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Abstract 

Background: Acquired brain injury (ABI) is commonly associated with persistent 

psychological difficulties, including depression, anxiety, and sleep disturbance, which can 

further impact recovery and quality of life. Cognitive Behavioural Therapy (CBT) is an 

effective, first-line treatment for these difficulties and remote delivery formats can improve 

access for people with ABI who experience mobility, fatigue, and geographical barriers to 

accessing face-to-face appointments. However, no review has synthesised evidence 

specifically exploring the effectiveness, feasibility and acceptability of remotely delivered 

CBT for adults with ABI.  

Methods: A systematic review was conducted following PRISMA 2020 guidelines. 

MEDLINE, Embase, CENTRAL and PsycINFO were searched until 29/06/2026 and relevant 

data extracted. Eligible studies consisted of randomised controlled trials (RCTs), including 

pilot and feasibility RCTs, evaluating CBT or CBT-derived interventions that are clearly 

defined and delivered remotely to adults with ABI. Quality appraisal was conducted using the 

Crowe Critical Appraisal Tool (CCAT). Findings were synthesised and grouped by outcome 

domain.  

Results: Six RCTs met inclusion criteria, with individual study sample sizes ranging from 

24-126 participants (total n=349). The RCTs measured a variety of outcomes including 

insomnia, depression, fatigue, functional cognitive symptoms, and post-concussion avoidance 

behaviour. Remotely delivered CBT was most consistently effective for sleep and fatigue, 

particularly post-treatment, whereas evidence for depression, anxiety and memory-related 

difficulties was more mixed. Feasibility and acceptability were high across studies, with 

strong recruitment, retention, treatment credibility and session adherence reported. 

Interventions were delivered via videoconferencing, blended online / face-to-face modalities, 

and telephone formats. CCAT methodological and reporting quality appraisal scores were 

generally high (82.5%-97.5%), though some studies gave limited detail on ethics and 

sampling, especially feasibility trials. 

Discussion: In conclusion, remotely delivered CBT appears feasible and acceptable for adults 

with ABI, and effective for improving sleep,  though evidence for fatigue and mood 

outcomes is more mixed.  Larger trials with longer follow-up are needed to confirm the 

effectiveness of remote CBT for ABI and identify who benefits most from which delivery 

format. This review was unfunded. Prospero registration number: CRD 420261447368.  
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Introduction 

Acquired brain injury (ABI) refers to brain injuries sustained after birth, resulting from a 

wide range of causes, including trauma, stroke, infection, hypoxia, or tumour for example; 

and is one of the leading causes of long-term disability worldwide (Feigin et al., 2021). In 

addition to the physical and cognitive impact associated with ABI, individuals also frequently 

experience significant psychological difficulties, including depression, anxiety, and disrupted 

sleep, which can persist after the initial injury, subsequently affecting overall quality of life, 

social functioning, relationships and recovery (Mar et al., 2011). More specifically, sleep 

disturbance has a high prevalence within this population, affecting up to 50% of people with 

TBI (Mathias & Alvaro, 2012) and 38% of stroke survivors (Baylan et al., 2020), and can 

also exacerbate comorbid anxiety, depression and fatigue (Ouellet et al., 2015).  

Despite the high prevalence of psychological difficulties following ABI, access to targeted 

treatment may be limited. Sleep disturbance provides a clear illustration of this treatment gap. 

For example, in a survey of 452 people with TBI, approximately half reported insomnia 

symptoms, however, almost 60% of those meeting the criteria for insomnia were not 

receiving treatment for their sleep difficulties (Ouellet et al., 2006). More recently, Ford et al. 

(2023) noted that up to one third of people with stroke or TBI may meet diagnostic criteria 

for insomnia disorder and identified limited availability of CBT-I as a key barrier to wider 

implementation. This suggests a clinically meaningful treatment gap and highlights the need 

for accessible, evidence-informed psychological interventions following ABI. 

Research has highlighted that, across people with head injuries of all severities, in the chronic 

phase disability is more strongly linked to psychological difficulties than to physical or injury 

severity factors (Whitnall et al., 2006). Further, Bulloch and colleagues (2015) similarly 

found increased depressive symptoms measured using the PHQ-9 across a broad range of 

neurological populations, drawing on a national Canadian survey of people living with 

neurological conditions. Within TBI specifically, Scholten et al. (2016) whose review 

included studies across all severities of TBI, found that anxiety and depression become more 

common over time; anxiety disorders roughly increased from 21% in the first year to 36% 

long term, while depressive disorders doubled from 17% to 43%. Similarly, stroke survivors 

often experience these difficulties also, with around one in four experiencing anxiety within 
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the first five years, and one in three experiencing depression within the first year (Stroke 

Association, n.d.). 

Cognitive Behavioural Therapy (CBT) is a first-line, evidence based psychological treatment 

for depression, anxiety and sleep difficulties in the general population and is increasingly 

being applied for people with ABI (Zhu et al., 2026), though evidence on adaptations of CBT 

protocols specifically for this population remains limited. Additionally, access to face-to-face 

CBT is limited by long waiting lists and geographical barriers and these barriers are 

exacerbated for people with ABI due to fatigue, mobility limitations (Burgess et al., 2024), 

and transport difficulties (Avramovic et al., 2023). Remote or digitally delivered CBT, 

including videoconferencing and telephone-based formats offers a means of improving 

access to psychological therapy without these practical barriers.  

Evidence for remote CBT is growing steadily. Andersson and colleagues (2019) found that 

internet delivered CBT (iCBT) performs comparably to face-to-face CBT. Similarly, Mehta 

et al. (2019) conducted a meta-analysis of 25 RCTs of iCBT across a range of chronic health 

conditions (e.g., fibromyalgia, chronic pain and spinal cord injury) and found that therapist 

guided iCBT led to better depression outcomes than self-guided iCBT, though both 

approaches were similarly effective for anxiety. A meta-analysis of CBT for depression and 

anxiety across eleven neurological conditions found smaller and less reliable effects for TBI 

than for conditions such as MS or Parkinson’s, a finding based on relatively few TBI trials 

(Gandy et al., 2024). This suggests that the evidence base for CBT following TBI may be less 

developed in comparison to other neurological conditions.  

Further, clinician involvement appears to meaningfully improve engagement with remote 

CBT. A recent meta-analysis looking at psychiatric disorders found completion rates of 79% 

for therapist guided remote CBT compared with 48% for self-guided formats (Bakanaitė et 

al., 2025). Although not specific to ABI, this may be because facilitated sessions allow for 

personalisation with regards to pacing and content, supporting therapeutic alliance in ways 

that self-directed programmes cannot easily replicate. This may be particularly relevant for 

people with ABI for whom cognitive difficulties can make independent engagement with 

self-led material harder to sustain. Moreover, a systematic review of digital health 

interventions for TBI shows overall positive, feasible outcomes, though most existing 

interventions used a single delivery modality rather than multi-modal approaches. 

(Avramovic et al., 2023). Because the evidence base for telephone delivered interventions is 



 

 11 

already comparatively well established, the present review excludes interventions delivered 

solely by telephone with no video or online component, in order to focus on video and 

internet-based delivery formats where the evidence remains less developed and which is 

arguably of strongest relevance to contemporary practice.  

Several authors have raised concerns about the accessibility of remote and internet-based 

interventions for people with ABI, given the cognitive impairments associated. Miao et al. 

(2022) found that remote ABI interventions commonly excluded participants with cognitive, 

sensory or physical comorbidities, highlighting a tension between the accessibility remote 

delivery is intended to offer and the realities of living with ABI. However, Bergquist et al. 

(2008) found in a pilot feasibility study that people with moderate to severe TBI and 

associated memory impairment were able to learn to use an internet based cognitive 

rehabilitation programme independently, suggesting that appropriate support can help 

overcome accessibility barriers.   

Seery and colleagues (2026) recently updated an earlier meta-analysis (Stalder- Lüthy et al. 

2013) and synthesised evidence for psychological interventions for depression more than one 

year following an ABI. The review included interventions delivered in individual, group and 

combined individual/group formats, as well as remotely via internet, telephone and 

telehealth-based approaches, across a range of psychological therapies including CBT, 

mindfulness-based interventions, acceptance and commitment therapy (ACT), behavioural 

activation and psychoeducation. Their review found an overall small, significant effect (SMD 

= -0.31), which became non-significant after adjusting for dependent effect sizes and small 

study bias; TBI only subgroup analyses were non-significant, while longer treatment duration 

(>20 sessions) and individual (rather than group) delivery were associated with stronger 

effects. Unlike Seery et al.’s (2026) review, which included but was not restricted to remote 

delivery and considered any psychological intervention for depression, the present review 

focuses specifically on CBT and clearly CBT-derived interventions delivered remotely, 

restricted to randomised controlled trials (RCTs), and also considers a broader range of 

outcomes, including sleep, feasibility, and acceptability, with no restriction on minimum time 

since injury. 

Rationale and Aims 

CBT is an effective, recommended treatment for depression, anxiety and sleep difficulties, 

and remote delivery appears broadly comparable to face-to-face formats where directly 
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compared. However, the evidence base for CBT specifically within ABI populations remains 

fragmented, based largely on single trials and reviews that do not synthesise effectiveness, 

feasibility, and acceptability of remotely delivered CBT as a distinct focus. The present 

review therefore is more narrowly focused on this, restricted to CBT and clearly CBT-

derived interventions for ABI, aiming to identify, appraise and synthesise the evidence on the 

effectiveness, feasibility, and acceptability of remotely delivered CBT for adults with ABI, in 

order to inform the development and provision of accessible psychological interventions for 

this population.  

Review Questions 

1. What is the effectiveness of remotely delivered CBT, relative to comparator 

conditions, in improving psychological outcomes (e.g., anxiety, depression, sleep) in 

adults with ABI? 

2. How feasible and acceptable is remotely delivered, facilitator-led CBT for adults with 

ABI (e.g., recruitment, adherence, retention, and participation satisfaction)? 
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Methods 

The protocol for this review was registered on PROSPERO (ID: CRD 420261447368). The 

review follows the PRISMA reporting guidelines (Page et al., 2021); the completed checklist 

can be found in Appendix A. Note that three amendments were made to the protocol 

following registration, agreed within the review team: 

1. The intervention could be delivered by any healthcare professional, or individual 

trained to deliver the intervention (including under supervision) rather than a 

psychologist or psychological therapist specifically 

2. No minimum proportion of remote delivery was required, replacing the initial ≥50% 

threshold, due to difficulty ascertaining the exact proportion of remote delivery 

reported in many trials. 

3.  The Crowe Critical Appraisal Tool (CCAT) was used in place of the initially 

specified Cochrane Risk of Bias 2 tool (RoB-2). Although RoB 2 is the established 

tool for assessing risk of bias in randomised trials, the present review included both 

full scale and pilot / feasibility RCTs, for which the breadth of reporting and 

methodological detail varied. The CCAT was therefore selected to provide a 

structured appraisal of methodological and reporting quality across all included 

studies, according to the features and purpose of each study design, rather than to 

generate a stand-alone risk of bias judgement. The CCAT has demonstrated construct 

validity and good inter-rater score reliability in prior evaluations (Crowe et al., 2011; 

Crowe et al., 2012). RoB 2 was also considered less feasible within the available 

review resources, as it requires substantial training and calibration, and published 

evaluations have reported low initial inter-rater agreement, although review specific 

implementation guidance may improve consistency (Minozzi et al., 2020, 2022). 

