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Summary  

Poor sleep and high levels of anxiety have a detrimental effect on cognitive 

functioning. However, very little is known about what cognitive functions are 

affected by poor sleep or high levels of anxiety and if some are more affected than 

others. This thesis informs the understanding of poor sleep and anxiety with a 

focus on generalised anxiety disorder and how they affect specific cognitive 

functioning namely Attention and Working Memory. 

 

Chapter one is a systematic literature review of the qualitative research exploring 

how sleep deprivation impacts on the cognitive functioning of people with Autistic 

Spectrum Conditions (ASC) and the principal challenges associated with trying to 

study the impact of sleep deprivation in people with ASC. Following both database 

and manual searches, fifteen studies were included and reviewed. The review 

highlights the suggestions that poor sleep has a detrimental effect on the cognitive 

functioning of people with ASC. Also, the use of objective and subjective measures 

of sleep was discussed to help in the early detection of these problems and 

considerations of carers and families was reviewed. Future research/clinical 

implications are discussed. 

 

Chapter two is a quantitative research study that investigated the combined 

effects of GAD and poor sleep on Attention and Working Memory. Sleep quality 

and quantity were assessed using subjective and objective measures of sleep. 

Attention and Working Memory was measured using various neuropsychological 

measures. Groups were compared for differences in cognitive scores using a non-

parametric test. Relationships between GAD-7 scores, sleep quality/quantity and 

cognition scores were investigated using correlation analyses. Implications for 

future research and clinical implications are discussed. 

 

Chapter three is a reflective account, exploring the role of reflexivity in personal 

and professional development during the research process. 

 

 

lysco
Cross-out



10 
 

 

 

 

 

 

 

 

CHAPTER 1: Sleep and the effects on cognition in people with 

Autism Spectrum Condition: A systematic literature review 
 

 

 

 

 

 

 

 

 

 

Written in preparation for submission to Journal of Sleep Health. Overall chapter word count 
(excluding quotations, contents page, abbreviations, references and tables): 8502  



11 
 

1.0 Abstract 

AIM: Studies have shown that poor and disturbed sleep can lead to an increase in 

the severity of core Autism Spectrum Conditions (ASC) symptoms such as 

communication difficulties, social, repetitive behaviours and a decrease in 

cognitive functioning. However, very little is known about the impact on cognitive 

functioning. This systematic review aims to review the cognitive functions that are 

impacted upon by sleep deprivation in people with ASC and review the principal 

challenges associated with trying to study the impact of sleep deprivation in 

people with ASC. This understanding may lead to developing clinical interventions 

for managing poor sleep in a person with ASC and/or their parents.  

METHOD: Searches used Psychinfo, Medline, Scopus, Science direct, SAGE, 

Cochrane Library and Web of Science and Google Scholar. Fifteen original studies 

that met the inclusion criteria and Quality assessment criteria were identified. 

Kappa scores for each study were no lower than 0.51, resulting in a strong inter-

rater reliability score (Kappa = 0.73).  

FINDINGS: Specific cognitive functions that are negatively affected by poor sleep 

in people with ASC include: memory consolidation, declarative memory, selective 

attention, spatial memory, poorer immediate recall, overall memory recall, 

impaired intelligence and verbal skills. The reasons that poor sleep is often not 

reported in those with ASC because those with ASC often have a wide range of 

presentations and may have an unaddressed problem in the child, family, or 

environment and parents/carers might be unaware of the poor sleep. Several 

sleep interventions are identified such as behavioural training, pharmacological 

treatment, cognitive training, psycho-educational programmes and sensory 

interventions to improve sleep to help alleviate poor sleep in people with ASC. 

Reduced cognitive functioning in people with ASC has a significant impact on the 

daily functioning of people with ASC, as well as impacting on the families and 

carers. 

CONCLUSION: Poor sleep has a detrimental effect on the cognitive functioning of 

people with ASC. Using objective and subjective measures of sleep would help in 

the early detection of these problems which may contribute towards, and help 
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develop, new interventions that will help those with ASC as well as their carers 

and families. 

KEYWORDS: ASC, ASD, SLEEP, OBJECTIVE SLEEP MEASURES, COGNITIVE 

FUNCTIONING 
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1.1 Introduction 

Poor sleep is common amongst people with an Autism Spectrum Condition (ASC) 

and affects between 40-80% of children (Cohen, Conduit, Lockley, Rajaratnam, & 

Cornish, 2014) and 80% of adolescents and young adults (Oyane & Bjorvatn, 2005) 

experiencing problems. Studies have also shown that poor and disturbed sleep 

can lead to an increase in the severity of core ASC symptoms such as 

communication difficulties and social and repetitive behaviours (Park et al., 2012; 

Tudor, Hoffman, & Sweeney, 2012). In the UK the cost of looking after children 

with ASC is estimated to be £2.7 billion, and adults with ASC is estimated at £25 

billion a year (Knapp, Romeo, & Beecham, 2009).  

Functional magnetic resonance imaging (fMRI) studies comparing sleep-deprived 

and ‘well-rested brains’ provide significant evidence that sleep is essential for 

optimal cognitive function and learning (Chee & Chuah, 2008). In a randomised 

study looking at the effects of sleep deprivation in medical students. Those who 

worked a traditional schedule were found to make 36% more medical errors than 

the medical students who worked under an intervention schedule which included 

more sleep (Landrigan et al., 2004). Poor sleep also has a severe impact on an 

individuals’ ability to learn new skills (Chee & Chuah, 2008). The impairments that 

are resulting from poor sleep comprise are diminished cognitive and behavioural 

functioning, partly from reduced attention and arousal. The shortfall of restorative 

sleep includes missing sleep-dependent cognitive processes such as memory 

consolidation and insight formation which are the essential elements of 

knowledge acquisition (Ellenbogen, 2005). 

Children and adolescents with ASC are particularly susceptible to poor sleep, with 

approximately two-thirds suffering from poor sleep at some point in childhood 

(Stores & Wiggs, 2001). However, it is unclear why this link exists (Cohen et al., 

2014). Rates of parent-reported sleep problems in children with ASC range from 

50% to 80%, compared with 9% to 50% among typically developing (TD) children 

(Park et al., 2012). Among the sleep problems most commonly found in children, 

sleep onset and maintenance problems, in addition to sleep duration are 

consistently those of highest concern as expressed by parents of children with an 
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ASC (Richdale & Schreck, 2009). Park et al. (2012) found that children with ASC 

were more likely to have bedtime resistance, insomnia and daytime sleepiness 

compared to their unaffected siblings. Therefore, the literature suggests that 

sleep has a significant impact on children with ASC. Thus, the severity of sleep 

problems in children with ASC is a matter of concern. Due to increased stress 

experienced in parenting a child with ASC and the possible adverse effects of poor 

sleep on daytime behaviour and general functioning of the child (Hill et al., 2014; 

Limoges, Bolduc, Berthiaume, Mottron, & Godbout, 2013; Park et al., 2012).  

 

1.1.1 Definitions 

The DSM 5 (APA, 2013, P. 299F84) defines Autism Spectrum Disorder (ASD) as 

“characterised by persistent deficits in social communication and interaction, as 

well as restricted, repetitive patterns of behaviour, activities or interests”. It is now 

generally accepted that Autistic Spectrum Condition (ASC) is a more accurate term to use 

when referring to people with autism, hence this review will use the term ‘ASC’ to 

describe the range of the autism spectrum, including Asperger syndrome. Of note, 

some of the studies reviewed make reference to ‘ASD’ or ‘Autism’ for this was the 

term defined by the author of the paper reviewed. Cognitive functioning is an 

intellectual process which involves being aware, perceiving and comprehending 

ideas. It encompasses all facets of thinking, reasoning, perception and memory 

(Gazzaniga, Ivry, & Mangun, 2009). Poor sleep is difficult to define and is defined 

differently by many researchers. For example, Ohayon (2002) defines poor sleep 

as early morning awakening, and nonrestorative sleep, difficulty initiating sleep 

and difficulty maintaining sleep and other definitions include associated daytime 

impairment and sleep dissatisfaction (Edinger et al., 2004). Therefore, this review 

will be using the term 'poor sleep' as an umbrella term for all known sleep 

problems found in people with ASC.  
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1.1.2 Rationale for review 

A recent review of the literature examined the relationship between sleep 

disturbances and its impact on the problematic behaviour of people with ASC 

(Cohen et al., 2014). Cohen et al. concluded that sleep interventions might help 

with problematic behaviour but discussed the gap in the literature for 

understanding the impact of sleep disturbances. Sleep disturbances in 

neurotypical individuals have also been shown to have a negative impact on 

cognitive functioning (Chee & Chuah, 2008) but little is known about the impact 

of sleep disturbances on the cognitive functioning in people with ASC. This could 

be due to communication difficulties being a core symptom of ASC, and as such, 

they struggle to report their sleep disturbances (Cohen et al., 2014; Limoges et al., 

2013). Hollway, Aman, and Butter (2013) also found that children with more 

severe symptoms of ASC are at a higher risk of sleep disturbances and sleep 

disturbances can lead to an increase in the severity of ASC symptoms (Park et al., 

2012; Tudor et al., 2012). Sleep difficulties in children with ASC appear to continue 

throughout their lifetime (Cohen et al., 2014). Therefore, there is a need to review 

how sleep affects cognitive functioning in people of all ages with an ASC.  

 

1.1.3 Review aims and objectives 

This systematic review aims to identify and critically evaluate available research 

that looks at how sleep affects cognitive functioning in people with ASC. This 

understanding may lead to developing clinical interventions for managing poor 

sleep in a person with ASC and/or their parents. 

It is intended that the proposed review will look at the empirical evidence to 

address the following questions: 

1) How does sleep deprivation impact on the cognitive functioning of people with 
Autistic Spectrum Conditions?  

2) What are the principal challenges associated with trying to study the impact of 
sleep deprivation in people with Autistic Spectrum Conditions? 
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1.2 Method 

1.2.1 Literature Search 

A systematic search of the literature for qualitative and quantitative studies from 

1994 that have investigated sleep problems and their effect on cognitive 

functioning in people with ASC was carried out between October 2017 and 

November 2017. The studies included in this search were from 1994 onwards, this 

was to include participants that had a diagnosed with ASC from the DSM IV & DSM 

V criteria. Despite changes in diagnosis of ASC in the DSM V not all people with a 

previous diagnosis of Autism based on the criteria of the DSM IV are re-diagnosed 

under the new criteria in the DSM V (Young & Rodi, 2014). Due to the difference 

in diagnostic criteria of ASC across the world only countries that use the DSM were 

included (Elsabbagh et al., 2012). Asperger’s syndrome was a separate diagnosis 

to ASC prior to DSM V. Therefore; some studies may be including Asperger’s 

syndrome under the ASC umbrella and others may not. 

The most relevant databases covered literature within psychology and nursing and 

included: Psychinfo, Medline, Scopus, Science direct, SAGE, Cochrane Library, 

Web of Science and Google Scholar. The reference lists of extracted articles were 

examined for additional relevant articles. Searches were also carried out using 

non-electronic sources such as the library book catalogues. Finally, attempts were 

made to search for unpublished work via a combination of sources including 

Coventry University Locate, Google search and The University of Warwick Online 

Library search. 

 

1.2.2 Search terms 

Table 1 presents an overview of the key search terms used relevant to the subject 

area of interest. These terms include the main concepts, synonyms and the 

location of the keywords within the database search.  
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Table 1 - Overview of key search terms 

Main Concepts Synonyms Location 

Sleep Sleep Title  
Abstract 
Keywords 
 

Autism Spectrum Disorder 

(ASD) 

Autis* 
ASD 
Autism Spectrum Disorder 
 

Title  
Abstract 
Keywords 

Cognitive Functioning Cognitive functioning 
Cognition 

Title  
Abstract 
Keywords 
 

1.2.3 Search strategy 

The search strategy involved: Sleep AND Autis* OR ASD OR Autism Spectrum 

Disorder AND Cognitive functioning OR Cognition.  

 

1.2.4 Inclusion and exclusion criteria 

Table 2 illustrates the inclusion and exclusion criteria utilised in this systematic 

review. Article titles and abstracts were initially screened and retained if they were 

written in the English language, were peer reviewed qualitative and quantitative 

empirical studies and they were fully accessible. Following the primary screening, 

full-text articles were attained and evaluated for eligibility for review according to 

the following inclusion criteria. 

 

Table 2 - Inclusion and Exclusion Criteria 

Criteria Inclusion Exclusion 

Gender Males and Females None 

Age All ages None 

Study Type Peer-reviewed qualitative and 

quantitative empirical studies 

Reviews, commentaries 
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Language English Non-English 

Accessibility Full-text access Title or Abstract only 

Date 1994 – Present < 1994 

Geography UK, USA, Canada, Australia, 

New Zealand and Europe 

Other countries not listed for 

Inclusion 

 

 

1.2.5 Classification of studies 

Figure 1 illustrates the study selection process which was recorded on a ‘Preferred 

Reporting Items for Systematic Reviews and Meta-analyses’ flow diagram (Moher, 

Liberati, Tetzlaff, & Altman, 2009). 
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Total Records (N=358) 

Full-text articles assessed 
for eligibility 

(n=15) 

Full-text articles excluded, because they were 
not relevant to the subject area of interest 

(n=9) 
 

Total studies included in 
review 
(N=15) 

Records identified through 
database searching 

(N=338) 

Additional records identified 
through other sources 

(N=20) 

Records after duplicates removed 
(n=241) 

Records excluded due to: 
- Not relevant to review (e.g., not 

relating to sleep) (n=195) 
- No measures of cognitive 

functioning (n=10) 
- Publication type (e.g., non-

research article) (n=7) 
- Excluded due to location (n=5) 

 (N=217)  
 

Records included  
(n=24) 

 

Figure 1: PRISMA flow diagram- the study selection process 

 

In total 338 articles were initially identified, of which 117 were duplicates. 

Following a subsequent manual review of the title and abstracts, a further 217 

articles were removed due to being not relevant and not addressing the specific 
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subject matter of the review. The full text of the remaining 24 articles was 

reviewed, and 9 further articles were excluded as they did not satisfy the review’s 

inclusion criteria. No further articles were found from other sources such as hard 

copy and grey literature searches. Therefore, following a search of the literature, 

a total of 15 studies met the inclusion criteria and so were included in this 

systematic review. 

Standard Quality Assessment Criteria (SQAC) was used to evaluate the quality of 

the studies the 15 studies from the study selection process (Kmet, Lee, & Cook, 

2011). The SQAC was used as it has been shown to be effective in assessing the 

quality of research in other systematic literature reviews of sleep (Henry et al., 

2016; Koffel, Koffel, & Gehrman, 2015; Miller et al., 2014). SQAC provides a 

quantitative, reproducible and systematic means of assessing the quality of 

quantitative and qualitative study designs. There is a checklist for quantitative 

studies (Appendix A) and a separate checklist for qualitative studies. However, no 

qualitative studies were found, and therefore only the quantitative checklist was 

utilised. 

The quantitative checklist contains 14 questions, which are assessed as the item 

being completely met (Yes) scoring 2 points, partially met (Partial) scoring 1 point, 

not met (No) and not applicable (n/a) both scoring 0 points (Kmet et al., 2011). 

Each study under review was scored using the checklist, and a percentage score 

added. Kmet et al. (2011) suggest a cutoff score of 50% and above and any study 

that does not meet that cut off will be excluded with the reason(s) to be recorded. 

As all 15 studies scored above 50% using the Standard Quality Assessment Criteria, 

no study was removed from the review. To improve the reliability of the Standard 

Quality Assessment Criteria, 50% of the studies were assessed by another 

researcher against the same quality assessment criterion and an inter-rater 

reliability analysis using the Kappa statistic was performed. The second rater was 

independent of this review. Kappa scores for each study were no lower than 0.51, 

resulting in a strong inter-rater reliability score (Kappa = 0.73).  
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1.3 Results 

1.3.1 Characteristics of Studies 

A summary of the key characteristics of the 15 studies included in this review can 

be found in Table 3. Geographically, 13 studies used sample populations outside 

the UK; 7 from the USA, 1, from Canada, 2 in Australia and 3 from Italy.  

The methodology reviewed was, 5 randomised control trial, 4 studies were a 

cross-sectional design, 3 correlational design, 1 exploratory design, 1 experimental 

design and 1 case-control design. No qualitative studies were found.  

The age of participants varied among the studies; 11 looked at participants below 

the ages of 19 years old; 2 studies looked at participants from 16 years and older; 

2 studies were not specific about participant ages. The sample sizes ranged from 

14 to 1859 participants. 



22 
 

Table 3 - Characteristics of reviewed studies 

Author/Date/
Location/ 
Quality 
Assessment 
Rating 

Study Aim Research 
Design/Samplin
g Method 

Sample population Method of data 
collection/ data 
analysis 

Key Findings 

Bruni,O., 
Ferri,R., 
Vittori,E., 
Novelli,L., 
Vignati, M., et 
al.  
 
2007 
 
Italy 
 
QR=78.6% 
(Kappa=0.68) 

To analyse sleep in 
children with Asperger 
syndrome (AS) and 
Autism 

Cross-sectional 
study 
 
Opportunity 
Sampling 

8 “Asperger children” 
(7 males, 1 female; 
Ages (years) M=12.7, 
SD=2.6 years, 
range=7-15) 
 
10 “Autistic children” 
(9 males, 1 female; 
Ages (years) M=11.9, 
SD=2.5 years, 
range=7-15) 
 
12 Control matched 
for age (5 females and 
7 males, Ages (years) 
M=12.6, SD=3.7 years, 
range=7-15) 

Sleep 
Questionnaire, 
PDSS**, ADOS**, 
CBCL**, WISC-III**, 
PSG**  
 
Mann-Whitney 
test, Cohen’s & 
Spearman 
correlation 

Children with AS show peculiar sleep patterns 
compared to control. Short sleep duration (<9 h) was 
almost twofold (59% vs 32%), and the risk for sleep 
onset problems more than fivefold (53% vs 10%) more 
common in the AS group than in the control group. 
 
