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Computerized and virtual reality co gnitive training for individuals at high
risk of cognitive decline: systematic review of the literature

Abstract

The aim of this study was to assess the efficacy of cognitive training, specifically computerized cognitive
training (CCT) and virtual reality cognitive training (VRCT), programs for individuals living with mild
cognitive impairment (MCI) or dementia and therefore at high risk of cognitive decline. After searching a
range of academic databases (CINHAL, PSYCinfo, and Web of Science), the studies evaluated (N = 16) were
categorized as CCT (N = 10), VRCT (N = 3), and multimodal interventions (N = 3). Effect sizes were
calculated, but a meta-analysis was not possible because of the large variability of study design and outcome
measures adopted. The cognitive domains of attention, executive function, and memory (visual and verbal)
showed the most consistent improvements. The positive effects on psychological outcomes (N = 6) were
significant reductions on depressive symptoms (N = 3) and anxiety (N = 2) and improved perceived use of
memory strategy (N = 1). Assessments of activities of daily living demonstrated no significant improvements
(N =8). Follow-up studies (N = 5) demonstrated long-term improvements in cognitive and psychological
outcomes (N = 3), and the intervention groups showed a plateau effect of cognitive functioning compared
with the cognitive decline experienced by control groups (N =2). CCT and VRCT were moderately effective
in long-term improvement of cognition for those at high risk of cognitive decline. Total intervention time did
not mediate efficacy. Future research needs to improve study design by including larger samples, longitudinal
designs, and a greater range of outcome measures, including functional and quality of life measures, to assess
the wider effect of cognitive training on individuals at high risk of cognitive decline.
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Computerised and Virtual Reality cognitive training for individuals at
high risk of cognitive decline:
Systematic review of the literature
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Abstract

The aim of this study was to assess the efficacy of cognitive training (CT), specifically computerised
cognitive training (CCT) and virtual reality cognitive training (VRCT) programs for individuals living
with mild cognitive impairment (MCI) or dementia and, therefore, at high risk of cognitive decline. A
range of academic databases were searched (CINHAL, PSYCinfo and Web of Science) and the studies
evaluated (n=16) were categorised as: (i) CCT (n= 10); (ii) VRCT (n=3) and (ii) multi-modal
interventions (n=3). Effect sizes were calculated but a meta-analysis was not possible because of the
large variability of study design and outcome measures adopted. The cognitive domains of attention,
executive function and memory (visual and verbal) showed the most consistent improvements.
There were positive effects on psychological outcomes (n=6): significant reductions on depressive
symptoms (n=3) and anxiety (n=2) and improved perceived use of memory strategy (n=1).
Assessments of activities of daily living demonstrated no significant improvements (n=8). Follow-up
studies (n=5) demonstrated long term improvements in cognitive and psychological outcomes (n= 3)
and in the intervention groups there was a plateau effect of cognitive functioning compared to the
cognitive decline experienced by control groups (n= 2). CCT and VRCT were moderately effective in
long term improvement of cognition for those at high risk of cognitive decline. Total intervention
time did not mediate efficacy. Future research needs to improve study design by including larger
samples, longitudinal designs and a greater range of outcome measures, including functional and
quality of life measures to assess the wider effect of CT on individuals at high risk of cognitive
decline.
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Introduction

Similar to other countries, the ageing population in Australia is growing and in 40 years it is
predicted to reach 26% of the total population (1). This rapid growth stimulated research directed at
designing interventions to support the associated social, economic and health challenges in an
ageing population. Cognitive function is one target area and addresses the reduced independence
and wellbeing and increased need for care associated with cognitive decline (2). Cognitive therapies
for people developed after animal research demonstrated that cognitive functioning was improved
by environmental interventions (3, 4). In the literature, multiple terms have been used for cognitive
interventions, including cognitive rehabilitation, cognitive stimulation and cognitive training.
Generally, cognitive rehabilitation and cognitive stimulation referred to group involvement in
activities designed to increase cognitive and social function in a non-specific manner (5). Cognitive
training (CT) involves standardised systematic training of mental tasks designed to optimise cognitive
function (6, 7). CT interventions were shaped by research exploring ‘plasticity’, which encompasses
the latent cognitive potential of individuals driven and the capacity of the brain for reactive changes
in cognitive flexibility (8, 9). Plasticity has been measured using observable behavioural indicators (9)
or with neuroimagining (10, 11). The existence of plasticity has been demonstrated in healthy older
populations (12, 13) and individuals diagnosed with mild cognitive impairment (MCI) (14, 15).
Plasticity research with older people challenged the assumption that cognition remains fixed or
declines and demonstrated the potential for interventions to stimulate cognition. For a detailed
review of cognitive plasticity and neuroplasticity and the relevant neurobiological mechanisms

underpinning these changes in an ageing population see (8, 16).