Eligibility Criteria 

Table 1  Study Eligibility Criteria 

Studies were included in this review if they met the criteria in Table 1: 

Inclusion criteria 

Population Adults (≥18 years) with acquired brain injury (ABI), including injuries 

associated with traumatic brain injury (TBI), stroke or other cause. 
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Screening Process  
All records were imported into Rayyan (Ouzzani et al., 2016) and duplicates removed 

automatically. The primary researcher then reviewed the titles and abstracts and included or 

excluded based on the eligible criteria. The first 70 records were screened jointly by two 

reviewers with 100% agreement. 20 full texts of all potentially eligible studies were then 

independently screened by two reviewers from the review team, with any disagreement 

resolved through discussion. A third reviewer also independently completed quality appraisal 

for all six final included studies (see Quality Appraisal below).  

Data Extraction Process 
The primary researcher completed data extraction of six included RCTs, recording: title; 

author(s) and year of publication; DOI; country; study design and setting; population 

characteristics; sample size; intervention description; primary outcome(s); secondary 

outcome(s); type of analysis; main results; effect size; follow-up time-points; 

feasibility/acceptability measures and ethical considerations.  

Handling of Linked Reports 
Where studies reported on overlapping trial data across multiple publications (e.g., the Ymer 

et al. CBT-SF trial, which incorporated data from an earlier underpowered internal pilot 

study, Ymer et al., 2021), the most complete and recent report was used as the primary source 

for data extraction and quality appraisal.  

A matching DOI, then journal / volume / page range, then trial registration number was used 

to identify the primary index report. Earlier or linked reports were referred to only to 

supplement missing methodological detail and were not double counted as separate studies in 

the synthesis.  

Quality Appraisal  

Methodological and reporting quality of the included studies was appraised using the Crowe 

Critical Appraisal Tool (CCAT; Crowe, 2013). The CCAT was selected because the review 

included both full scale RCTs and pilot / feasibility RCTs. Although all included studies were 

randomised, pilot and feasibility trials are designed primarily to assess whether a larger trial 

is practical and acceptable, rather than to provide definitive evidence of treatment 

effectiveness. They may therefore report less detail on features typically expected in full 

scale efficacy trials, such as allocation concealment, sample size justification, and clinical 

outcome analyses. A broad critical appraisal tool was therefore considered appropriate for 
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applying a consistent framework across the included studies whilst taking account of the 

purpose and design of each study. 

The CCAT is a general critical appraisal tool that evaluates methodological and reporting 

quality across eight domains: preliminaries, introduction, design, sampling, data collection, 

ethical matters, results, and discussion. Each domain is rated from  0 (poor) to 5 (excellent) 

giving a total score out of 40, which was converted to a percentage for descriptive 

presentation. The tool prompts consideration of potential sources of bias, confounding, and 

imprecision within relevant domains. However, CCAT total scores were interpreted as an 

overall quality appraisal and were not used as formal risk of bias judgements. 

The CCAT has shown construct validity (Crowe & Sheppard, 2011) and has demonstrated 

good inter-rater score reliability (Crowe et al., 2011). A second reviewer independently 

quality appraised all six included RCTs using the CCAT. Ratings were compared at domain 

and total score level and were generally consistent, within 1-2 points for five of the six 

studies, with a maximum discrepancy of 4 points (10%) for Fisher et al. (2021), discrepancies 

were resolved through discussion. As only six studies were included, reviewer consistency is 

reported descriptively rather than using a formal reliability statistic.   

Data Synthesis 

A narrative synthesis was conducted; a meta-analysis was not planned given the anticipated 

heterogeneity between studies in intervention format, comparator type and outcome 

measurement. Studies were grouped by outcome domain (i.e., feasibility/acceptability, 

anxiety, depression, sleep) and findings were compared within each domain for consistency 

of direction and magnitude of effect, whilst taking into account differences in comparator 

type, study design, and methodological and reporting quality as appraised using the CCAT. 

Where multiple linked reports existed for the same trial, findings were synthesised as a single 

dataset to avoid double counting.   

Data Presentation 

Table 2 summarises the characteristics and key results of each included study, including  

CCAT methodological and reporting quality appraisal scores (lead reviewer). Full domain 

ratings and reviewer score comparisons are presented in Appendix C. 
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Results 

Search Results 

The search identified 1,454 records across MEDLINE, Embase, CENTRAL and PsycINFO. 

After removing 487 duplicates, 967 records were screened by title and abstract, of which 889 

were excluded as not eligible. 78 full text articles were screened for eligibility, of which 72 

were excluded (wrong intervention, n = 24; wrong study design, n = 14; delivery not 

remote/video, n = 12; wrong publication type, n = 8; registered but not yet completed, n = 7; 

conference abstract only, n = 3; wrong population, n = 2; duplicate/preliminary report, n =1; 

secondary analysis of parent RCT, n = 1); six RCTs met inclusion criteria and were retained 

for narrative synthesis (Figure 1).  

Study Characteristics 

The six included RCTs were published between 2021 and 2025 and conducted in the 

Netherlands (k = 1), United States (k = 2), Canada (k = 2), and Australia (k = 1). Sample 

sizes ranged from 24 (Rioux et al., 2024) to 126 participants (Ymer et al., 2025), with a total 

of 349 participants across all studies. Four trials included mixed acquired brain injury 

samples (stroke and / or TBI) (Ford et al., 2023; Fisher et al., 2021; Raina et al., 2022; Ymer 

et al., 2025), while two focused on persistent symptoms following mild TBI (mTBI) or 

concussion (Rioux et al., 2024; Silverberg et al., 2022). Study designs ranged from full scale, 

multicentre RCTs (Ford et al., 2023; Ymer et al., 2025) to smaller pilot and feasibility trials 

(Fisher et al., 2021; Raina et al., 2022; Rioux et al., 2024; Silverberg et al., 2022). Full study 

characteristics are summarised in Table 2.  
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Note. CCAT scores represent an appraisal of methodological and reporting quality across 

eight domains; they are not formal risk of bias ratings. 

Intervention Characteristics 

Interventions varied in CBT approach, target symptoms and mode of delivery, although all 

were facilitator-led and delivered individually. Three trials targeted sleep and / or fatigue; 

blended CBT-I (Ford et al., 2023), a problem-solving based fatigue self-management 

intervention (MAX; Raina et al., 2022), and a manualised CBT for sleep and fatigue (CBT-

SF; Ymer et al., 2025). Two trials targeted post-concussion symptoms: cognitive reappraisal 

and exposure-based CBT for functional cognitive disorder (Rioux et al., 2024), and graded 

exposure therapy targeting avoidance behaviour, compared with a pacing-based intervention 

(Silverberg et al., 2022). One trial evaluated CBT for depression adapted for TBI (CBT-TBI; 

Fisher et al., 2021), reporting on the feasibility of its transition to remote delivery during the 

COVID-19 pandemic. Interventions were delivered by clinical psychologists, 

neuropsychologists, occupational therapists, or supervised psychology trainees / graduate 

students, via videoconferencing, blended eHealth platforms, or a combination of 

videoconferencing and telephone. Session number ranged from six to twelve individual 

sessions delivered over 6-12 weeks.  

Effectiveness by Outcome Domain 

Sleep 

Two trials targeting sleep found that remotely delivered CBT produced significantly greater 

improvements than comparators immediately post-treatment. Ford et al. (2023) reported a 

significantly larger reduction in insomnia severity for blended eCBT-I compared with 

treatment as usual (d=0.96), maintained at 6 week follow-up (d=0.78), while Ymer et al. 

(2025) found CBT-SF produced significantly greater improvement in sleep quality (PSQI) 

and insomnia severity (ISI, d=0.95) than health education immediately post-treatment, 

however between group differences were not maintained at the 2 and 4 month follow-ups.  

Both sleep trials received relatively high CCAT scores (Ford et al., 90%; Ymer et al., 97.5%), 

increasing confidence that their positive post-treatment findings were clearly reported and 

methodologically well described. However, the small number of sleep trials and inconsistent 

maintenance of effects at follow-up mean that the evidence remains preliminary. 

Fatigue  
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Raina et al. (2022) found that the MAX self-management fatigue intervention resulted in 

significantly greater reductions in fatigue impact, severity and experience than health 

education at 8-week follow-up (d=0.61-0.87). Ymer et al. (2025) found no significant 

between group difference in fatigue severity at any time point; however, CBT-SF showed 

earlier within group improvements in fatigue than health education.  

Raina et al. (2022) also received a high CCAT score (95%); however, as a small pilot RCT 

with a short follow-up period, its finding should be interpreted as promising rather than 

conclusive. 

Mood, Memory-related difficulties and post-concussion symptoms 

Findings were mixed for other psychological outcomes. Ymer et al. (2025) found larger 

within group improvements in mood, self-efficacy and quality of life for CBT-SF, but neither 

treatment was clearly better than the other. Rioux et al. (2024) found CBT and cognitive 

rehabilitation showed similar improvements in memory-related difficulties, with no evidence 

CBT was more advantageous (d=-0.05). Silverberg et al. (2022) found that graded exposure 

therapy showed significantly greater reductions in avoidance behaviour than a pacing 

comparator (d=0.81), while the comparator showed a small, non-significant benefit for 

endurance behaviour (d=0.39). Fisher et al. (2021) did not report between group efficacy 

data, instead, focusing on the feasibility, safety and acceptability of remote delivery. 

Although Rioux et al. (2024) and Silverberg et al. (2022) received high CCAT scores (95% 

and 97.5%), both were feasibility focused studies with relatively small samples and active 

comparators. Their findings therefore provide useful preliminary evidence regarding 

acceptability and potential treatment effects, but do not suggest superiority of CBT-derived 

interventions for functional cognitive or post-concussion symptoms. Fisher et al. (2021), 

which received the lowest CCAT score (82.5%), primarily reported feasibility and 

acceptability data from a remote delivery sub-study; it therefore contributes limited evidence 

regarding treatment effectiveness for depression. 

Feasibility and Acceptability 

Across the five studies reporting on feasibility, recruitment, retention, adherence and 

treatment credibility were all consistently high. Retention ranged from 85% (Raina et al., 

2022) to 100% (Rioux et al., 2024), and treatment was rated as credible by the 91.7%-96% of 

participants in the two studies that measured and reported this (Rioux et al., 2024; Silverberg 
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et al., 2022). Fisher et al. (2021) reported high satisfaction with remote safety monitoring 

protocols. Therapist fidelity to treatment manuals was consistently high (92-97% of essential 

content that was delivered) where reported. Two studies (Rioux et al. 2024; Silverberg et al. 

2022) used the same therapists to deliver both treatment arms, which carries the risk of 

contamination between conditions. Rioux et al. (2024) found evidence of this in around 10% 

of audited sessions, where therapists delivered content more typical of the non-assigned 

treatment, and reported that therapists found it difficult to switch between approaches. 

Silverberg et al. (2022) found contamination occurred only rarely (in 6 of over 170 audited 

sessions), but both studies recommended that future trials use different therapists for each 

treatment arm to reduce this risk.   

