to 

the inactive control group with a medium effect size (Lakens, 2013) which is comparable to 

prior research in the field (Manzoni et al., 2008). For a visual representation of this, please 

see Figure 5 below. In order to conduct a power analysis, an additional effect size was 

measured, Cohen’s ƒ. This was to determine to have a medium effect size of ƒ 2 = 0.27. A 

post-hoc power analysis found that with the sample at Timepoint 2, the observed power was 

.71. This falls short of the standardised .80 (Cohen, 1988), which suggests the probability of a 
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type two error was higher than desired at 29%. An a-priori power analysis was conducted 

prior to the study to determine a sample size for a medium effect size (f = .25) whilst having 

an observed power of .80. This analysis indicated that 158 participants would have been 

required. The covariate, Baseline anxiety, was significantly related to anxiety levels at 

Timepoint 1 and 2, F(1, 73) = 122.31, p < .001, with a large effect size, 𝜂2 = .63. The main 

effect for the within-subjects factor (Timepoint 1 and 2) was significant, F(1, 73) = 4.95, p = 

.029, indicating there were significant differences between the values of Timepoint 1 and 2 

after controlling for anxiety at Baseline regardless of experimental group. The interaction 

effect between the within-subjects factor and experimental group was not significant, F(1, 73) 

= 2.48, p = .120, indicating that the relationship between Timepoint 1 and 2 was similar 

between the levels of experimental group. The interaction effect between the within-subjects 

factor and baseline anxiety was significant, F(1, 73) = 15.07, p < .001, indicating that the 

relationship between anxiety at Timepoint 1 and 2 differed significantly based upon the 

values present at baseline.  
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Figure 5 

Anxiety levels per experimental group with Baseline GAD as a covariate

 

Note. Covariates appearing in the model are evaluated at the following values: GAD Baseline 

score = 6.41 

 

A post-hoc analysis of the mean contrasts was conducted with a Tukey Test. This was 

conducted to test the differences in the estimated marginal means for each combination of 

between-subject (the experimental group) and within-subject (the timepoints) effects For 

PMR, a between-subject effect,  the anxiety score at Timepoint 1 was significantly lower 

compared to the anxiety score at Timepoint 2, t(73) = 2.48, p = .016, validating that there was 

a significant decrease in GAD-7 score. No other significant differences were found within the 

control group. 
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Correlational analysis for the levels of reported anxiety and RCBT performance 

As the anxiety levels and RCBT scores were measured at each time interval, to 

adequately explore the potential correlation between the two variables, three separate 

analyses were conducted. A correlational analysis was chosen in order to establish whether 

the two are related to one another. The prior analytic method on the impact of PMR was not 

appropriate for analysis. This is because the intervention was not designed to impact working 

memory directly so a direct analysis would be inappropriate. Rather, the hypothesis was 

predicated on the theoretical links between working memory and anxiety, therefore a direct 

correlational analysis between the two better addressed the hypothesis. The participant group 

performance on the RCBT throughout the study can be seen in the Table 5. 

Table 5 

RCBT Score at each timepoint, as a total and per group 

Variable M SD n SEM Min Max Mdn Skewness Kurtosis 

RCBT Baseline 

Score 

85.08 21.54 162 1.69 10.00 118.00 91.00 -1.79 3.34 

    Control 83.38 23.32 65 2.89 10.00 118.00 90.00 -1.62 2.42 

    PMR 86.22 20.31 97 2.06 11.00 113.00 92.00 -1.91 4.09 

RCBT_T1_Score 95.88 10.75 111 1.02 44.00 114.00 98.00 -2.18 7.51 

    Control 95.30 13.08 46 1.93 44.00 114.00 98.00 -2.50 7.33 

    PMR 96.29 8.84 65 1.10 70.00 111.00 98.00 -0.93 0.91 

RCBT_T2_Score 94.08 9.94 76 1.14 48.00 114.00 96.00 -1.54 5.18 

    Control 96.94 6.94 32 1.23 82.00 114.00 97.00 0.19 0.58 
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    PMR 92.00 11.27 44 1.70 48.00 108.00 95.00 -1.54 3.83 

Note. Experimental groups presented below the representative timepoint. 

As shown in Table 6 violations for the skew value (>2) and kurtosis (>=3) were 

present. Due to this, it cannot be asserted that the necessary assumptions are met, therefore a 

non-parametric test must be conducted in lieu of the intended analysis. Due to the non-

parametric data, Kendall's tau-b was selected. This has smaller gross error sensitivity and the 

smaller asymptotic variance, which results in a more robust and more efficient measure 

(Croux and Dehon, 2010) than Spearman’s Rho for correlational analysis.  

Throughout each timepoint, there were no significant correlations between the level of 

anxiety reported and the performance on the RCBT. This is demonstrated in Table 6.  

Table 6 

Kendall Correlation Results between Anxiety and Working Memory at each interval 

Combination rk 95% CI p 

GAD Baseline - RCBT Baseline  -0.10 [-0.32, 0.13] .385 

GAD T1 - RCBT T1  0.09 [-0.14, 0.31] .455 

GAD T2 – RCBT T2 0.10 [-0.13, 0.32] .397 

Note. n = 76. Holm corrections used to adjust p-values. 

 

The results for Timepoint 1 and 2 when separated by experimental group were as 

follows. For the control group within Timepoint 1, there was a significant correlation 

between the GAD-7 score and the performance on the RCBT, Rτ(46) = .32, p = .026, 

indicating a positive relationship between the GAD-7 score and RCBT score. However there 

was no significant relationship between detected in the experimental group, Rτ(65) = -.021, p 
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= .87. At Timepoint 2 there was also a significant correlation between the control group’s 

GAD-7 score and the RCBT performance, Rτ(32) = .40, p = .023, once more a positive 

relationship between the variables, whereas no such relationship was found in the 

experimental group, Rτ(44) = -.081, p = .60. 

A Fisher r-to-z transformation was then conducted on the significant results The role 

of a Fisher r-to-z is to compare the magnitude of the two correlations and determine if they 

two groups differ significantly. This was necessary due to the uneven group sizes, therefore 

the differences between the samples may be exaggerated (Silver & Dunlap, 1987).   

However, this is dependent on a known r value, therefore a conversion from tau must be 

conducted (Gilpin, 1993; Walker, 2003). The converted r score for Timepoint 1’s control 

group was 0.0088. Utilising this for the Fisher r-to-z transformation indicated that the 

relationship between anxiety and RCBT in the control group was not significantly different 

than that in the experimental group despite the coefficient met the significance in one group 

and not the other, z = .04, p = .48 (one tailed). The converted r score for Timepoint 2’s 

control group was .011. Utilising this for the Fisher r-to-z transformation indicated that there 

was also not a significant difference in the relationship between anxiety and RCBT score 

regardless of the experimental group, z = .05, p = .48 (one tailed). 

Supplementary analysis of the data 

 The intention of the following analyses is to provide further context for the prior 

findings. This was done to enable a thorough assessment of the results against the hypotheses, 

in addition to providing greater clarity for future research regarding PMR. 
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Correlational analysis between perceived effectiveness of the PMR and anxiety change  

The perceived effectiveness of the PMR was measured on a 1-4 Likert scale. The 

intention for this analysis is to provide greater clarity whether the intervention was the cause 

for changes in anxiety or whether the changes were due to standard anxiety fluctuation. The 

descriptive statistics for the perceived effectiveness of the PMR at Timepoint 1 and 2, as well 

as the GAD-7 change score for Baseline-Timepoint 1 and Timepoint 1-2 are shown in the 

Table 7.  