A number of studies have assessed the efficacy of CT on cognitive decline with healthy older
populations but the results so far have been inconclusive. CT improved cognition (13, 17, 18) for up
to 5 years (19) which suggested CT delayed cognitive and functional decline (20). However, only two

out of four studies on memory strategy training reported significant improvements (21, 22). The
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other two studies concluded that improvements in memory were not attributable to CT because the
improvements were not larger than those in an active control group (6, 23). The rapid development
of CT for healthy older populations stimulated investigations into plasticity potential and the efficacy
of CT for individuals experiencing cognitive decline, including individuals living with mild cognitive
impairment (MCI) and dementia. Systematic reviews and meta-analyses (20, 22, 24-26)
demonstrated that individuals living with MCI following CT showed improvements in congitive and
functional domains. However, when an active control condition was included these improvements
were no longer significant (22). A meta-analysis of CT in individuals living with dementia (27) has
suggested that the cognitive and functional plasticity are retained across the cognitive decline
continuum. Mixed results, small effect sizes and the unspecified influence of an active vs no contact
control in these populations (6, 28) means a majority of studies call for further research. Another
criticism of existing CT research is the paucity of research which demonstrated functional
improvement (19, 22, 29). Feedback from individuals living with cognitive impairment, their family
and care providers, found that improving the quality of life (QOL) of individuals should be a central

goal (2).

Traditionally, CT was facilitated in groups by therapists or cognitive instructors (30). Technology
innovations resulted in computerised cognitive training (CCT) and virtual reality cognitive training
(VRCT), which provide more cost effective, accessible, flexible and comprehensive interventions.
Computer algorithms enable CT interventions to be individualised, for example, developing task
difficulty incrementally to ensure the intervention is sufficiently challenging. This flexibility
promotes the potential for plasticity induced changes to be achieved (8). When CCT in healthy older
populations was compared with traditional paper and pencil or cognitive stimulation approaches
findings were comparable or superior (31) suggesting this is a viable intervention. However, there is
still limited information about the recommended ‘type’ or ‘dose’ of training required and how the
control group type influences results. The application of virtual reality (VR) with individuals with

impaired cognition for CT is a novel innovation and uses computer software to combine visual,
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auditory and tactile feedback to simulate real-life environments (32). VRCT is highly flexible and a
program can be designed to suit to needs of the target population (33). Feasibility studies
demonstrated that healthy older populations (34, 35) and individuals living with dementia (36) can
be spatially competent and effectively use VR technology. It is the immersive, ecologically valid 3D
nature of VR which creates a psychological sensation of being in the virtual reality environment
instead of the physical environment known as ‘presence’ (37). This sensation is thought to facilitate
learning and transference to functional outcomes (for example, activities of daily living (ADLs)). CCT
and VRCT include distinct but similar approaches to promoting improvements in cognitive decline for

high risk individuals living with MCl or dementia.

Aims and objectives

The overall aim of this study was to undertake a systematic review of studies evaluating
computerised cognitive training (CCT) and virtual reality cognitive training (VRCT) interventions for
individuals at high risk of continuing cognitive decline. The specific objectives were to (i) assess the
range and types of CCT and VRCT; ii) determine the effects of CCT and VRCT on cognitive and
functional outcomes for individuals living with MCI or a dementia; (iii) rank studies in terms of total
intervention time to determine what ‘dosage’ of CCT or VRCT was recommended and (iv) inform
future directions for clinical practice in the implementation of CCT and VRCT interventions for

individuals living with MCl and dementia who are at high risk of cognitive decline.

Methods

Search Strategy
The relevant studies were located from a range of sources: searching academic databases, the
‘snowballing technique’ of retrieving sources from internet searches and recommendations of

papers from colleagues, and secondary sourcing of studies cited in papers reviewed (38). A search
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was conducted in January 2014 and the following key words were used to locate relevant papers.
For training: cognitive training, cognitive stimulation, cognitive rehabilitation; for intervention:
computeri*ed, virtual reality; for cognitive domains: memory, attention, executive function and
processing speed and for population: mild cognitive impairment (MCl), dementia and Alzheimer*.
Search limits were applied: i) English language; ii) date range of January 2000 to January 2014 and
(iii) full-text available. One VRCT paper published in 1999 was also included due to the smaller
number of relevant VRCT papers within the 2000-2014 date range (39). A total of 40 relevant papers

were located: CINAHL (n=12), PSYCinfo (n=8), Web of Science (n=18), snowballing (n=2).

Inclusion criteria

(1) The intervention included CCT or CTVR targeted at general or domain specific cognitive function;
(2) Neurocognitive, psychological and functional outcome measures were assessed; and

(3) Participants were over 55 years, living in the community or residential accommodation and had a

diagnosis of MCl or dementia (as determined by a validated diagnostic or neurocognitive measure).

Exclusion criteria

(1) Participants were healthy older populations or individuals with early-onset dementia;
(2) Intervention was not CCT or CTVR training and did not target cognitive function;

(3) No neurocognitive, psychological or functional outcome measures were included;

(4) The study was limited to a review of previously published studies;

(5) Publication was not in English;

(5) Publication was not peer reviewed; and

(6) Full text of papers were not available.

Risk of Bias assessment

The quality of studies identified as relevant was assessed using the Cochrane Collaboration tool for

assessing risk of bias in randomised trials (40). The tool has six domains of bias to evaluate for each
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study reviewed: selection bias, performance bias, attrition bias, reporting bias and other bias. When
the evaluation is complete, the reviewer documents a judgement about the bias of a paper and each
paper is categorised as: ‘low risk’, ‘high risk’ or ‘unclear risk’. The reviewer records a summary of the
reasons why a judgement about a paper was made. Presenting risk of bias tables is cumbersome and

an illustration is recommended to summarise the judgments (41) (Table ).