Asperger Vs Controls U=0.023 p<0.05, d=1.35  
Asperger Vs Autism U=0.041 p<0.05, d=1.24 
This showed that stages of sleep are significantly 
different between Autism, Asperger and controls. 
 
The following significant relationships between PSG & 
Behavioural/Cognitive measures were found: 
-REM latency & Full-scale IQ, rs=89, p<0.05 
-REM latency & Performance IQ, rs=0.86, p<0.05 
-REM % & CBCL Internalising, rs=0.81, p<0.05 
- SE% & CBCL Externalising, rs=0.95, p<0.05 
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Delahaye, J., 
Kovacs, E., 
Sikora, D., 
Hall, T., Orlich, 
F., et al. 
 
2014 
 
USA 
 
QR=71.4% 

To investigate the 
relationship between 
Health-related quality 
of life (HRQoL) and 
overall sleep problems 
within the context of 
critical clinical 
characteristics in 
children with ASD 

Cross-sectional 
study 
 
Opportunity 
Sampling 

86 parents of children 
(72 males, 14 females;  
 
Ages (years) 
Mean=7.18, range=4-
12) 
4 “Asperger children” 
57 “Autistic children”  
21 PDD-NOS* 
4 participants dropped 
out 

PedsQL*, CSHQ*, 
CBCL*, PDDBI*, 
SB5* & MSEL* 
 
T-tests, Pearson 
correlation 
coefficients, 
Pearson correlation 
analysis, linear 
regression models 

Correlations were found between the sleep duration 
scale and the PedsQL total r=-0.36, p<.001 and 
psychosocial summary r=-0.36, p<.001 scores. 
 
Sleep duration/anxiety has been significantly predicted 
by: 
- PedsQL physical summary score (β=-0.73, p<0.01) 
- PedsQL total score (β=-1.61, p<0.05) 
- CHSQ total (β=-2.16, p<0.01) 
- CHSQ psychosocial (β=-2.11, p<0.01) 

Hollway, J., 
Aman, M., 
Butter, E. 
  
2013 
 
USA 
 
QR=78.6% 
(Kappa=0.68) 

To investigate if: 
- an inverse association 
existed between 
disturbed sleep, 
intellectual functioning, 
adaptive behaviour, 
age, and parent 
education 
 
- a positive association 
existed between sleep 
disturbance, autism 
symptom severity, and 
internalising and 
externalising behaviour 
 
- medical issues such as 
epilepsy, GI problems, 

Cross-sectional 
study 
 
Opportunity 
Sampling 

1,583 children (1327 
males, 256 females;  
 
Ages (years) M=6.34, 
SD=3.5, range=2-17). 
1032 “Autistic 
children”  
152 “Asperger’s 
Disorder” 
399 PDD-NOS* 

CSHQ*, VABS*, 
MSEL*, SB5*, 
CBCL*, ADOS* & 
SSP* 
 
T-tests, ANOVA*, 
Hierarchical 
Regression Models 

Anxiety, autism symptom severity, sensory sensitivities, 
and GI problems were associated with sleep 
disturbance, F(5,1430)=33.101, p<.001. 
 
IQ positively predicted sleep disturbance, and children 
with Asperger’s Disorder were more vulnerable than 
others R2=0.193; F(12, 1376)=27.345, p<0.001 
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and medication use, 
were positively 
associated with sleep 
disturbance 

Limoges, É., 
Bolduc, C., 
Berthiaume, 
C., Mottron, 
L., Godbout, R.  
 
2013 
  
Canada 
 
QR=71.5% 

To investigate if 
markers of poor sleep, 
documented in ASD, 
correlate with non-
verbal cognitive 
performance 

Randomised 
Control Trial 
 
Opportunity 
Sampling 

17 ASD pts (9 with 
high-functioning 
autism and 8 with 
Asperger’s syndrome 
(16 males, 1 females;  
 
Ages (years) M=21.7, 
SD=3.5, range=16–27) 
 
14 Controls(13 males, 
1 female; Ages (years) 
M=21.8, SD=4.1, 
range=16–27) 

Sleep 
questionnaire, 
WAIS-III**, BDI-
II**, STAI**, 
AYSRS**, FCRTT**, 
CblTa**, FLS-
BEM144**, PRPT** 
& TLT** 
 
Spearman’s 
correlation 

Significant correlations were found for controls 
between: Selective attention 

• TR total and sleep rs=-0.82, p<0.01 

• Errors and sleep rs =-0.59, p<0.05 
Declarative episodic memory and sleep 

• Recall 1 and %SWS, rs =0.60, p<0.05 

• Recall 2 and %SWS, rs =0.65, p<0.05 

• Recall 3 and %WASO, rs=-0.55, p<0.05; and 
%SWS, rs=0.61, p<0.05 

• delayed recall and %WASO, rs=-0.53, p<0.05 
Sensory-motor and cognitive procedural memory and 
sleep  

• learning phase and %SWS 3rd, rs=-0.75, p<0.01 
 
Significant correlations were found for ASD between: 

- Declarative episodic memory Recall 1 and: 

• Sleep latency, rs=-0.62, p<0.01 

• % stage 1, rs=-0.47, p<0.05 

• % WASO, rs=-0.54, p<0.05 
- learning phase and: 

•  %SWS 3rd, rs=-0.53, p<0.05 

• C3SS, rs=-0.66, p<0.01 
- Selective attention 

• RT total and SL, rs=0.71, p<0.01 
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• Errors and SL, rs=0.55, p<0.05; and %S1, 
rs=0.59, p<0.05 

- Memory 

• Initial time and %S1, rs=-0.61, p<0.05 

• Execution time and SL, rs=0.62, p<0.05 

• % correct and SL, rs=-0.55, p<0.05 

Maski, K., 
Holbrook, H., 
Manoach, D., 
Hanson, E., 
Kapur, K., et al  
 
2015  
 
USA 
 
QR=67.9% 
(Kappa=0.71) 

To examine the role of 
sleep in the 
consolidation of 
declarative memory in 
children with ASD 

Case-control 
study 
 
Opportunity 
Sampling 

22 ASD pts (19 males, 
3 female; 
 
Ages (years) M=11.3, 
SD=2.1, range=9-16) 
20 TD* pts (18 males, 
2 females; Ages 
(years) M=12.3, 
SD=2.1) 

Actigraph, PSG**, 
VSMT**, CBCL**, 
SRS**, DAS-II**, 
NVIQ**, D-KEFS**, 
CSHQ** & IFMS** 
 
Unpaired t-tests, 
Wilcoxon rank sum 
test, Fisher exact 
test, mixed-effects 
regression,  
Pearson correlation 
tests 

Memory performance deteriorated significantly more 
across the Wake condition than in the Sleep [Wake: 16-
25.8, Sleep:0.7-8.7, F(1,40)=7.95, p<0.01] and the ASD 
group demonstrated poorer overall memory recall than 
participants with TD [ASD: 16.7-26.9, TD:2.2-8.6, 
F(1,40)=6.2, p<0.02] 

Miano, S., 
Bruni, O., Elia, 
M., Trovato, 
A., Smerieri, 
A., et al  
 
2007 
 
Italy 
 

To evaluate sleep in 
children with ASD with 
sleep questionnaires 
and polysomnography 
(PSG) 

Randomised 
Control Trial 
 
Opportunity 
Sampling 

31 ASD children (28 
males, 3 females;  
 
Ages (years) M=9.53, 
SD=3.82, range=7–19 
years) 
 
18 age-matched 
controls children (9 
males, 9 females; Ages 

PSG**, WISCR**, 
WAIS-III** & Sleep 
questionnaire 
 
Pearson's chi-
squared, Mann–
Whitney 

Compared to typical development in children the ASD 
children were significantly different on: 
- Sleep duration < 8 hrs, X2=5.55, p<0.02 
- Latency to sleep, X2=16.42, p<0.00001 
- Difficulty getting to sleep, X2=9.87, p<0.002 
- Drinks stimulant beverages in the evening, X2=63.12, 
p<0.00001 
- Fluids or drugs to facilitate sleep, X2=81.58, p<0.00001 
- Hypnic jerks, X2=48.78, p<0.00001 
- Poor sleep quality, X2=117.46, p<0.00001 
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QR=64.3% (years) M= 10.2 years, 
SD=2.93, range=7–19 
years) 

- More than two awakenings per night, X2=3.91, p<0.05 
- Waking up to drink or eat in the night, X2=5.94, 
p<0.015 
- Difficulty to fall asleep after awakenings, X2=25.31, 
p<0.00001 
- Bedwetting, X2=41.72, p<0.00001 
- Daytime somnolence, X2=4.69, p<0.03 
- Falling asleep at school, X2=5.80, p<0.02 
 
Subtle alterations of NREM sleep was detected between 
groups (significance at p<0.05): 
TIB:u=0.044 
SPT: u=0.014 
TST: u=0.007 
RL: u=0.02 
 

Patzold, L., 
Richdale, A., 
Tonge, B. 
  
1998 
 
Australia 
 
QR=64.3% 
(Kappa=0.87) 

To investigate sleep 
problems in children 
with autism and explore 
the association between 
sleep problems and 
daytime behaviour. 

Correlational 
design 
 
Opportunity 
Sampling 

31 ASD children 
(Autism 25 males, 6 
females Asperger 6 
males, 1 female; Ages 
(months) M=93.5, 
SD=31.5, range=44-
152) 
 
36 PDD children (29 
males and 7 females; 
Ages (months) 
Mean=101.2, SD=31.0, 
range=63-171) 
 

Sleep 
diary/questionnaire
, DBC** & CBCL** 
 
Pearson and point-
biserial correlation 

The type of past (r=0.42, p<0.01) and present (r=0.42, 
p<0.01) sleep problems reported by parents of children 
included night waking difficultues (r=0.49, p<0.01), co-
sleeping with parents, (r=0.40, p<0.01), and poorer 
sleep quality (r=0.45, p<0.01) 
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Quist, H., 
Chaplin, E., 
Hendey, O. 
 
2015  
 
UK 
 
QR=50% 

To determine the 
effectiveness of a 
psychoeducation sleep-
hygiene group 
intervention for adults 
diagnosed with autism 
spectrum condition 
(ASC), without a 
concurrent learning 
disability 

Experimental 
Design 
 
Opportunity 
Sampling 

14 ASC* pts (14 males, 
0 females; Ages 
(years) M=28.16, 
range=20-55) 

PIRS 20** 
 
t-test 

Significant improvements were seen on the t(***)=2.51, 
p<0.05 and on follow-up measures of self-reported 
sleep distress t(***)=3.06, p<0.05 

Taylor, M., 
Schreck, K., 
Mulick, J. 
 
2012 
 
USA 
 
QR=57.1% 

To investigate the 
relationships between 
sleep behaviour in 
children with ASD and 
subsequent day-time 
cognitive and adaptive 
performance 

Randomised 
control trial 
 
Opportunity 
Sampling 

219 Autism & 116 
PDD-NOS* 
335 PDD* children 
(296 males, 3 females; 
Ages (years) M=5.15, 
SD=3.27, range=1-18) 

WPPSI**, Leiter-
R**, DP-II**, 
MSEL**, SB5**, 
SIB-R**, VABS* & 
BEDS** 
 
Pearson 
correlation, 
Stepwise multiple 
linear regression 

-Parental report of more hours slept per night singularly 
predicted better daily living skills (R2=0.09; p<0.01) and 
the combination of more total hours slept per night and 
hours napped during the day predicted better Adaptive 
Behaviour Composite (R2=0.18; p<0.01); motor skills 
scores (R2=0.16; p<0.01), and socialization scores 
(R2=0.17, p=0.01) 
 
-More hours slept per night in combination with fewer 
episodes of night waking with screaming and more 
sensitivity to sleeping environment disturbances 
significantly predicted children's higher communication 
scores (R2=0.14, p<0.01)     
 

Elia, M., Ferri, 
R., Musumeci, 
S., Del Gracco, 
S., Bottitta, 
M., et al 

Evaluate the possible 
correlation between 
neurophysiological and 
psychological data in 
children with AD* 

Randomised 
control trial 
 
*** 

17 male children with 
AD* (Ages (years) 
M=10.36, SD=3.79, 
range=5 years and 7 

Anamnesis, clinical 
examination, 
karyotyping, 
neurometabolic 
screenings, brain 

A negative*** correlation between scores of passing 
items of PEP-R perception and SL (p<0.02), Ssh 
(p<0.015), FRL (p<0.03), and %WASO (p<0.015) was 
found together with a positive*** correlation between 
the same items and TIB value (p<0.04). 
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2000 
 
Italy 
 
QR=67.9% 

months-16 years and 8 
months) 
5 Control male 
subjects (Ages (years) 
M=9.22, SD=2.02, 
range=7.17-11.58) 
7 male subjects with 
fragile X syndrome 
and mental 
retardation (Ages 
(years) M=9.92, 
SD=1.67, range=8.25-
12 years) 

CT**, MRI**, PEP-
R**, CARS** & 
PSG** 
 
Correlations 

 
PEP-R eye-hand coordination passing items were 
correlated negatively*** with Ssh (p<0.015), FRL 
(p<0.02), and %WASO (p<0.02), and positively*** with 
SPT (p<0.03). 
 
The score of the CARS visual response was correlated 
negatively*** with SPT (p<0.003) and positively*** 
with %WASO (p<0.03); CARS non-verbal communication 
was negatively*** correlated with TST (p<0.01). 
 
People and activity level CARS items were correlated 
negatively*** with REMd (p<0.01 and p<00.2, 
respectively). 
 

Goldman, S., 
Richdale, A., 
Clemons, T., 
Malow, B.  
 
2012 
 
USA 
 
QR=67.9% 
(Kappa=0.51) 

To identify areas 
defined by the parental 
report to be 
problematic in children 
with ASD 

Cross-sectional 
study 
 
Opportunity 
sampling 

1859 ASD children 
(1571 males, 288 
females; Ages 
(Months) M=80.1, 
SD=42.3, range=36-
216)  
 
67.2% Autism children 
9.8% Asperger 
children 
23% PDD-NOS* 

ADOS**, CSHQ** & 
PCQ** 

Areas reported to be problematic include: 
- Bedtime resistance 
- Sleep onset delay 
- Sleep duration 
- Sleep anxiety 
- Night waking’s 
- Parasomnias 
- Sleep-disordered breathing 
- Daytime sleepiness 
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Krakowiak, P., 
Goodlin-Jones, 
B., Hertz-
Picciotto, I., 
Croen, L., 
Hansen, R.  
 
2008  
 
USA 
 
QR=78.6% 

To compare parent-
reported sleep 
characteristics in young 
children with ASD 
between 2 and 5 years 
of age to typically 
developing children of 
the same age as well as 
children with other 
developmental delays 

Randomised 
control trial 
 
Opportunity 
sampling 

163 TD* children (134 
males, 29 females; 
Ages (years) M=3.3) 
303 ASD* children 
(267 males, 36 
females; Ages (years) 
M=3.7) 
63 DD* children (46 
males, females 17; 
Ages (years) M=3.6) 

ADI-R**, ADOS**, 
MSEL**, VABS**, 
SCQ**, CSHQ** & 
EEQ**, Sleep 
questionnaire/histo
ry  
 
Multivariate Linear 
Regression Analysis 

- Children with ASD had higher sleep onset factor scores 
compared with TD children (β=0.177, SE=0.091, p=0.05) 
 
- Night waking factor scores were significantly elevated 
in the ASD group compared to TD children (β=0.294, 
SE=0.090, p=0.001) 
 
- Parent report of average sleep duration in a 24-hour 
period that children with ASD tended to sleep about 
half an hour less than TD children (β=-0.473, SE=0.156, 
p=0.003) 

Polimeni, M., 
Richdale, A., 
Francis, A.  
 
2005 
 
Australia 
 
QR=67.9% 
(Kappa=1.00) 

- to compare sleep 
patterns in Asperger, 
autism, and TD* 
children 
 
- to explore treatments 
used for sleep problems 
and examine treatment 
outcomes in these 
groups 

Correlational 
design 
 
Opportunity 
Sampling 

66 TD* children (39 
males and 27 females; 
Ages (years) M=6.0, 
SD=3.1, range=2–11) 
 
53 Autism children (41 
males and 12 females; 
Ages (years) M=6.5, 
SD=2.7, range=2-16) 
 
52 Asperger children 
(42 males and 8 
females; Ages (years) 
M=9.3, SD=3.1, 
range=4-17) 

Sleep questionnaire 
& BEDS**  
 
ANOVA & Tukey-
Kramer post hoc 
tests 

- TD group reported significantly fewer sleep problems 
than the other two groups [x2(N=171)=9.618, p=0.018] 
 
- There was a significant difference between the three 
groups on the disoriented waking factor of the BEDS 
[F(2,77)=4.145, p=0.020]. Post hoc tests revealed the 
Asperger group had significantly higher scores on this 
factor than the TD group [M=8.07 (SD=4.40) vs M =4.47 
(SD=3.69), p<0.05 
 
- There was a significant difference between the groups 
on the BEDS total score [F(2, 81)=6.305, p=0.003]. Post 
hoc tests indicated the Asperger group had significantly 
higher BEDS total scores than both the TD and the 
autism groups [M =116.85 (SD=51.75) vs M 
=73.48(SD=30.11) vs M =79.53 (SD=38.78), p<0.01 
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- Four categories were reported to be used for sleep 
problems: Behavioural intervention, medication, herbal 
treatment, and a mixed group of other treatments  
 
- Behavioural interventions were reported to be 
significantly more successful in the autism group than in 
the Asperger group [F(2,32)=3.978, p=0.029]. 
Medication was rated as more successful by parents in 
the autism group and the Asperger group than by 
parents in the TD group [F(2, 39)=5.045), p=0.011] 
 

Schreck, K., 
Mulick, J., 
Smith, A.  
 
2004  
 
USA 
 
QR=60.7% 
(Kappa=0.559) 

To provide a preliminary 
examination of the 
hypothesis that specific 
sleep problems may be 
related to the 
expression of cardinal 
behavioural features of 
autism. 