 

Table 7 

Perceived effectiveness and level of anxiety change 

Variable M SD n SEM Min Max Mdn 

Perceived effectiveness T1               

    Control - - - - - - - 

    PMR 2.94 0.92 65 0.11 1.00 4.00 3.00 

Perceived effectiveness T2               

    Control - - - - - - - 

    PMR 2.59 0.95 44 0.14 1.00 4.00 3.00 

Change in GAD Score T1               

    Control -0.52 2.15 46 0.32 -7.00 2.00 0.00 

    PMR -1.35 3.15 65 0.39 -11.00 6.00 -1.00 

Change in GAD Score T2               

    Control -0.03 2.18 32 0.38 -9.00 4.00 0.00 
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    PMR -0.84 2.68 44 0.40 -8.00 6.00 -1.00 

Note. '-' indicates there is no valid measurement for this statistic. 

 

Spearman’s Rho was used for the correlational analysis due to the Likert scale 

resulting in ordinal data (LeBreton & Senter, 2008; Hauke & Kossowski, 2011). The 

correlation indicated that there was a significant negative correlation between the perceived 

effectiveness of the PMR and the reduction in anxiety levels from Baseline to Timepoint 1, rs 

= -.36, p = .003, n = 65. This means that there was a greater reduction in anxiety associated 

with more positive opinions of the intervention. However, there was no significant correlation 

detected between perceived effectiveness and change in anxiety from Timepoint 1 to 2, rs = -

.27, p = .051, n = 44. 

A paired samples T-test was conducted to measure the change in the perceived 

effectiveness of the PMR. The intention of this analysis was to track the change in opinion of 

the intervention. Whilst this data would not be definite it would help future research craft the 

optimum time to research the effectiveness of PMR. There was a significant decrease in 

perceived effectiveness from Baseline-Timepoint 1(M = 2.93, SD = .85) to Timepoint 1-2 (M 

= 2.59, SD = .95), t(43) = 3.17, p = .003, d = .47. This effect size for this analysis was found 

to be small, according to the conventions established in Cohen (1988). 

 

Measuring the improvement over time for RCBT performance 

Measuring the improvement for RCBT regardless of was important to account for the 

potential of learning effects. This analysis was intended to provide insight into whether future 

studies should utilise alternating memory tasks or whether the use of the RCBT throughput is 

appropriate. Descriptive statistics for the RCBT at each timepoint are provided in Table 6. 
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For the use of the repeated measures ANOVA, the dataset must be parametric. Mauchly's test 

was used to assess the assumption of sphericity (Field, 2017). The results showed that the 

variances of difference scores between repeated measurements were significantly different 

from one another, p < .001, indicating the sphericity assumption was violated. Furthermore, 

the assumption of normality was also violated, this was assessed using a Shapiro-Wilk test 

(Razali & Wah, 2011). The results of the Shapiro-Wilk test were significant, W = .86, p < 

.001. This result suggests the changes are unlikely to have been produced by a normal 

distribution, indicating the normality assumption is violated. 

As the assumptions for the repeated measure ANOVA were violated, a non-

parametric test must be conducted. Typically, the assumed non-parametric analysis is the 

Greenhouse-Geisser correction (Greenhouse & Geisser 1959), however this is only valid as a 

correction for sphericity, ergo it was not appropriate as analysis. Rather, the Friedman Rank 

Sum Test was selected as it does not share the repeated measures ANOVA's distributional 

assumptions (Zimmerman & Zumbo, 1993). 

The results of the Friedman test were significant, χ2(2) = 14.00, p < .001, W = .092 

indicating significant differences in the median values of the RCBT scores at Baseline, 

Timepoint 1 and 2 with a small effect size (Cohen, 1988). A pairwise analysis was conducted 

utilising the Wilcoxon Signed Rank Test (Woolson, 2008). This test reveal that there was a 

significant increase in RCBT performance from Baseline (Mdn = 91, n = 162) to Timepoint 1 

(Mdn = 98, n = 111), z = -4.033, p > 0.001, as well as a significant increase in performance 

from Baseline to Timepoint 2 (Mdn = 96, n = 76), z = -2.89, p = .004. It should also be noted 

that the Wilcoxon Signed Rank Test indicated there was a significant decrease in the 

performance on the RCBT from Timepoint 1 to 2, z = -2.89, p = .004. 
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Discussion 

 

Key findings 

The findings present indicate there is some evidence that online PMR is an effective 

intervention for subclinical anxiety. This assertion must be moderated due to the fact that the 

sample collected was an inactive control and the main effect had a below threshold power 

level. The inactive control was chosen due to the concerns of participant withdrawal, 

however because of this it is difficult to firmly assess whether the change was due to the 

intervention as opposed to a traditional active control. Active controls are more effective at 

minimising the contextual factors which could impact the results. Furthermore, the presence 

of an elevated chance of a type 2 error further demonstrates why further research must be 

conducted, with a more robust sample size.  

The conclusion of uncertainty can be supported when examining the perceived 

effectiveness of PMR intervention and the corresponding reduction in anxiety. Indeed, the 

correlational analysis indicated that an increased perceived effectiveness of the PMR 

correlated with a greater decrease in anxiety report. However, this correlation was only 

present in the initial reduction in anxiety (from Baseline to Timepoint 1). Overall, the 

findings present are a strong foundation for future research to build off, but they cannot be 

definitive regarding the effectiveness of online-based PMR..  

The correlational analysis between anxiety levels and working memory also provided 

nuanced data. In terms of the correlation between anxiety and working memory, no 

correlation was detected. However, when the correlation was conducted with split groups, a 
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positive correlation was discerned, with increased anxiety resulting in increased RCBT 

performance. This correlation was seen in the control group for Timepoint 1 and 2. This 

finding was unexpected although explanations for it are presented later in the discussion. 

From the data presented, no clear correlation between anxiety levels and working 

memory can be demonstrated. This conclusion is in part due to the conflicting correlations 

and due to Fisher’s Z Transformation analyses failing to demonstrate that there was a tangible 

difference between the experimental groups. Furthermore, the differences in RCBT at each 

timepoint were compared from this, a pattern emerged that, regardless of experimental group, 

performance in the RCBT improved from Baseline to Timepoint 1 and from Baseline to 

Timepoint 2. This improvement coincides with the prior correlations, indicating that the 

improvement in RCBT performance was likely due to learning effects over time rather than 

anxiety levels. This was also account for the result found in the Fisher’s transformation as the 

improvement encompassed both groups, hence the lack of tangible differences between them. 

It is interesting to note that no discernible change was detected between performance in 

Timepoint 1 and 2, the implications to which are discussed later. 

In terms of attrition, excluding Timepoint 3, the analyses indicated there were no 

discernible factors which increased the propensity to remain or leave the study. One pattern 

that could be drawn was participation continuously decreased as the study continued. The 

implications for the attrition rate on both the feasibility of online PMR and on the findings of 

the study will be discussed further. 
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PMR effectiveness 

The effectiveness of PMR techniques for addressing anxiety is well established in the 

literature (for example, Ahmadnejad et al., 2011), however the effectiveness of the PMR was 

typically viewed through the lens of an intervention for anxiety when the participant was 

experiencing specific stressors, whether that be physiological ailments (Pan et al., 2012), 

psychological conditions with comorbid anxiety (Chen et al., 2009) or when facing situations 

where elevated anxiety or stress is to be expected (for example, Tsitsi et al., 2017). The 

present study addressed the effectiveness of PMR within a non-clinical sample focusing on 

the effectiveness of the PMR technique administered online via a video with minimal 

instruction. Whilst this premise has been explored, notably in Brown and Schiraldi (2004), 

the sample selected was solely students limiting its applicability to the wider population. This 

is of particular note as technology literacy and preference has been associated with age 

(Vroman et al., 2015; Kuerbis et al., 2017). This means the potential effectiveness of online 

based PMR may be limited to younger generations. However, the sample age issue persisted 

within the present study, with the average age of the participants significantly younger than 

the general population. Although the concerns raised pertaining to age and accessibly may 

not be entirely justified in the long term, with research suggesting the age gap for 

technological proficiency is decreasing (Eshet-Alkalai & Chajut, 2009). Building from this, 

internet based PMR experiments typically focused on participants with pathological or 

physiological conditions (Ramasamy et al, 2018; Minen et al., 2020). The studies 

demonstrated the potential effectiveness of the PMR, however that is not necessarily 

transferable to the non-clinical population. One major concern is that non-clinical individuals 

will not be as motivated to engage with PMR.  
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One can make the assertion that the parity in attrition between the experimental group 

and the control group demonstrates that the PMR technique is an accessible measure that 

retains participants. However, comparing attrition rate in a study setting with a reward is 

fundamentally different than adherence without encouragement with individuals suffering 

from anxiety. This does not mean that the comparable attrition rate between groups is not a 

positive for internet based PMR, just that the extent to which assertions can be made must be 

tempered by the difference between studies and real-life practices.  