Effect Size Analysis

A meta-analysis of the 16 studies was inappropriate because of the large variability between the
study designs, outcome measures and population samples across the papers. Seven studies provided
effect sizes, four Cohen’s d (42-45), two partial eta’ (npz) (46, 47) and one eta’(n?) (48). n’ results
were converted to Cohen’s d for consistency, however insufficient information was provided in the
other two studies to convert npz. For the remaining 7 studies relative effect sizes (Cohen’s d) were
calculated by pooling standard deviations across pre-test and post-test measurements for the
intervention and control groups (49). Relative effect sizes were corrected for biases and 95%
confidence intervals calculated (50). One study was a non-controlled design (51) and in another
means and standard deviations were not provided for the control group and analyses were
conducted within group (52). No effect sizes were calculated in these two papers. When a reduction
on an outcome measure indicated cognitive improvement Cohen’s d values were reversed from
negative to positive to enable comparisons between studies. Cohen’s d values of .2 reflect a small
effect, .05 a moderate effect and >.8 a large effect and npzvalues above 0.01 reflect a small effect,

above 0.06 a medium effect and above 0.14 a large effect, (53).

Results

Based on the stated search strategy, inclusion and quality assessment criteria, 16 out of 40 identified
papers were eligible for review. The flow chart (Figure 1) presents the decision pathway for final

inclusion of studies: participant characteristics, sample size, experimental design, intervention
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characteristics, outcome measures, key findings and effects sizes (provided in papers and calculated

by authors of this paper) are reported (Table ).

Studies identified

Participant Characteristics and Sample Size

The total number of participants in the papers reviewed was 664 (mean age 76 + 3.79 years).
Recruitment was most commonly from residential accommodation and memory clinics (48, 54-57)
and all participants lived in the community or residential accommodation. Twelve studies applied
formal diagnostic criteria to determine cognitive impairment status of participants. The majority of
participants (n=559 from 13 studies) were diagnosed with MCI but 38.5% of the total number of
studies included were of participants with dementia (n=159 from 5 studies), while two studies
combined individuals living with MCI and dementia (52, 58). Petersen’s criteria (59) was applied in
six studies (43, 46, 48, 58, 60, 61); a standardized clinical criteria consistent with recommendation of
an international consensus committee (62) was applied in two studies (44, 45); the Clinical Dementia
Scale (63) was applied in one study (57); and a cut off of 1.5 standard deviations below age norms on
a neurocognitive battery (47) was applied in one study (57). Due to inconsistencies in Alzheimer's
Disease and dementia terminology in the literature and among clinicians, we refer below to

dementia as the generic term.

One hundred and fifty nine participants from five papers were diagnosed with dementia: McKhann’s
clinical diagnosis of Alzheimer’s disease (64) was used in four papers (52, 56, 58, 65) and the DSM-
IR (39) was used in one study. Two papers used alternative rating scales: age-associated memory
impairment (AAMI) (66) was used with 19 participants (51) and Verbal Story Recall ability (67) with
31 participants (42). Limited information about health and medication status was provided:
pharmacological treatment among the participants was reported by two studies (43, 60) and a
steady dose (> 2 months) of medication was an inclusion criteria for six studies (44, 45, 52, 56, 61,

65).

10
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40 Studies

16 Reviewed

Exclusion Criteria

Healthy Older Adults (3 studies)
Non-English Article (2 studies)
Review Papers (5 studies)
Non-computerized or VR (3 studies)
No cognitive measure (5 studies)
Special Population/Other (3 studies)
Background Information (1 study)
Full text not available (2 studies)

Computerized Cognitive
Training (n=10)

Multi-Modal
Approaches (n=3)

Virtual Reality Training
(n=3)

Figure 1. Tdentification of the final studies in the systematic review.
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Table 1: Summary of quality assessment for the relevant CCT and VRCT studies
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Experimental Design of Studies Reviewed

Design and Quality Assessment

Eleven studies were randomised controlled trials (42, 44-48, 56, 57, 60, 61, 65) and 5 were quasi-
experimental designs; either pretest-posttest between group controlled trials (39, 52, 58), pretest-

posttest between group trials (43) or a uncontrolled pretest-posttest design (51).

Control Group Type

Three studies included a no contact/waitlist control (47, 60, 61) and two studies cholinesterase
inhibitors (ChEls) only control (56, 60). Nine studies included an active control (39, 42, 44-46, 48, 55,
57, 65), which involved participants participating in activities for an equivalent time as the
intervention group. Active control conditions varied amongst studies and included passive computer
activities (44, 48, 55), pen and paper cognitive tasks (46), a semi-structured interview on current
affairs (65) or a conversation with a psychologist (39). Alternatively, a control group of individuals
living with multiple systems atrophy were included in one study as these were hypothesised not to
improve from intervention (52). For the VRCT studies, control conditions were all active and included
therapist led training sessions using music therapy (42), memory training (57) and general

conversation (39).

CCT and VRCT Intervention Characteristics

Intervention characteristics varied widely (Table ). Studies were grouped according to the type of
intervention assessed: i) computerised cognitive training (CCT) (n=10); ii) multi-modal interventions
(n=3); or virtual reality cognitive training (VRCT) (n=3). The CT consisted of using a range of software
packages designed to improve cognitive function (Table 3). The most frequently used was
NeuroPsychological Training (TNP), an Italian multi-dimensional software package targeted at multi-
domain cognition (52, 58, 60, 65), followed by Post Science’s Brain Fitness software program which
targeted auditory processing (54, 55). Multi-modal interventions combined CCT with: psychosocial

stimulation and ChEls (56), therapist led CT (43) and occupational therapy (OT), behavioural training

13
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(BT) and physical rehabilitation (58). VRCT studies used computer software and combined auditory,
tactile and visual stimuli to create virtual environments, including an apartment (39), home or shop
(57) and garden (42). All VRCT studies were designed to improve cognitive function and required

participants to navigate the virtual environment, learn routes and remember objects.