Correlational 
design 
 
Opportunity 
Sampling 

55 children with 
Autism (Ages (years) 
M=8:2, SD=2:1, 
range=5-12) -
***Gender missing  

Sleep 
questionnaire, 
GARS* & BEDS* 
 
Pearson 
correlations,   
Stepwise multiple 
linear regression  

- Communication problems were significantly related to 
increased sensitivity to stimuli in the sleeping 
environment and by periods of screaming during the 
night (R2=0.18, p<0.01)  
 
- Fewer number of hours slept per night also predicted 
difficulties with social interactions (R2=0.12, p<0.01) and 
overall diagnostic characteristics of autism (R2=0.11, 
p<:02) 

Wiggs, L., 
Stores, G.  
 
2004 
 
UK 
 
QR=78.6% 

To investigate sleep 
disturbance in children 
with ASD 

Exploratory 
Design 
 
Opportunity 
sampling 

69 ASD children (55 
males, 14 females; 
Ages M=9 years 4 
months, SD=2 years 7 
months, range=5-16) 

Sleep history 
Sleep diary 
Actigraph 
Child/Parental 
functioning 
questionnaire, 
SPSQ** 
 

- Behavioural sleep problems were more common in 
the younger age group than in the older children 
(χ2(1)=6.48, p=0.01) 
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Mann–Whitney U 
tests, T-test, Chi-
squared test 
 

 

* Analysis of Variance (ANOVA), Pervasive Developmental Disorder (PDD), Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS), Typical Development 

(TD), Autism Spectrum Condition (ASC), Autistic Disorder (AD), Autism Spectrum Disorder (ASD), Developmental Delays (DD) 

** Achenbach Child Behaviour Checklist (CBCL), Achenbach Youth Self-Report Scale (AYSRS), Autism Diagnostic Interview-Revised (ADI-R), Autism Diagnostic Observation 

Schedule (ADOS), Beck Depression Inventory, 2nd edition (BDI-II), Behavioural evaluation of disorders of sleep (BEDS), Brain Computed tomography (CT), Child Behaviour 

Checklist (CBCL), Childhood Autism Rating Scale (CARS), Children’s Sleep Habits Questionnaire (CSHQ), Corsi block-tapping (CblTa), Developmental Profile II (DP-II), 

Differential Abilities Scale II (DAS-II), Environmental Exposure Questionnaire (EEQ),Figure-learning subtest of the BEM 144 battery (FLS-BEM144),Four choices reaction time 

test (FCRTT), Gilliam Autism Rating Scale (GARS), Interest/Fatigue/Mood Scales (IFMS), Leiter International Performance Scale-Revised (Leiter-R), Magnetic resonance 

imaging (MRI), Mullen Scales of Early Learning (MSEL), Nonverbal IQ scores (NVIQ), Parental Concerns Questionnaire (PCQ), Paediatric Daytime Sleepiness Scale (PDSS), 

Paediatric Quality of Life Inventory 4.0 (PedsQL), Pervasive Developmental Disorder Behaviour Inventory (PDDBI), Photoelectric Rotary Pursuit Task (PRPT), Pittsburgh 

Insomnia Rating Scale 20 (PIRS 20), Polysomnographic (PSG), Psychoeducational Prolerevised test (PEP-R), Scales of independent behavior-revised (SIB-R), Short Sensory 

Profile (SSP), Simonds and Parraga Sleep Questionnaire (SPSQ), Sleep diary/questionnaire, Developmental Behaviour Checklist (DBC), Social Communication Questionnaire 

(SCQ), Social Responsiveness Scale (SRS), Stanford-Binet Intelligence Scale(SB5), Stanford-Binet Intelligence Scales, Fifth Edition (SB5), State-Trait Anxiety Inventory (STAI), 

Tower and Trail Making subtests of the Delis-Kaplan Executive Function System (D-KEFS), Tower of London task (TLT), Vineland adaptive behaviour scales (VABS), Visual 

spatial memory task (VSMT), Weschsler Adult Intelligence Scale – Third Edition Revised (WAIS-III), Wechsler Intelligence Scale for Children—Third Edition Revised (WISC-III), 

Wechsler Intelligence Scale for Children—Fourth Edition Revised (WISC-IV), Wechsler Preschool and Primary Scale of Intelligence (WPPSI), Weschler Intelligence Scale for 

Children Revised (WISCR). 

*** Missing data. 
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1.3.2 Findings of studies 

 

1.3.2.1 What cognitive functions are impacted upon by sleep deprivation in people 

with ASC? 

Four of fifteen studies explicitly mentioned the cognitive functions affected by a 

disruption of sleep in individuals with ASC (Bruni et al., 2007; Limoges et al., 2013; 

Maski et al., 2015; Taylor, Schreck, & Mulick, 2012).  

Bruni et al. (2007) discussed that a high level of slow oscillatory activity during 

sleep is associated with an improved performance in prefrontal cortical tasks. The 

term ‘oscillatory activity’ denotes the recurring and rhythmic electrical activity 

produced spontaneously as a reaction to stimuli supplied by neurons in the central 

nervous system (CNS) (Başar, 2013). Therefore, Bruni et al. (2007) suggests that if 

a person has a high amount of fast oscillatory activity during sleep then it is going 

to negatively affect performance in prefrontal cortical tasks. 

The prefrontal cortex has been associated in decision making, personality 

expression, predictions and consequences of current activities and future 

outcomes, regulating social behaviour (Yang & Raine, 2009).  Functions carried out 

by the prefrontal cortex are often called executive functions. Executive 

functioning is also responsible for attention and working memory (Kane & Engle, 

2002).  

Bruni et al. (2007) suggested that people with Asperger’s syndrome are 

exceptionally talented or skilled in one or more specific areas and this can be 

explained by superior memory abilities. The long-term consolidation of new 

memories is a function of high level of slow oscillatory activity during sleep. This 

means that the more restorative sleep (deep sleep) enables more potentiation 

which then provides better cognitive performance. The Bruni et al., 2007 study 

scored high on the SQAC score (22/28=78.6%) indicating that this study was of 

good quality and provided detailed methodology. The Bruni et al. study also 

provides answers to why restorative sleep improves cognitive performance. 
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Maski et al.’s (2015) study involved twenty-two children with ASC and twenty 

control participants between the ages of nine and sixteen and looked at the role 

of sleep in declarative memory. Parents of children with ASC reported more sleep 

problems than parents of typically developed (TD) children. Declarative memory 

was then tested using a two-dimensional visual spatial memory task which 

involved being trained to criterion and then given a cued recall test after a period 

of ‘wake’ or a night ‘sleep’.  

Maski et al. (2015) found that participants with ASC had poorer overall memory 

consolidation than typically developed (TD) participants. Specifically, people with 

ASC had impairments in spatial memory and poorer immediate recall and overall 

memory recall than TD participants. Also, it was found better-quality sleep in the 

ASC group correlated with memory consolidation, showing a direct link with poor 

sleep and a detrimental effect on cognitive functioning in people with ASC. This is 

important as it demonstrates the detrimental effect that poor sleep has on 

memory consolidation when just looking at the correlations of poor sleep on 

memory in children with ASC. 

Maski et al.’s (2015) study found that children with ASC had poorer memory 

consolidation than children with TD, both groups demonstrated more 

consolidation following sleep than following the same period of wakefulness. 

These outcomes demonstrate that well rested sleep aids hippocampally mediated 

memory consolidation in children regardless of their neurodevelopment. 

Therefore, Maski et al. (2015) suggest that if sleep quality is increased in children 

with ASC, it could offer another way to help improve memory retention and 

cognitive functioning. The Maski et al. (2015) study scored well on the SQAC, 

(19/28= 67.9%). However, the sample size was small (n=22) when considering the 

age range (9 – 16 years old) and although age matched with the control group 

(n=20) results should be treated with caution. 
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Limoges et al.’s (2013) study explored the relationship between sleep and 

cognitive daytime performance in young adults with ASC and Typical Development 

(TD). The study found that young adults with ASC had clear signs of poor sleep 

compared to the TD group. The study also found that young adults with ASC 

performed as accurately as the TD group in the memory and attention tasks, even 

with the presence of poor sleep. However, people with ASC were slower than the 

TD group in most of the tasks undertaken that required memory or attention. 

Interestingly, despite being slower, the ASC group made fewer mistakes than the 

TD group in tasks that involved selective attention and sensory-motor memory.  

 Limoges et al. (2013) explained that these results could be the result of alternative 

strategies that people with ASC utilise to overcome the difficulties they would 

have using the strategies of TD people. These strategies have been shown in brain 

imaging studies, where people with ASC will use different pathways in attention 

and memory tasks due to a defect of neural and synaptic development that has 

produced over-connected neural systems (Belmonte and Yurgelun-Todd, 2003, 

Luna et al., 2002, Muller et al., 2003, cited in Limoges et al., 2013, p. 1332). 

Limoges et al. (2013) concluded that investigating the variances between the 

young adults with ASC and the young adults with TD in tasks that involve memory 

and attention is problematic. This is due to the association between poor sleep 

and cognitive functioning between those with ASC and those with TD as they have 

been shown to take different neural pathways and altered connectivity substrates 

in certain tasks. Therefore, it brings up methodological problems when comparing 

the cognitive functioning between people with ASC and TD. 

Despite the differences in the neural pathways and altered connectivity substrates 

in certain tasks between the ASC group and the TD group, there was a significant 

correlation between signs of poor sleep and declarative memory and selective 

attention in both groups. The Limoges et al. (2013) study scored well on the SQAC 

(20/28=71.45%), and would have scored higher if there was a bigger sample size 

(n=17) of people with ASC and the estimate of variance was clearer in the main 

results. 



35 
 
 

Taylor et al.’s (2012) study also investigated sleep and cognitive functioning in 335 

children with ASC or pervasive developmental disorder-not otherwise specified 

(PDD-NOS). The aim of the study was to describe the relationships between sleep 

and subsequent daytime cognitive and adaptive functioning. The study found that 

those whom slept fewer hours per night demonstrated impaired intelligence, 

perceptual and verbal skills, compared to children who slept longer. This is 

important as the Taylor et al. study identified that poor sleep has a detrimental 

effect on the ability to learn, understand and communicate in children with ASC.  

Children with ASC who slept for fewer hours and suffered from (parent-reported) 

night-time breathing problems exhibited less aptitude to complete nonverbal 

tasks (e.g., puzzles, mazes, block building) and therefore Taylor et al. (2012) 

highlight a possible relationship between apnea and perceptual tasks for children 

with ASC. This suggests that treatment for apnea could improve cognitive 

functioning. Indeed, a study by Malow, McGrew, Harvey, Henderson and Stone 

(2006) demonstrated improvements in sleep, social communication, attention 

and improved daytime behaviour in a five-year-old female with ASC after an 

adenotonsillectomy for her obstructive sleep apnea. 

Therefore, children with ASC whom, on average, slept more per night without 

waking, demonstrated a better ability to learn, understand and communicate with 

others during the day. The Taylor et al’s. (2012) study scored 16/28= 57.1% 

because the outcome measure(s) were not well defined due to the numerous 

materials utilised. This could have led to problems with controlling for 

confounding variables due to the number of tests and results from the various 

materials used, which may have led to a misclassification bias. 

 All the literature reviewed used quantitative methods to investigate the effects 

of poor sleep on cognitive functioning in people with ASC. There was a lack of 

qualitative research suggesting that this question lacked exploratory depth which 

may have provided additional data. However, the literature all had good quality 

scores (Bruni et al., 2007, 22/28=78.6%; Limoges et al., 2013, 20/28=71.45%; 

Maski et al., 2015, 19/28= 67.9%; Taylor, Schreck, & Mulick, 2012, 16/28= 57.1%). 
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In summary, from the literature reviewed, the cognitive functions that are 

specifically affected by a disruption of sleep in people with ASC are memory 

consolidation, declarative memory, selective attention, spatial memory, poorer 

immediate recall, overall memory recall, impaired intelligence and verbal skills. 

Also highlighted was the problem with comparing people with ASC to people with 

Typical Development as they use different neural pathways when performing 

certain cognitive tasks which may cause methodological validity problems when 

comparing cognitive scores amongst these groups. 

 

1.3.3 What are the principal challenges associated with trying to study the impact 

of sleep deprivation in people with ASC? 

To answer the question regarding the principal challenges associated with trying 

to study the impact of sleep deprivation in people with ASC four main themes have 

been highlighted ‘problems with psychometric measures’, ‘under-reporting poor 

sleep in people with ASC’, ‘the role of carers and family members’ and ‘risks and 

ethical implications of looking at poor sleep in people with ASC’ and will be 

presented in the following section: 

 

1.3.3.1 Theme 1: Problems with psychometric measures 

Five studies (Delahaye et al., 2014; Goldman, Richdale, Clemons, & Malow, 2012; 

Hollway et al., 2013; Krakowiak, Goodlin‐Jones, Hertz‐Picciotto, Croen, & Hansen, 

2008; Maski et al., 2015) used the Children’s Sleep Habits Questionnaire (CSHQ). 

The CSHQ consists of 45 items that relate to clinical sleep complaints exhibited 

over the past month. The CSHQ measures bedtime resistance, sleep onset delay, 

sleep duration, night awakenings, sleep anxiety, and other aspects of poor sleep 

such as daytime sleepiness, parasomnias, and sleep-disordered breathing. 

Krakowiak, Goodlin‐Jones, Hertz‐Picciotto, Croen, and Hansen (2008) used 

questions based on the CSHQ as part of the ongoing population-based case-

control Childhood Autism Risks from Genetics and the Environment study. The 
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CSHQ is a valid measure that covers a wide range of sleep problems with excellent 

psychometric properties (Hollway et al., 2013). 

Three studies  (Polimeni et al., 2005; Schreck, Mulick, & Smith, 2004; Taylor et al., 

2012) used the parent reported Behavioural Evaluation of Disorders of Sleep 

(BEDS) questionnaire. The BEDS is a 28-item parent-report questionnaire, 

developed for use with children (5–12 years). It measures aspects of sleep quality. 

Three questions address general characteristics of children’s sleep, and one 

question asks whether the parent identifies their child as having poor sleep. This 

could be an interesting question to see how the parents interpret their child’s 

sleep. Parents’ answers on the BEDS relate to their child’s sleep behaviour over 

the last six months. The BEDS has adequate internal consistency and identifies 

children with poor sleep and those without (Taylor et al., 2012). 

Four of the reviewed studies (Bruni et al., 2007; Maski et al., 2015; Miano et al., 

2007; Wiggs & Stores, 2004) used subjective measures of sleep in addition to 

polysomnography (laboratory sleep recordings)1. These subjective measures of 

sleep included a sleep questionnaire developed by the authors (Miano et al., 

2007), Simonds and Parraga Sleep Questionnaire (Miano et al., 2007), Pediatric 

Daytime Sleepiness Scale (PDSS; (Bruni et al., 2007) and an actigraph (Maski et al., 

2015). 

Patzold et al. (1998) used a sleep diary in which various questions about the 

participant’s sleep were included, while Quist et al. (2015) used a sleep diary 

together with the Pittsburgh Insomnia Rating Scale 20 (PIRS 20). The final two 

studies (Elia et al., 2000; Limoges et al., 2013) out of the fifteen studies did not use 

any psychometric measures, using just polysomnography. However, Elia et al. 

(2000) did not report the strength of correlations in their study, and therefore, the 

results must be regarded with caution. All the studies reviewed in this section had 

very good quality scores (Hollway et al., 2013, 22/28=78.6%; Krakowiak, Goodlin‐

                                                           
1 Polysomnography records of the biophysiological fluctuations that happen throughout sleep (Levendowski 
et al., 2009). The PSG records many body functions including brain (EEG), muscle activity or skeletal muscle 
activation (EMG), eye movements (EOG) and heart rhythm (ECG) during sleep and has good reliability 
(Levendowski et al., 2009) 
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Jones, Hertz‐Picciotto, Croen, & Hansen, 2008, 22/28=78.6%; Delahaye et al., 

2014, 20/28=71.4%; Goldman, Richdale, Clemons, & Malow, 2012, 19/28=67.9%; 

Maski et al., 2015, 19/28= 67.9%). 

 

1.3.3.2 Theme 2: Under-reporting poor sleep in people with ASC  

Only three studies (Delahaye et al., 2014; Miano et al., 2007; Wiggs & Stores, 2004) 

discussed why sleep disturbances are not often reported in people with ASC. This 

seems to be due to different ASC presentations, comorbid presentations and 

parental reporting. Delahaye et al. (2014) suggest that it is difficult to collect data 

on poor sleep variability with a range of ASC presentations. These difficulties stem 

from the variability in presentation, differences in participants’ age range and 

using different  ASC diagnostic criterion, with having poor sleep possibly indicating 

an unaddressed problem in the child, family, or environment (Delahaye et al., 

2014). 

Miano et al. (2007) removed participants with ASC whose parents reported 

habitual snoring, respiratory sleep disturbances, abnormal sleep patterns, 

craniofacial abnormalities, obesity or respiratory sleep disorders from their study 

to improve standardisation of participants. However, this has highlighted that 

some people with comorbid sleep disorders are often under-reported in ASC sleep 

studies and therefore, may not be an accurate reflection of the overall population 

of people with ASC. 

Wiggs and Stores (2004) state that the parents of children with ASC may be biased 

in their recording of poor sleep. This is suggested by the discrepancies between 

actigraphy data and paternal reports. An actigraph is a small device that monitors 

the movement of sleep and is interpreted to indicate the quality and quantity of 

sleep (Morgenthaler et al., 2007). Wiggs and Stores (2004) discussed the 

importance of making a distinction between general sleep problems and 

underlying sleep disorders that may increase patterns of poor sleep. This 

distinction would help indicate more appropriate clinical interventions. 
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These studies have indicated that sleep disturbances often under-reported in 

people with ASC. This may be because those with ASC often have a wide range of 

presentations and may have an unaddressed problem in the child, family, or 

environment (Delahaye et al., 2014). Those with comorbid presentations are also 

being removed from sleep studies to make the sample more homogeneous 

(Delahaye et al., 2014; Miano et al., 2007). Wiggs and Stores (2004) indicated that 

parents might be unaware of the poor sleep their child may be experiencing and 

the use of objective measures of sleep may resolve this. All the afore-mentioned 

studies focussed on children, and there is a gap in the literature for understanding 

why poor sleep is under-reported in adults with ASC. They also had very good 

quality scores (Delahaye et al., 2014, 20/28=71.4%; Miano et al., 2007, 

18/28=64.3%; Wiggs & Stores, 2004, 22/28=78.6%). 