It should also be noted that the effectiveness of the PMR intervention demonstrated 

within this study illustrates the effectiveness of a brief and easily accessible intervention. 

Indeed, the present experiment ran for six weeks, with the greatest drop in anxiety levels 

demonstrated between the Baseline and Timepoint 1. This is aligned in the literature with 

Abbreviated Progressive Muscle Relaxation training (APMRT) significantly improving 

anxiety levels (Carlson & Hoyle, 1993). Although a unified schedule for training was not 

used in the aforementioned study, the training would consist of one hours’ worth of training, 

once every week for two weeks. This is a useful criterion for the effectiveness of online PMR 

as the prior APMRT were face to face training, which over a comparable period of time, 

provided similar results. Indeed, further evidence suggested that even a single 20-minute 

session of PMR improved stress reduction, reactivity and recovery as compared to a control 

(Rausch et al., 2006). From this, it can be posited that the briefness of the online PMR 

training is likely not impactful on total anxiety reduction.  

The perceived level of effectiveness of the PMR was designed to elucidate whether 

the reduction in anxiety present in the experimental group was truly due to the PMR 

intervention. This was important to include as anxiety levels fluctuate, with changes in 
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anxiety dependent on circumstances outside the control of this study. The perceived 

effectiveness of the PMR technique is rarely included in the analysis of its effectiveness 

(exemplified in the meta-analysis, Stevens et al., 2007), thus the present study addresses an 

area of anxiety reduction seldom considered. As mentioned in the key findings, the perceived 

effectiveness of PMR did not correlate with the changes in anxiety from Timepoint 1 to 2. 

This can be explained by the way in which the question was posed on the questionnaire. The 

question only pertained to the two weeks prior to the questionnaire, meaning that the 

perceived effectiveness reported was not representative of a holistic decrease in perceived 

effectiveness. It could be posited that the perceived effectiveness stagnated rather than 

decreased. There was the intention to measure the perceived effectiveness of the PMR 

throughout the experiment, however that question was present in Timepoint 3, and the study 

did not retain enough participants to provide useable data.  

Use of an Inactive Control 

 It should be noted that prior research into anxiety have utilised inactive controls 

(Gujjar et al., 2019). Indeed, the concern for the discrepancy between active and inactive 

controls has been accounted for in specific analyses. For example, Hugh-Jones et al. (2021) 

conducted a meta-analysis which presented evidence regarding the utility of inactive control 

and active controls regarding school-based anxiety interventions. Importantly for the present 

study, it was found that there were no significant differences between an inactive control and 

an active control. The analysis also found that the interventions were effective, indicating that 

an inactive control was able to discern a significant effect as well as an active control. 

Contrary to this, a meta-analysis by Davies et al (2004) found a significant difference 

between the results of inactive control compared to active. Indeed, in a meta-analysis 
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composed of studies on internet-based interventions into anxiety, the analysis indicated that 

inactive controls broadly showed a significant difference between the intervention group and 

control. However, within the active control studies, no such significance was found. This 

could imply that inactive controls are too uncontrolled and encapsulate more variables in the 

analysis than intended. Lending credence to this speculation are results from Leyro et al., 

(2021) which once more found that inactive controls were more likely to show significant 

changes as compared to their active counterparts. 

 It is important to note that the aforementioned studies were not intending to 

investigate whether active or inactive controls had an influence on the results, therefore the 

findings presented should be seen more as circumstantial evidence rather than definitive 

proof. Additionally, with the nature of this study, inactive controls were the most comparable 

to real life behaviour, and by having no instructions the participants’ behaviour better 

represented natural behaviour. In spite of this, due to the theoretical concerns with the 

inactive control not controlling for extraneous variables and the prior research suggesting that 

inactive controls are more sensitive to finding significant changes, conclusive statements on 

ramifications of the findings of this research cannot be made. 

Implications 

This paper suggests that more research is needed to clarify whether PMR is an 

effective intervention for reducing anxiety. One specific way in which this can be addressed 

is by the use of an active control against the intervention group, which should allow more 

concrete assertions to be made. Future research could also focus on the effectiveness of 

online PMR against face-to-face. Additionally, the level of perceived effectiveness of the 

PMR correlated partially with improved anxiety. This could have implications for more 
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patient and participant feedback being present in analysis for anxiety related experiments. 

Indeed, despite how effective the GAD-7 is at measuring retrospective anxiety, it does not 

provide a way for participants to show what the potential anxiety would have been without 

the intervention. From this, an analysis could be conducted to measure if the perceived 

benefit of an intervention accurately tracks the level of anxiety felt.  

An area of potential research that can be developed due to the findings in the study is 

the relative effectiveness of PMR against another wellness or relaxation technique. Indeed, 

there is a diverse repertoire of wellness techniques, with varying levels of institutional and 

academic support. One intervention of interest is diaphragmatic breathing, the method 

involves very similar mechanisms as the PMR with a focus on deep breathing and relaxing. 

The effectiveness of this intervention in reducing anxiety has been demonstrated in research 

(Chen et al., 2017; Ma et al., 2017) as well as being recommended by the NHS for stress and 

anxiety issues (The Newcastle upon Tyne Hospitals NHS Foundation Trust, 2014). Further 

research could focus on understanding whether PMR can be considered a wellness activity by 

measuring the effects of PMR compared to a wide range of established wellness measures. 

This would require codifying what wellness is and what wellness training should result in, 

whilst that is out of the purview of this study, the evidence that the PMR reduces anxiety does 

lend some credence to the idea that PMR is a wellness technique. 

An interesting area that was not addressed within the present research and has been 

reported in the literature is the effectiveness of the PMR at reducing both acute or induced 

anxiety and chronic anxiety (Zargarzadeh & Shirazi, 2014; Charalambous et al., 2015). The 

resulting decrease in both types of anxiety could be due to the increase in mindfulness and 

general wellbeing (Corbett et al., 2019), which has been demonstrated to reduce anxiety 
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(Hofmann et al., 2010). This could be researched further using online based PMR, 

particularly with a focus on acute anxiety as that was not within the purview of this study. 

 

Anxiety and Working Memory 

Discussions pertaining to the anxiety and working are difficult as the correlations 

were contradictory. Although a definite statement cannot be made regarding the relationship 

between anxiety and working memory, the data provided findings that were worth 

considering. 