Methodological and Reporting Quality Appraisal 

Lead reviewer CCAT scores ranged from 33/40 (82.5%; Fisher et al., 2021) to 39/40 (97.5%; 

Silverberg et al., 2022; Ymer et al., 2025), indicating generally strong methodological and 

reporting quality across the included studies according to the CCAT framework; scores are 

presented alongside study characteristics in Table 2. As the CCAT is a broad quality 

appraisal tool rather than a formal risk of bias instrument, these scores should be interpreted 

as a structured appraisal across its eight domains rather than as stand-alone estimates of risk 

of bias.  Notably, there did not appear to be any clear relationship between CCAT score and 

trial outcomes.  

A second reviewer independently appraised all six studies; agreement was close for five 

studies (within 1-2 points), and the greatest discrepancy was for Fisher et al. (2021), which 

received 37/40 (92.5%) from the second reviewer). This difference arose in the design and 

sampling domains, reflecting differing interpretations of how the CCAT criteria can be 

applied to a feasibility study. The lead reviewer rated these domains more conservatively (3/5 

each), reflecting the paper’s focus on a feasibility subsample from an ongoing pilot RCT and 

more limited methodological reporting relevant to these CCAT domains. 

Further, common limitations across studies included relatively brief reporting of ethical 

procedures and, in the smaller pilot / feasibility trials, limited detail regarding randomisation 

and allocation concealment. Full CCAT ratings across all eight domains for both reviewers, 

are reported in Appendix C. 
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Taken together, the appraisal suggests generally good methodological and reporting quality. 

However, these scores were considered alongside limitations related to small pilot / 

feasibility samples, short follow-up periods, and variation in comparators when interpreting 

effects by outcome domain. 
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Discussion 

Summary of Findings 

The current review aimed to narratively synthesise evidence from six RCTs evaluating 

remotely delivered CBT and CBT-derived interventions for adults with ABI. The studies 

addressed sleep, fatigue, depression, functional cognitive symptoms, and post-concussion 

avoidance and endurance behaviours. Key findings indicated that remote CBT was associated 

with greater improvements in sleep quality and insomnia severity than the comparison 

groups, particularly immediately after treatment. The trial addressing fatigue also found 

greater reductions in fatigue in comparison to health education (Raina et al., 2022). These 

findings were derived from studies that received high CCAT scores, with the sleep trials 

scoring 90.0% and 97.5% and the fatigue trial scoring 95.0%. This supports confidence in the 

general methodological and reporting quality of these studies; however, it does not remove 

the uncertainty arising from the small number of trials, modest sample sizes, and limited 

follow-up periods. 

 Findings for depression, anxiety, memory-related concerns and quality of life were mixed, 

i.e., some trials found improvements across both CBT and an active comparison group as 

opposed to clear evidence that CBT was superior (Ymer et al., 2025; Rioux et al., 2024). 

Feasibility and acceptability were generally strong across the study designs and remote 

delivery formats, with high retention, treatment credibility and adherence when these were 

measured. Recruitment was also generally positive, although one study did not meet its 

predefined screening target (Silverberg et al., 2022). 

Relation to Existing Literature 

These findings are broadly consistent with wider evidence that remotely delivered and face-

to-face CBT can produce comparable outcomes when directly compared (Andersson et al., 

2019). However, the included ABI studies did not directly compare delivery formats. These 

findings also support broader evidence associated with CBT improving depression and 

anxiety across neurological populations, though effects for people with TBI have been 

smaller and less reliable than for other neurological conditions (Gandy et al., 2024). 

A notable feature of the present review was the limited focus on mood outcomes within the 

remote CBT studies. Only one included study specifically targeted depression (Fisher et al., 
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2021), and this study reported feasibility and acceptability of remote delivery rather than 

comparative treatment effects; no included study specifically targeted anxiety. This differs 

from the wider ABI and TBI literature. For example, Gandy et al. (2024) examined CBT for 

depression and anxiety across neurological conditions, while Seery et al. (2026) reviewed 

psychological interventions for depression following ABI. Both reviews included more 

studies targeting mood difficulties than were identified in the present review of remote CBT. 

However, their findings were mixed: Gandy et al. found smaller and less reliable effects for 

TBI than for several other neurological conditions, while Seery et al. (2026) found that the 

overall effect for post ABI depression became non-significant after adjustment for study 

limitations. This suggests that the limited mood evidence in the present review reflects a gap 

in research on remote delivery, while also highlighting the need for stronger evidence for 

mood interventions following ABI more broadly.  

The effect sizes reported in the remote studies were moderate to large for some outcomes, 

including sleep, fatigue, and avoidance behaviour. This appears greater than the small and 

less reliable effects reported for mood outcomes in the wider ABI and TBI literature (Gandy 

et al., 2024; Seery et al., 2026). However, this comparison is limited because the studies 

examined different difficulties, used different outcome measures and included different 

comparison groups. There was some suggestion that effects from smaller pilot and feasibility 

studies may be less consistent in larger trials. For example, Ymer et al. (2025), the largest 

trial in the present review, found an immediate benefit for sleep but  no clear longer-term 

advantage over health education, and no clear between-group benefit for fatigue. However, 

this pattern was not consistent across all studies, and the current evidence is too limited to 

conclude whether remote CBT produces different effect sizes from face-to-face CBT. 

The strongest evidence was found for sleep and fatigue outcomes, though only two trials 

explored sleep (Ford et al., 2023; Ymer et al., 2025) and one specifically evaluated fatigue 

(Raina et al., 2022). Therefore, these findings should be interpreted cautiously.  

The limited evidence for mood outcomes is consistent with Seery et al.’s (2026) finding, i.e., 

that the overall effect of psychological interventions for post ABI depression was small, and 

became non-significant after methodological adjustment, with non-significant effects in the 

TBI only subgroup. However, the current review included only a few trials exploring mood 

outcomes, limiting firm conclusions.  
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The results of the present review challenge previous concerns regarding whether cognitive 

difficulties may make remote interventions less accessible for people with ABI (Miao et al., 

2022) as high feasibility and acceptability were generally found across the included studies. 

This is further supported by Bergquist et al.’s (2008) observation suggesting that people with 

moderate to severe TBI and memory impairment can engage successfully with internet-based 

interventions with appropriate support. Additionally, all interventions in the present review 

were facilitator-led which may have aided engagement with pacing, understanding, and use 

of treatment materials. This is also consistent with wider evidence showing higher 

completion rates for therapist guided as opposed to self-guided remote CBT (Bakanaitė et al., 

2025). 

Strengths and Limitations 

The present review’s main strength is its narrow and clearly defined focus on CBT and CBT-

derived interventions delivered remotely to adults with ABI. By including RCTs only, this 

allowed for greater confidence in the process of considering differences between 

interventions and comparison groups, more so than uncontrolled studies. Additionally, 

methodological and reporting quality was independently appraised by two reviewers using 

the CCAT, providing a structured assessment across eight broad domains. Reviewer 

agreement was close for five of the six included studies, supporting the consistency of the 

appraisal process. Both reviewers’ ratings and any areas of disagreement were reported 

transparently.  

However, several limitations should also be noted. Firstly, only six RCTs met the inclusion 

criteria, and several were small, single site pilot or feasibility studies and were not powered to 

detect differences in clinical outcomes. Findings comparing the interventions should 

therefore be interpreted cautiously. Secondly, comparison groups varied i.e., ranging from 

waitlist or treatment as usual to active comparators e.g., health education, cognitive 

rehabilitation and pacing, limiting direct comparison of effect sizes across studies.  

Thirdly, follow-up periods were also short, i.e., ranging from immediately after treatment to 

six months. The longer-term maintenance of treatment benefits therefore remains uncertain. 

This was particularly evident for sleep, as improvements were maintained at follow-up in 

Ford et al. (2023) but not in Ymer et al. (2025).  

Finally, restricting eligibility to RCTs and English language publications may have excluded 

relevant non-randomised feasibility studies and research published in other languages. 
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Although this restriction strengthened the focus on comparative effectiveness, it may have 

narrowed the available evidence regarding implementation and accessibility.  

Clinical and Research Implications 

In terms of clinical practice, the findings suggest that facilitator-led remote CBT is a feasible 

and acceptable option for psychological care for adults with ABI who perhaps experience 

barriers to accessing face-to-face treatment or prefer remote modalities. The evidence from 

the present review is most encouraging for sleep, with limited evidence for fatigue. However, 

evidence for mood and cognitive outcomes is limited.  

Good engagement was reported across videoconferencing and blended eHealth approaches, 

which were specifically included in the current review rather than telephone interventions. 

Interventions were also delivered by clinical psychologists, neuropsychologists, occupational 

therapists and supervised psychology students and graduates, suggesting that remote 

interventions may be delivered by different appropriately trained facilitators, however, the 

small evidence base from the present review means that conclusions regarding facilitators 

should remain cautious. Further, appropriate training, supervision and clear treatment 

manuals are important factors.  

A useful next step for research would be large, multi-site trials directly comparing the same 

ABI adapted CBT intervention delivered by videoconference with face-to-face delivery. Such 

studies could examine whether remote CBT achieves clinical outcomes that are broadly 

comparable to face-to-face CBT, while potentially improving access for people affected by 

fatigue, mobility, transport and geographical barriers. Longer-term follow-up would help 

establish whether any benefits are maintained over time. In addition to symptom change, 

future trials could assess treatment completion, therapeutic alliance, treatment fidelity, patient 

preference, and digital accessibility. Randomisation could take into account injury type and 

severity, cognitive impairment, baseline symptom severity and digital access, to help identify 

which people are most likely to benefit from remote, face-to-face or hybrid delivery. 

Future trials would also benefit from clearer reporting of ethical procedures, randomisation 

and allocation concealment. Where two active interventions are compared, using separate 

trained facilitators for each treatment arm may reduce the risk of treatment contamination 

identified in Rioux et al. (2024) and Silverberg et al. (2022). 
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Sleep and fatigue remain appropriate targets for further research, as they were the only 

outcomes for which the present review identified relatively consistent positive findings. 

However, this should not lead to mood outcomes being deprioritised. Given the prevalence 

and impact of depression and anxiety after ABI, future research could evaluate ABI adapted 

remote CBT that specifically targets these difficulties and reports comparative clinical 

outcomes. Research could also examine whether interventions addressing overlapping sleep, 

fatigue and mood difficulties are more useful for some people with ABI than interventions 

targeting a single symptom. 

Conclusion 

Remotely delivered CBT appears feasible and acceptable for adults with ABI, with 

encouraging evidence for improvements in sleep and some evidence for fatigue. Evidence for 

effectiveness on mood and cognitive outcomes remains limited. However, given the fatigue, 

mobility and transport barriers that can often restrict access to face-to-face psychological care 

following ABI, these findings support continued development and evaluation of remotely 

delivered CBT, alongside larger trials examining longer-term effectiveness.  
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Plain Language Summary 

This study explored whether cognitive tests give the same results when carried out remotely 

(by video call) compared to face-to-face, and whether this differs between younger and older 

adults. Remote testing has become more common in recent years, partly due to the COVID-

19 pandemic, and offers a way to improve access to healthcare services, particularly for 

people living in remote areas such as the Scottish Highlands and Islands.  

16 healthy adults took part in the current study, eight aged 18-40 and eight aged 65 and over. 

Each participant completed the same set of cognitive tests twice, once in person and once 

remotely, using different but equivalent versions of one test to avoid participants simply 

memorising answers. Session order was balanced so that half completed the tests in person 

first, and half remotely first. This meant that practice effects would be distributed evenly 

across groups.  Cognitive tests covered areas such as memory, language, attention, executive 

function and inhibition.  