 

1.3.3.3 Theme 3: Role of carers and family members 

Four (Krakowiak et al., 2008; Polimeni, Richdale, & Francis, 2005; Quist, Chaplin, 

& Hendey, 2015; Wiggs & Stores, 2004) of the reviewed studies investigate how 

are carers/ family members were affected by the disrupted sleep of people with 

ASC. 

Polimeni et al. (2005) suggest that behaviour analysis followed by behavioural 

interventions are more effective for young children with ASC. They discussed that 

parents of children with ASC may be more experienced at using behavioural 

techniques generally with their child’s problematic behaviours and may be more 

experienced in delivering behavioural interventions than other techniques. 

Polimeni et al. (2005) conclude that behavioural interventions may have better 

outcomes for poor sleep in children with ASC than other approaches such as 

Cognitive Behavioural Therapy. Quist et al. (2015) found that their 

psychoeducation sleep-hygiene group for adults with a diagnosis of ASC helped 

improve poor sleep. However, this was a small study, and the paper was not 

specific as to how the participants were educated. This study also scored low on 

the quality assessment scale (50%). 
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Wiggs and Stores (2004) suggest that the existing discrepancies between 

actigraphy data and parental reports may be due to the parent's sleep also being 

disturbed. Wiggs and Stores (2004) suggest that while mental states of mothers of 

children with ASC and mothers of children with typical development did not 

significantly differ, it is possible that their disturbed sleep may be having an impact 

on their wellbeing. This could support the idea that sleep interventions focussed 

on altering a child’s behaviour or cognitions regarding sleeplessness might also be 

of benefit to the carers/family members with disrupted sleep. 

Wiggs and Stores (2004) discussed how children with ASC experience poor sleep 

because of sensory difficulties including hearing noises, wrapping themselves in a 

duvet or refusing to have covers touch their bodies. Wiggs and Stores suggest that 

parents may not be aware of these problems and therefore the lack of awareness 

means that the parents do not consider interventions such as using soft bedding, 

minimising noise etc. Therefore, a cognitive and behavioural assessment may 

benefit those people with ASC who find themselves awake during the night, to 

understand the pattern and how to break the maintaining factors. Wiggs and 

Stores (2004) conclude that further investigation of this phenomenon may result 

in developing novel sleep interventions. However, no novel interventions were 

suggested. The Wiggs and Stores’ (2004) study scored high on the quality 

assessment (78.6%) and included the discussion on the limitations of using parent 

subjective sleep measures. 

Krakowiak et al. (2008) found that parents of children with typical development 

rarely reported their child’s sleep problems as affecting family functioning. 

However, a high proportion of parents of children with ASC (one in five families) 

did report problems with family functioning because of their child’s poor sleep. 

This aim also highlighted a lack of data concerning the impact that poor sleep on 

cognitive functioning has on families, carers and the person with ASC. This may be 

a result of a lack of qualitative research focussing on the families and carers of 

those with ASC. 
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In conclusion, carers/ family members are affected by the disrupted sleep of 

people with ASC and sleep interventions aimed at children could also help educate 

carers/ family members on how to manage their poor sleep. However, both 

studies are focussed on children and highlight the lack of research into the impact 

of poor sleep on adults with ASC and their families and carers. Despite this 

limitation, both studies scored high on the quality assessment (Krakowiak et al., 

2008, 22/28=78.6%; Polimeni, Richdale, & Francis, 2005, 19/28=67.9%; Patzold, 

Richdale, & Tonge, 1998, 18/28=64.3%; Quist, Chaplin, & Hendey, 2015, 

14/28=50%; Wiggs & Stores, 2004, 22/28=78.6%). 

 

1.3.3.4 Theme 4: Risks and ethical implications of looking at poor sleep in people 

with ASC 

Four (Delahaye et al., 2014; Krakowiak et al., 2008; Limoges et al., 2013; Wiggs & 

Stores, 2004) of the fifteen studies explicitly mentioned the risk and ethical 

implications of studying poor sleep in people with ASC.  

Delahaye et al. (2014) found that children with ASC who have more significant 

sleep problems are more likely to experience more reduced health-related quality 

of life using the Health-related quality of life (HRQoL) questionnaire. However, 

HRQoL, with its multi-faceted approach to attaining subjective experiences of 

health, emphasises an individual’s perception of their wellbeing rather than 

objective indicators of health. Thus, findings from this study should be treated 

with caution. Also, it is worth noting that the study by Delahaye et al. (2014) did 

not know the IQ for 40% of the participants in their study. It is essential to record 

the IQ of all the participants because of the varying presentations of ASC which is 

reflected in their IQ score (Cohen et al., 2014). 

Krakowiak et al. (2008) discussed the limitations of relying on subjective parent 

reporting of their child’s poor sleep. Krakowiak et al. (2008) suggest that while 

parent reports are correlated with objective actigraphy of sleep routines in 

children with ASC, this is the case only if they are made aware of the disturbed 

sleep by their child. Limoges et al. (2013) also highlighted that poor sleep in ‘non-
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complaining’ persons with ASC is under-reported, as the parents are not being 

made aware. This suggests that individual consideration or a form of objective 

monitoring should be given to children with ASC who have limited communication 

abilities.  

Wiggs and Stores (2004) found that children with ASC often have high levels of 

anxiety, challenging daytime behaviour, use of inappropriate or fixed routines and 

rituals, and impaired communication and social skills. All these factors could result 

in difficulties with the implementation of specific behavioural interventions for 

poor sleep and more challenging to implement than in children without such 

problems. Therefore, there is an increased risk of using behavioural interventions 

with children with ASC compared to children from the general population. 

However, there was little discussion about the potential risk in people with ASC 

who have disrupted sleep. 

Wiggs and Stores (2004) discuss the importance of using an objective sleep 

measure to be able to understand the nature of the sleep disturbances in people 

with ASC and further develop the knowledge around the mechanisms underlying 

successful sleep interventions. In conclusion, if researchers are relying on 

subjective sleep measures, the results could be misinterpreted and provide 

misleading evidence of poor sleep in people with ASC. 

These studies had very good quality assessment scores (Delahaye et al., 2014, 

20/28=71.4%; Krakowiak et al., 2008, 22/28=78.6%; Limoges et al., 2013, 

20/28=71.45%; Wiggs & Stores, 2004, 22/28=78.6%). 

 

1.4 Discussion 

1.4.1 Significance of the Main Findings 

This review aimed to identify what cognitive functions are impacted upon by sleep 

deprivation in people with ASC and the principal challenges associated with trying 

to study the impact of sleep deprivation in people with ASC and critically review 

the quality of the research. These findings indicate a relationship between sleep 
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disturbances and a negative impact on the lives of people with ASC as well as their 

families/carers. These findings highlight the adverse effects of poor sleep on 

daytime behaviour and general functioning in people with ASC (Hill et al., 2014; 

Limoges et al., 2013; Park et al., 2012) as well as the impact on their cognitive 

functioning (Bruni et al., 2007; Limoges et al., 2013; Maski et al., 2015; Taylor et 

al., 2012). 

Poor sleep in people with ASC has been shown to have a detrimental effect on 

different cognitive functioning such as memory consolidation, declarative 

memory, selective attention, spatial memory, poorer immediate recall, overall 

memory recall, impaired intelligence and verbal skills (Bruni et al., 2007; Limoges 

et al., 2013; Maski et al., 2015; Taylor et al., 2012). Importantly, when sleep 

improves it has a positive effect on cognitive functioning (Limoges et al., 2013; 

Taylor et al., 2012). 

Now there is a clearer understanding of the cogntive functioning affected by poor 

sleep in people with ASC this may help develop measures and interventions that 

may help with these areas. Also highlighted was the different neural pathways 

that people with ASC have when comparing cogntive functioning in people with 

Typical Development (TD), Therefore this review has highlighted a possible 

methodological problem when comparing the cogntive functioning between 

those with ASC and those with TD. 

The literature review also highlighted the problems of identifying sleep 

disturbances in people with ASC. As there is such variation in ASC presentations 

including a wide range of communication difficulties, this variation may result in 

sleep disturbances being under-reported by people with ASC (Delahaye et al., 

2014; Wiggs & Stores, 2004). Comorbid presentations alongside the ASC diagnosis 

also complicate this under-reporting. Many people with ASC are often excluded 

from studies investigating sleep disturbances which may result in an under-

representation of this client group in the broader literature. Therefore, these 

complex presentations should be considered and represented when measures 

that may identify sleep disturbances in children with ASC are developed. 
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This review highlighted the number of measures that researchers use to 

investigate sleep problems. These include numerous different psychometric 

measures that are used to identify sleep disturbance in children with ASC, 

subjective questionnaires, sleep diaries, actigraphy and PSG recordings. Moore, 

Evans, Hanvey, and Johnson (2017) discussed the importance of using an objective 

measure as well as parental reports to screen for poor sleep in children with ASC 

for the parental recording alone may not be accurate. Schreck and Mulick (2000) 

found that the perception of their child’s sleep in parents of children with ASC is 

different to other groups as these parents significantly reported more sleep 

problems in their child more than other groups. Moore et al. (2017) discuss the 

costs that are associated with using multiple measures, however indicating that 

with advances in technology, actigraphy and PSG recordings may become less 

expensive and more user-friendly and may help with accurately diagnosing sleep 

disorders in ASC population. 

Therefore, more research needs to be focussed on appropriate measures of sleep 

in people with ASC that take into consideration the impact on cognitive 

dysfunction rather than just focus the measure on behaviours. Further research 

also needs to be focussed on why poor sleep is often under-reported in people 

with ASC. This could be because the area is under-researched and therefore 

clinicians, parents and carers are not aware of the impact of poor sleep on 

cognitive functioning. Exploration in this area could also help provide more rich 

data regarding how parents and carers currently deal with poor sleep in those with 

ASC. Likewise, information is also lacking in how parents and carers positively help 

with dealing with poor sleep. In addition, this information could also be received 

from people with high functioning.  

  

1.4.2 Summary of methodological constraints and research limitations 

This review supports the finding that the effects of poor sleep, in people with ASC, 

on cognitive functioning are complex and require further investigation. The review 

highlighted a lack of data regarding the impact that impaired cognitive 
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functioning, due poor sleep, has on families, carers and the person with ASC. A 

qualitative approach could involve interviewing families, carers and the person 

with ASC and exploring the impact that impaired cognitive functioning, due to 

poor sleep, has on their daily functioning and wellbeing. This qualitative approach 

may also highlight successful parental approaches to poor sleep in children with 

ASC. 

Several studies did not report the IQ or severity of symptoms of the participants 

in their studies entirely (Delahaye et al., 2014; Wiggs & Stores, 2004). This is 

important as several studies have IQ and symptom severity in children with 

pervasive developmental disorders as main predisposing factors for the 

development of insomnia (Cohen et al., 2014; Hollway et al., 2013). This 

information would have been helpful as poor sleep has been shown to negatively 

affect cognitive functioning in the general population (Dahl, 1996; Killgore, 2010) 

and possible links between IQ and poor sleep may have been discovered if this 

information was provided. 

Another limitation of this review was the use of the key terms. There are lot of 

different terms for poor sleep, ASC and cognitive functioning. This might have 

caused the search of the literature to be too narrow. A possible way to overcome 

this limitation in the future is to be more specific in searching for literature – for 

example, look at physical problems causing poor sleep e.g., apnea. Also, key terms 

for cognitive functioning could be more specific e.g., attention, working memory 

and finally key terms for sleep could include; insomnia, night terrors etc. 

 

1.4.3  Clinical implications and future research recommendations 

This review has highlighted that, for accurate reporting of poor sleep in children 

with ASC, both objective and subjective measures of sleep are the gold standard 

as they can counter misinterpretation and provide additional insight into the 

nature of the poor sleep (Krakowiak et al., 2008; Wiggs & Stores, 2004). This 

review has also highlighted that there is a gap in the literature regarding the 
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impact that poor sleep in children with ASC has on their family/carers’ wellbeing. 

Therefore, additional measures regarding family/carers wellbeing and stress 

would help to identify any risk factors that lead to a proliferation of parenting 

stress (Benson, 2006). The use of a wide range of different neuropsychological 

tests would provide a more in-depth view of the impact of poor sleep on cognitive 

functioning rather than just focussing on the behavioural dysfunction. This 

multidimensional approach to sleep dysfunction in people with ASC will help 

identify risk factors and provide more accurate data. This, in turn, might help 

identify the most appropriate sleep intervention for the person with ASC.  

This literature review has found a gap in the literature for the most appropriate 

clinical interventions for this client group. Future research might compare sleep 

interventions to identify which intervention is the most effective for this group.  

 

1.4.4 Conclusion 

This literature review has highlighted that cognitive functions in people with ASC 

are negatively affected by poor sleep. Reduced cognitive functioning in people 

with ASC has a major impact on their daily functioning, as well as impacting upon 

the families and carers. The findings from this literature review have discovered 

that there are a limited number of standardised measures for identifying poor 

sleep in this population. Additionally, there are methodologial problems relying 

on subjective parental reports. A methodological limitation of this review was the 

lack of parental accounts regarding successful methods of being able to manage 

the poor sleep. Finally, there is a lack of evidence-based clinical interventions to 

help improve poor sleep in people with ASC which may be due to the lack of 

standardised measures. 
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2.0 Abstract 

BACKGROUND: Poor sleep and General Anxiety Disorder (GAD) independently 

have a considerable impact on cognitive functioning. This study aims to investigate 

the combined effects of GAD and poor sleep on cognitive functioning. 

METHODS: Current study employed quantitative design with purposive sampling 

of university students (N=40, age mean of 22.88, 33 females and 7 males). Four 

groups were investigated: ‘Sleep & GAD’, ‘Sleep’, ‘GAD’ and ‘Normal’ (Control). 

Sleep quality and quantity were assessed using the Pittsburgh Sleep Quality Index 

(PSQI) and an actigraphy unit. GAD was evaluated using GAD-7 item questionnaire 

(GAD7). The cognitive functions of Attention and Working Memory were 

measured using the Stroop Test and Reading Span Task (RST) scales respectively. 

Differences between groups was measured using the non-parametric Kruskal-

Wallis H test. Relationships between GAD-7 scores, sleep quality/quantity and 

cognition scores were investigated using correlation analyses. 

RESULTS: Hypothesis 1 that objective poor sleep quality and/or duration will have 

a negative effect on cognition has been confirmed. Hypothesis 2 that GAD and 

poor sleep quality/duration combined will have a stronger negative effect on 

cognition than GAD or poor sleep quality/duration alone has been confirmed. 

CONCLUSIONS: Objective poor sleep quality and quantity had an adverse effect on 

Attention and Working memory. Poor sleep rather than GAD was found to have 

the most detrimental impact on Attention and Working Memory. 

 

KEYWORDS: SLEEP, GAD, ANXIETY, OBJECTIVE SLEEP MEASURES, COGNITIVE 

FUNCTIONING. 
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2.1 Introduction 

General Anxiety Disorder (GAD) and Insomnia have a considerable impact on the 

lives of people living with either condition. Seventy-five percent of people with 

GAD also have insomnia (Bélanger, Morin, Langlois, & Ladouceur, 2004) but it is 

unknown whether one disorder is a precursor to the other. This study will explore 

the importance of good sleep quality/duration and the subsequent difficulties that 

arise when either or both are disrupted. Sleep perception and the misperception 

people have when self-reporting sleep quality/duration will also be discussed. This 

misperception has been shown to make people more hypervigilant about their 

lack of sleep and result in an increase in anxiety (Wicklow & Espie, 2000). Sleep 

anxiety will be explored with attention to GAD as the dominant anxiety disorder 

that co-exists with sleep difficulties (Bélanger et al., 2004). Finally, the 

consequences of GAD and poor sleep quality/duration on a person’s cognitive 

functioning and the impact this has on their quality of life will be highlighted. 

 

2.1.1 Sleep quality and duration 

Insomnia is a sleep disorder and is characterised by a person reporting difficulty 

in getting to sleep, or broken and disrupted sleep despite adequate opportunity 

for a full night’s sleep (Ohayon, 2009; Roth, 2007). Causal factors for insomnia 

include psychoactive drugs, the use and withdrawal of opioids and/or alcohol 

(Chaudhary et al., 2015; Zisapel & Laudon, 2003), physical health problems 

(Fortier-Brochu, Beaulieu-Bonneau, Ivers, & Morin, 2010; Sivertsen, Krokstad, 

Øverland, & Mykletun, 2009), depression (Berger, van Calker, & Riemann, 2003) 

and anxiety (Peterson, Rumble, & Benca, 2008). It has also been found that 

insomnia exacerbates psychological problems such as anxiety and depression 

(Taylor, Lichstein, Durrence, Reidel, & Bush, 2005), with evidence to suggest that 

insomnia may also precede such difficulties (Mendelson, 2008; Statharou & Taka, 

2012). National Institute for Health and Care Excellence (NICE) guidelines suggest 

that those experiencing long-term insomnia are referred to an Improving Access 

to Psychological Therapies IAPT service for a cognitive or behavioural 
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intervention (NICE, 2015). However, some IAPT services only accept referrals for 

people who are experiencing depression and anxiety (NHS, 2018). 

 

2.1.2 Sleep state misperception 

People with sleep difficulties often misperceive the quality and duration of their 

sleep (Bianchi, Williams, Mckinney, & Ellenbogen, 2013). This misperception has 

been noted when comparing subjective reports to many different objective 

measures (Harvey & Tang, 2012) including actigraphy (movement monitoring) 

(Tang & Harvey, 2006; Wicklow & Espie, 2000). Wicklow and Espie (2000) found 

that people often ruminate about their lack of sleep when they are trying to get 

to sleep. This rumination about their lack of sleep leads to a vicious cycle of worry 

during the day about the lack of perceived sleep.  