From the data, it can be asserted that the relationship between anxiety and working 

memory has not been established. An explanation regarding the correlations in the changes in 

anxiety and working memory is provided by the notion that a there is an optimal level of 

anxiety for working memory (Deffenbacher, 1985; Wilke et al., 1985). This assertion is 

predicated on the Yerkes-Dodson Law, with stress or anxiety needed to ensure that attention 

is paid to the stimuli, but excessive anxiety overwhelms cognition. For this assertion to be 

true, the control levels of anxiety would have had to coincidentally be at the optimal level, 

which cannot be demonstrated. Additionally, the optimal level of anxiety for performance is 

typically focused on the immediate anxiety (state anxiety), rather than the measured 

retrospective anxiety. Furthermore, academic evidence suggests that broadly lower anxiety is 

better for working memory and rather there is potentially an optimal level of stress (Luethi et 

al, 2009). 

Arguments can be posited which would support the optimal level of anxiety assertion, 

for example that the anxiety levels in the moment cloud the perception of past levels of 

anxiety hence working memory may still be impacted. However, this would imply that the 
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GAD-7 is not a valid measure for retrospective anxiety which has thoroughly demonstrated 

(Löwe et al., 2008). Heuristically, it appears that a potential transfer effect from a change in 

anxiety into a change in working memory seems unlikely. More plausibly, the change in 

RCBT performance was due to learning effects, rather than a change in working memory.  

An area of concern prior to the analysis was the potential learning effect, meaning that 

as a task is repeated, the overall performance on that task improves regardless of intervening 

factors. It has been demonstrated in prior research that cognitive based repeated tasks will 

have a significant learning effect (Tao et al., 2019) as well as tasks that involve working 

memory capacity tasks (Scharfen et al, 2018). The randomness of the RCBT was designed to 

inhibit learning factors, however, it is apparent that this was unsuccessful. It can be argued 

that the learning effects may be exaggerated due to the reverse recollection, meaning that if 

the participant initially entered the forward sequence in a sequence, the improvement in the 

subsequent RCBT could be due to rectifying that mistake. 

However, the learning effect assertion can be challenged due to the fact that 

performance significantly decreased from Timepoint 1 to 2, whereas it would be expected for 

the RCBT score to improve or plateau. It can be speculated that the decrease was due to the 

attrition of participants which had a greater level of learning effect. It is not certain whether 

anxiety change or learning effects were the cause of the correlations between GAD-7 score 

and RCBT score as the subtleties needed to investigate this were not within the remit of the 

study. However, when analysing the data, it appears that the learning effect had an undue 

influencing the analysis, regardless of if it accounted for all variation and correlations.  

An interesting aside pertaining to anxiety changes and working memory changes is the 

impact of training and subsequent transfer effects. Indeed, establishing transfer effects for 
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working memory has been challenging with limited evidence in the literature showing long 

term effects of working memory training (Xin et al., 2014; Melby-Lervåg et al., 2016) A 

particular area of note is the lack of sustained improvement in working memory updating 

(WMU), which is defined as the function of manipulating stored information to address novel 

situations. WMU has been demonstrated to have a significant impact on academic 

performance (Carretti et al., 2005). A study conducted by Linares et al. (2019) concluded that 

WMU training only had selective benefits, particularly in tasks that were structured in a 

similar fashion as the training. This implies that the transfer effect from working memory 

training to a tangible outcome, such as academic performance, are difficult to attain. With 

this considered, it is not surprising that a change in anxiety levels would not have a clear 

transfer effect on a working memory task.  

Although the correlations between anxiety levels and working memory were not 

significant at any timepoint, information can still be gleaned from the results. Indeed, the 

majority of the research in the field that demonstrates a correlation between working memory 

and anxiety focus on acute or induced anxiety that lasts no longer than the intended measure 

(Moran, 2016; Passolunghi et al., 2016). The impact of short-term anxiety impacting working 

memory can be viewed through the paradigm of the working memory model, with the 

temporary level of anxiety overwhelming the executive function temporarily. The GAD-7 

measures anxiety levels over time for the prior two weeks which makes in effectual at 

measuring state level anxiety which would be of interest for working memory. The State 

Trait Anxiety Index STAI (STAI; Spielberger et al., 1983) would be an effective measure for 

investigating the relationship between anxiety and working memory, however the measure 

was deemed not as effective as the GAD-7 at examining anxiety change over the period of 
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time the present study investigated (Julian, 2011). The STAI was not conducted in 

conjunction with the GAD-7 as there was concerns for participant exhaustion with two 

measures asking similar questions, which would have limited the sample size of the study. 

The most pertinent direction for research would be to elucidate the relationship between the 

types of anxiety (state and trait) and how they are connected to one another as well as how 

they impact working memory.  

Implications 

The main implication from this portion of the study was that the relationship between 

working memory and anxiety is complex. Future research will have to account for learning 

effects and transfer effects. There are two potential resolutions for the learning effect that 

future research can utilise, the first would be to measure the extent to which the learning 

effect improves performance on the RCBT then either covariate it or conduct the analysis 

after the learning effect has plateaued. The second would be to investigate the relationship 

between anxiety and working memory whilst utilising more than more working memory task. 

An alternative task could be the Flicker Task which has been validated to measure visual 

working memory (Pailian et al., 2020). It should be noted that the working memory tasks 

must address the same memory types in order to ensure a valid measurement of working 

memory. 

One area which this paper did not address was the potential effects of state and trait 

anxiety, future research could account for the varying anxiety types.  

Attrition 

In order to discuss the rate of attrition, it must first be established why Timepoint 3 

had high rates of attrition. This was due to two main factors, the first that a technical glitch on 

the Qualtrics site, where the GAD-7 was hosted reportedly left participants unable to 
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complete the survey. This was not noticed until late into the time window of participation and 

many of the participants that were reached out to were not willing to complete the study. The 

second reason was due to the timing, with the last timepoint coinciding with the end of the 

university year, which likely reduced willingness to complete the study. 

No pattern in characteristics was detected in those who remained in the study against 

those who left. Relative to the control group, the PMR experimental group was for sampled 

more frequently in order to account for early levels of attrition and to balance the 

demographics of the groups. The presumption of attrition was informed by early participant 

activity in which the majority of the participants who left were in the experimental group and 

due to reading more broadly about the attrition rates in comparable studies (for example, 

Kabat-Zinn & Chapman-Waldrop, 1988; Bohlmeijer et al., 2010; Goyal et al., 2014). An area 

of note is that, in spite of prior research indicating that attrition of male participants would be 

significantly higher, there was no relationship between gender and attrition, meaning that 

potentially PMR techniques may avoid the greater attrition suffered for other mindfulness 

activities. However, it should be mentioned that the participation rate for males was much 

lower than females, implying that there is still potentially a barrier for equal male 

participation with PMR.  

It should be noted that a literature review of studies using PMR indicates that the 

attrition rate in the present study was abnormally high, even when Timepoint 3 is removed. 

The higher rate of attrition was also present when compared to other online based PMR 

studies (Wilver et al., 2019; Cougle et al., 2020). One can speculate that this was due to the 

pandemic altering participant engagement or perhaps the security measures designed to detect 

and remove bots were too excessive. There is a possibility that the attrition rate impacted the 
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results, however due to the composition of the attrition sample as well as the analysis of 

correlations between anxiety change and attrition this is unlikely.  

Implications 

The implications of the findings regarding attrition are numerous. There is indication 

that the PMR may avoid the gender attrition issues that other mindfulness-based therapies 

may face. This could be an effective research avenue which could investigate how the 

different genders interact with PMR and anxiety. The next implication is that future research 

may be able to rely on similar attrition between experiment group. This could allow for more 

efficient sampling of participants. It is important that the implications for attrition for an 

experiment are not applied directly to adherence levels for PMR use in the general 

population. 