Outcome Measures

All studies targeted general or domain specific cognitive function (Table 2), including attention,
executive function, general cognition, language, memory, processing speed, visuospatial ability,
verbal fluency and working memory. All studies included neurocognitive outcome measures
(primary) to assess the effect of CT upon domain specific cognitive measures. There were 11 studies
which included psychological and functional measures (secondary) to assess the transfer of cognitive
improvements to emotional and behavioural states, for example, mood, activities of daily living
(ADL), wellbeing and perceived use of memory strategy, contentment and controllability. One study
used functional imaging as an additional outcome measure to assess whether brain activation

changes correlated with task performance (45).

Duration and Intensity of Intervention

The intervention length of the studies (8 +5.94 weeks), number of sessions delivered (26 +20.37) and
length of session (48 *24.34 minutes) varied greatly. To assess whether intervention duration
mediated cognitive training program efficacy studies are ranked terms of the total intervention time
(TIT) (1333 +£1055.26 minutes; Table 2). However, considerable variability in study design made it
difficult to assess whether the TIT was associated with greater effect on cognitive or functional

outcomes.

CCT and VRCT Results

The heterogeneity between studies in terms of research design and outcome measures, limited the
extent to which treatments could be compared. Instead the aim of this review was to assess the

efficacy and methodology of individual interventions (Table ). Results are organised by primary
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(cognitive) and secondary (mood and QOL) outcomes. However, it should be noted that there is
considerable overlap between the cognitive functions assessed by each test, some outcome
measures tapping into multiple cognitive domains. As such, language, verbal fluency and other
executive functions were combined and the flow of reporting below acknowledges crossover

between the various cognitive domains.

Primary Outcomes

Attention/Working Memory

Eight studies included measures assessing attention (42-44, 46, 48, 52, 56, 58). The most commonly
used were the digit span (42, 46, 58) and spatial span tests (43, 44). CCT was shown to have a
significant effect on digit span forward ability in participants diagnosed with mild dementia (MD)
(d=.64) (58) and MCI (np2=.14) (46). Only individuals living with MCl were assessed longitudinally and
they demonstrated improvements at 6 months follow up. However, no significant digit span
backward improvements were reported, possibly because active verbal memory processing is
required in addition to immediate storage. Individuals living with MCI who received a VRCT
intervention also significantly improved on digit span ability (d=.24) but it was not stated whether
forward or backwards measures were used (42). From the two CCT interventions to asses spatial
span ability, a visual working memory measure, only one reported significant improvements (d=.85)
(44). The second study reported a medium effect size (d=.36) but no significant differences at 3- and
12-month follow ups were demonstrated (43). Individuals living with MCI receiving CCT improved on
accuracy and reaction time (RT) post-intervention (d= 1.00) on a divided attention visual detection
task where the control group (receiving rote practice of a computerised task) only improved on RT
(48). When the authors analysed the data in terms of dual-task cost (proportional loss of
performance in divided attention condition compared to focused attention condition) again the CCT
participants showed a significant improvement in terms of accuracy (d= 1.09). No other significant

changes in attention/working memory were reported (52, 56). However, individuals living with
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dementia mastered higher levels of CCT difficulty which the authors attributed to improved
attention performance (56). The studies which reported improvements in digit span and spatial span
ability compared their intervention to an active control group: TIT in these studies varied from 7.5
(58) - 50 hours (44), Cohen’s d was reported as varying between .24 - .85 and r]p2 was reported as

14,

Language, Verbal Fluency and Executive Function

Ten of the studies assessed the effect of CCT or VRCT on language, verbal fluency and other
executive functions (42-44, 46, 52, 56, 58, 60, 61, 65). Five studies assessed the effect of CCT on
language, however no significant improvements in intervention groups for individuals living with MCI
and dementia were shown (43, 44, 56, 60, 65). The Boston Naming Test was used in two studies (44,
56) and order and text comprehension (43), category and letter fluency (43, 60) and the bisyllabic
word repetition test (65) were other measures assessed. Four studies assessed verbal fluency
utilising phonemic and semantic fluency tests (52, 56, 58, 65). Again, contrasting results were
reported. Individuals living with dementia improved in phonemic fluency post CCT (52), however
control participants who received physical rehabilitation, OT + BT also demonstrated significant
phonemic fluency improvements (d= -.17) possibly due to experimenter-participant interaction
within the control group (58). Effect sizes could not be calculated for the first study and no other
significant changes in verbal fluency were reported. TIT ranged from 7.5 (58) to 15.5 hours (52).
Seven studies assessed improvements in executive function (42, 43, 46, 58, 60, 61, 65). The most
commonly used measures were Ravens Coloured Progressive Matrices (CPM) (60, 65) and the Rey-
Osterreith Complex Figure Test (ROCFT), copy and recall, which taps into visuospatial ability in
addition to executive function (46, 58, 60). Individuals living with MCI receiving CCT and ChEls,
reported significant improvements in CPM post-intervention (d= .78) (60) a result not replicated in
individuals living with dementia also receiving CCT and ChEls (65). However, the sample of
individuals living with dementia was small (n=6) and possibly underpowered. Only individuals living