Sleep state misperception is particularly common in people with insomnia 

(Fernandez-Mendoza et al., 2011). Harvey and Tang (2012) discuss how selective 

attention and monitoring are key characteristics of people experiencing sleep 

difficulties. People with sleep difficulties may be paying more attention to bodily 

sensations (e.g., physically tired, lack of concentration) and internal and external 

monitoring (e.g., looking at the clock). In another study, Tang and Harvey (2006) 

asked 48 participants who experienced insomnia to wear an actigraph unit and 

keep a sleep diary for two nights. Half of the participants were then shown the 

discrepancy between the objective and subjective measures of their sleep and the 

other participants were verbally told this information. The participants then 

recorded their sleep over another two nights to monitor the effects of being 

shown the results or just being verbally informed about the discrepancies. Both 

groups reported a reduction in sleep impairment, symptoms of insomnia and 

sleep-related anxiety but the group that was shown their disparities rather than 

verbally being told, had a more significant reduction in symptoms. This study 

indicates that if interventions are directed at a person’s sleep state misperception, 

and they are shown this discrepancy rather than verbally told them, it could help 

reduce sleep-related anxiety. 
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2.1.3 General Anxiety Disorder (GAD) 

GAD is one of the most common anxiety disorders and affects 2% of the adult 

population in Europe (Lieb, Becker, & Altamura, 2005) and is characterised by 

excessive worry about several topics around past, present and future events. 

People experience a wide range of physical symptoms including restlessness, 

headaches, nausea, difficulty concentrating and muscle aches (American 

Psychiatric Association, 2013). Risk factors for the development of GAD include 

family genetics (Hettema, Neale, & Kendler, 2001), life stressors (Donner et al., 

2008) and substance abuse (Hasin et al., 2015). Saletu and colleagues (1997) 

suggest that hypervigilance and hyperarousal of the Central Nervous System (CNS) 

caused by GAD result in a decrease in total sleep time and sleep efficiency. 

 

2.1.4 Impact of GAD and poor sleep quality/duration on the quality of life 

People with insomnia often report difficulty in handling minor stresses, fatigue 

and experience reduced interest in pleasurable activities and relationships 

(Fortier-Brochu et al., 2012). There have been reports of cognitive impairments 

which result in problems with decision making, difficulty in concentration and an 

increased frequency of mistakes during employment (Linton & Bryngelsson, 2000; 

Ohayon, 2009). However, very few studies have shown cognitive impairments 

when using objective measures of performance and instead rely more on 

subjective accounts of cognitive functioning (Fortier-Brochu et al., 2012). Current 

literature provides some information on the combined effects of anxiety and sleep 

on cognitive functioning when using subjective measures of sleep but lacks in-

depth investigation on the combined effects when using objective measures of 

sleep. 

 

2.1.5 The impact of GAD and poor sleep quality/duration on cognition  

People who experience insomnia or GAD report impairment in their cognitive 

functioning (Fortier-Brochu et al., 2012; Paterniti, Dufouil, Bisserbe, & Alpérovitch, 
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1999). Cognitive functioning is a process by which one becomes aware of, 

perceives, or comprehends ideas through cerebral activities (Gazzaniga, Ivry, & 

Mangun, 2009). It is involved in all aspects of thinking, perception, remembering 

and reasoning.  

Fortier-Brochu and colleagues (2012) conducted a meta-analysis of 24 studies and 

found that there was a significant impairment for people with insomnia in tasks 

that assessed working memory, episodic memory and problem-solving. However, 

there was no considerable deficit in tasks that assessed other cognitive functions 

such as procedural learning, features of executive functioning (cognitive flexibility 

and verbal fluency), verbal functions and features of attention (selective attention, 

complex reaction time, the speed of information processing, sustained 

attention/vigilance and alertness). 

Studies have found a link between anxiety and impaired cognitive functioning 

(Derakshan, Ansari, Hansard, Shoker, & Eysenck, 2009; Paterniti et al., 1999). 

However, other studies have found the opposite, that high levels of anxiety do not 

affect cognitive functioning (Eysenck, Derakshan, Santos, & Calvo, 2007; Kizilbash, 

Vanderploeg, & Curtiss, 2002). Yang and colleagues (2015) focused on people who 

had a diagnosis of GAD using the Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition (DSM-5) and showed that they had impaired cognitive 

functioning with a significant impairment in their attention and working memory. 

However, the DSM-5 criteria for GAD include difficulty with sleep and cognitive 

difficulties, e.g. impaired concentration. Therefore, there is conflicting evidence 

regarding the impact of GAD and poor sleep on cognitive functioning especially in 

the areas of Attention and Working Memory. 

There are different research designs that have been used to investigate these 

associations. For example, Paterniti et al.’s (1999) research looked at similar 

associations between anxiety and depression on cognitive functioning and they 

used multiple linear regression as a research design. Yang et al.’s (2015) study 

investigating the cognitive function in subjects with GAD and used analysis of 

variance (ANOVA) to look at the differences between levels of anxiety on cognitive 
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functioning and Pearson’s correlation was utilized to examine the relationship 

between symptom measures and cognitive functioning. 

 

2.1.6 Present study 

Since 75% of people with GAD experience insomnia, people who report both 

anxiety and sleep difficulties may experience an increased impairment of their 

cognitive function beyond that experienced by people with GAD or insomnia in 

isolation. People with insomnia and GAD often report a reduction in work 

productivity and increased use of mental health services (Wade, 2010; Wittchen, 

2002). Therefore, having a clear understanding of the associations between sleep 

problems, GAD and cognitive functioning might help prioritise clinical 

interventions which, in turn, might help reduce the economic burden by increasing 

work productivity and reducing the use of mental health services. It is also 

important to look at the differences between the use of subjective and objective 

measures when exploring cognitive performance. This may lead to more clinical 

interventions being focused on treating sleep dysfunction based on objective 

measures rather than relying solely on subjective accounts. The current study may 

highlight or provide ideas for interventions for sleep-related difficulties such as 

targeting attention and working memory. 

 

Evidence appears to suggest GAD and poor sleep impacts on attention and working 

memory (Fortier-Brochu et al., 2012; Derakshan, Ansari, Hansard, Shoker, & 

Eysenck, 2009; Paterniti et al., 1999). However, due to conflicting evidence 

(Eysenck, Derakshan, Santos, & Calvo, 2007; Kizilbash, Vanderploeg, & Curtiss, 

2002) it seems these interactions are more complex and therefore this study will 

look at the relative effect of each one and then look at the interaction of both on 

cognitive functioning. As Attention and Working Memory seem to be mentioned 

frequently as being affected by GAD and poor sleep (Fortier-Brochu et al., 2012; 

Linton & Bryngelsson, 2000; Ohayon, 2009), these cognitive functions will be used 

to explore these effects. 
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Therefore, this study aims to investigate the combined effects of GAD and poor 

sleep on cognitive functioning by collecting measures from participants with GAD 

and sleep difficulties. This will be done by using subjective and objective sleep 

measures, anxiety measures and testing functioning in different cognitive 

domains: Attention and Working Memory. 

 

2.1.7 Aims of the study 

The aim of this study is to address two research questions: 

1) Does poor sleep quality/duration have a negative impact on cognitive 

functioning (Attention and Working Memory)? 

2) Does the interaction between anxiety and poor sleep quality influence cognitive 

functioning (Attention and Working Memory). 

 

2.1.8 Hypotheses 

Two general hypotheses have been stated: 

H1 – Poor sleep quality/duration will have a negative impact on cognitive 

functioning (Attention and Working Memory). 

H2 – The interaction between anxiety and poor sleep quality will have a 

significant influence on cognitive functioning (Attention and Working Memory). 

 

2.2 Methods 

2.2.1 Research Design 

Broadly, any research study is designed to investigate either relationships or 

differences between variables. The former approach employs techniques such as 

correlation and multiple regression, while that latter uses statistical tests such as 

analysis of variance. The decision as to which design is the most appropriate is 

initially governed by theoretical considerations (what hypotheses need to be 
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tested), but the final solution is determined by more practical considerations such 

as: ‘effect size’ and statistical power, which can influence the confidence the 

researcher can have in their findings. This study, based on sound theoretical 

principles, used a differential group (quasi-experimental design) and employed 

non-parametric tests to investigate the hypotheses. However, given the small 

sample size, it could be argued that adopting a correlational approach towards the 

analysis of the findings might have been helpful. The relative strengths and 

limitations associated with these issues will be considered in both the methods 

and discussion sections of this thesis. 

 

2.2.2 Sample  

This study used a non-probability sampling. The quota for each subgroup was set 

at 10. A power analysis using the Gpower computer program (Faul & Erdfelder, 

1998) indicated that a total sample of 40 people would be needed to detect large 

effect (f2=0.35) and a significance of 0.05 with three predictor variables (‘Level of 

anxiety’, ‘Sleep quality’ and ‘Sleep duration’). 

 

Table 4 - Inclusion & Exclusion Criteria for participants 

Criteria Inclusion Exclusion 

Gender Males and Females None 

Age 18 – 59 <18 and >60 

Language English speaking (First 
language) 

Non-English speaking or English 
as the second language 

Geography Willing to travel to 
Coventry University for 

neuropsychological tasks 
& collect/return 

Actiwatch 

Not willing to travel to Coventry 
University for 

neuropsychological tasks & 
collect/return Actiwatch 
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Ages for inclusion was between 18 and 59 years old. This was because cognitive 

functioning has been found to decline by 0.04 to 0.05 standard deviations (SD) 

units per year after age 60 compared to 0.02 to 0.03 SD units per year for adults 

under the age of 60 (Salthouse, 2009). 

 

2.2.3 Materials/ Measures 

2.2.3.3 Outcome Measures: Measures of Cognitive Function 

Participants completed a series of cognitive function tests relating to Attention and 

Working Memory, and then the findings across groups were compared using non-

parametric statistics. 

Several neuropsychological tasks were administered using the psychology 

experiment building language (PEBL) software to measure cognitive functioning 

(S. T. Mueller & Piper, 2014). 

 

Cognitive Function: Attention 

The Stroop task is a test of attention and processing speed that requires the 

participant to read a series of coloured words aloud. In the first part of the test, 

the word and the colour are congruent. In the second part of the test, the word 

and colour are incongruent. The speed of the test is recorded as well as the 

number of incorrect responses. An example of the Stroop task is provided in 

Appendix F. The Stroop task detects impairments in ‘Attention’ (Error responses). 

Therefore, the more error responses participants give on the Stroop task is 

indicative of increased impairment in their ‘Attention’. The Stroop task has both 

high levels of internal consistency (Cronbach’s Alpha ranges from .83 to.91: 

Marshall, Gurd, & Kischka, 2012) and test-retest reliability (r=.83 to .91: Spreen, 

1998).  
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Cognitive Function: Working memory 

The Reading Span Test (RST) requires participants to read sequences of 

unconnected sentences and to recall a random letter at the end of each sentence 

(Daneman & Carpenter, 1980). The RST task detects impairments in Working 

Memory (Response time). The longer the participant's response time on the RST 

indicates increased impairment in their ‘Working Memory’. An example of the RST 

is provided in Appendix G. The RST has both high levels of internal consistency 

(α=.92: Van, Bosch, Haverkort, & Hugdahl, 2008) and test-retest reliability (r=.82 

to .91: Schretlen, Bobholz, & Brandt, 1996). 

 

2.2.3.1 Predictor subjective measures of Anxiety and Sleep 

The Generalized Anxiety Disorder 7 (GAD7) is a 7-item questionnaire with a score 

range of 0 to 21. An example of a question is; “Over the last 2 weeks, how often 

have you been felt nervous, anxious, or on edge?”. The GAD7 questionnaire is 

provided in Appendix C. A clinical cut-off score of 10 has been found as indicating 

the presence of GAD (Spitzer et al., 2006). The GAD7 has both high levels of 

internal consistency (α=.89 to .92) and test-retest reliability (r=.83: Lowe et al., 

2008; Spitzer et al., 2006). The scores of the GAD7 produced high internal 

consistency (α=.89) for this study.  

The Pittsburgh Sleep Quality Index (PSQI) is a 19-item questionnaire with a score 

range of 0 to 21 (Buysse et al., 1989). An example of a question is; “How many 

hours of actual sleep do you get at night?”. The PSQI questionnaire is provided in 

Appendix D. A score greater than 5 indicates poor sleep quality. The PSQI has both 

high levels of internal consistency (α=.80) and test-retest reliability (r=.69 to .77: 

Carpenter & Andrykowski, 1998). The scores of the PSQI produced an acceptable 

internal consistency (α=.61) for this study. 
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2.2.3.2 Predictor objective measures of sleep 

An actiwatch device was used as an objective measure of sleep. The actiwatch is 

a small movement detector (accelerometer), worn like a wristwatch, that 

distinguishes sleep from wake (Hyde et al., 2007). It does this by using algorithms 

to measure the reduction in the movement associated with sleep. Due to the 

different models of actiwatch and the sensitivity of the measurement required 

there is limited information on the levels of validity and reliability of using the 

actiwatch or its software. However, a systematic review by Water, Holmes, and 

Hurley (2011) has shown the actiwatch to be a useful tool in the measurement of 

sleep disturbances. Moreover, actigraphy has been shown to be more than 90% 

concordant with polysomnography2 (PSG) measures (Sadeh, Sharkey, & 

Carskadon, 1994). The actiwatch was worn by the participants for 24 hours per 

day for a minimum of five days to obtain reliable actigraph measures of sleep 

(Acebo et al., 1999). Participants also filled out a sleep diary to note sleep times 

on the nights of the study which was then inputted into the Actiwatch software 

by the lead researcher to enable more accurate analysis of sleep data. The 

software then provides the raw score for the quality of sleep and the quantity of 

sleep. The raw scores for the quantity of sleep indicate assumed sleep duration 

compared to the actual sleep duration (as recorded by the Actiwatch) and the 

score range is between 0 and 100 with the higher score indicating the better sleep 

quality. The raw scores for the quality of sleep are based on the movement during 

sleep. The lower the amount of movement recorded the more rested a person 

should be. The scores range from 0 and 100 and the closer to 0 the less movement 

is recorded and hence the more restful sleep a person should have had. The 

difference between quality and quantity therefore is quality indicates the amount 

of sleep a person has had compared with the quantity indicating how restful the 

sleep has been. An example of all the raw data produced by the Actiwatich is 

provided in Appendix U.  

                                                           
2 Polysomnography records of the biophysiological fluctuations that happen throughout sleep (Levendowski 
et al., 2009). The PSG records many body functions including brain (EEG), muscle activity or skeletal muscle 
activation (EMG), eye movements (EOG) and heart rhythm (ECG) during sleep and has good reliability 
(Levendowski et al., 2009) 
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Based on the PSQI results participants were allocated to the four groups ('GAD', 

'GAD & Poor sleep', 'Poor sleep' and 'Normal’ (control)).  Scores were categorised 

into these four groups to create research that was clinically relevant, and 

therefore, clinical cut off points for the GAD-7 and PSQI was used to create the 

four groups. The Generalized Anxiety Disorder 7 (GAD7) is a 7-item questionnaire 

with a score range of 0 to 21. A clinical cut-off score of 10 has been found as 

indicating the presence of GAD (Spitzer et al., 2006). The Pittsburgh Sleep Quality 

Index (PSQI) is a 19-item questionnaire with a score range of 0 to 21 (Buysse et al., 

1989). A score greater than 5 indicates poor sleep quality. Therefore, the four 

groups were constructed as follows;  

 ‘Normal’ group = PSQI score of 5 or less and GAD-7 score of 9 or less 

 ‘GAD’ group = PSQI score of 5 or less and GAD-7 score of 10 or more 

 ‘Poor sleep’ group = PSQI score of 6 or more> and GAD-7 score of 9 or less 

 ‘GAD & Poor sleep’ group = PSQI score 6 or more and GAD-7 score of 10 or 
more 

 

These four groups reflect the referral criteria of some Improving Access to 

Psychological Therapies (IAPT) services (Clark, 2011; Joice, Freeman, Toplis & 

Bienkowski, 2011; Clark et al., 2009; Mollon, 2009). However, some IAPT services 

only accept referrals for people who are experiencing depression and/or anxiety 

(NHS, 2018) and therefore, a score greater than 5 was used for the inclusion to the 

poor sleep group as this score indicates the presence of poor sleep (Buysse et al., 

1989). 

Actigraphy was used as an objective measure of sleep, and the Pittsburgh Sleep 

Quality Index (PSQI) questionnaire (Buysse, Reynolds, Monk, Berman, & Kupfer, 

1989) as the subjective measure of sleep. GAD was assessed using the subjective 

Generalized Anxiety Disorder 7 (GAD-7) measure (Spitzer, Kroenke, Williams, & 

Löwe, 2006). Attention and Working memory were the cognitive functions 

assessed in this study. Groups ('GAD', 'GAD & Poor sleep', 'Poor sleep' and 
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'Normal') were compared for differences in cognitive scores using a non-

parametric equivalent of Analysis Of Variance (ANOVA). Thus, independent 

variables (IVs) included Sleep Duration/Quality recorded by the Actiwatch and 

GAD-7 scores, while dependent variables (DVs) consisted of cognitive scores on (1) 

Attention (2) Working Memory tests. 

 

2.2.4 Procedure 

Participants were recruited from the Coventry University student population. The 

study was advertised via posters (Appendix T) on Coventry University campus and 

through Sona. Sona is a system provided by Coventry University that allows 

researchers to allocate credits to potential participants. 

Participants were asked to complete three phases of the project. These involved:   

Phase 1 - Participants were asked to complete the GAD7 and PSQI questionnaire 

via Bristol Online Survey (BOS). Participants were then allocated to each subgroup 

based upon their scores from the GAD7 and PSQI. Once the minimum quotas were 

full for each subgroup (n=10), the recruitment for that subgroup ceased, and the 

BOS was closed to stop any unnecessary data collection. For example, once the 

first 10 participants, who fulfilled the criteria for the ‘Sleep’ group, had been 

recruited, the recruitment for the ‘Sleep’ group then stopped. Any additional 

participants who fulfilled the criteria for the Sleep group were not included in the 

dataset. 

Phase 2 - Participants who completed Phase 1 attended a meeting at Coventry 

University where they were given a sleep diary and an actiwatch to wear for 24 

hours per day for five days to collect a summary of their sleep.  