Strengths, limitations, and challenges  

The GAD-7 was used to measure the anxiety levels of the participants during the 

phases of the study. Whilst the GAD-7 has strong empirical support and academic use, there 

has been criticisms for the measure. Kertz et al. (2013) posited that the GAD-7 is ineffective 

as a screener for GAD, but it is an effective measure of severity. This was further supported 

in Beard and Björgvinsson (2014), however both of the studies were based on clinical 

samples therefore the issues are not valid to the study presented. There has also been concern 

with overlapping between the individual items of the GAD-7, with items four to six 

demonstrated to have shared residual variance above what is to be expected, however it was 

deemed appropriate for use in measuring subclinical anxiety by the researchers (Bártolo et 

al., 2017). As mentioned prior the GAD-7 is a retrospective anxiety measure for the 
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proceeding two week. A supplementary alternative anxiety measure testing state anxiety may 

have rounded out the results. 

The RCBT was used to measure the levels of working memory in the participants. 

The use of the computerised version was effective, with participants understanding the task 

well. Issues did arise with accidentally pressing the block twice, which resulted in a botched 

sequence, however that was an abnormality rather than a persistent issue. Potentially, the 

random RCBT could result in more difficult tasks for participants due to the multiple 

potential block pathways (Busch et al., 2005). However, this issue was resolved due to a 

robust sample as well as a randomised sequence, which resulted in parity for difficulty across 

the participants. The decision to use a block score rather than a sequence score was also 

validated with nuanced changes in the scores as a result of the measure.  

Further issues regarding RCBT but not tied to the program itself was the non-

laboratory setting of the task. Indeed, due to concerns with attrition, participants were asked 

to complete their task remotely. Participants were provided instructions to find somewhere 

with no distractions but there is no certainty that it was abided by. This is of particular 

concern as distractions have been demonstrated to reduce working memory capacity and 

function (Magnussen et al., 1991; Nemes et al., 2011; Offergeld et al., 2020). With this 

considered, future research should aim for tasks to be completed in a lab environment with 

the intervention remaining remote. An advantage of the lab is also that it is much easier for 

participants to engage with the technician if they misunderstood the task, which would 

mitigate errors.  

Concerns pertaining to the sample selected are present, with the average age of the 

sample being significantly younger than the general population as well as being biased 



79 
INVESTIGATING THE IMPACT OF A NON-PHARMACEUTICAL ONLINE 

INTERVENTION ON ANXIETY AND SUBSEQUENT WORKING MEMORY FUNCTION.  

 

towards female participants. The concerns of the two issues are minimal with no evidence 

suggesting that gender is an influencing factor on the effectiveness of PMR, nor has that been 

established for age. A concern for the age bias was that the sample would be bias towards 

more anxious participants. Indeed, by looking at the raw mean score for the GAD-7 at the 

Baseline, the average anxiety score was 6.32, this compared to the average score in a non-

clinical population of 2.95 in Löwe et al. (2008). However, the change in anxiety levels can 

be explained by the coronavirus pandemic, which has resulted in similar levels of anxiety for 

those under 50 (Çopur & Karasu, 2021).  Another issue with the sample was the use of the 

incentive due to its potential to impact the results, with participants retained who did not 

actively participate in the study. It was decided this potential impact was in order to recruit 

the necessary number of participants. Furthermore, the longitudinal format of the study and 

the participant driven nature of it would lead to participants who are solely there for the 

potential incentive to fail to adhere. 

A concern for the data collected is that is does not delineate the different categories of 

anxieties, rather it combines all potential groups into one. This is of concern as individuals 

who were not diagnosed with clinical anxiety but have GAD-7 scores which indicated they 

could, were included in the analysis. Granted that as they have not been diagnosed, they by 

definition were non/sub-clinical, however, it has the potential to distort the intention of the 

study. Although this concern is valid it’s a subset of a greater issue, that subclinical is a 

nebulous concept. In theory, all participants could be classified as subclinical as they have not 

been diagnosed with an anxiety disorder at the time of the study, however that encapsulates a 

much wider range than is likely intended. Proscriptively, it is best for future research to 

utilise discrete groups of anxiety (non and sub clinical and clinical). Whilst this will cause 
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some issues deciding on what to define subclinical is on a quantitative scale, the validity of 

the data would most likely be greater than the present study.  

As mentioned in the introduction, this study does not pertain to the pandemic, 

however it was conducted within it. It must be stated that although the experiment was not 

based on the pandemic it effectively illustrated the reason why it is important to find effective 

online-based interventions to reduce anxiety among the general population. When this study 

was conducted, the evidence suggests that the pandemic led to a significant increase in 

anxiety, with numerous studies positing that the pandemic has created a new distinction in 

anxiety based on the coronavirus with its own specialised scale (Lee et al., 2020; Orrù et al., 

2021). In addition to this, the present study was longitudinal, therefore real culture change 

may have occurred during the participants time within the study. Indeed, preliminary data 

seems to suggest the phenomenon of lockdown anxiety, where anxiety increased greatly 

when lockdowns were in effect (Fountoulakis et al., 2021; Wakode et al., 2021). Therefore, it 

would stand to reason that if the lockdowns were relaxed, then anxiety would decrease which 

could account for some of the variance in anxiety reported within the cohort. This was likely 

the case as the data was collected from March 2021 to July 2021, with UK and US lockdowns 

and restrictions lightening at this point. This could lend even more credence to the PMR as 

the decrease in anxiety surpassed the average reduction in anxiety. Once more, this is based 

on preliminary studies and a more concrete understanding of the potential lingering anxiety 

effects will not be fully understood for some time. 
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Conclusions 

 

The current findings highlight the effectiveness of online PMR techniques for 

reducing anxiety however these findings are heavily caveated. Future research must be done 

to discern whether the potential conclusions of this study are true. In addition to this, no 

discernible factors could be established for influencing adherence to the experiment, 

including the experimental group and changes in anxiety level. Further investigations must be 

conducted to explore the relationship between anxiety and working memory and how 

working memory operates with acute and chronic levels of anxiety. Overall, the findings are 

inconclusive however there is potential that online PMR is an effective alternative when other 

outlets are limited. The effectiveness of online PMR versus face-to-face PMR has not been 

established, hence why online PMR is not recommended in all circumstances. 
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Appendix A 
 

Baseline questionnaire 

This appendix consists of the digital questionnaire participants were provided at the Baseline 

stage of the experiment. The appendix has been downloaded directly from Qualtrics, which 

preserves the logic (the condition a participant must meet in order to discern what response 

they will receive) of the questionnaire. Page breaks have been truncated to reduce the number 

of pages and the question number presented do not represent when the questions were 

presented. 

 

Start of Block: Information sheet 

 

Q1 Information Sheet – Version 1     Title: Investigating the impact of non-pharmaceutical 

interventions on anxiety and subsequent working memory function.     Thank you for considering 

taking part in this study. It is vital that you understand what will be asked of you as well as how your 

data will be used if you decide to participate in this study. Please read the following document 

carefully and if there is any confusion do not hesitate to ask for clarification. The research 

administrator can be reached at Wesley.Harmer@hud.ac.uk.       

The purpose of the study 

  

 You are invited to participate in this study and help further the understanding of non-pharmaceutical 

anxiety interventions. Anxiety is present in our daily lives and has an impact on our mental and 

physical health. The intention of this study is to investigate the effectiveness of simple non-prescribed 

interventions for non-clinical anxieties. By focusing on remedies which are easily completed at home 
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and do not require a professional diagnosis, we hope to assess the effectiveness of remedies that seek 

to improve the wellbeing of the general population.      

Who can participate?     The study is open to everyone over the age of 18. Participants must be 

fluent in English and have no clinical diagnosis related to anxiety. The study also requires the use of a 

PC or laptop due to the coding of the tasks. 

  What do I get if I participate? 