The findings showed that for most of the tests, scores were consistent whether participants 

were tested in person or remotely, and this was true for both the younger and older age 

groups, with no overall difference in performance between the two formats for either age 

group. One test which measures language, specifically picture naming and word finding did 

not show consistent scores between the two testing conditions. The order in which 

participants completed the two testing formats did make some difference to scores for a few 

tests, with younger and older adults tending to perform better under opposite orderings.  

Overall, the findings provide preliminary support for the use of remote testing for some 

cognitive measures in this healthy sample. However, the small sample means that larger 

studies, including clinical populations, are needed before firm conclusions can be drawn 

about whether remote and face-to-face testing produce equivalent results. It also highlights 

that a small number of tests, and the order in which tests are given, may need extra 

consideration when comparing remote and in-person results. This research adds to a small but 

growing evidence base on remote cognitive testing and may help inform how services deliver 

assessments to people who cannot easily attend in person.  
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Abstract 

As remote video-based cognitive assessment becomes more widely used in clinical practice, 

there is a gap in the evidence base raising questions whether it produces results equivalent to 

traditional face-to-face assessment, particularly for cognitive domains beyond verbal tasks. 

16 healthy adults (8 age 18-40 and 8 aged 65 and over) completed a battery of 

neuropsychological tests covering a variety of cognitive domains including: verbal fluency, 

language, attention, processing speed, executive function, working memory, inhibition, and 

visuospatial abilities. Participants completed the cognitive assessment once face-to-face and 

once remotely, in a counterbalanced order. Consistency between the two formats, measured 

using intraclass correlation coefficients varied across measures: four measures (the Oral Trail 

Making Test A, RBANS Total Scale Score, DKEFS Colour Naming, and RBANS Attention 

Index) show excellent consistency; several memory and executive function measures showed 

only fair consistency, and the RBANS Language Index showed poor consistency. Follow-up 

analysis for the RBANS Language Index explored underlying subtests and found no 

conclusive explanation. Overall, test scores did not differ significantly between face-to-face 

and remote formats, with no significant age-related differences found either. A more 

unexpected finding was that the order in which participants completed the two formats 

interacted with age for several executive function measures: younger participants (18-40) 

tended to perform slightly better having done the face-to-face session first, while older 

participants (65 and over) performed better having done the remote session first. Overall, 

these preliminary findings suggest that scores were broadly comparable across remote and 

face-to-face conditions for several measures in this healthy sample; however, the small 

sample size and limited statistical power mean that equivalence between formats cannot be 

established. The RBANS Language Index showed poor consistency between conditions in 

this sample; however, this isolated finding may reflect chance variation and requires 

replication in a larger sample. Larger studies could also examine the age-related order effect.   
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Introduction 

History of remote cognitive testing 

Remote cognitive assessment has been used for a considerable time, particularly to help 

improve access to neuropsychology for people living in remote, sparsely populated areas 

(Singh & Germine, 2021). The COVID-19 pandemic significantly accelerated the adoption of 

remote cognitive testing, and remote ways of working became relevant to many more people 

and as such research on this topic gained interest and pace (Fox-Fuller et al., 2021; Bilder et 

al., 2020). Remote cognitive testing became a critical component of telehealth services, 

offering patients the option to undergo cognitive assessments from home, whilst maintaining 

regular contact with healthcare providers. Since the pandemic, there has been continued 

interest in remote assessment as well as hybrid approaches, incorporating both traditional 

face-to-face and technology-based modalities.  

Decades of literature supports the feasibility of traditional paper-pencil cognitive tests and in 

comparison to this traditional modality, remote administration is much more recent 

(Schmand, 2019). Although neuropsychological testing has remained heavily reliant on 

paper-pencil-tests (Van Patten, 2021), new platforms such as Q Global, (Pearson, 2016) have 

enabled progress in remote testing. Yet, there remains a notable lack of direct comparisons 

between remote and face-to-face cognitive formats (Sperling et al., 2023), making it difficult 

to fully evaluate the equivalence of these methods. 

Further, certain cognitive domains, such as processing speed and executive function, pose 

more challenges when assessed in remote formats. Remote measurement in these domains 

can be difficult due to the need for manipulation of materials, manual response formats and 

precise measurement of response times, alongside environmental variability, concerns over 

test integrity and test condition control (e.g., ensuring a standard test environment free from 

distractions and a good internet connection). These challenges can potentially impact the 

feasibility and acceptability of remote cognitive testing as well as its accuracy and reliability. 

Further research is needed to establish more robust comparisons and to identify ways to 

overcome challenges specific to remote testing of these cognitive domains, e.g., using 

technology to minimise potential timing errors, and ways of ensuring standardised procedures 

are followed.  

In addition, remote cognitive testing can be influenced by age in several ways. For example, 

comfort with technology, accessibility and familiarity with digital devices vary across age 
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groups, potentially making remote testing more accessible to younger individuals (Anderson 

& Perrin, 2017). Older adults may experience greater difficulties with remote platforms, 

which could amplify age-related effects in cognitive domains, such as processing speed 

(Anderson & Perrin, 2017). 

Research on age effects in remote cognitive testing is mixed. While some studies report 

minimal differences between remote and face-to-face testing for older adults (Cyr et al., 

2021), others highlight adaptation challenges for this demographic (Belleville et al., 2023). 

Age may therefore interact with remote cognitive testing in terms of both cognitive 

performance and test accessibility. 

The rapid development of remote cognitive testing in recent clinical practice has meant 

scientific research has not kept pace. This gap has led to many remote tests being available, 

yet lacking robust empirical support, raising concerns about their reliability (Parsons, 2016). 

This highlights the need for more research on the remote delivery and evaluation of cognitive 

tests, focusing on identifying the most reliable and robust tests, particularly to address 

accessibility challenges faced in rural areas, such as NHS Highland.  

Acceptability of remote assessment 

Research to date supports the acceptability of remote cognitive assessment (Parsons et al., 

2022; Sumpter et al., 2022; Gardner et al., 2021; Wadsworth et al., 2018; Cullum et al., 2014; 

Parikh et al., 2013) and the benefits for patients. For example, remote delivery addresses 

logistical and financial barriers (e.g., transportation costs, work and childcare commitments) 

which can be associated with travelling to attend a face-to-face appointment (Van Patten, 

2021). Further, the travel involved with attending face-to-face appointments presents concern 

for the safety of vulnerable individuals with cognitive impairments due to symptoms of 

confusion, balance impairment, and difficulty navigating directions (Sperling et al., 2023). 

These elements enhance the appeal of remote cognitive testing. Clinicians often find remote 

cognitive testing acceptable as it allows for more efficient use of their time and resources, 

e.g., eliminating travel time associated with home visits.  Consequently, remote options can 

help address barriers to accessing cognitive assessments by providing flexible input options 

for service users (Sumpter et al., 2022). Acceptability of remote cognitive testing has been 

demonstrated in an increasing number of studies. For example, Parsons and colleagues 

(2022) reported that 72 patients (paediatric to older adult age range) were indeed satisfied 

with the remote modality, with clinicians reporting that session goals were achieved in 90% 
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of remote contacts. Singh and colleagues (2021) looked at remote cognitive testing using a 

clinical sample and found test acceptability for measures of processing speed and working 

memory. Despite these encouraging results, gaps in the literature remain, e.g., in considering 

how acceptability may vary across specific clinical populations, the specific testing methods 

used and the context in which the testing is conducted. Further, the acceptability of remote 

cognitive testing can be influenced by the participant’s comfort level with technology and 

therefore providing adequate support for those who may struggle with technology is 

fundamental to maintaining high levels of acceptability. 

Feasibility, reliability, and validity of remote assessment 

When evaluating cognitive testing, particularly in remote settings, it is important to consider 

its feasibility, reliability, and validity. These factors help ensure that cognitive assessments 

are effective, accurate and dependable. With reference to feasibility, i.e., the practicalities of 

implementing remote cognitive testing, there are limitations, which can subsequently impact 

the validity (i.e., the extent to which a test measures what it is intended to measure) and 

reliability (i.e., the consistency of test results over time and across contexts). For example, 

additional equipment may need to be purchased, a steady internet connection is crucial (Jaffe 

et al., 2020), and a private space at the individual’s home is essential to minimise 

disturbances. All these factors may mean that the environment in which tests are 

administered differs from that which they were designed to be administered within (Barney et 

al., 2020). Moreover, background noise and interruptions to audio/visual continuity can pose 

threats to test validity and reduce standardisation of the testing environment (Sumpter et al., 

2022). Therefore, test instructions need to be clearly outlined, and considerations taken into 

account to limit these potential threats. This pattern is also reflected in wider guidance and 

evidence on remote testing. UK guidance from the British Psychological Society (2020) 

states that assessments based on simple verbal question and answer formats are among the 

most suitable for remote administration, compared to those that involve handling and 

administering test materials remotely. This is supported by a systematic review and meta-

analysis of videoconference administered neuropsychological tests (Brearly et al., 2017), 

which found that verbally based tasks including digit span, verbal fluency, and word list 

learning, were not affected by remote administration, whereas tests involving physical 

handling of materials produced more mixed results across studies. More specifically, one 

study (Galusha-Glasscock et al., 2016) investigated the feasibility and reliability of the 

RBANS (Randolph, 1998) by comparing video teleconference (remote) with face-to-face test 
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conditions, finding significant correlations between conditions across all index scores 

(ranging from r = .59 to r = .90) and no statistically significant differences between the mean 

scores obtained in each condition. However, the small sample size of 18 participants makes it 

difficult to generalise findings. It is also noted that participants in this study were recruited 

from an Alzheimer’s Disease Centre connected to a university and were a clinical sample 

consisting of a mix of cognitively normal controls, individuals with a diagnosis of 

Alzheimer’s and individuals with mild cognitive impairment (MCI) known to the research 

centre. Additionally, the remote condition was completed on site with site Wi-Fi. Therefore, 

with only one preliminary experimental study supporting the remote administration of the 

RBANS, more research is needed to test the remote condition from home and with a different 

population. More broadly, the evidence base for remote versus in-person cognitive 

assessment remains concentrated on a small number of cognitive domains, predominantly 

verbal tasks, leaving other cognitive domains such as processing speed, executive function 

and inhibition, visuospatial/constructional abilities, attention, and working memory 

comparatively under examined. The present study aims to contribute to this wider evidence 

base by assessing a broader range of cognitive domains within the same design.  

Current Study Aims 

The current study directly compared remote and face-to-face cognitive testing formats in 

healthy younger and older adult groups, using the RBANS alongside measures of attention, 

processing speed, executive function, inhibition, verbal fluency, and working memory. The 

healthy sample was chosen rather than a clinical one as a preliminary step in establishing this 

research in the Highland context. The measures were selected due to their being most 

frequently used in our clinical practice, applicability across a wide range of 

neuropsychological assessments, and feasible to administer within approximately 45 minutes, 

to minimise participant burden.   

The study focused on the reliability and comparability of neuropsychological test scores 

obtained from face-to-face and remote assessments across younger and older adults, and 

aimed to address the following: 

1. Primary hypothesis: Remote and face-to-face scores will show moderate to high 

consistency across cognitive measures. 