with MCI receiving multi-modal interventions (CCT + OT + BT) (58), not CCT + ChEls (60) or CCT only
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(46), showed significant improvements on the ROCFT (copy, d= .57, recall, d= .47). A reduction of
‘disadvantageous’ choices on the lowa Gambling Task (IGT) (Deck A, d=.89) was shown in individuals
living with MCI receiving CCT plus therapist led CT, but no improvements in overall decision making
performance were demonstrated (43). Two other studies (42, 61) used a large range of tests to
assess executive function (Table ) but effect sizes were small (d<.30) and did not reach significance.
In the three studies that demonstrated improvements in executive function, TIT ranged from 7.5 (58)
to 60 hours (60) and intervention groups were compared to a ChEls only group (60), a therapist led
CT group (43) or a combined physical rehabilitation (PR) and occupational and behavioural therapy

control (58). Cohen’s d varied from .47-.89.

Memory
Only one study did not include a specific measure of memory, solely assessing processing speed (47).

However, the measures included in the remaining studies varied widely (Table 3). For ease of

interpretation, memory studies are divided into verbal and visual memory domains.

Verbal Memory

Short story recall tasks were used in four studies (42, 43, 60, 65). One reported significant
improvements in individuals living with MCI receiving CCT and ChEls when compared to a no-contact
control group (d=.41) (60). Individuals living with MCI receiving VRCT showed improvements post-
intervention (d= .70) and post booster (3 months later; d= .3?) compared to an active control
receiving music therapy (42). No other short story recall improvements were demonstrated.
However, Gaitan and colleagues (43) combined the short story recall task data with other measures
assessing memory recall and recognition which possibly confounded the results and the fourth study
was underpowered (n= 11) (65). The California Verbal Learning Test (CVLT) was used in two studies
(44, 51) with significant CCT improvements over a 5 month follow up for learning, and short-term
memory (STM) and long-term memory (LTM) for visual and verbal material (51). Effect sizes could
not be calculated and the single group pre-post design limits the strength of these findings. The

second study reported that CVLT measures did not reach significance yet effect sizes favored the
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intervention group (d= .26; CVLT delayed free recall) (44). When multiple word list recall tasks were
combined to assess recognition and recall after CCT, improvements were demonstrated and
maintained (6 months post-training) in individuals living with MCl compared to an active control (46).
Immediate auditory verbal memory assessed by a subset of the RBANS also significantly improved
post CCT in individuals living with MCl compared to an active control (d= 1.38). fMRI imaging
analyses showed pre-post left hippocampal activation changes correlated positively with pre-post
RBANS memory scores (d = 1.14) (45). Cohen’s d varied from .26-1.38 for reported verbal memory

results.

Visual Memory

Two studies used the Rivermead Behavioural Memory Task (RBMT) (39, 58) with no improvements
recorded for RBMT episodic memory (immediate and recall) with a combination of CCT, occupational
therapy and behavioural training for individuals living with MCl and dementia (58). Delayed route
learning ability improved after VRCT individuals living with dementia (d= 1.63) and a comparison of
means showed the performance of the intervention group improved, whilst the performance of the
control group declined (39). Assessment on The Fuld Object Memory Evaluation (FOME)
questionnaire showed that individuals living with MCI (receiving VRCT) and the control group
(receiving therapist led memory training using print images which matched the VRCT) participants
benefited from memory training. Effect sizes favored the intervention group for total recall (d=1.15)
and the control group for delayed recall (d= -1.17) (57). When an active control completed pen and
paper activities improvements were seen in the CCT intervention group of individuals living with MCI
on two tests assessing visual recognition; a delayed matching to sample task (DMS-48) (npzz 0.18)
and a subtest of the Doors and People Memory Battery (Set A, an: 0.15, Set B; an: 0.18)(46). These
improvements were maintained at 6 months follow up. From the six studies showing significant
memory improvements, four used active comparison groups (42, 45, 46, 68), one a ChEls only
control (60) and one had no control group (51). Cohen’s d varied from 1.15-1.63 and npz varied from

.15-.18 for reported visual memory results.
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Visuospatial Ability

Four studies assessed visuospatial ability (42, 44, 61, 65) with contrasting significant changes
reported. The first study showed improvements on the visuospatial subsection of the RBANS but
only in the control group (d=-.51) (44). The authors suggest this could be due to the nature of their
active control condition as it involved playing computer games that were visuospatially oriented. In
the second study a waitlist control was used and an improvement on the visual sustained attention
subtest of the Cambridge Automated Neuropsychological Test Battery (CANTAB) was found for
participants who received CCT (d= .94) (61). TIT ranged from 10 (61) to 50 hours (44) for studies
reporting significant differences. The studies that reported no significant improvements used the
Clock Drawing Test (CDT) following a CCT (58) and a VRCT (42) intervention, and Corsi’s block tapping

test (65) following CCT.