You will help investigate the effectiveness of anxiety interventions which will add to the research into 

anxiety treatments. In addition, you will be entered in a raffle with the chance to win one of 20 £10 

Amazon gift vouchers. To enter, you must complete the entire study and then after all the results are 

collected, the winners will be email. If you have any queries regarding the raffle, please email the 

research administrator (wesley.harmer@hud.ac.uk).     

 What we need from you     This study will be a longitudinal study. That means it will last a period 

of six weeks from your initial sign up. Firstly, you will be asked to complete a survey to collect 

background information. After this, you will complete a short quiz regarding your anxiety that should 

not take more than 5 minutes to fill out. An example of a question that will be asked is “do you have 

trouble relaxing?”. You will then be asked to complete a memory task called the Reverse Corsi 

Block task. This will involve memorising a short sequence of patterns of blocks then repeating the 

sequence back. It should not take longer than 20 minutes to complete and instructions are provided 

prior to starting. Every participant will be asked to complete both tasks once every two weeks, which 

will total to completing the tasks 4 times (including the baseline) over a 6-week period. You will be 

given all the necessary information as you proceed in the study. Note, to enter the raffle you must 

participate in the study for the full 6-week period.     If you are placed in the control group this is 

all that you will be asked to do. However, if you are placed in one of the experimental groups you will 

be asked to conduct a short anxiety relief intervention three times a week. The interventions are 

Progressive Muscle Relaxation and Diaphragmatic Breathing Techniques. These interventions will 

only take 20 minutes at most to complete. You will be placed into a group randomly and you will 
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receive instructions for how to complete the intervention prior to the taking them via email.     We will 

require an email address to send you information regarding the study, this will be secured via a 

password protected document and it will not be used for commercial purposes.  All emails pertaining 

to this study will be from the researcher administrator's email address (wesley.harmer@hud.ac.uk) 

and no additional personal data will be asked for over email. If you believe there is an issue with the 

emails you are receiving please contact one of the research supervisors (g.hallam@hud.ac.uk 

or j.retzler@hud.ac.uk).     

Who will be conducting the experiment and who will see the data?     I am a Masters student from 

The University of Huddersfield and I will be conducting the research independently, with oversight 

provided by certified researcher supervisors. The data in its raw form will only be visible to me and 

potentially members of staff at The University of Huddersfield.   

   Do I have to participate?     No. The consent form is not a legally binding contract. You are free to 

withdraw whenever you like. After the study is finished, you can request to have your results removed 

for up to a week after the completion of the study and this right will be reaffirmed at the end of the 

study. You do not need a reason to withdraw nor will anyone ask you for one. If you stop completing 

the tasks but do not formally withdraw from the study your incomplete results may be used, 

therefore it is important if you wish to withdraw to email the research administrator at 

Wesley.Harmer@hud.ac.uk.    

  How will the data be stored?     The data will be stored securely behind password protected 

documents. The data you provide will not be used for any reason except this study. Confidentiality 

will be maintained in accordance with the university’s standards as well as GDPR. All data present in 

the study will be anonymised and no identifying information will be used within the study.     What 

will happen to the results?   

 They will be analysed and anonymised and potentially published within scientific journals. You have 

full control over your results and can ask for them to be removed from the study as mentioned above. 

Also, a summary of the results can be provided if requested. 
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 This study has received ethical approval from the University of Huddersfield and Health 

Sciences School Research Ethics Panel.   

 

 

Page Break 
 

Q2 Consent Form - Version 1  1.   I confirm that I have read and understood the information form, 

and that I am able to contact the researcher to ask questions about the study if necessary.  2.   I 

confirm that, to my knowledge, I do not contradict any of the exclusionary criteria.  3.   I confirm that 

I am willing to give my email address and I am willing to receive emails regarding the study.  4.   I 

confirm that I am aware of my right to withdraw from the study at any time and have my data 

removed from the study up to a week after the completion of the study.  5.   I consent that if I do not 

formally withdraw, my results may still be used in the study.  6.   I confirm that I understand my data 

will be protected in line with GDPR and my results with be anonymised. These anonymised data sets 

may be made available in public repositories or viewable by researchers. 

o I agree that the projected named above has been explained adequately and I agree to 

participate in the study.  (1)  

o I do not wish to participate in this study.  (2)  

 

Skip To: Q3 If Consent Form - Version 1 1.   I confirm that I have read and understood the 

information form, and... = I do not wish to participate in this study. 
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Skip To: End of Block If Consent Form - Version 1 1.   I confirm that I have read and understood the 

information form, and... = I agree that the projected named above has been explained adequately and 

I agree to participate in the study. 

 

 

Q3 Thank you for considering our study. Please press the next arrow to end the study. 

 

Skip To: End of Survey If  Thank you for considering our study. Please press the next arrow to end the 

study. Is Displayed 

 

Page Break 
 

 

End of Block: Information sheet 

 

Start of Block: Screening questions 

 

Q4 The following questions are designed to ensure you are qualified to participate in this study 

 

 

Page Break 
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Q5 What device are you using to complete this survey? 

o Mobile phone  (1)  

o Tablet  (2)  

o PC/Laptop  (3)  

o Other  (4)  

 

Skip To: Q9 If What device are you using to complete this survey? = Tablet 

Skip To: Q9 If What device are you using to complete this survey? = Mobile phone 

Skip To: Q9 If What device are you using to complete this survey? = Other 

 

 

Q6 Are you fluent in English? 

o Yes  (1)  

o No  (2)  

 

Skip To: Q10 If Are you fluent in English? = No 
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Q7 Do you have a diagnosed anxiety disorder? 

o Yes  (1)  

o No  (2)  

 

Skip To: Q10 If Do you have a diagnosed anxiety disorder? = Yes 

 

 

Q8 Are you at least 18 years old? 

o Yes  (1)  

o No  (2)  

 

Skip To: End of Block If Are you at least 18 years old? = Yes 

Skip To: Q10 If Are you at least 18 years old? = No 

 

 

Q9 This study requires the use of a PC/Laptop to complete the tasks.      Please ensure you are using a 

PC or a Laptop before recommencing the study.     Thank you.  

 

Skip To: End of Survey If  This study requires the use of a PC/Laptop to complete the tasks.    Please 

ensure you are using... Is Displayed 
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Q10 You do not meet the criteria for this study, therefore you cannot participate.     Thank you for 

your interest and for completing this form. 

 

Skip To: End of Survey If  You do not meet the criteria for this study, therefore you cannot 

participate.   Thank you for yo... Is Displayed 

End of Block: Screening questions 

 

Start of Block: Person details 

 

Q11 The following section requests personal data, please read the prompts carefully and note that all 

personal data will be securely kept and deleted once it is no longer required. 

 

 

 

Q12 Please enter your forename or preferred name, this is how you will be referred to in the email.  

 

 

Please do not enter your surname.  

________________________________________________________________ 
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Q13 Please enter how old you are. 

________________________________________________________________ 

 

 

 

Q20 Please enter the country you currently live in. 

________________________________________________________________ 

 

 

 

Q14 Please specify the gender you currently identify as: 

________________________________________________________________ 

 

 

 

Q15 Please enter an email address which you can be contacted through. 

________________________________________________________________ 

 

 

 

Q16 Where did you find this study? (e.g. SurveyCircle, SONA etc) 

________________________________________________________________ 
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Page Break 
 

Q17 Please create your participant ID and enter it in the box below.  

 

 

The ID must be comprised of three letters followed by three numbers e.g. QQQ123.  

 

 

Please avoid using any revealing information such as initials or date of birth. 

 

Please make a note of the ID you entered, as it will be necessary for continued participation in this 

study and will be used to resolve any technical difficulties you may have. 