Phase 3 - Participants returned to Coventry University to hand in their actiwatch, 

upon which the data was downloaded for analysis. During this time the 

participants completed the neuropsychological tasks. 
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2.2.5 Ethical Considerations 

Participants who scored over the clinical cut off for GAD may not have been aware 

that their score indicated possible symptoms of GAD. Likewise, participants who 

scored over the clinical cut off for sleep dysfunction may not have been aware that 

their score indicated signs of sleep dysfunction. To help those identified with 

possible GAD and sleep dysfunction, all participants were provided with contact 

numbers for suitable services in their area. 

Participants may have been concerned about who sees their data and how the 

data was used. For example, they may have been concerned that a record of GAD 

and poor sleep quality/duration may appear in their medical history because of 

their participation in the study. Therefore, participants were informed that their 

data would remain confidential with the research team and their names would be 

anonymised in line with the British Psychology Society guidelines (BPS, 2009). They 

were also informed that they could withdraw from the study at any time during 

the study and for up to two weeks following Phase 3. Participants were fully 

informed of the purpose of the study; there was no deception. Each participant 

was required to give fully informed consent (Appendix Q). 

Ethical approval was sought from Coventry University Research Ethics Committee 

to conduct the study (Appendix O). The study also adhered to the BPS Code of 

Ethics and Conduct (British Psychological Society, 2009) and the Code of Human 

Research Ethics (British Psychological Society, 2010).  

 

2.3 Results   

2.3.1 Sample 

 

The characteristics of participants is provided in Table 5. 
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Table 5 – Characteristics of participants 

Participant 
Groups 

Normal 
(n=10) 

Sleep 
(n=10) 

GAD 
(n=10) 

Sleep & 
GAD 

(n=10) 

Total 
(N=40) 

Age Mean/ 
Standard 
Deviation 

M=24.40 
SD=3.89 

M=25.80 
SD=4.05 

M=20.90 
SD=4.72 

M=20.40 
SD=2.88 

M=22.88 
SD=4.44 

Gender 
Female=8 
Male=2 

Female=6 
Male=4 

Female=9 
Male=1 

Female=10 
Male=0 

Female=33 
Male=7 

2.3.2 Analysis 

The following results section is separated into the two Hypotheses. Hypothesis 1 

will be using Pearson correlations between the participants’ actigraph data 

(Objective measure) on sleep quality (Sleep Fragmentation Score) and sleep 

duration (Actual sleep percentage). Better sleep quality is indicated by a lower 

fragmentation score (0 to 100) . Better sleep duration is indicated by a higher 

actual sleep score (0 to 100). The results from Hypothesis 2 will then be presented. 

Hypothesis 2 was analysed using non-parametric tests when the assumptions for 

the parametric test were not met. The order of presentations for both hypotheses 

will be attention, working memory. 

 

Table 6 shows a summary of the significant tests from tasks. 

 

Table 6 - A summary of significant tests from tasks. 

H1 – Correlation 
Objective 

Sleep 
Quality 

Objective 
Sleep 

Duration 
H2 - Kruskal Wallis 

  p<.05 p<.05 p<.05 

Stroop Error Responses 
(Attention)    

RST Response Time 
(Working Memory)    

 

2.3.3 Hypothesis 1: Objective poor sleep quality and/or duration will have a 

negative effect on cognition. 
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Hypothesis 1.1: Objective poor sleep quality and/or duration will have a 

negative effect on attention as evidenced by fewer correct responses on the 

Stroop task. 

Attention 

A lower fragmentation score indicates better objective sleep quality. A higher 

actual sleep percentage indicates better objective sleep duration. More incorrect 

responses on the Stroop indicates poor attention.   

There was a weak positive significant correlation between objective sleep quality 

and Attention (Incorrect responses on Stroop test; r=.31, p<.05; Appendix I). This 

indicates that the lower quality of sleep (high fragmentation score) the worse a 

participant’s Attention (fewer incorrect responses on the Stroop test). Although 

Person’s correlation is associative, it does not indicate the causal pathway of that 

association.  However, on the basis of previous research it can be surmised that 

poor sleep may be one of the reasons behind poor Attention and not the other 

way around (it is conceivable, but unlikely). 

For further investigation into the results the participants were split into two 

groups based on their GAD7 score, High GAD (11 to 21) and Low GAD (0 to 10). 

The Low GAD group showed no significant difference between Low GAD scores 

and Attention (r=.22, p>.05). The High GAD group showed no significant difference 

between High GAD scores and Attention (r=.04, p>.05). This indicates that GAD is 

not significantly linked to Attention.   

There was a weak negative significant correlation between objective sleep 

duration and Attention (Incorrect responses on Stroop test; r=-.32, p<.05; 

Appendix I). This indicates that the higher the quantity of sleep (higher actual sleep 

percentage) the better the participant's Attention (fewer incorrect responses on 

the Stroop test). 

There was no significant difference between gender and the number of incorrect 

Stroop responses (r=-.16, p>.05).   
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Thus, these results support the hypothesis that objective poor sleep quality and 

duration will have a negative effect on Attention. Gender differences and the 

presence of GAD does not have a significant effect on Attention. These results 

indicate that both the quality and the quantity of sleep impact on a person’s 

attention. Therefore, if a person’s quality of sleep was poor but the quantity of 

their sleep was good (and vice-versa) their Attention would still be affected. This 

demonstrates that both quality and quantity of sleep is important for Attention 

regardless of gender. 

 

Hypothesis 1.2: Objective poor sleep quality and/or duration will have a 

negative effect on working memory evidenced by a slower response time of 

RST. 

Working Memory 

A lower fragmentation score indicates better objective sleep quality. A higher 

actual sleep percentage indicates better objective sleep duration. Slower response 

time on the RST indicates poorer working memory.  

There was a weak significant positive correlation between objective poor sleep 

quality and working memory (slower response time of RST; r=.30, p<.05; Appendix 

I). This indicates that the higher the quality of sleep (lower fragmentation score) 

the better participants working memory (faster response time of the RST). 

There was a weak significant negative correlation between objective poor sleep 

duration and working memory (slower response time of RST; r=-.31, p<.05; 

Appendix I). These results indicate that the higher the quantity of sleep (higher 

actual sleep percentage) the better the participant’s working memory (faster 

response time of the RST). 

Therefore, these results support the hypothesis that objective poor sleep quality 

and duration had a negative effect on working memory evidenced by a slower 

response time on the RST. Please see Appendix K for correlations between 
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objective sleep duration/ objective sleep quality and the measures of cognitive 

functions. 

 

For further investigation into the results the participants were split into two 

groups based on their GAD7 Score, mainly a High GAD group (with a GAD score 

between 11 to 21) and a Low GAD group (with a score between 0 to 10). The Low 

GAD group showed no significant difference between Low GAD scores and 

Working Memory (r=.27, p>.05). The High GAD group showed no significant 

difference between High GAD scores and Working Memory (r=.05, p>.05). This 

indicates that level of GAD is not significantly linked to Working Memory. There 

was also no significant difference between gender and the number of incorrect 

responses (r=-.16, p>.05). 

These results indicate that both the quality and the quantity of sleep impact on a 

person’s working memory. As with the Attention task, if either quality or quantity 

of sleep is affected it will significantly affect Working Memory. This demonstrates 

the importance of the quality and the quantity of sleep in maintaining effective 

Working Memory. It also highlights that gender and GAD do not have a significant 

influence on Working Memory.  

 

2.3.4 Hypothesis 2: The interaction between anxiety and poor sleep quality 

will have significant influence on cognitive functioning (Attention and Working 

Memory) . 

An analysis of how the groups (‘Normal’, ‘Sleep’, ‘GAD’ and ‘Sleep & GAD’) 

performed compared to each other. A visual report will be given of each significant 

outcome. The data was interval, the Shapiro-Wilk test shows data was normally 

distributed for each group of the independent variable (p>.05). However, the 

Levene's test shows data did not have homogeneity of variance for each group for 

the ROCF delayed score (p<.05). Therefore, the non-parametric Kruskal Wallis H 

test was used for Attention (Stroop error responses) and for Working Memory 

(RST response time). All data for parametric assumptions are provided in Appendix 
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M. There were no outliers in the data, as assessed by inspection of a boxplot 

(Appendix L). 

 

Hypothesis 2.1: The interaction between anxiety and poor sleep quality will have 

a significant influence on cognitive functioning (Attention) . 

Attention 

In order to test this hypothesis, scores on the DV of Attention (as measured by 

incorrect responses on the Stroop test) were compared across the study’s four 

groups.  The Kruskal-Wallis H test was used to determine whether there were 

significant differences between these four groups, with an alpha level set at p<.05. 

It revealed a significant difference between the groups, H(3)=17.46, p=.01.  

Bonferroni-adjusted post-hoc comparisons using Mann-Whitney U tests indicated 

that, with an alpha level set at p<.05 (two-tailed):  

- there was a significant difference in median scores between the ‘Normal’ 

group (Mdn=7)  and ‘Sleep’ group (Mdn=18.5), U=4.5  N1=10, N2=10, p=.01; 

- there was a significant difference in median scores between the ‘Sleep’ 

group (Mdn=18.5) and the ‘GAD’ group (Mdn=6), U=0.00,  N1=10, N2=10, 

p=.01; 

- there was a significant difference in median scores between the ‘GAD’ 

group (Mdn=6) and the ‘Sleep & GAD’ group (Mdn=11.5), U=24.5, N1=10, 

N2=10, p=.05. 

These results are illustrated in Figure 2 below. 
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Figure 2 - Mean plots of Stroop incorrect responses 

 

These results suggest that those whom just have poor sleep have the most 

affected Attention. 

The Sleep group (who experienced poor sleep) significantly differs from both the 

Normal group and the GAD group but is not significantly different from the Sleep 

and GAD (the interaction) group (p>.05). This suggests that experiencing problems 

with sleep quality is likely to have a detrimental impact on the ability to maintain 

Attention/focus on tasks. The difference relative to those with normal sleep 

patterns is unsurprising.  However, poor quality sleep impacts on Attention more 

severely than for those who suffer from clinical anxiety and those who suffer from 

both sleep and anxiety related difficulties. High anxiety significantly differentiates 

this group from those with sleep problems and those with both anxiety and sleep 

difficulties; no significant difference was found with the control group. Anxiety per 

se does not seem to have any impact on participants’ attention. In conclusion, 

there is no support for the hypothesis that the interaction between anxiety and 

poor sleep quality will have a significant influence on Attention.  
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Hypothesis 2.2:  The interaction between anxiety and poor sleep quality will 

have a significant influence on cognitive functioning (Working Memory). 

Working Memory 

In order to test this hypothesis, scores on the DV of Working Memory (as 

measured by response time on the RST) were compared across the study’s four 

groups. The Kruskal-Wallis H test was used to determine whether there were 

significant differences between these four groups, with an alpha level set at p<.05, 

it revealed a significant difference between the groups, H(3)=10.43, p=.02. The 

results are illustrated in Figure 3. 

The signficant results will be presented in order of the hypothesis: the ‘Sleep & GAD’ 

compared to other groups, then the ‘Sleep’ group and then the ‘GAD’. The results are 

illustrated in Figure 3. 

 

 

Figure 3 - Mean of the response time of RST amongst groups 
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Bonferroni-adjusted post-hoc comparisons using Mann-Whitney U tests indicated 

that, with an alpha level set at p<.05, (two-tailed): 

- the difference in median scores between the ‘Normal’ group 

(Mdn=37482.59) and the ‘Sleep&GAD’ group (Mdn=71078.1660) was 

significant: U=17.00, N1=10, N2=10, p=.01. 

- the difference in median scores between the ‘GAD’ group (Mdn=34343.93) 

and the ‘Sleep&GAD’ group (Mdn=71078.1660) was significant: U=13.00, 

N1=10, N2=10, p=.01. 

 

The Sleep group did not significantly differ from either the Normal group or the 

GAD group in terms of Working Memory.  However, the interaction of poor sleep 

and being anxious impacts negatively on Working Memory. Thus, being either 

anxious or suffering from sleep difficulties seems to have no real impact on 

Working Memory. It also appears from these results that there is a benefit from 

the presence of anxiety, at least in terms of Working Memory. This will be 

considered in the discussion.  

 

2.4 Discussion 

 

Sleep, Anxiety and Attention 

The results indicated a significant difference between the four groups with the 

‘Sleep’ group making the most errors and the GAD group making the least errors 

in the Stroop Task. There was a significant difference between the ‘Sleep’ group 

and ‘GAD’ group but not ‘Sleep & GAD’ group scores which indicate that it is poor 

sleep rather than GAD that is having the most detrimental effect on attention. 

These results are consistent with Kizilbash, Vanderploeg and Curtiss (2002) who 

indicated that high levels of anxiety did not have a significant adverse impact on 

cognitive functions. Although some studies have shown that anxiety does not 
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negatively affect cognitive functions  (Derakshan, Ansari, Hansard, Shoker, & 

Eysenck, 2009; Paterniti et al., 1999) they did not specifically focus on GAD nor did 

they explain why the GAD groups from this study would perform better than the 

control group. However, Lazarus and Folkman’s (1984) cognitive appraisal model 

may help explain this outcome. The cognitive appraisal model suggests that stress 

is a positive or negative motivator. Thus, GAD may be a positive motivator to those 

who have good quality sleep. The cognitive appraisal model suggests that a 

stressor (the cognitive task) is a threat or a challenge. When a task is seen as a 

threat, it may be interpreted as too difficult and bring up feelings of inadequacy 

and predictions of failure because the resources (attention and working memory) 

are not available to deal with it. Alternatively, when a task is seen as a challenge, 

it may develop a positive stress response because it is an opportunity to perform 

well because the participant believes they have the resources to deal with it. 

Yang and colleagues (2015) suggest that GAD negatively affects attention, but they 

used participants with a DSM V diagnosis of GAD and did not control for those 

with poor sleep. In fact, for a diagnosis of GAD, the DSM V states that GAD needs 

to impact daily functioning and cause frequent sleep disturbances. Therefore, 

there may be a difference in the cognitive functioning of people with a diagnosis 

of GAD compared to those who have GAD identified with questionnaires. 

In conclusion, the results from this study may be indicating that in the absence of 

poor sleep, individuals with GAD may perceive cognitive tasks  as a positive 

challenge and thus improve their performance. When individuals with GAD suffer 

from poor sleep, the combination may lead to the task being seen as a threat and 

therefore performance in cognitive tasks may be negatively affected (Lazarus & 

Folkman, 1984). It may be useful for future research to see if different types of 

anxiety disorders (e.g., Phobias, Panic) have the similar response to GAD when 

facing stress-inducing situations.  
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Sleep, Anxiety and Working Memory 

The results indicated a significant difference between the four groups with the 

‘Sleep & GAD’ group being the slowest in the Reading Span Test, followed by the 

‘Sleep’ group, ‘Normal’ group and ‘GAD’ group. It seemed that the individuals with 

Gad who also suffer from poor sleep have the worst Working Memory. This could 

help to explain why some studies have not found that anxiety affects certain 

cogntive functioning including working memory (Eysenck, Derakshan, Santos, & 

Calvo, 2007; Kizilbash, Vanderploeg, & Curtiss, 2002). Both Eysenck et al.’s (2007) 

and Kizilbash et al.’s (2002) studies do not mention sleep and therefore it is 

plausible that the participants in these studies did not have sleep difficulties. If 

that was the case, then their working memory would not be as negatively affected 

as if they have had GAD and suffered from poor sleep. 

Interestingly, the results show that ‘Sleep & GAD’ group scores are significantly 

different from the other groups apart from the ‘Sleep’ group. This is 

demonstrating that the scores in the ‘Sleep & GAD’ group are closer to those in 

the ‘Sleep’ group. This is consistent with research that looks at the effects of poor 

sleep on Working memory  (Chee et al., 2006; Chee & Choo, 2004; Frenda & Fenn, 

2016). Chee and colleagues (2006) used Functional Magnetic Resonate Imaging 

(fMRI) and actigraphy and found that poor sleep negatively affected tasks that 

were related to working memory because sleep deprivation affects a vast network 

of neural activity including the front and parietal cortex. In conclusion, these 

results are consistent with Fortier-Brochu and colleagues’s (2012) who showed 

that poor sleep negatively affects Working Memory, and provided more evidence 

that attention and memory are affected by poor sleep, especially in tasks that last 

more than a few minutes (Doran, Van Dongen, & Dinges, 2001). 

 

Overall discussion about sleep, anxiety and cognitive functioning    

This study has shown that whilst the interaction of GAD and poor sleep does not 

affect attention it does impact on working memory.  This is of interest as it is 

showing that poor sleep and GAD affects different parts of cognition. This could 
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be further investigated as it can help assessments be more specfic for poor sleep 

and GAD and therefore help with more problem-focussed clinical interventions. 

 

2.4.3 Limitations 

An important limitation to consider in this study is its methodological design, 

mainly the use of categorical groups. These reflected the clinical presentation of 

people who attempt to access help for their GAD and/or poor sleep symptoms in 

primary care services. It can be argued that dichotomising continuous and discrete 

variables, which is common in psychological research, enables investigation if 

there are differences bewteen groups who may be at the extremes of the 

continuous and discrete variables (Dancey and Reidy, 2011). However, 

dichotomising continuous and discrete variables reduces the sensitivity of the 

statistical analysis performed (Dancey and Reidy, 2011). 

 It is thus possible that employing regression analysis instead of the used non-

parametric equivalent of ANOVA would allow for the main effects to explain more 

variance in the investigated cognitive functioning domains and which is not 

possible to ascertain from the chosen methodological approach.  

Another methodological limitation was the chosen sample; mainly psychology 

students. It has been argued that the use of student participants can affect the 

internal and external validity of a study because a student population may be more 

familiar with the topic being studied (Druckman & Kam, 2011; Sears, 1986). For 

example, psychology students may be more used to participating or conducting 

neuropsychological studies and may perform better than other disciplines. 

Therefore, if this study were to be replicated, then a broader sample from the 

general population would increase the validity. 