2. Secondary hypothesis: Consistency between remote and face-to-face scores will be 

lower for older adults than younger adults. 
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3. Exploratory question: Do test scores differ according to administration condition or 

age group across the cognitive measures assessed? 
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Method 

Study Design 

A mixed factorial experimental design was used to examine performance of younger and 

older adults [between subjects factor] with two levels: younger (18-40 years), older (60+ 

years) on tests covering a range of cognitive domains including attention, language, 

visuospatial/constructional abilities, immediate and delayed memory, processing speed, and 

executive function across two administration modes [within subjects]: remote, face-to-face, 

with counterbalancing of administration order between subjects (face-to-face first, remote 

first). Although not all measures used had parallel forms available, these were used where 

available, again with order counterbalanced between subjects (version A first, version B 

first). Crossing of the experimental factors led to four potential testing sequences, i.e. in-

person version A then remote version B; in-person version B then remote version A; remote 

version A then in-person version B; remote version B then in-person version A. Participants 

were randomly allocated to one of these four predefined sequences using randomizer.org 

(Urbaniak & Plous, 2019), with allocation balanced across age groups. Participants were first 

assigned to age group (younger, older) based on predefined criteria (aged 18-40, aged 60+ 

years). 

Ethical Approval 

Approval was sought and obtained from the University of Glasgow College of Medical, 

Veterinary and Life Sciences (MVLS) Ethics Committee (200250084); (see Appendix F). 

Participants 

A community sample was recruited via posters, email lists and social media associated with 

local community organisations (e.g., community groups and outdoor activity clubs). 

Participants self-selected by responding to advertisements Recruitment also occurred via 

snowball sampling, through word-of-mouth sign-up. 

Upon expressing interest, potential participants were sent an information sheet and consent 

form (Appendix G, participant information sheet; Appendix H, Informed consent form).  

Written informed consent was secured prior to participation, and the right to decline or 

withdraw without consequence was emphasised. Participants attended both a face-to-face 

appointment and a remote appointment (each ~1-hour duration). 

The original target sample size was 20 participants (10 per age group), set on pragmatic 

grounds reflecting what could practically be achieved within the time available to complete 
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the study. However, the counterbalanced design required multiples of 8 participants (4 

administration sequences for each age group), hence the target sample size was amended to 

16 participants. This decision was taken after ethical approval had been obtained, but prior to 

the start of recruitment.  It was not expected to meaningfully impact on statistical power and 

would still produce a useful dataset to enable preliminary analysis and inform the conduct of 

future studies. 

Inclusion and Exclusion Criteria 

Participants were healthy adults within one of two age brackets: 18-40 years or 65 years and 

over. Participants were required to be based in Inverness or Glasgow, or willing to travel to 

the face-to-face appointment. Participants also needed access to a laptop, a stable internet 

connection, and a private space to complete the remote condition. 

Demographic Characteristics of Participants 

16 participants took part in the study, eight younger and eight older. The overall sample had a 

mean age of 50.94 years (SD = 20.23, range = 21–73) and a median age of 52.5 years. Eleven 

participants were female (68.8%) and five male (31.3%). Years of formal education ranged 

from 11 to 27 years. 

Given age group was a between-subjects factor of interest, gender and education were 

checked for equivalence between the younger and older groups before proceeding to the main 

analyses. Fisher’s Exact test indicated that gender distribution did not differ significantly 

between the younger and older groups (p = .282). However, a Mann-Whitney U test showed 

that education differed between the younger and older groups with younger participants 

reporting more time in education (Mdn = 19.00) than older participants (Mdn = 13.00), U = 

12.00, z = -2.13, p = .038. The variable years of education was hence included as a covariate 

in the secondary analysis. 









 

 50 

Research Procedure 

Participants completed the study with the researcher present either at a face-to-face location 

or remotely. Prior to testing, participants were provided with instructions and had the 

opportunity to ask questions. Written or electronic informed consent was obtained prior to or 

at the first appointment, after which cognitive testing was administered for that session. 

Participants then completed cognitive testing in the alternate condition at a second 

appointment, scheduled at least two weeks after the first. A two-to-four-week interval was 

considered the most feasible option given pragmatic constraints. Similar intervals have been 

used in the neuropsychology literature, e.g., Bartels and colleagues (2010) used a 2–3-week 

interval between initial testing sessions, while Bergman and colleagues (2025) used a four-

week interval, both to balance the minimisation of practice effects against pragmatic 

constraints. Practice effects are well documented across this kind of timeframe (Collie et al., 

2003), highlighting the importance of the counterbalanced design adopted in the present 

study to minimise this risk. 

The total duration of the study was approximately 9 months, including ethical approval, 

recruitment, and testing.  

Analysis Plan 

Data preparation involved checking for missing data, outliers, and inconsistencies, and 

assessing the distribution of scores more generally using descriptive statistics including 

measures of skewness and kurtosis. Intraclass Correlation Coefficients (ICC) were calculated 

across the whole sample to assess the reliability of test scores, i.e., to ascertain whether scores 

obtained via the two administration methods were comparable by measuring the consistency 

of individual scores across face-to-face and remote administration. ICC values were 

interpreted in line with Cicchetti’s (1994) guidelines, where values below .40 indicate poor 

reliability, .40-.59 fair reliability, .60-.74 good reliability, and .75-1.00 excellent reliability. 

Spearman's rank-order correlation coefficient was also calculated between face-to-face and 

remote scores for the whole sample, as a non-parametric check of the ICC findings. 

An exploratory repeated-measures analysis of variance was used to examine whether test 

performance differed significantly according to administration mode (face-to-face vs remote), 

age group (younger vs older), or testing order, across the 16 primary cognitive measures, with 

years of education included as a covariate. Multivariate test statistics (MANOVA) were used 

to analyse the within-subjects effect of administration mode. Due to the small sample size 
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relative to the number of dependent variables, multivariate test statistics could not be 

calculated for the between-subjects effects (residual degrees of freedom = 11, against 16 

dependent variables); univariate tests are reported instead. This allowed for a preliminary 

assessment of whether performance differed across administration conditions, age groups, or 

testing order, beyond the correlational analyses. Given limited power (see Sample Size and 

Power, below), the emphasis was placed on effect size rather than statistical significance 

alone: partial eta squared (η²p) was reported alongside all F statistics, interpreted using 

Cohen’s (1992) thresholds (small = .01, medium = .06, large = .14). 

Sample Size and Power 

G*Power (Faul et al., 2007) was used to conduct sensitivity power analyses to determine the 

smallest effects the study would be able to detect with adequate power, for both the planned 

and achieved sample sizes.  

For the correlational analyses, with a planned sample size of 20 participants, the study had 

80% power to detect a correlation of r = .579 or larger at a significance level of α = .05 (see 

Appendix L). A repeated sensitivity analysis based on the achieved sample of 16 participants 

indicated that the study had 80% power to detect a correlation of r = .636 or larger at the 

same significance level (see Appendix L), meaning the study was less able to detect smaller 

effects than originally planned. However, the study was sufficiently powered to detect strong 

correlations of the sort that would be indicative of ‘good’ reliability (.6-.74) or excellent 

reliability (.75-1), according to Cicchetti’s (1994) guidance.  

A similar sensitivity analysis was conducted for the MANOVA, based on the five cognitive 

tests used (Verbal fluency, RBANS, Oral Trail Making Test, Digit Span and the DKEFS 

Colour Word Interference), which together comprised the 16 primary dependent variables 

analysed in the final dataset. With a planned sample size of 20, the minimum detectable 

effect size, f², was 0.538, indicating the study was powered to detect only large effects (see 

Appendix L). Based on the achieved sample of 16, the minimum detectable effect size 

increased to f² = 0.738 (see Appendix L), indicating that only very large effects could be 

reliably detected at adequate power. Of course, this secondary analysis was exploratory in 

nature, and other studies in this area have recruited comparable samples (Galusha-Glasscock 

et al., 2016).
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Results 

Preliminary Analyses 

Variable Selection 

Prior to analysis, the research team identified a set of primary variables from the numerous 

possible metrics available, to reduce the number of calculations and risk of false positives. 

Primary variables formed the focus of the analyses reported below, and comprised Verbal 

Fluency (FAS total, Animal total), RBANS index scores (Immediate Memory, 

Visuospatial/Constructional, Language, Attention, Delayed Memory, Total Scale Score), 

Trail Making Test A and B (z-scores), Digit Span (forward and backward raw scores), and 

DKEFS Colour Word Interference (Colour Naming, Word Reading, Inhibition, Inhibition 

Switching). Supplementary measures were not analysed in the present study, as the primary 

variables provided sufficient coverage of the cognitive domains relevant to the research aims. 

The primary variables were selected before the study data were examined and were not 

selected on the basis of the observed results. The power calculation related to the planned 

correlation and multivariate analyses, rather than to each individual cognitive variable 

separately.   

Assessment of Normality 

All primary cognitive variables were assessed for normality within each age group using 

boxplots, skewness, and kurtosis values, and the Shapiro-Wilk test (appropriate given the 

small per-group sample size, n = 8).1 Given the small sample size and the presence of non-

normal distributions across several variables, a non-parametric approach was adopted 

throughout the primary analyses, consistent with recommendations for small or non-normally 

distributed samples (Field, 2018). Descriptive statistics are therefore reported using medians 

rather than means, and Spearman's rank-order correlations were used alongside the Intraclass 

Correlation Coefficient as a non-parametric check of consistency. 

 
1 The majority of primary variables did not significantly deviate from normality in either age group (p > .05). Of 

the 64 Shapiro-Wilk tests conducted (16 primary measures x 2 conditions x 2 age groups), 8 (12.5%) were 

statistically significant, including: Digit Span Backward at In-person administration (Younger, p = .004); Digit 

Span Forward at Remote administration (Younger, p = .007) and In-person administration (Older, p = .025); the 

Word Reading subtest at In-person administration (Younger, p = .029) and Remote administration (Older, p = 

.048); TMT-B (z) at In-person administration (Older, p = .003); the Delayed Memory Index at Remote 

administration (Younger, p = .026); and the Visuospatial Index at Remote administration (Older, p = .009). 
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Note. ICC = single measures intraclass correlation coefficient (two-way mixed effects, 

consistency). df = degrees of freedom (df1, df2). CI = confidence interval. 

As the low ICC for the RBANS Language Index appeared at odds with the reliable scores 

typically reported for verbally mediated tasks such as picture naming and semantic fluency a 

number of checks and further analyses were conducted.2 As we found no evidence of clerical 

error or a pattern tied to modality, form, or age group, we can be confident in the accuracy of 

the scores recorded, but not confident that the RBANS Language Index’s poor consistency in 

this sample would apply in other samples.  

Spearman's Rank-Order Correlations 

As a non-parametric check of the ICC findings, Spearman's rank-order correlations were 

obtained between in-person and remote scores for each primary measure. The pattern of 

results reflected the ICC findings, supporting the consistency estimates above. The strongest 

correlations were observed for the RBANS Delayed Memory Index (rs(14) = .859, p < .001), 

Digit Span Backward (rs(14) = .850, p < .001), RBANS Total Scale Score (rs(14) = .799, p < 

.001), DKEFS Colour Naming (rs(14) = .787, p < .001), and Oral TMT-A (rs(14) = .791, p < 

.001). Consistent with the ICC results, the weakest and only non-significant correlation was 

for the RBANS Language Index (rs(14) = .059, p = .829). Notably, the RBANS Delayed 

Memory Index showed only a Fair ICC (.554) despite showing the strongest Spearman 

correlation (rs(14) = .859) illustrating that a measure can have a strong Spearman’s 

correlation while still having a weaker ICC. 