Processing Speed

Five studies assessed processing speed: one utilised the Useful Field of View test (UFOV) (47) and the
other four a Trail Making Test (44, 48, 51, 52). Positive UFOV results were demonstrated for
individuals living with MCI when compared to a no contact control group following 10hours of CCT
(np2= .307) (47). Improvements were maintained over 5 years demonstrating the durability of the CT
effects. Scores on the Trail Making Test improved in AAMI (51), MCI (48) and individuals living with
dementia (52), suggesting processing speed improvements are possible as a result of CCT in
individuals experiencing a range of cognitive decline. Limitations are that analyses were conducted
within group for two studies (51, 52) and although improvements were demonstrated the final study
used rote practice of a computerised task as a control and there were no significant differences to
the CCT intervention group (computerised divided attention training on a dual task varying allocation
priorities and involving feedback)(48). The final study assessed individuals living with MCI compared
to an active control (assorted computer activities for an equivalent amount of time) and no

improvements were demonstrated on the Trail Making Test (44).
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General Cognitive Function

Nine studies used a measure of general cognitive function (42-44, 52, 56, 58, 60, 65). Five used the
MMSE singularly (43, 52, 58, 60) and three in combination with another measure: MMSE and Mental
Status in Neurology (42), MMSE and Milan Overall Dementia Assessment (MODA)(65), and MMSE
and the Alzheimer’s Disease Assessment scale- cognitive subscale (ADAS-Cog) (56). Two studies
reported a significant improvement in MMSE mean scores in individuals diagnosed with dementia
and currently receiving ChEls (52, 56). The first study assessed the responses of individuals living
with MClI and dementia to CCT: only individuals living with dementia, not MCI, showed
improvements in MMSE scores (52). However, analyses were conducted within group and effect
sizes were could not be calculated, absolute difference scores for individuals living with dementia
was 2.1 and .70 for MCI. The second study compared a CCT + psychoeducation intervention against a
psychoeducation only intervention. Individuals living with dementia from both groups showed
improvements in the ADAS-Cog and MMSE scores however the CCT+ psychoeducation effect sizes
(MMSE; d=1.23, ADAS-Cog, d=.70) were larger for MMSE scores than the psychoeducation only
group (MMSE; d=.53, ADAS-Cog, d=.70) . Furthermore, the additional benefit of CCT was maintained
at a 6 month follow up (MMSE; d=1.15, ADAS-Cog, d=.70) compared to psychoeducation only
(MMSE; d=.53, ADAS-Cog, d=-.12) and the control group (CHEI's only) which experienced declines
(56). Mixed results were demonstrated in another CCT intervention with individuals living with
dementia. Control participants who attended a semi-structured interview about current affairs and
their own life history for an equal amount of time as the CCT group showed greater improvements in
MMSE scores at a 3 month follow up (d=-.67). However, at a 9 month follow up effect sizes favoured
the CCT group (d=.89) and the control showed significant MMSE declines. The CCT intervention
slowed the progression of cognitive decline (65). The final study to show changes in MMSE scores
involved a VRCT + auditory training intervention compared to a control group who received music
therapy. Individuals living with MCI receiving VRCT + auditory training MMSE scores improved after 3

months of intervention (d=.48) and these improvements were maintained at a 6 month follow up
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(d=.26) (participants received 3 months of booster training which involved 1 VRCT and 1 auditory
training session per week). In comparison, control participants who received music therapy showed
a decline in their MMSE scores (42). The final study measured the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS) total score (44). Improvement were found in
individuals living with MCI CCT group (d=.33) but no significant differences to the control group (44).
In the four studies that reported significant improvements and maintenance in cognitive function
post intervention, TIT ranged from 15.5 (52) to 30 hours (42). Two studies used an active control (42,
65) , one a sample of Multiple Systems Atrophy (MSA) individuals (however, analyses were

conducted within group) (52) and the other CHEI's only (56). Cohen’s d varied from .26-1.23.

Secondary Outcomes

Mood

Eight studies assessed mood (42, 43, 52, 56, 58, 60, 61, 65). The most common outcome measure
was the Geriatric Depression Scale (GDS). A reduction of depressive symptoms was reported in three
studies. Firstly in MCI participants who received CCT and ChEls (d=-.50) compared to a no contact
control (60) and secondly in MCI participants who received VRCT (d=-.75) (42) compared to an active
control. The third study assessed MCI and MD participants who received a combined CCT, BT + OT,
both populations showed significant reductions on the GDS (MCI; d=-.21, MD; d= .91 (58). Negative
effect sizes on the GDS indicate a reduction of depressive symptoms in the intervention group which
is evident for the individuals living with MCI but not MD, raising the questionable nature of these
results. A rehabilitation program, without stimulation of cognitive function, was used as an active
control but within group statistical analysis was applied. Effect sizes were calculated using pre and
post measures from both groups which could explain the unclear relationship between results and
effect sizes. State and trait anxiety measures were used in three studies (43, 52, 58). Reductions in
anxiety (using the State-Trait Anxiety Inventory (STAI) for MCI (STAI-I; d=.04, STAI-Il; d=-.04) and MD

participants (STAI-l; d=.08, STAI-Il; d= .26) were reported when analyses were conducted within
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group (58). Anxiety reductions and larger effect sizes from a more robust research design were
demonstrated in individuals living with MCI who received a multi-modal intervention (CCT +CT) at a
12 month follow up (d=-1.12) (43). The Neuropsychiatric Inventory (NPI) was used in two studies to
assess behavioural disturbances (60, 65) and one reported a significant reduction following CCT and
CHEl's (d= -.64) (60). No other self-reported improvements on mood were shown for intervention
groups (52, 56, 61, 65). Of the studies which did report significant changes to mood, TIT ranged from

7.5 (58) to 60 hours (60) and Cohen’s d ranged from -.50 to -1.12.