Another methodological limitation was the use of a limited number of cognitive 

tests. To gain a fuller understanding of the different cognitive domains affected by 

sleep, a battery of cognitive tests could be utilised to achieve this goal. A widely 

used battery of tests is the Wechsler Adult Intelligence Scale-Fourth UK Edition 
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(WAIS). The WAIS measures many different cognitive functions (Appendix N) and 

includes normative data for ages 16-90 years (Benson, Hulac, & Kranzler, 2010). 

However, it is worth noting that the WAIS takes between 60 to 90 minutes to 

administer and requires training to accurately administer and interpret the scores 

(Lichtenberger & Kaufman, 2009). 

 

2.4.4 Future research 

Future research could focus on the effectiveness of sleep interventions. This could 

be achieved in many ways. For example, an updated comparison could be made 

of the effectiveness of current sleep interventions like Morin, Culbert and 

Schwartz meta-analysis (1994). This new comparison could include new 

techniques such as mindfulness (Felver, Celis-de Hoyos, Tezanos, & Singh, 2016) 

and Acceptance and Commitment Therapy (ACT) (Hulbert‐Williams, Storey, & 

Wilson, 2015) or even the development of new sleep strategies. These new sleep 

strategies could be developed through exploring how the poor sleep developed 

and how it is maintained and what successful strategies people use to overcome 

poor sleep.  

Further research could also focus on why the presence of GAD leads to better 

performance in specific cognitive tasks. This could be investigated by ensuring 

those with GAD do not have subjective and objective reported poor sleep and 

comparing to those with other types of anxiety. This may indicate that the 

presence of GAD is functional in certain situations and needs to be further 

investigated. 

 

2.4.5 Clinical Implications 

The clinical implications of this study imply that poor sleep impacts on daily 

cognitive functioning. However, treatment for sleep disorders is hugely varied due 

to a lack of clinical insomnia services and a shortage of trained insomnia treatment 

providers (Pigeon, Crabtree, & Scherer, 2007). It will often not be treated in 
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primary care services unless the poor sleep is associated with depression and/or 

anxiety and seen as an underlying symptom (Stepanski & Rybarczyk, 2006). 

Therefore, this study provides further evidence that poor sleep should be treated 

as a primary disorder and have dedicated clear evidence-based approach to 

achieve successful outcomes. 

This study has also highlighted that sleep is impacting on specific cognitive 

functions more than GAD. Therefore, if a person presents with both Sleep and 

GAD, it may be more beneficial to the person to receive treatment for the poor 

sleep first and then if necessary continue with appropriate GAD interventions 

(Taylor & Roane, 2010). There has also been some evidence that sleep and GAD 

treatments can be administered conjointly (Clementi & Alfano, 2014). However, 

further research could compare the treatment outcomes if both sleep and GAD 

are present to see which is the most effective. 

This study has shown the usefulness of actigraphy measures for accurate reporting 

of sleep problems. In this study, the objective and subjective sleep measures were 

significantly correlated. However, other studies have shown that sleep 

misinterpretation is a problem when trying to accurately measure poor sleep 

(Bianchi et al., 2013; Harvey & Tang, 2012). Therefore, for accurate reporting of 

sleep difficulties and measuring treatment efficacy, actigraphy could provide this 

additional measurement. Also, the actigraph itself could be used as part of an 

intervention, if that intervention is directed at a person’s sleep state 

misperception and helps to reduce sleep-related anxiety (Tang & Harvey, 2006). 

 

2.5 Conclusion 

The results from this study should be interpreted with caution due to the small 

sample size and methodological limitations. It was found that that objective poor 

sleep quality and duration have an adverse effect on Attention and Working 

Memory. The results also indicated a significant difference between the four 

groups in the Stroop task and RST. These results indicated that poor sleep rather 
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than GAD is having the most detrimental effect on Attention and Working 

Memory. The results suggest clinical implications and the further research 

mentioned will help address the limitations and provide more support for these 

findings. 
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3.1 Introduction 

This chapter will be a reflection on my experiences as a trainee clinical psychologist 

with a focus on my skills of developing my reflexivity of being a scientist-

practitioner during the thesis process. It will be a reflection on the difficulties of 

being a scientist-practitioner, trainee and the conflicting demands that these roles 

bring. It will also explore my hopes and fears for my research, and it will examine 

the impact that the process of research had on my professional and personal 

development. 

The British Psychological Society (BPS, 2017) suggests that psychologists should 

have a good understanding of the self in the context of others to help with the 

biases that may occur when assisting clients to make decisions about their life. 

This is because decision making is frequently subject to vying biases. Therefore, 

trainee clinical psychologists might like to be aware there is a risk that they may 

be influenced by these biases rather than experience, professional knowledge and 

skills. Reflection has been defined as “a metacognitive process that occurs before, 

during and after situations with the purpose of developing a greater 

understanding of both the self and the situation so that future encounters with 

the situation are informed from previous encounters” (Sandars, 2009, p. 685). This 

understanding of the experience is not enough for learning to transpire. Kolb 

(2015) described that an understanding of the experience should be understood 

and assimilated into the current knowledge base to expand and further that 

knowledge. Therefore, reflection is an important and necessary process of 

learning. 

Kolb’s (2015) model of ‘experiential learning cycle’ helps structure the process of 

reflective practice. It has four main phases. The first phase includes the actual 

experience. The second phase involves the reflection on the experience. The third 

phase consists of the person making generalisations of the event and 

conceptualising their learning from the event. This is a critical phase for the learner 

to identify any learning needs or identify any biases that may have occurred and 

may occur in a similar experience in the future. The fourth phase involves active 
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experimentation which helps with planning and trying out what the person has 

learned. This can be a repeated process because every cycle of the phases includes 

increased learning and understanding and may lead to useful and effective 

reflective practice. It has been found that reflective practice helps improve 

academic performance in clinicians (Baernstein & Fryer-Edwards, 2003), it helps 

facilitate a more profound approach to learning and identify a wide range of 

professional issues that can assist with both professional effectiveness and 

personal development. 

The scientist-practitioner model proposes that training of clinical psychologists 

should have time equally split between clinical competencies and research skills 

(Navab, Koegel, Dowdy, & Vernon, 2016). These clinical competencies and 

research skills adhere to the scientific method in integrating the latest empirical 

findings and in assessments, formulations and interventions (Shapiro, 2002). As 

the scientific method is a central tenet of being a scientist-practitioner, trainee 

clinical psychologists are encouraged to query and analyse hypotheses that are 

appropriate to the latest evidence-based care (Koerner & Castonguay, 2015).  

Therefore, I will be using Kolb’s ‘experiential learning cycle’ framework to 

challenge my assumptions, explore different/new ideas and then examine new 

approaches towards doing or thinking about things while linking practice and 

theory. 

 

3.2 Background and Epistemological Position 

I have been interested in how sleep affects wellbeing since reading research on an 

evolutionary theory of sleep (Coolidge & Wynn, 2006). The theory suggests that 

as our species evolved to a more ground-dwelling species (Homo habilis to Homo 

erectus), our sleep patterns changed accordingly. It is suggested that as ground-

dwelling species we became more susceptible to predators. Therefore, through 

natural selection, a modification began to occur in the quality and quantity of our 

sleep to improve waking survival abilities. This paper made me reflect on how our 
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anxiety response is linked to a survival ability. Lima and Rattenborg (2007) suggest 

that sleep is a form of neural maintenance, but for optimum maintenance, there 

needs to be a complete shutdown of consciousness which would leave us 

vulnerable to predators. Therefore, to be able to detect potential predators, it 

would require some neural activity. Stage 4 sleep is known as the restorative sleep 

stage, and it is this stage where the most restorative sleep occurs (Bonnet, 1986). 

However, it is also the stage where our neural activity is at its lowest and takes 

longer to awake from, therefore being the most vulnerable to external threats. It 

has also been shown that anxiety severely disturbs this stage of sleep (Rosa, 

Bonnet, & Kramer, 1983). This gave me the idea that when a person is 

experiencing fear, from an evolutionary point of view, it will make sense that the 

body would not allow the brain to spend long in stage 4 sleep, as it would be more 

vulnerable to these (mis)interpreted threats. This led me to read around different 

theories of sleep and anxiety to formulate my idea. 

Sleep problems are prevalent amongst those with anxiety and depression 

disorders (Roth et al., 2006) and sleep disturbances can have detrimental effects 

on well-being (Stein, Belik, Jacobi, & Sareen, 2008). During my employment in 

different services, I have noticed that clients complain about having sleep 

disturbances which are often untreated. National Institute for Health and Care 

Excellence (NICE) guidelines suggest that those experiencing long-term insomnia 

are referred to an Improving Access to Psychological Therapies IAPT service for a 

cognitive or behavioural intervention (NICE, 2015). However, some IAPT services 

only accept referrals for people who are experiencing depression and anxiety 

(NHS, 2018). Therefore, despite NICE guidelines, people with sleep difficulties are 

not being supported and must rely on self-help materials. This is despite face to 

face Cognitive Behavioural Therapy (CBT) treatment being shown to be more 

effective in treating insomnia than other forms of interventions (Lancee, van 

Straten, Morina, Kaldo, & Kamphuis, 2016). This started to make me think about 

whether it is poor sleep or high anxiety that has the most impact on daily 

functioning. If my research could answer that question, it would help provide 

evidence that a new approach to treating sleep disturbances is required. 
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To develop my study, I needed to reflect on my epistemological position. I was 

trying to measure the difference between isolated variables and look at their 

casual relationships. Therefore, my position is an objectivist epistemologist. It is 

important to reflect and consider how the methods and analysis may affect the 

results of a study (Yilmaz, 2013). While epistemological reflexivity is traditionally 

thought of as a qualitative process (Dowling, 2006), it can be a helpful process to 

identify any biases in the methods and analysis that might influence the results 

(Kleinsasser, 2000). Throughout my research, I have kept a reflective journal and 

kept copies of all the research meetings. I was able to use research meetings to 

reflect on the aims of the study, methodology and how I was going to analyse the 

data once it was completed. The use of supervision enabled me to explore any 

biases in collecting data. For example, I decided to use both objective and 

subjective measures of sleep to get a more accurate recording of the quality and 

quantity of sleep in the participants.   

In conclusion, being reflective has allowed me to explore the initial steps of the 

research design, development of my research idea and why it was important to 

me. Keeping a reflective journal and having regular meetings with my supervision 

team, allowed me to gain a deeper understanding of the methodological and 

ethical biases in my research and to adjust this research design accordingly which 

in turn enabled a stronger theoretical framework. 

 

3.3 The conflicting demands of being a scientist-practitioner and a trainee 

One of the most significant challenges I faced during the research process was 

managing my time as a researcher and a trainee on placement. This was due to 

the conflicting demands on my time and the frequently changing priorities 

throughout the course. These contradictory demands included challenging 

placements, academic deadlines and personal wellbeing, and resulted in a 

frequent change in priorities. This, in turn, made me feel anxious about balancing 

the needs of being a scientist-practitioner and a trainee. These changing priorities 
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occurred during the data collection when I was meeting different participants who 

were struggling with anxiety and sleep difficulties. It has been shown that GAD 

symptoms and impairment severity may fluctuate significantly between 

participants regardless of their self-reported score on the GAD7 questionnaire 

(Beard & Björgvinsson, 2014; Szkodny, Newman, & Goldfried, 2014). GAD is 

frequently associated with high comorbidity that can result in a more prominent 

impairment in a person’s daily functioning (Bruce et al., 2005). These participants 

also scored highly on the Pittsburgh Sleep Quality Index (PSQI). People who score 

highly on the PSQI show impairment in daytime performance, cognitive 

functioning, and it can also exacerbate other mental health conditions that can 

result in a lower quality of life (Mollayeva et al., 2016). Therefore, it is likely that 

these participants with high scores of both GAD7 and PSQI were struggling with 

their daily functioning and their general wellbeing. 

I felt anxious as I was pulled between being a clinician with an obligation to help 

those who were struggling with their daily functioning and their general wellbeing 

and a researcher who was seeing their emotional difficulties as data required for 

the study. Yanos and Ziedonis (2006) discussed this pull between clinician and 

researcher as very common amongst scientist-practitioners (therapist-

researcher). Scientist-practitioners are exposed to clinical settings or service 

systems that can encourage innovative and vital research that might be missed by 

non-clinical researchers. However, being a scientist-practitioner can also cause 

conflict between a “clinical mandate to act in the patient's best interest 

(beneficence) and the scientific mandate to pursue truth with all appropriate 

rigour (scientific autonomy)” (Yanos & Ziedonis, 2006, p. 250). Due to ethical 

considerations, participants were given their anxiety and sleep scores and an 

interpretation of what their scores could indicate. When participants were told 

about their level of anxiety and sleep, they were also provided with signposting 

information. However, while this was good for the participants to be made aware 

of potential adverse results from their scores, it may have caused distress to have 

been told this.  Upon reflection, this is what may have created a lot of anxiety in 

myself, as in a clinical setting I would have administered the questionnaire during 
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an assessment and it would have guided what intervention I would then deliver. 

Then after completion of treatment, an outcome measure would be administered 

to see how successful the response was in reducing the anxiety and sleep 

disturbances. However, after their participation in this study, I provided them with 

their scores and signposting information. As there was no follow-on contact to see 

if the signposting information was useful, it was against my mandate as a clinician 

with an obligation to help those who were struggling with their daily functioning 

and their general wellbeing. 

Yanos and Ziedonis (2006) suggested several considerations to address the issue 

of balancing the duality of being a researcher and a clinician. They suggested 

participants need to be aware of the goal of the clinical research. Therapeutic 

misconception is when participants believe that the study is therapeutic, and they 

will receive some form of treatment (Lidz et al., 2015). Therapeutic misconception 

occurs more frequently when the participants know the researcher as a therapist, 

and they are recruited from a treatment centre, e.g. a sleep clinic. This was not 

applicable to my study as I was using university students as my participants, but 

this is an important point to consider if I was employed and conducting research 

at the same service. 

Another suggestion is for scientist-practitioners (clinician-researchers) to fully 

inform potential participants that the research is not therapeutic (Roberts, 2002) 

and to provide a written document reflecting this. This was addressed in my 

research by giving every participant the ‘participant information sheet’ (Appendix 

P) which declared the intention of the study and what the participant would 

receive in return. The study also went through the ethical review process at the 

university (Appendix O). This is important for future research that participants 

from a clinical setting are fully informed about the advantages and disadvantages 

of taking part in the study.  

To help with the duality of being a scientific-practitioner (clinician-researcher) 

Rosenstein and DeRenzo (2012) suggest a ‘coherent moral identity’ is needed to 

develop a good ethical judgement. Developing good ethical judgement can be 
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cultivated through the scientist-practitioner being aware of themselves as 

researchers and as a clinician with a moral responsibility to the participant, society 

and themselves (Yanos & Ziedonis, 2006). Being a reflective scientist-practitioner 

can help identify conflicts with either role and help address situations where bias 

may occur towards a specific client group (e.g. those with GAD) which may 

compromise the scientific rigour of the research.  

Keeping a reflective journal has been helpful throughout my training as a clinical 

psychologist and has proven an essential tool for keeping my reflexivity as a 

scientist-practitioner. It has been beneficial during the research process to identify 

any potential biases between being a scientist, practitioner and a trainee. Yanos 

and Ziedonis (2006) made suggestions to keep the balance between being a 

clinician and a researcher and provide a good ethical framework to maintain the 

integrity of being a scientist-practitioner which I will attempt to adhere to in the 

future. Rosenstein and DeRenzo (2012) discuss the importance of developing a 

‘coherent moral identity’ which can help keep the balance between dual nature 

of being a scientist-practitioner and how reflecting on self can help with this. 

Therefore, being a reflective clinical psychologist will help with my anxiety arising 

from the pull between being a clinician and a researcher. 

  

3.4 Hopes and fears of the research 

My biggest hope for my thesis is that it can be used to further explore the impact 

of sleep on cognitive functioning in both those with typical development and those 

with a diagnosis of Autism Spectrum Condition (ASC). My research has highlighted 

the importance of using objective and subjective measures in evaluating a 

person’s sleep quality. The empirical study has also shown that poor sleep appears 

to be having more of a negative impact on well-being than GAD and further 

research might look to expand on these findings.  

I feel proud of my research. I thoroughly enjoyed the research process from 

developing the aims of the study to analysing the results. I enjoyed the systematic 
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approach to the literature review, and I enjoyed the empirical research as it 

enabled me to develop my idea and investigate an area that interested me. My 

greatest fear is that this research will not be recognised or extended on and that 

the impact of sleep on wellbeing continues to be underestimated. I do have some 

worries about my research not being published and therefore not having any 

impact in the research community.   

It is common amongst researchers to experience anxiety about their research not 

being published (Kamler, 2008). Low publication output is a natural characteristic 

of doctoral courses in the UK and elsewhere (A. Lee & Kamler, 2008). This could 

be because of publication-related anxiety, and thesis hand in anxiety occurs at the 

same time. The resilience of the doctoral student to criticism is quite low during 

this period due to the tremendous effort and struggle in writing a doctoral thesis. 

It has also been shown that being in a small research team leads to more 

consensus, lower coordination costs, fewer emotional conflicts and a higher 

quality of enjoyment in the research  (Y. Lee, Walsh, & Wang, 2015). Having 

regular research meetings has also been shown to reduce stress levels and 

increase resilience (Halse, 2011). This is because problems can be addressed 

quicker and progress can be discussed and recorded. 

Analysing the situation carefully, I can see how I experienced anxiety at the 

thought of not being published. I feel the publication-related anxiety was being 

heightened because of the typical stress that doctoral students experience when 

writing their thesis. Acceptance and Commitment Therapy (ACT) suggests that the 

anxiety that I experienced about getting my research published indicates that I 

care about the subject matter being impactful (Ruiz, 2010).  I also felt that the 

small research team helped to manage this anxiety and made me feel competent 

about my research. The meetings were mostly harmonious and productive and 

enabled me to have clear objectives to achieve. This helped reduce stress and gave 

me more resilience to face other challenges during the thesis write up. 
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In conclusion, I have learned that hopes and fears I have for my research are 

typical for a doctoral student writing up their thesis. I was fortunate to have a good 

supervisory team that helped keep me on track and provided helpful advice and 

suggestions for my thesis. I am proud of the research I have undertaken and hoped 

that it will have an impact in the research community. More importantly, I hope 

that it will have a positive clinical effect for those who experience sleep difficulties 

and it will help highlight an area that needs further investigation. In the future, If 

I supervise a doctoral-level thesis, I will remember the importance of providing the 

student with regular supervision that will help reduce their stress levels and offer 

them encouragement and clear and realistic objectives to achieve. This will 

hopefully help the supervisee feel more confident and help build their resilience 

to face the typical challenges of writing a doctoral thesis, much like my supervisors 

provided for me. 