 
2 First, Picture Naming and Fluency scores were double-checked against original records, and no clerical errors 

were identified. It was noted, however, that four participants made errors in Picture Naming in Session 2, 

following perfect performance in Session 1: two participants (one aged 18-40 and bilingual, one aged 65+) lost 

points on Remote RBANS Form A; one participant (aged 18-40 and bilingual) lost points on In-Person RBANS 

Form B; and one participant (aged 18-40) lost points on In-Person RBANS Form A. There hence seemed to be 

no clear pattern of errors that could be attributed to administration condition (two Remote, two In-person), 

RBANS form (three Form A, one Form B), or age group (three 18-40, one 65+). Notably, both of the sample’s 

two bilingual participants were among the four who lost points, raising the possibility that specific Picture 

Naming items may be less accessible for individuals from different linguistic backgrounds. However, this 

observation is based on a very small number of cases, does not really account for errors being restricted to 

Session 2, and should be interpreted cautiously.  

To investigate further, ICCs were calculated separately for the two Language subtests contributing to the 

RBANS Language index (as it was possible that the unusual pattern of naming scores drove the overall 

language ICC). However, both Picture Naming (ICC = -.121, 95% CI [-.570, .383], p = .678) and Semantic 

Fluency (ICC = -.078, 95% CI [-.540, .420], p = .617) showed negative, non-significant consistency, suggesting 

both subtests contributed to the poor RBANS Language Index ICC.  

The ceiling effect on Picture Naming (where a loss of one point corresponds to a drop to as low as the 25th 

percentile) means there was limited variation in scores overall, which may also have suppressed reliability 

coefficients particularly within this small sample. 
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was mixed: some measures showed modest improvements from Session 1 to Session 2 

(notably FAS verbal fluency, Mdn = 42.00 vs 49.50, and RBANS Visuospatial Index, Mdn = 

101.00 vs 109.00), while others remained stable (e.g., RBANS Immediate Memory Index, 

Digit Span Forward, DKEFS Word Rading) or showed slight decreases (e.g., RBANS 

Attention Index, Oral TMT-A z-score, Digit Span Backward). No consistent pattern of 

practice effects was observed across all measures, consistent with the counterbalanced design 

and the use of parallel forms for the RBANS and alternate trial sets for Digit Span,  

Secondary Analysis: Differences by Administration Condition, Age Group, and Testing 

Order 

The secondary aim explored whether test performance differed significantly according to 

administration condition (in-person vs remote), age group (younger vs older), or testing 

order, across the primary cognitive domains. This was addressed using a repeated-measures 

ANOVA, with Condition specified as the within-subjects factor, Age Group and testing order 

as between-subjects factors, and years of education included as a covariate given that 

education differed between age groups (see Preliminary Analyses).  

Effect of Administration Condition 

The multivariate test for the overall effect of administration condition (combined across all 

16 primary measures) was not statistically significant, Pillai’s Trace = .831, F(11, 1) = 0.45, 

p = .837, η₂p = .831. At the univariate level, no individual measure showed a statistically 

significant main effect of condition (all ps > .10), consistent with the ICC and Spearman 

findings above. This is also consistent with the fact that no directional hypotheses were made 

about condition differences. Effect sizes for the condition effect were generally small (η₂p 

ranging from .002 for Digit Span Backward to .117 for the RBANS Immediate Memory 

Index), with the exception of Digit Span Forward, which showed a medium to large effect 

(η₂p = .225) despite non-significance, F(1,11) = 3.19, p = .102, indicating a possible 

difference between in-person and remote performance on this measure that the study may not 

have had sufficient power to detect. 

Effects of Age Group and Testing Order 

It was also considered important to explore potential interactions between administration 

format and age, and we tentatively hypothesised that older adults would show less 

consistency in performance between administration conditions than younger adults, given the 

potential impact of ageing, a wider expected range of cognitive abilities, and possible 

technological or sensory challenges specific to remote testing. This was tested via the 
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Condition x Age Group interaction in the ANOVA The interaction term was not statistically 

significant (Pillai’s Trace = .963, F(11, 1) = 2.34, p = .473, η₂p = .963). At the univariate 

level, no individual measure showed a statistically significant interaction between condition 

and age group (all ps > .33), with effect sizes ranging from minimal (η₂p = .002 for RBANS 

Total Scale Score) to small-to-moderate (η₂p = .085 for the RBANS Visuospatial and 

Language Indexes (see Appendix N) for the full breakdown across all 16 measures. This 

provides no evidence to support the hypothesis that the effect of administration condition on 

performance differed between age groups. 

No primary measure showed a statistically significant main effect of age group (all ps > .10). 

A significant main effect of testing order (S1_Condition) was found for the Delayed Memory 

Index (F(1, 11) = 7.06, p = .022, η₂p = .391 (a large effect) albeit not corrected for multiple 

comparisons), with effects for the RBANS Total Scale Score (F(1, 11) = 4.78, p = .051, η₂p = 

.303), and Immediate Memory Index (F(1, 11) = 4.01, p = .071 η₂p = .267 (both large effects) 

approaching significance thresholds, suggesting some sensitivity to the order in which testing 

modalities were completed for memory-based measures. The descriptive practice-effects data 

(see Appendix M) do not offer a clear explanation for this: the increase in median scores 

between Session 1 and Session 2 was not marked for any of these measures (RBANS 

Delayed Memory Index: Mdn = 100.00 to 101.00; RBANS Total Scale Score: Mdn = 99.50 

to 101.00; RBANS Immediate Memory Index: Mdn = 103.00 at both sessions). This suggests 

the testing order effect is unlikely to be driven by straightforward practice effect, though this 

should be interpreted cautiously given the small sample.  

Age Group by Testing Order Interaction 

Significant interactions between age group and testing order were found for the following 

DKEFS Colour Word Interference subtests: Colour Naming, F(1, 11) = 9.66, p = .010, η₂p = 

.468; Inhibition, F(1, 11) = 14.10, p = .003, η₂p = .562; and Word Reading, F(1, 11) = 5.02, p 

= .047, η₂p = .313, all large effects. A further interaction was near the threshold for 

significance for the Attention Index, F(1, 11) = 3.63, p = .083, η₂p = .248 (also a large effect). 

These findings suggest that the effect of testing order on performance may differ between 

younger and older adults for measures of processing speed, inhibition, and attention, though 

this should be interpreted cautiously given the small number of participants in each age group 

and order combination (n=4).  
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variable for other measures: the RBANS Language Index showed poor, non-significant 

consistency, while Immediate Memory (ICC = .471), Delayed Memory (ICC = .554), Animal 

Fluency, Oral TMT-B (z), Digit Span Forward, and the DKEFS Inhibition subtests showed 

fair consistency. This suggests that, in this sample, these measures showed lower consistency 

between formats in this sample. Given the limited sample size, these findings should not be 

interpreted as establishing that the measures are less suitable for remote administration. 

The poor consistency of the  RBANS Language Index ICC was evident across both 

component subtests, Picture Naming and Semantic Fluency, and was not attributable to a 

clerical error, administration condition, or RBANS form. However, this finding should be 

interpreted cautiously given the small sample size.  

There was no significant overall effect of administration condition on performance, nor 

evidence that the effect of administration condition differed between younger and older 

adults. Testing order was associated with performance on some memory measures. For 

Colour Naming, Word Reading, and Inhibition, younger participants tended to perform better 

when remote testing was completed first. The RBANS Attention Index showed a similar, 

near-significant pattern. Given the limited power and the small number of participants in each 

age-group and testing-order combination, these findings require replication. Their 

interpretation in relation to the wider teleneuropsychology literature is considered in the 

Discussion.   
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Discussion 

Summary of Results 

The current study examined whether neuropsychological cognitive test scores obtained 

remotely were comparable with those obtained face-to-face in younger and older adults. 

Overall, most measures showed broadly consistent scores across administration formats, and 

there was no evidence of a general effect of administration format on performance or that this 

effect differed by age group.  

The findings nevertheless identified measure specific variation. The RBANS Language Index 

showed poor consistency between formats in this sample; however, this isolated finding 

requires replication and may reflect chance variation. An exploratory age-related pattern was 

also observed in the effects of testing order on selected executive function measures. These 

findings are considered below in relation to existing teleneuropsychology literature, the 

study’s methodological strengths and limitations, and implications for clinical 

neuropsychology.  

Relation to Existing Findings from the Literature 

Overall Reliability of Remote Administration 

The level of consistency found between face-to-face and remote scores generally supports 

previous findings. Galusha-Glasscock et al. (2016) found RBANS correlations between face-

to-face and video teleconference conditions ranging from r = .59 to .90 in a sample of 18 

adults aged 58-84 with and without cognitive impairment. The present study’s excellent range 

ICCs for the RBANS Total Scale Score and Attention Index are well within that range. This 

pattern is also broadly in line with professional guidance as the British Psychological Society 

(2020) suggests that straightforward, verbally delivered tasks translate most easily to remote 

formats. Further, Brearly and colleagues’ (2017) meta-analysis similarly found digit span, 

verbal fluency, and word list learning tasks to be largely unaffected by videoconference 

delivery. FAS fluency (ICC = .720) and Digit Span Backward (ICC = .740) both reached the 

Good range, also supporting this pattern. However, not every measure followed this pattern 

of previous findings as Animal fluency and more surprisingly, the RBANS Language Index 

performed comparatively poorly despite also being verbal tasks, a difference further explored 

below. 
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The RBANS Language Index and Picture Naming 

The poor consistency of the RBANS Language Index was unexpected, as it did not fit with 

the broader pattern of results in the present study or with the findings of Galusha-Glasscock 

et al. (2016), who did not report a comparable problem with this index. Given the small 

sample, the number of measures analysed, and the fact that this result was not expected based 

on previous research, the poor Language Index finding may represent chance variation. It 

should therefore not be interpreted as evidence that remote administration compromises the 

reliability of the Language Index.  

Exploratory review of the data identified score variation in Picture Naming and Semantic 

Fluency, including among the two bilingual participants. However, this pattern was not 

clearly associated with administration condition, RBANS form, or age group, and does not 

explain the observed inconsistency. The Picture Naming subtest has a narrow scoring range 

of 10 items, so a difference of one point may produce a large change in the index score. 

Differences in cultural or linguistic familiarity with individual items may also be relevant. 

However, these observations are post hoc and are only possible explanations. They do not 

show that remote administration, participants’ language background or particular test items 

caused the poor consistency. Replication in a larger and more linguistically diverse sample is 

needed before drawing conclusions about remote administration of the RBANS Language 

Index.  

Observations and Participant Feedback 

Informal feedback received from participants after testing sessions offers some tentative, 

qualitative context for the quantitative findings, though these observations were not part of 

the study’s formal data collection. Among younger participants (18-40), preference for 

administration format appeared to match with participants’ everyday working arrangements: 

those familiar with remote working reported feeling more comfortable testing from home, 

whereas those who are used to working in person reported a preference for face-to-face 

testing. One participant described feeling distracted at home during verbal fluency tasks, 

reporting that they relied on prompts from their immediate environment rather than 

generating items imaginatively, as they had done during the face-to-face session, and felt this 

limited their performance remotely. This observation offers a plausible though speculative 

account of how environmental context might influence performance on generative tasks. 