Activities of Daily Living (ADLs)

To assess whether cognitive training improvements transferred to functional improvements, eight
studies included ADL with self-report questionnaires (42, 48, 52, 56-58, 60, 65). The Instrumental,
Basic and Advanced Activities of Daily Living (IADL, BADL and AADL) scales were used in six studies,
the Rapid Disability Rating Scale (RDRS) in one (56), a physical performance test in one (58) and a
Divided Attention Questionnaire (DAQ) and Well-Being Scale in another (48). The DAQ showed
improvements following intervention (d= 1.00) but was across the intervention group and active
control (rote practice of computerised dual-attention task) (48). The physical performance test
showed improvement in individuals living with MCI following a multi-modal intervention, CCT, OT
and BT intervention, however effect sizes were small (d= -.02) and favoured the control group. No

other significant ADL improvements or decrements were reported for the CCT or VRCT studies.

Subjective Experiences of Ageing and Independence

Five studies assessed measures of subjective impairment (51, 52, 57, 61, 65): subjective memory
functioning, including the Memory Failures in Everyday Memory (MFE), Memory Functioning
Questionnaire (MFQ), Multifactorial Memory Questionnaire (MMQ) and Memory Controllability
Inventory. Alternatively, subtests of the Nuremberg Ageing Inventory which asked participants to
judge their ability to carry out activities of daily living and rate their own physical and cognitive

condition (51), or a short-form health survey (SF-12) (52) were used. Only one study (57) showed
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significant subjective improvements: MCI participants who received VRCT reported improved
perceived memory strategy on the MMQ (d= .64). However, perceived memory contentment
improvements on the MMQ were also reported for MCI participants who received therapist led
memory training as an active control comparison (d= -.53) (57). TIT time for this study was 12.5

hours.
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Table 2i: Computerised and VR Cognitive Training Studies by characteristics, intervention components, outcome measures and effect sizes: ranked by total intervention

time (TIT)

Computerised and Virtual Reality Cognitive Training: Efficacy in MCl and dementia

First author N

Intervention Group (IG)

Control Group (CG)

Duration

Assessment
Intervals

Key Findings

Significant findings, trends, effect
sizes and 95% confidence intervals

Computerised Cognitive Training

Rozzini, 2007 (60) 59 individuals  CCT using TNP+ ChEls CG(a): ChEls only 4 weeks: 5 x week for 60 At baseline and IG showed episodic memory and IG; VSR (p =.01) d= .41 (-.24-1.08)
living with (n=15) (n=37) mins post-intervention abstract reasoning improvements and CPM (p =.02), d=.78 (.13-1.47)
MCI 3 x 4 week blocks spaced (12 months later) reduced depressive symptoms and NPI (p =.016), d=-.64 (-1.33, .01)
CG(b) : No contact by a break of 2 months. behavioral disturbances. GDS (p =.002), d= .-50
(n=22) (-1.17, .15).
TIT: 3,600 mins/60 hrs CG (a) & (b) no cognitive
improvements, CG (a) reduced CG(a); GDS (p =.05), d=-.27 (-.87, .32)
depressive symptoms, CG (b) no
change.
Barnes, 2009 (44) 37 individuals  Posit Science Brain Fitness Assorted computer 6 weeks: 5 x/ week for At baseline and post IG improved RBANS total but compared  1G; RBANS total score: d=.33 (-2.6 to
living with Program (n=22) activities for equal 100mins intervention (6 to CG, not significant. Delayed memory .92), p =0.26
MCI time (n= 25) weeks later) showed trend improvements and RBANS delayed memory: d =.53 (-.05,
TIT: 3000 mins/50hrs spatial span significant improvements 1.10), p=0.07
for IG compared to CG. Spatial Span: d= .85, p= 0.003.
Visuospatial ability improved in CG CG; RBANS visuospatial: Trend
compared to IG. Yet on the spatial difference; d =-.51, p = 0.08
span test which taps into visuospatial
WM, the IG significantly improved.
Rosen, 2011 (45) 12 individuals  Posit Science Brain Fitness Active Control: Training lasted average At baseline and post IG memory performance improved, CG IG; RBANS memory:
living with Program (n=6) assorted computer of 8 weeks across intervention (within declined. Significant difference; d=1.38, p
MCI activities for equal participants. 2 % weeks) <.027
time (n=6) Pre-post changes in left hippocampal
TIT: 2200 mins/36.5hrs activation correlated positively with Trend correlation memory and
RBANS memory in IG. activation; r=0.49, p =0.10,d = 1.14.
Herrera, 2012 22 individuals  CCT exercises programmed Active Control: 12 weeks: 2 x/week for 15 days pre and post  CCT improved for verbal and visual IG; Doors subtest: Set A, p <.05 at
(46) living with in Java targeting memory cognitive activities 60 mins intervention andata  memory (recognition and recall), but post-test and follow up, r]pzz 0.15; Set
MCI and attention (n=11) involving pen and 6 month follow up. not visuospatial memory. B, p <.05 at post-test, np2= 0.18

paper (n=13)

TIT: 1440 mins/ 24 hrs

Some improvements in IG lasted at
least 6 months, suggesting a resistance
to memory decline.

Did not assess ADL or mood changes.