 

 

________________________________________________________________ 

 

 

Page Break 
 

Q18 Thank you for completing the questions, please click to the next arrow to begin the experimental 

phase. 

 

End of Block: Person details 
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Start of Block: Experimental block 
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Q19 Over the last 2 weeks, how often have you been bothered 

by any of the following problems? 
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 Not at all (1) Several days (2) 
More than half of 

the days (3) 

Nearly everyday 

(4) 

Feeling nervous, 

anxious or on 

edge? (1)  

o  o  o  o  

Not being able to 

stop or control 

worrying? (2)  

o  o  o  o  

Worrying too 

much about 

different things? 

(3)  

o  o  o  o  

Trouble relaxing? 

(4)  
o  o  o  o  

Being so restless 

that it is hard to 

sit still? (5)  

o  o  o  o  

Becoming easily 

annoyed or 

irritable? (6)  

o  o  o  o  
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Feeling afraid as 

if something 

awful might 

happen? (7)  

o  o  o  o  

 

 

End of Block: Experimental block 

 

Start of Block: Thanks and link 

 

Q20  

Thank you for completing the questionnaire, we are now moving to the second phase of the study. 

 

This will be a short task - in this task you will see a series of blocks on the screen that flash red in a 

particular sequence. 

 

Your task is to follow each sequence and click on the boxes IN THE REVERSE ORDER THE 

SEQUENCE APPEARED IN! The sequences will be very short at first, and progressively get 

longer.  

 

Remember, click the boxes IN THE REVERSE ORDER!  

 

Also, please enter your participant ID in the box on the next screen. 
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If there are issues with connecting, please contact the study administrator at 

Wesley.Harmer@hud.ac.uk. 

 

Once you have completed the task, you should receive an email within 24 hours with more 

information. 

 

 

Press the arrow button below, which will take you to the task. 

 

 

If you found this study through SurveyCircle : The Survey Code is: 6KTP-PZHC-4UG8-4PJK or 

alternatively, go to www.surveycircle.com/6KTP-PZHC-4UG8-4PJK.  

 

 

Need survey respondents? Click this link to receive credits that earn you free respondents at 

SurveySwap.io. --> https://surveyswap.io/sr/a9jd9FOTDh2rEaCI 

 

End of Block: Thanks and link 
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Appendix B 

 

Questionnaire for Timepoint 1 and 2 

This appendix consists of the digital questionnaire participants were provided at Timepoint 1 

and 2. The questionnaire present is the one participants received at Timepoint 1, however 

they are essentially the same questionnaire. The appendix has been downloaded directly from 

Qualtrics, which preserves the logic (the condition a participant must meet in order to discern 

what response they will receive) of the questionnaire. Page breaks have been truncated to 

reduce the number of pages and the question number presented do not represent when the 

questions were presented. 

 

 

Start of Block: Information sheet 

 

Q1 This is a follow up survey for the study into anxiety relief exercises. The questions and tasks will 

remain largely the same. Please follow the instructions provided on the following pages and if there 

are any issues do not hesitate to contact me at Wesley.Harmer@hud.ac.uk. A laptop/PC is required 

to complete this survey. 

You have the right to withdraw from the study and all data will be anonymised and will be kept 

securely.   Please ensure you have your participant number available as you will be asked to produce 

it later in the survey.  
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Page Break 

 

Q2 Consent Form - Version 2  1.      I confirm that I have read the information form and understood 

it and that I could access to the researcher to ask questions about the study via the contact details 

provided.  2.      I confirm that, to my knowledge, I do not contradict any of the exclusionary criteria  

3.      I confirm that I am aware of my right to withdraw from the study at any time and have my data 

removed from the study up to a week after the completion of the study.  4.      I consent that if I do not 

formally withdraw my results can still be used in the study.  5.      I confirm that I understand my data 

will be protected in line with GDPR and my results with be anonymised. These anonymised data sets 

may be made available in public repositories or viewable by researchers.  6.   I confirm that I want to 

continue to participate in this study.       

o I agree that the projected named above has been explained adequately and I agree to continue 

participating in the study.  (1)  

o I do not wish to continue participating in this study.  (2)  

 

Skip To: Q3 If Consent Form - Version 2 1.      I confirm that I have read the information form and 

understood i... = I do not wish to continue participating in this study. 

Skip To: End of Block If Consent Form - Version 2 1.      I confirm that I have read the information 

form and understood i... = I agree that the projected named above has been explained adequately and 

I agree to continue participating in the study. 
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Q3 Thank you for considering our study. Please click to the next page which will end the study. If this 

does not work you can also close the page 

 

Skip To: End of Survey If  Thank you for considering our study. Please click to the next page which 

will end the study. If t... Is Displayed 

End of Block: Information sheet 

 

Start of Block: Screening questionsQ4 What device are you using to complete this survey? 

o Mobile phone  (1)  

o Tablet  (2)  

o PC/Laptop  (3)  

o Other  (4)  

 

Skip To: Q5 If What device are you using to complete this survey? = Tablet 

Skip To: Q5 If What device are you using to complete this survey? = Mobile phone 

Skip To: Q5 If What device are you using to complete this survey? = Other 

Skip To: End of Block If What device are you using to complete this survey? = PC/Laptop 
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Q5 This study requires the use of a PC/Laptop to make input to the tasks.      Please ensure you are 

using a PC or a Laptop before recommencing the study.     Thank you.  

 

Skip To: End of Survey If  This study requires the use of a PC/Laptop to make input to the 

tasks.    Please ensure you are u... Is Displayed 

End of Block: Screening questions 

 

Start of Block: Person details 

 

Q6 Please confirm you participant number 

________________________________________________________________ 

 

 

 

Q7 Please enter the email you used in the prior survey. 

________________________________________________________________ 

 

 

Page Break 
 

Q8 Please enter the exercise group you were in. 
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o Progressive Muscle Relaxation  (1)  

o Diaphragmatic Breathing Exercise  (2)  

o Control Group (no anxiety relief exercise)  (3)  

o I dont know  (4)  

 

Skip To: End of Block If Please enter the exercise group you were in. = Control Group (no anxiety 

relief exercise) 

 

 

Q9 How many times did you complete the anxiety relief exercise per week? If you were in the control 

group and clicked by accident, please enter 0. 

________________________________________________________________ 
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Q10 How motivated were you to complete the anxiety relief exercise?  

o Very motivated  (1)  

o Somewhat motivated  (2)  

o Not very motivated  (3)  

o Not motivated at all  (4)  

o Control group please click here  (5)  

 

 

 

Q11 How helpful are you finding the anxiety relief exercise? 

o Very helpful  (1)  

o Somewhat helpful  (2)  

o Not that helpful  (3)  

o Not helpful at all  (4)  

o Control group please click here  (5)  

 

End of Block: Person details 
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Q12 Over the last 2 weeks, how often have you been bothered 

by any of the following problems? 
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 Not at all (1) Several days (2) 
More than half of 

the days (3) 

Nearly everyday 

(4) 

Feeling nervous, 

anxious or on 

edge? (1)  

o  o  o  o  

Not being able to 

stop or control 

worrying? (2)  

o  o  o  o  

Worrying too 

much about 

different things? 

(3)  

o  o  o  o  

Trouble relaxing? 

(4)  
o  o  o  o  

Being so restless 

that it is hard to 

sit still? (5)  

o  o  o  o  

Becoming easily 

annoyed or 

irritable? (6)  

o  o  o  o  
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Feeling afraid as 

if something 

awful might 

happen? (7)  

o  o  o  o  

 

 

 

Page Break 
 

Q13  

Thank you for completing the questionnaire, we are now moving to the second phase of this survey.   

    

This will be a short task - in this task you will see a series of blocks on the screen that flash red in a 

particular sequence.   