Participants also occasionally described feeling fatigued at certain sessions, for example 
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following a night shift or poor sleep; although appointments were scheduled as flexibly as 

possible and participants were advised to ensure they were well rested, scheduling was 

ultimately constrained by the availability of testing space and researcher and participant 

availability, meaning this could not always be fully controlled.  

Among the older age group (65 and over), the majority expressed a preference for face-to-

face testing, with most attributing this preference to being retired and unfamiliar with remote 

formats. Several described face-to-face testing as feeling more like ‘real’ test conditions, 

consistent with their prior experience of being assessed. Interestingly, subjective preference 

did not always align with objective performance, illustrating that self-reported ease of testing 

may not necessarily correspond to actual performance.  

Verbal Fluency and Practice Effects 

In contrast to the Language Index, Animal fluency showed comparatively higher, though still 

non-significant, consistency between conditions (ICC = .403). Scores also increased 

modestly from Session 1 to Session 2, suggesting a practice effect. FAS fluency showed a 

similar pattern, increasing from a median of 42.00 in Session 1 to 49.50 in Session 2, 

potentially reflecting reduced task anxiety or an increase in familiarity with the task on the 

second session, consistent with previous findings for verbal fluency tasks (Bartels et al., 

2010; Collie et al., 2003). This pattern was not observed consistently across measures: the 

RBANS Visuospatial Index also increased across sessions, several measures (RBANS 

Immediate Memory Index, Digit Span Forward, DKEFS Word Reading) showed minimal 

change, and a small number of measures (RBANS Attention Index, Oral TMT-A, Digit Span 

Backward) decreased slightly. This variability is consistent with the study’s design, which 

incorporated parallel RBANS forms and alternate Digit Span trial sets specifically to reduce 

practice effects for memory-based measures. Overall, verbal fluency performance was 

consistent with expectations from existing literature, supporting the interpretation that the 

Language Index’s poor reliability is attributable to Picture Naming rather than Semantic 

Fluency. The environmental cue observation described above offers one plausible, 

exploratory explanation for why verbal fluency performance may vary between formats 

beyond practice effects alone, though this remains speculative. 

Testing Order and Age 
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Among the more unexpected results was a significant interaction between testing order and 

age group across several DKEFS measures of executive function, inhibition and processing 

speed, i.e., Colour Naming, Inhibition, and Word Reading were all significant, with RBANS 

Attention Index showing a near significant effect. Participants in the younger age group 

tended to do slightly better having completed the face-to-face session first, while the older 

age group participants showed the reverse pattern, performing better when the remote session 

was first. The effect was largest for the Attention Index, where older participants who 

completed remote first scored on average 13.7 points higher than those who completed face-

to-face testing first. Among the younger age group, this same comparison showed a much 

smaller difference of just 1.1 points.  

Research has tended to focus on whether older adults do worse with remote testing generally, 

rather than whether the order of testing interacts with age specifically. It may be that starting 

with remote testing was simply less stressful for older participants which then carried over 

into the second session. Whereas the younger age group who are generally more at ease and 

familiar with video call technology would have less gain from this. Testing order was built 

into the design mainly as a counterbalancing tool rather than to test a specific age-related 

hypothesis and therefore this result is more of an interesting finding than a confirmed effect 

and is a finding for replication rather than one to build conclusions on. 

Testing order also affected memory performance independently of age, with a significant 

effect on the RBANS Delayed Memory Index and near significant effects on the Total Scale 

Score and Immediate Memory Index. Session 1 and Session 2 medians did not differ 

substantially for these measures, suggesting the effect is not attributable to practice. The 

mechanism underlying this testing order effect therefore remains unclear and similar to the 

interaction reported above, warrants further exploration.  

Strengths and Limitations of the Study 

Several design choices strengthened confidence in these findings. For example, 

administration condition, RBANS form, and testing order were all counterbalanced, reducing 

the risk that findings were confounded by testing sequence. Reliability was assessed using 

several complementary methods (ICC, Spearman’s rank order correlations, and ANOVA), 

and effect sizes provided a fuller picture than p-values alone given the study’s modest power. 

Limitations are equally worth highlighting. For example, sample size has been flagged as a 

limitation with just 16 participants, the study had 80% power to detect only fairly substantial 
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correlations (r = .636) and large MANOVA effects (f² = .738), and therefore more modest 

effects could easily have gone undetected, and any results drawn from a small subgroup (e.g., 

the n = 4 Age Group by testing order) should be interpreted with caution. No power 

calculation was carried out at the level of the four-way counterbalancing, though this was not 

a realistic calculation to attempt given the overall sample, but it is acknowledged as a 

limitation. 

No correction for multiple comparisons was applied across the 16 ICCs, 16 Spearman’s 

correlations, and multiple ANOVA effects tested, consequently, results close to the 

conventional significance threshold (e.g., the testing order effect on the RBANS Total Scale 

Score, p = .051) may in some cases reflect chance variation rather than a genuine effect. The 

breadth of the cognitive battery also represented a limitation in relation to the available 

sample size and resources. Although including multiple measures allowed an exploratory 

assessment of several cognitive domains, it resulted in a large number of analyses relative to 

the sample and limited the statistical power available for each measure. A more focused 

battery, with one pre-specified primary measure for each key domain, for example, memory, 

executive function, language and processing speed would have reduced the number of 

comparisons and allowed clearer, more adequately powered conclusions.  

A further limitation to acknowledge is that performance validity was not formally examined 

using a standalone performance validity test or an embedded validity indicator. To minimise 

participant burden and fit the assessment within a 60-minute appointment, the battery 

prioritised primary cognitive measures. Concerns about suboptimal test engagement were not 

anticipated in this voluntary research context. However, the RBANS includes an embedded 

Effort Index, which combines performance across two subtests to identify potentially 

insufficient engagement (Silverberg et al., 2007). This index was not examined because the 

analyses prioritised the study’s primary cognitive measures rather than additional embedded 

performance validity indicators. Future studies should consider including standalone 

performance validity tests and / or examining validated embedded indicators, particularly 

when assessing clinical populations or other contexts in which the validity of test 

performance may be less clear.   

The two-to-four-week gap between sessions, chosen to reduce the risk of practice effects is 

longer than the same day interval used by Galusha-Glasscock et al. (2016), and may have 

introduced natural variation in participants’ performance between sessions, for example due 
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to differences in mood, fatigue, or alertness on the day of testing, independent of testing 

modality. The scheduling constraints described in participant feedback above whereby testing 

depended on the availability of both participants and researcher, as well as room booking, 

could not always guarantee participants were well rested however this reflects a real 

limitation in clinical practice. This could have affected reliability estimates for measures 

particularly sensitive to this kind of variation. Additionally, participants were healthy adults 

recruited in Scotland, which limits how confidently these results can be generalised to other 

populations, regions, or linguistic and cultural contexts.  

Theoretical Implications 

Overall, these findings support the position that remote neuropsychological assessment can 

produce results comparable to face-to-face testing across a wide range of cognitive domains, 

consistent with existing literature and professional guidance. However, the unexpected 

finding for the Language Index warrants further investigation. Given that it did not fit with 

the wider pattern of results, the small sample, and the number of analyses undertaken, it may 

reflect chance variation rather than a reliable limitation of remote administration. These 

findings raise an important point for reliability research conducted with small samples. 

Although clerical error and obvious associations with administration condition, form, or age 

group were not identified, this does not establish that the finding reflects a reliable pattern for 

the Language Index. With only four participants contributing to this pattern, replication in a 

larger sample is needed before drawing conclusions about the subtest more broadly.  

The testing order by age group interaction represents a further consideration for future 

research. The order in which assessment formats are administered may affect younger and 

older adults differently, an area that has received limited attention in literature which tends to 

primarily focus on whether older adults are generally disadvantaged by remote testing. 

Participant feedback offers some real-world context to this point, i.e., older participants’ 

general unfamiliarity with remote formats, and the mismatch observed between participant 

subjective preference and their objective performance, suggests that self-reported comfort 

with a testing format may not be straight forward in predicting how that format affects 

performance. Together these findings support the broader use of remote neuropsychological 

assessment, while highlighting practical considerations. However, the present findings were 

obtained from healthy volunteers and should not be generalised directly to clinical 

populations with cognitive impairment or disability. People referred for neurological 

assessment may experience difficulties that were not represented in this sample, including 
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more substantial cognitive impairment, fatigue, sensory or motor difficulties, communication 

needs, reduced familiarity with technology, and a need for support to access or complete 

remote assessment. These factors may affect both the feasibility of remote testing and the 

comparability of scores obtained remotely and face-to-face. Remote assessment should 

therefore be considered on an individual basis and alongside clinical judgement, rather than 

on the basis of the present findings alone. Further research is needed in clinically 

representative populations before these measures can be considered equivalent across 

administration formats in routine practice. Within these limitations, the findings highlight 

practical considerations for future research and clinical implementation. Firstly, the poor 

consistency observed for the RBANS Language Index in this sample requires replication 

before any conclusions can be drawn about its use across remote and face-to-face assessment. 

Secondly, the interaction between testing order and age group suggests that assessment 

sequence may affect performance differently across age groups and should be considered 

when interpreting repeated remote assessments in mixed age clinical populations.  

Future studies comparing remote and face-to-face neurological assessment with relatively 

small samples would benefit from selecting a smaller number of pre-specified measures 

across key cognitive domains. This would allow sample size calculations to be based on 

clearly defined primary outcomes, reduce the number of statistical comparisons and provide 

more precise estimates of consistency between formats. Larger, adequately powered studies 

could use a wider battery of measures and examine whether findings generalise to clinical 

populations.  
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Appendix B. Search Strategies 

 

 
Database 

MEDLINE 

(ovid) 

Search Strategy 

 1. ("brain injur*" or "acquired brain injur*" or "traumatic brain injur*" or TBI or 

"head injur*" or "head trauma*" or stroke* or "hypoxic brain" or "anoxic 

brain" or "hypoxic-ischemic encephalopathy" or encephalitis or "cerebr* 

injur*" or "cerebr* trauma*").ti,ab. or exp Brain Injuries/ or exp 

Craniocerebral Trauma/ or exp Stroke/ or exp Brain Ischemia/ or exp Hypoxia, 

Brain/ or exp Encephalitis/ 

 2. (telehealth or telemedicine or telerehab* or "tele-rehabilitation" or 

telepsycholog* or teletherap* or eHealth or "e-health" or mHealth or "web-

based" or "internet-based" or online or videoconferenc* or "video call*" or 

telephone or phone or smartphone* or app or apps or digital).ti,ab. or exp 

Telemedicine/ or exp Remote Consultation/ or exp Internet/ or exp 

Videoconferencing/ 

 3. ("cognitive behavio* therap*" or CBT or "cognitive therap*" or "cognitive 

restructuring" or "behavio* therap*" or "behavio* intervention*" or "problem 

solving therap*" or "problem-solving therap*" or PST).ti,ab. or exp Cognitive 

Behavioral Therapy/ or exp Behavior Therapy/ 

 4. 1 and 2 and 3 

 5.  randomized controlled trial.pt. or controlled clinical trial.pt. or 

randomi#ed.ti,ab. or placebo.ti,ab. or "clinical trial*".ti,ab. or trial*.ti,ab. or 

feasibility.ti,ab. or pilot.ti,ab. or acceptability.ti,ab. or cohort.ti,ab. or 

observational.ti,ab. or non-randomi#ed.ti,ab. or nonrandomi#ed.ti,ab. or "pre 

and post*".ti,ab. or "pre-post*".ti,ab. or "service evaluation*".ti,ab. or 

stud*.ti,ab. 