 

3.5 The impact of the research process on professional and personal 

development 

The research process has had a significant impact on both my professional and 

personal development. Professionally, I was initially unsure about the role of a 

scientist-practitioner. My clinical experience before the clinical psychology 

doctorate course was predominantly directly working with clients with very little 

research. I did work as an assistant research psychologist in a service, but my role 

was research-based, and I did not have any direct client work. At the start of the 

training, it was daunting to learn more about the scientist-practitioner role. Being 

a scientist-practitioner meant that I would be bringing both my experiences as a 

researcher and as a clinician together. 

The research process was an excellent opportunity to be able to explore the latest 

research in GAD and sleep disorders. For example, I was really struck how useful 

the literature review was. Being able to review all the research in the area was 

helpful to identify gaps in the knowledge and possible future directions and clinical 

implications. Looking at the methodological limitations of each study in the review 
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could also influence the research design of any future studies thus improving the 

quality of the study design. The results of the literature review can also provide 

practitioners, policy makers and services with the available evidence in a particular 

research area (e.g., evidence-based interventions) and can help with justifying the 

need for services to change or defend current policies (Booth, Sutton, & 

Papaioannou, 2016). In the future, using literature reviews will be an excellent 

resource in my career to help develop new tools, instruments or scales to conduct 

my studies to help positively influence services with evidence-based research.    

The research process has also had a positive impact on my personal development. 

It has helped me gain confidence and personal insight about the role of a clinical 

psychologist involved in professional practice. Preparing for dissemination and 

presenting my research have enabled other professionals to take a genuine 

interest in my study as they believe it will impact upon their own clinical work. This 

has increased my confidence in the work and has helped me identify more with 

being a future scientist-practitioner.  

Reason and Marshall (1987) suggest that researchers often select areas of 

research which stimulates unresolved patterns of distress. Theories of human 

development indicate that humans strive towards the full realisation of self 

(Ivtzan, Gardner, Bernard, Sekhon, & Hart, 2013). Therefore, it could be possible 

that as a researcher I was trying to resolve anxiety and old distress by 

unconsciously choosing my research topics in a bid for personal development 

(Reason & Marshall, 1987). Keeping a reflective diary throughout the research 

process has helped identify if anxiety was due to these unresolved patterns of 

distress. Reason and Marshall (1987) state that if researchers have the skills and 

supervision to handle and transcend these unresolved patterns of distress, they 

can be used to develop personally and be more creative with future research. I 

feel using reflection and supervision regularly throughout the research process 

has helped me understand more about any potential unresolved patterns of 

distress that might have directly influenced the research but also cause further 

distress if not identified and resolved. 



104 
 
 

3.6 Conclusion 

In conclusion, being reflective and using supervision during the research process 

has helped me develop professionally and personally. Professionally, using 

reflective journals to identify problematic areas in services that an evidence-based 

research process can help create new tools, instruments or scales to influence 

services positively. Personally, being reflective during the research process to look 

deeply at the reasons why the research topic was important to me and highlighted 

areas of personal development which helped with improving motivation and 

alleviating any possible distress.  
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Appendices 

Appendix A: Standard Quality Assessment Criteria (SQAC) checklist criteria 

Table 7 - Standard Quality Assessment Criteria (SQAC) checklist criteria 

 

Criteria 

 Yes 
(2) 

Partial 
(1) 

No 
(0) 

N/A 

1 Question / objective sufficiently described?        

2 Study design evident and appropriate?        

3 Method of subject/comparison group selection 
or source of information/input variables 
described and appropriate? 

        

4 Subject (and comparison group, if applicable) 
characteristics sufficiently described? 

       

5 If interventional and random allocation was 
possible, was it described? 

        

6 If interventional and blinding of investigators was 
possible, was it reported? 

        

7 If interventional and blinding of subjects was 
possible, was it reported? 

        

8 Outcome and (if applicable) exposure measure(s) 
well defined and robust to 
measurement/misclassification bias? means of 
assessment reported? 

        

9 Sample size appropriate?         

10 Analytic methods described/justified and 
appropriate? 

        

11 Some estimate of variance is reported for the 
main results? 

        

12 Controlled for confounding?         

13 Results reported in sufficient detail?        

14 Conclusions supported by the results?        
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Appendix B: SQAC scores for individual studies reviewed 
Table 8 - SQAC scores for individual studies reviewed 

Author 
 

Date 
Inter-rater reliability 

(Kappa statistic) 
Standard Quality 

Assessment Criteria  
Q
1 

Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 

Bruni,O., Ferri,R., Vittori,E., Novelli,L., Vignati, M., 
et al  

2007 
0.682 p>0.001 22/28= 78.6% 2 2 2 2 n/a n/a n/a 2 2 2 2 2 2 2 

Delahaye, J., Kovacs, E., Sikora, D., Hall, T., Orlich, 
F., et al 

2014 

 20/28= 71.4% 2 2 2 2 n/a n/a n/a 2 2 2 2 0 2 2 

Hollway, J., Aman, M., Butter, E. 2013 0.682 p>0.001 22/28= 78.6% 2 2 2 2 n/a n/a n/a 2 2 2 2 2 2 2 

Limoges, É., Bolduc, C., Berthiaume, C., Mottron, 
L., Godbout, R.  

2013 

 20/28= 71.45 2 2 2 2 n/a n/a n/a 2 1 2 1 2 2 2 

Maski, K., Holbrook, H., Manoach, D., Hanson, E., 
Kapur, K., et al  

2015 
0.714 p>0.001 19/28= 67.9% 2 2 2 2 n/a n/a n/a 1 0 2 2 2 2 2 

Miano, S., Bruni, O., Elia, M., Trovato, A., 
Smerieri, A., et al  

2007 

 18/28= 64.3% 2 2 2 2 0 0 0 2 1 2 1 0 2 2 

Patzold, L., Richdale, A., Tonge, B. 1998 0.868 p>0.000 18/28= 64.3% 2 2 2 2 0 0 0 2 1 2 1 0 2 2 

Quist, H., Chaplin, E., Hendey, O. 2015 
 14/28 = 50% 2 2 0 2 0 0 0 2 0 2 0 0 2 2 

Taylor, M., Schreck, K., Mulick, J. 2012 0.75 p>0.000 16/28= 57.1% 2 2 2 2 0 0 0 0 2 2 0 0 2 2 

Elia, M., Ferri, R., Musumeci, S., Del Gracco, S., 
Bottitta, M., et al 

2000 

 19/28= 67.9% 2 1 2 2 n/a n/a n/a 2 2 2 1 1 2 2 

Goldman, S., Richdale, A., Clemons, T., Malow, B.  2012 
0.509 p>0.009 19/28= 67.9% 2 2 2 2 n/a n/a n/a 2 1 2 1 1 2 2 

Krakowiak, P., Goodlin-Jones, B., Hertz-Picciotto, 
I., Croen, L., Hansen, R.  

2008 

 22/28= 78.6% 2 2 2 2 2 n/a n/a 2 2 2 0 2 2 2 

Polimeni, M., Richdale, A., Francis, A.  2005 
1.000 p>0.000 19/28= 67.9% 2 1 2 1 1 n/a n/a 2 2 2 1 1 2 2 

Schreck, K., Mulick, J., Smith, A.   
0.559 p> 0.003 17/28= 60.7% 1 2 1 2 n/a n/a n/a 2 2 1 1 1 2 2 

Wiggs, L., Stores, G.      22/28= 78.6% 2 2 2 2 n/a n/a n/a 2 2 2 2 2 2 2 
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Appendix C: Generalised Anxiety Disorder 7-item (GAD7) questionnaire 
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Appendix D: Pittsburgh Sleep Quality Index (PSQI)  
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Appendix F: Example of Stroop Task 
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Appendix G: Example of Reading Span Test (RST) 
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Appendix H: Descriptive statistics for sample data 

 

Table 9 - Descriptive statistics 

  

Normal 
(n=10) 

Sleep 
(n=10) 

GAD 
(n=10) 

Sleep & 
GAD 

(n=10) 

Total 
(N=40) 

M/ SD 
of age 

M=24.40 
SD=3.89 

M=25.80 
SD=4.05 

M=20.90 
SD=4.72 

M=20.40 
SD=2.88 

M=22.88 
SD=4.44 

Gender 
(%) 

Female=80 
Male=20 

Female=6
0 

Male=40 

Female=90 
Male=10 

Female=10
0 

Male=0 

Female=82
.5 

Male=17.5 

TOPF 
M=61.80 
SD=5.79 

M=53.00 
SD=11.22 

M=55.50 
SD=4.60 

M=45.30 
SD=12.85 

M=53.90 
SD=10.75 

Acti 
sleep % 

M=88.01 
SD=3.87 

M=82.45 
SD=7.99 

M=82.66 
SD=10.36 

M=81.22 
SD=7.67 

M=83.59 
SD=7.97 

Acti 
sleep 
frag 

M=14.40 
SD=8.37 

M=27.62 
SD=10.53 

M=26.64 
SD=11.19 

M=35.41 
SD=9.93 

M=26.02 
SD=12.30 

ROCF 
M=26.20 
SD=5.55 

M=22.40 
SD=4.06 

M=27.60 
SD=3.81 

M=23.55 
SD=7.72 

M=24.94 
SD=5.69 

Stroop 
Time 

M=126093.40 
SD=14778.90 

M=14695
7.10 

SD=24669
.30 

M=132014
.40 

SD=27947.
40 

M=155018
.80 

SD=36065.
68 

M=140020
.93 

SD=28415.
55 

Stroop 
Error 

M=8.10 
SD=4.43 

M=18.30 
SD=3.40 

M=7.10 
SD=3.84 

M=14.00 
SD=8.06 

M=11.88 
SD=6.84 

RST 
Time 

M=37482.59 
SD=7103.37 

M=46498.
22 

SD=24645
.19 

M=34343.
94 

SD=9765.9
7 

M=71078.
17 

SD=41923.
09 

M=47350.
73 

SD=28147.
79 

RST 
Correct 

M=100.40 
SD=12.10 

M=78.30 
SD=16.87 

M=103.80 
SD=17.88 

M=76.10 
SD=27.54 

M=89.65 
SD=22.57 
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Appendix I: Scatter graph illustrating significant correlations from Hypothesis 1 

 

 

Figure 3 - Scatter graph illustrating the sig. correlation between Obj. Sleep 
Quality and Incorrect responses on Stroop test 

 

 
Figure 4 - Scatter graph illustrating the sig. correlation between Obj. Sleep 
Quantity and Incorrect responses on Stroop test 
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Figure 5 - Scatter graph illustrating the sig. correlation between Obj. Sleep 
Quality and response time on RST 

 

 
Figure 6 - Scatter graph illustrating the sig. correlation between Obj. Sleep 
Quantity and response time on RST 
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Appendix J: Correlation of Hypothesis 1 
 

Table 10 - Correlation of Hypothesis 1 (*Significance at 0.05 level two-tailed) 

 

ROCF 
(lower 
scores) 

Stroop Error 
Responses 

Stroop 
Response 
Time 

Reading 
Span 
Correct 
Responses 

Reading 
Span 
Response 
Time 

Obj. sleep 
duration 

r=-.17, 
p=.155 

r=-.32*, 
p=.021 

r=-.17, 
p=.153 

r=.12, 
p=.233 

r=-.31*, 
p=.024 

Obj. sleep 
quality 

r=.06, 
p=.352 

r=.31*, 
p=.027 

r=.14, 
p=.197 

r=-.10, 
p=.277 

r=.30*, 
p=.032 
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Appendix K: Correlations between Objective and Subjective Sleep measures 

Table 11 - Correlations between Objective and Subjective Sleep measures 

 

 PSQI Objective Sleep 

Percentage 

(Actiwatch) 

Objective Sleep 

Fragmentation 

(Actiwatch) 

PSQI 1 -.315* .379** 

Objective Sleep 

Percentage 

(Actiwatch) 

-.315* 1 -.621** 

Objective Sleep 

Fragmentation 

(Actiwatch) 

.379** -.621** 1 

 

N=40, * Correlation is significant at the .05 level,  

** Correlation is significant at the .01 level 
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Appendix L: Box plots showing group means for different sample statistics and 

neuropsychological tests 

 

 

 
Figure 7 - Box plots showing the mean age of each group 

 

 

 

 

 
Figure 8 - Box plots showing sleep quantity of each group 
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Figure 9 - Box plots showing sleep quality of each group 

 

 
Figure 10 - Box plots showing Stroop incorrect responses of each group 
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Figure 11 - Box plots showing RST response time of each group 
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Appendix M: Test of Normality & Levene’s Test of Homogeneity of Variance  

 

Table 12 - Tests of Normality (Shapiro-Wilk) 

Group Statistic Sig. 

 

   

   

   

   

 

   

   

   

   

Stroop Incorrect Response 

Normal 0.91 0.27 

Sleep 0.98 0.96 

GAD 0.89 0.18 

Sleep&GAD 0.89 0.16 

RST Response Time 

Normal 0.98 0.94 

Sleep 0.60 0.01* 

GAD 0.96 0.79 

Sleep&GAD 0.82 0.02* 

 

   

   

   

   

*. Significant  

 

Table 13 - Test of Homogeneity of Variance (Levene’s) 

  Levene Statistic df1 df2 Sig. 

Stroop Incorrect Response 6.306 3 36 0.01* 

RST Response Time 9.075 3 36 0.01* 

     

     

*. Significant      
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Appendix N: Examples of Cognitive tests in WAIS-IV 

 

Table 14 - Examples of Cognitive tests in WAIS-IV (Taken from https://en.wikipedia.org/wiki/Wechsler_Adult_Intelligence_Scale) 

Tasks grouped by index 

Index Task Core? Description Proposed abilities measured 

Verbal 

Comprehension 

Similarities 
 

Participants are given two words or concepts and have 

to describe how they are similar. 
Abstract verbal reasoning; semantic knowledge 

Vocabulary 
 

Participants must name objects in pictures or define 

words presented to them. 

Semantic knowledge; verbal comprehension 

and expression 

Information 
 

Participants are questioned about their general 

knowledge. 

Degree of general information acquired from 

culture 

Comprehension   Ability to express abstract social conventions, 

rules and expressions 
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Perceptual 

Reasoning 

Block Design 
 

 Visual-spatial processing and problem-solving; 

visual motor construction 

Matrix Reasoning 
 

 Nonverbal abstract problem solving, inductive 

reasoning 

Visual Puzzles 
 

 Visual-spatial reasoning 

Picture Completion   Ability to quickly perceive visual details 

Figure Weights   Quantitative reasoning 

Working Memory 

Digit Span 
 

Participants must recall a series of numbers in order. 
Working memory, attention, encoding, auditory 

processing 

Arithmetic 
 

 Quantitative reasoning, concentration, mental 

manipulation 
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Letter-Number 

Sequencing 
 Participants must recall a series of numbers in 

increasing order and letters in alphabetical order. 
Working memory, attention, mental control 

Processing Speed 

Symbol Search 
 

 Processing speed 

Coding 
 

 Processing speed, associative memory, 

graphomotor speed 

Cancellation   Processing speed 
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Appendix O: Certificate of Ethical Approval Coventry University 
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Appendix P: Participant information sheet 
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Appendix Q: Consent form 
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Appendix R: Debrief Sheet 
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Appendix S: Sleep Diary 
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Appendix T: Recruitment Poster 
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Appendix U: Example of sleep data 

 

Start day Min Average Max        

Day of week - - - Friday Saturday Sunday Monday Tuesday Wednesday Thursday 

Lights out    21:40:00 00:00:00 22:45:00 23:00:00 22:30:00 22:30:00 23:10:00 

Fell asleep    22:00:00 00:45:00 23:15:00 23:20:00 22:45:00 23:00:00 23:40:00 

Woke up    07:00:00 09:00:00 06:15:00 06:10:00 07:00:00 06:15:00 06:15:00 

Got up    07:00:00 09:00:00 06:15:00 06:10:00 07:00:00 06:15:00 06:15:00 

Time in bed 25500 28537.5 33600 33600 32400 27000 25800 30600 27900 25500 

Assumed sleep 23700 26887.5 32400 32400 29700 25200 24600 29700 26100 23700 

Actual sleep time 22740 24840 27630 27510 27630 23370 22740 27570 24360 22800 

Actual sleep (%) 84.90740741 91.29829816 96.20253165 84.90740741 93.03030303 92.73809524 92.43902439 92.82828283 93.33333333 96.20253165 

Actual wake time 900 2040 4890 4890 2070 1830 1860 2130 1740 900 

Actual wake (%) 3.797468354 7.28981131 15.09259259 15.09259259 6.96969697 7.261904762 7.56097561 7.171717172 6.666666667 3.797468354 

Sleep efficiency (%) 81.875 86.31806251 90.09803922 81.875 85.27777778 86.55555556 88.13953488 90.09803922 87.31182796 89.41176471 

Sleep latency 900 1537.5 2700 1200 2700 1800 1200 900 1800 1800 

Sleep bouts 14 20.875 40 40 23 15 18 24 19 14 

Wake bouts 13 20.125 39 39 22 15 17 23 19 13 

Mean sleep bout 687.75 1182.195547 1628.571429 687.75 1201.304348 1558 1263.333333 1148.75 1282.105263 1628.571429 

Mean wake bout 69.23076923 96.69205883 125.3846154 125.3846154 94.09090909 122 109.4117647 92.60869565 91.57894737 69.23076923 

Fragmentation Index 15.19331243 19.74415736 28.16455696 27.10866527 15.19331243 17.44588745 21.53764581 17.24666015 16.06321839 28.16455696 
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