    

Your task following each sequence is to click on the boxes IN THE REVERSE ORDER THE 

SEQUENCE APPEARED IN!   

    

The sequences will be very short at first, and progressively get longer.   

    

Remember, click the boxes IN THE REVERSE ORDER!   

    

If there are issues with connecting please contact the study administrator at 

Wesley.Harmer@hud.ac.uk.   

    

Press the arrow button below, which will take you to the task.   
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End of Block: GAD-7 

 

 

 

Appendix C 

 

Questionnaire for Timepoint 3 

This appendix consists of the digital questionnaire participants were provided at Timepoint 3. 

The appendix has been downloaded directly from Qualtrics, which preserves the logic (the 

condition a participant must meet in order to discern what response they will receive) of the 

questionnaire. Page breaks have been truncated to reduce the number of pages and the 

question number presented do not represent when the questions were presented. 

 

 

Start of Block: Information sheet 

 

Q1 This is the final follow up survey for the study into anxiety relief exercises. The questions and 

tasks will remain largely the same. Please follow the instructions provided on the following pages and 

if there are any issues do not hesitate to contact me at Wesley.Harmer@hud.ac.uk. A laptop/PC is 
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required to complete this survey. 

You have the right to withdraw from the study and all data will be anonymised and will be kept 

securely.   Please ensure you have your participant number available as you will be asked to produce 

it later in the survey.  

 

 

Page Break 
 

Q2 Consent Form - Version 2  1.      I confirm that I have read the information form and understood 

it and that I could access to the researcher to ask questions about the study via the contact details 

provided.  2.      I confirm that, to my knowledge, I do not contradict any of the exclusionary criteria  

3.      I confirm that I am aware of my right to withdraw from the study at any time and have my data 

removed from the study up to a week after the completion of the study.  4.      I consent that if I do not 

formally withdraw my results can still be used in the study.  5.      I confirm that I understand my data 

will be protected in line with GDPR and my results with be anonymised. These anonymised data sets 

may be made available in public repositories or viewable by researchers.  6.   I confirm that I want to 

continue to participate in this study.       

o I agree that the projected named above has been explained adequately and I agree to continue 

participating in the study.  (1)  

o I do not wish to continue participating in this study.  (2)  

 

Skip To: Q3 If Consent Form - Version 2 1.      I confirm that I have read the information form and 

understood i... = I do not wish to continue participating in this study. 
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Skip To: End of Block If Consent Form - Version 2 1.      I confirm that I have read the information 

form and understood i... = I agree that the projected named above has been explained adequately and 

I agree to continue participating in the study. 

 

 

Q3 Thank you for considering our study. Please click to the next page which will end the study. If this 

does not work you can also close the page 

 

Skip To: End of Survey If  Thank you for considering our study. Please click to the next page which 

will end the study. If t... Is Displayed 

End of Block: Information sheet 

 

Start of Block: Screening questions 

 

Q4 What device are you using to complete this survey? 

o Mobile phone  (1)  

o Tablet  (2)  

o PC/Laptop  (3)  

o Other  (4)  

 

Skip To: Q5 If What device are you using to complete this survey? = Tablet 
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Skip To: Q5 If What device are you using to complete this survey? = Mobile phone 

Skip To: Q5 If What device are you using to complete this survey? = Other 

Skip To: End of Block If What device are you using to complete this survey? = PC/Laptop 

 

 

Q5 This study requires the use of a PC/Laptop to make input to the tasks.      Please ensure you are 

using a PC or a Laptop before recommencing the study.     Thank you.  

 

Skip To: End of Survey If  This study requires the use of a PC/Laptop to make input to the 

tasks.    Please ensure you are u... Is Displayed 

End of Block: Screening questions 

 

Start of Block: Person details 

 

Q6 Please confirm you participant number 

________________________________________________________________ 

 

 

 

Q7 Please enter the email you used in the prior survey. 

________________________________________________________________ 
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Page Break 

 

Q8 Please enter the exercise group you were in. 

o Progressive Muscle Relaxation  (1)  

o Diaphragmatic Breathing Exercise  (2)  

o Control Group (no anxiety relief exercise)  (3)  

o I dont know  (4)  

 

Skip To: End of Block If Please enter the exercise group you were in. = Control Group (no anxiety 

relief exercise) 

 

 

Q9 How many times did you complete the anxiety relief exercise per week? If you were in the control 

group and clicked by accident, please enter 0. 

________________________________________________________________ 
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Q10 How motivated were you to complete the anxiety relief exercise throughout the course of this 

experiment?  

o Very motivated  (1)  

o Somewhat motivated  (2)  

o Not very motivated  (3)  

o Not motivated at all  (4)  

o Control group please click here  (5)  

 

 

 

Q11 How helpful did you find the exercise throughout the course of this experiment? 

o Very helpful  (1)  

o Somewhat helpful  (2)  

o Not that helpful  (3)  

o Not helpful at all  (4)  

o Control group please click here  (5)  
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Q16 Please enter any positives of your given anxiety relief exercise. If unsure enter n/a. 

________________________________________________________________ 

 

 

 

Q18 Please enter any negatives of your given anxiety relief exercise. If unsure enter n/a. 

________________________________________________________________ 

 

End of Block: Person details 

 

Start of Block: Thanks and link 
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Q12 Over the last 2 weeks, how often have you been bothered 

by any of the following problems? 
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 Not at all (1) Several days (2) 
More than half of 

the days (3) 

Nearly everyday 

(4) 

Feeling nervous, 

anxious or on 

edge? (1)  

o  o  o  o  

Not being able to 

stop or control 

worrying? (2)  

o  o  o  o  

Worrying too 

much about 

different things? 

(3)  

o  o  o  o  

Trouble relaxing? 

(4)  
o  o  o  o  

Being so restless 

that it is hard to 

sit still? (5)  

o  o  o  o  

Becoming easily 

annoyed or 

irritable? (6)  

o  o  o  o  
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Feeling afraid as 

if something 

awful might 

happen? (7)  

o  o  o  o  

 

 

 

 

Q17 Over the course of the past six weeks, how do you feel your anxiety levels have changed? 

o My anxiety has increased  (1)  

o My anxiety has stayed relatively similar  (2)  

o My anxiety has decreased  (3)  

 

 

Page Break 
 

Q13  

Thank you for completing the questionnaire, we are now moving to the second phase of this survey.   

    

This will be a short task - in this task you will see a series of blocks on the screen that flash red in a 

particular sequence.   

    

Your task following each sequence is to click on the boxes IN THE REVERSE ORDER THE 
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SEQUENCE APPEARED IN!   

    

The sequences will be very short at first, and progressively get longer.   

    

Remember, click the boxes IN THE REVERSE ORDER!   

    

If there are issues with connecting please contact the study administrator at 

Wesley.Harmer@hud.ac.uk. 

 

 

After this task has been complete, you will receive a debrief email within 24 hours.   

    

Press the arrow button below, which will take you to the task.   

    

    

    

  

 

End of Block: Thanks and link 
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Appendix D 

 

The GAD-7 

This appendix is a digitised form the GAD-7. Participants would select a single response per 

question which in turn provides the score to analyse.  

 Not at all  Several days  

More than half of the 

days  

Nearly everyday  

Feeling nervous, 

anxious or on edge?  
o  o  o  o  

Not being able to stop 

or control worrying?  
o  o  o  o  

Worrying too much 

about different 

things?  

o  o  o  o  

Trouble relaxing?  o  o  o  o  

Being so restless that 

it is hard to sit still? 
o  o  o  o  
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Becoming easily 

annoyed or irritable? 
o  o  o  o  

Feeling afraid as if 

something awful 

might happen?   

o  o  o  o  
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