 6. 4 and 5 

 7. exp animals/ not humans.sh. 

 8. 6 not 7 

 

 
Database 

Embase 

(ovid) 

Search Strategy 

 1. exp brain injury/ or exp cerebrovascular accident/ or exp brain hypoxia/ or exp 

brain ischemia/ or exp encephalitis/ 

 2. (brain injur* or acquired brain injur* or traumatic brain injur* or TBI or head 

injur* or head trauma* or stroke* or hypoxic brain or anoxic brain or 

encephalitis).ti,ab. 

 3. 1 or 2 

 4. exp telemedicine/ or exp internet/ or exp videoconferencing/ 

 5. (telehealth or telemedicine or telerehab* or teletherap* or ehealth or mhealth 

or web-based or internet-based or online or videoconferenc* or video call* or 

telephone or phone or smartphone* or app or digital).ti,ab. 

 6. 4 or 5 

 7. exp cognitive behavioral therapy/ or exp cognitive therapy/ or exp behavior 

therapy/ 

 8. (cognitive behavio* therap* or CBT or cognitive therap* or cognitive 

restructuring or behavio* therap* or behavio* intervention* or problem 

solving therap* or problem-solving therap* or PST).ti,ab. 

 9. 7 or 8 
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 10. 3 and 6 and 9 

 11. random*.ti,ab. or exp crossover procedure/ or exp double blind procedure/ or 

exp single blind procedure/ or placebo.ti,ab. or trial*.ti,ab. or feasibility.ti,ab. 

or pilot.ti,ab. or acceptability.ti,ab. or cohort.ti,ab. or observational.ti,ab. or 

non-randomi#ed.ti,ab. or nonrandomi#ed.ti,ab. or "pre and post*".ti,ab. or 

"pre-post*".ti,ab. or "service evaluation*".ti,ab. or stud*.ti,ab. 

 12. 10 and 11 

 13. exp animal/ or exp invertebrate/ or animal experiment/ or nonhuman/ 

 14. exp human/ 

 15. 13 and 14 

 16. 13 not 15 

 17. 12 not 16 

  

 

 
Database 

Cochrane 

CENTRAL 

Search Strategy 

 1. MeSH descriptor: [Brain Injuries]  

 2. MeSH descriptor: [Stroke] 

 3. MeSH descriptor: [Hypoxia-Ischemia, Brain]  

 4. MeSH descriptor: [Encephalitis]  

 5. ((brain NEXT injur*) or (acquired NEXT brain NEXT injur*) or (traumatic 

NEXT brain NEXT injur*) or TBI or (head NEXT injur*) or (head NEXT 

trauma*) or stroke* or "hypoxic brain" or "anoxic brain" or encephalitis or 

(cerebr* NEXT injur*) or (cerebr* NEXT trauma*)):ti,ab,kw 

 6. #1 or #2 or #3 or #4 or #5 

 7. (telehealth or telemedicine or telerehab* or teletherap* or eHealth or mHealth 

or "web-based" or "internet-based" or online or videoconferenc* or (video 

NEXT call*) or telephone or phone or smartphone* or app or digital):ti,ab,kw 

 8. MeSH descriptor: [Telemedicine]  

 9. #7 or #8 

 10. MeSH descriptor: [Cognitive Behavioral Therapy]  

 11. ((cognitive NEXT behavio* NEXT therap*) or CBT or (cognitive NEXT 

therap*) or "cognitive restructuring" or (behavio* NEXT therap*) or (behavio* 

NEXT intervention*) or (problem NEXT solving NEXT therap*) or (problem-

solving NEXT therap*) or PST):ti,ab,kw 

 12. #10 or #11 

 13. (random* or trial* or "controlled trial" or feasibility or pilot or acceptability or 

cohort or observational or non-randomi#ed or nonrandomi#ed or (pre NEXT 

post*) or "pre-post*" or (service NEXT evaluation*) or stud*):ti,ab,kw 

 14. #6 and #9 and #12 and #13 

 
Database 

APA 

PsycINFO 

(EBSCO) 

Search Strategy 

 1. (DE "Traumatic Brain Injury" OR DE "Brain Concussion" OR DE "Chronic 

Traumatic Encephalopathy" OR DE "Post-Concussive Symptoms") OR (DE 

"Cerebrovascular Accidents" OR DE "Cerebral Ischemia" OR DE "Ischemic 

Stroke" OR DE "Cerebral Infarction") OR (DE "Head Injuries" OR DE "Brain 
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Injuries" OR DE "Periventricular Leukomalacia" OR DE "Traumatic Brain 

Injury" OR DE "Brain Concussion" OR DE "Post-Concussive Symptoms" OR 

DE "Chronic Traumatic Encephalopathy") OR DE "Anoxia" OR (DE 

"Encephalitis" OR DE "Encephalomyelitis") 

 2. TI ( "brain injur*" OR "acquired brain injur*" OR "traumatic brain injur*" OR 

TBI OR "head injur*" OR "head trauma*" OR stroke* OR "hypoxic brain" OR 

"anoxic brain" OR encephalitis ) OR AB ( "brain injur*" OR "acquired brain 

injur*" OR "traumatic brain injur*" OR TBI OR "head injur*" OR "head 

trauma*" OR stroke* OR "hypoxic brain" OR "anoxic brain" OR encephalitis ) 

 3. S1 OR S2 

 4. (DE "Telemedicine" OR DE "Teleconferencing" OR DE "Teleconsultation" 

OR DE "Telepsychiatry" OR DE "Telepsychology" OR DE 

"Telerehabilitation" OR DE "Videoconferencing" OR DE "Online Therapy") 

OR (DE "Internet" OR DE "Internet Access" OR DE "Internet Usage") OR DE 

"Videoconferencing" 

 5. TI ( telehealth OR telemedicine OR telerehab* OR teletherap* OR eHealth OR 

mHealth OR "web-based" OR "internet-based" OR online OR 

videoconferenc* OR "video call*" OR telephone OR phone OR smartphone* 

OR app OR digital ) OR AB ( telehealth OR telemedicine OR telerehab* OR 

teletherap* OR eHealth OR mHealth OR "web-based" OR "internet-based" 

OR online OR videoconferenc* OR "video call*" OR telephone OR phone OR 

smartphone* OR app OR digital ) 

 6. S4 OR S5 

 7. DE "Cognitive Therapy" OR DE "Cognitive Behavior Therapy" OR DE 

"Cognitive Restructuring" OR DE "Cognitive Techniques" OR DE "Behavior 

Therapy" OR DE "Trauma-Focused Cognitive Behavior Therapy" 

 8. TI ( "cognitive behavio* therap*" OR CBT OR "cognitive therap*" OR 

"cognitive restructuring" OR "behavio* therap*" OR "behavio* intervention*" 

OR "problem solving therap*" OR "problem-solving therap*" OR PST ) OR 

AB ( "cognitive behavio* therap*" OR CBT OR "cognitive therap*" OR 

"cognitive restructuring" OR "behavio* therap*" OR "behavio* intervention*" 

OR "problem solving therap*" OR "problem-solving therap*" OR PST ) 

 9. S7 OR S8 

 10. S3 AND S6 AND S9 

 11. TI ( random* OR trial* OR "controlled trial" OR feasibility OR pilot OR 

acceptability OR cohort OR observational OR non-randomi#ed OR 

nonrandomi#ed OR "pre and post*" OR "pre-post*" OR "service evaluation*" 

OR stud* ) OR AB ( random* OR trial* OR "controlled trial" OR feasibility 

OR pilot OR acceptability OR cohort OR observational OR non-randomi#ed 

OR nonrandomi#ed OR "pre and post*" OR "pre-post*" OR "service 

evaluation*" OR stud* ) OR DE "Treatment Effectiveness Evaluation" OR DE 

"Clinical Trials" 

 12. S10 AND S11  

 Limiters applied to final line: Population Group - Human. 
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Appendix D: STROBE checklist  

 
STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies  

 Item 

No Recommendation 

Page 

No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in 

the title or the abstract 

39 

(b) Provide in the abstract an informative and balanced 

summary of what was done and what was found 

41 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 

42-45 

Objectives 3 State specific objectives, including any prespecified 

hypotheses 

45-46 

Methods 

Study design 4 Present key elements of study design early in the paper 47 

Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data 

collection 

47 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 

selection of participants 

47 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

50 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details 

of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one 

group 

50 

Bias 9 Describe any efforts to address potential sources of bias 47 

Study size 10 Explain how the study size was arrived at 48 

Quantitative variables 11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were chosen 

and why 

49 

Statistical methods 12 (a) Describe all statistical methods, including those used to 

control for confounding 

52-53 

(b) Describe any methods used to examine subgroups and 

interactions 

52 

(c) Explain how missing data were addressed 52 

(d) If applicable, describe analytical methods taking account of 

sampling strategy 

48 

(e) Describe any sensitivity analyses 53 

Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, 

48 
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confirmed eligible, included in the study, completing follow-

up, and analysed 

(b) Give reasons for non-participation at each stage n/a 

(c) Consider use of a flow diagram n/a 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

48 

(b) Indicate number of participants with missing data for each 

variable of interest 

n/a 

Outcome data 15* Report numbers of outcome events or summary measures 55-60 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and 

why they were included 

57-58 

(b) Report category boundaries when continuous variables 

were categorized 

55 

(c) If relevant, consider translating estimates of relative risk 

into absolute risk for a meaningful time period 

n/a 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 

interactions, and sensitivity analyses 

60 

Discussion 

Key results 18 Summarise key results with reference to study objectives 65 

Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias 

69 

Interpretation 20 Give a cautious overall interpretation of results considering 

objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

66-69 

Generalisability 21 Discuss the generalisability (external validity) of the study 

results 

70-71 

Other information 

Funding 22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on 

which the present article is based 

Not 

provided 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in conjunction 

with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals 

of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on 

the STROBE Initiative is available at www.strobe-statement.org. 
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Appendix E: Final approved MRP proposal  

 
 
https://osf.io/7deja/files/rw3qn 
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Appendix G: Participant Information sheet   

 
 
https://osf.io/7deja/files/nzb3v 
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Appendix H: Consent form  

 
 
https://osf.io/7deja/files/whu5e 
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Appendix I: Data Analysis Plan  

 
 

https://osf.io/7deja/files/puxrm 
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Appendix J: Data Analysis Process  

 
 
https://osf.io/7deja/files/k2u8y  
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Appendix K: Data Management Plan (DMP)  

 
 
https://osf.io/7deja/files/5qvch 
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Appendix L: G*Power Sensitivity Analysis for Correlations and Effect Size (Planned 

Sample, N = 20) and Achieved Sample (N = 16) 

G*Power Sensitivity Analysis for Correlations (Planned Sample, N = 20) 

 

G*Power Sensitivity Analysis for Correlations (Achieved Sample, N = 16) 
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 G*Power Sensitivity Analysis for Effect Size (Planned Sample, N = 20) 

 

G*Power Sensitivity Analysis for Effect Size (Achieved Sample, N = 16) 
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Appendix O: Sample MRP Reflexivity Journal Entry  

 
https://osf.io/7deja/files/ecajw  
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