DMS48 Test: p <.05 at post-test, an:
0.18

Digit span forward: p < .05 at post-
test and follow up, npzz 0.14

Word Recall: p <.05 at post-test and
follow up, r]pz: 0.20

16 item free and cued recall: p <.05 at
post-test, n,,Z: 0.20

MMSE recall: p <.05 post-test and
follow up, r]p2= 0.19
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First author N Intervention Group (IG) Control Group (CG) Duration Assessment Key Findings Significant findings, trends, effect
Intervals sizes and 95% confidence intervals
Cipriani, 2006 10 individuals ~ CCT using TNP Individuals living with 4 weeks: 4 x week for At baseline and post Individuals living with dementia 1G (a)
(52) living with IG (a): individuals living with Multiple Systems 13-45 mins CCT (3 months later)  improved on general cognition, verbal MMSE: p = 0.010
dementia, 10 dementia Atrophy (n=3) Two blocks of CCT fluency and visual attention/EF. Verbal Fluency: p =0.041
individuals n=10 separated by 612 weeks Individuals living with MCl improved Trail making test: p = 0.050
living with IG(b): Individuals living with behavioural memory post CCT.
MCl and 3 MCI TIT: 930 mins/15.5hrs No significant changes in ADL or mood IG (b)
individuals n=10 measures. RBMT: p =0.0017
living with
Multiple
Systems
Atrophy
(MSA)
Galante, 2007 11 individuals ~ CCT using TNP (n=6) Active Control: Semi- 4 weeks: 3 x week for 60 At baseline, post- CG showed greater improvements at a MMSE: CG significantly declined at 9
(65) living with structured interview mins treatment, 3 month 3 month follow up, however only mean  month follow up compared to
dementia on life history and and 9 month follow MMSE in the IG remained stable up to baseline (p = 0.004), and to 3 month
current affairs (n=5) TIT: 720 mins/12hrs up 9 months post intervention. The CG follow up (p = 0.008).
showed significant decline, suggesting
CCT is effective at least in slowing the Effect size at 9months, d =.89 (-.34,
progression of cognitive impairment in 2.28)
individuals living with dementia. Effect size at 3months, d=-.67 (-2.00,
.55)
No significant changes in ADL or mood
measures.
Gunther, 2003 19 individuals ~ ‘Cognition I’ (version 3.93), No control group 14 weeks: 1 x week for At baseline, post Processing speed, interference Processing Speed: NAI Trail making
(51) living with developed by Marker (1992) 45 mins intervention and 5 tendency, learning, STM and LTM test): p=.054, post test
AAMI month follow up (visual and verbal) improved post CCT Interference Tendency: CVLT;
TIT: 630 mins/10.5hrs intervention. Improvements were p=0.001, post-test and at 5 month
maintained at 5 month follow up forall ~ follow up
outcome measures except processing Learning: CVLT, learning curve; p< .05
speed. Verbal memory : NAI word lists, STM
and LTM both p< .05, post-test and
No significant changes in ADL or mood S5month follow-up
measures. Visual memory: NAI picture test,
p <.05 for STM and LTM only at post-
test.
Finn & 16 individuals ~ Online cognitive training Wait-list (n=8) 12 weeks: 30 training At baseline and post individuals living with MCI showed Visual sustained attention: p =.004,
McDonald, 2011 living with program, Luminosity Inc. sessions CCT (3 months later)  improvements on a measure of visual d=0.94 (0.15, 1.79).
(61) MCI Program (n= 8) sustained attention post CCT.

TIT: approx. 600
mins/10 hrs

No significant changes in ADL or mood
measures.
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First author N

Intervention Group (IG)

Control Group (CG)

Duration

Assessment
Intervals

Key Findings

Significant findings, trends, effect
sizes and 95% confidence intervals

Valdes, 2012 (47) 195 Computerised Speed of No contact 5 weeks: 2 x week for 60 At baseline, 2 month  individuals living with MCI showed UFOV: n,,Z: .307, p<.001
individuals Processing (SOP) training (n=110) mins post-CCT, and processing speed/ visual attention Longitudinal Effect: p=.006
living with (n=85) annually for 5 years improvements post CCT. Significant
MCI (study TIT: 600 mins/10hrs after baseline. longitudinal effect, maintenance of
data from improvements over 5 years.
(69) Did not assess ADL or mood changes.
Gagnon, 2012 24 individuals  CCT using variable priority Active Control: fixed 2 weeks: 3 x week for 50 At baseline and post Individuals living with MCl in both IG:
(48) living with (VP) training on attentional priority (FP) training, minutes CCT (3 weeks later) group improved on cognitive and Visual divided attention task: p < .05,
MCI control in a dual task (visual involving rote practice functional outcome measures. Minimal ~ d=1.00

monitory task and an
alphabet-arithmetic task)
with a priorities and

feedback subsection (n=12).

of the same dual task
as IG on a computer
without priorities or
feedback (n=12)

TIT: 360 minutes/ 6
hours

discernable difference or advantage for
either group. However, IG showed
better accuracy levels on a dual task in
a divided attention condition.

The Divided Attention Questionnaire
(self-report measure which estimates
difficulty level of a different
combination of everyday activities)
showed significant improvements for
both groups.

Dual task cost scores: p <.01, d=1.09

IG & CG:

TEA (switching task): p <.01, d=1.53

Trail Making Test A: p=.001, d=1.70

Divided Attention Questionnaire: p <
.05, d=0.67

Notes: AAMI: Age Associated Memory Impairments; Batterie d'Efficience Mnesique 144 Memory Battery; BEM-144; CVLT: California Verbal Learning Test; Delayed matching to sample task; DMS48 Test; GDS: Geriatric Depression Scale;
MCI: Mild Cognitive Impairment; MMSE: Mini Mental Status Exam, NAI: Nuremberg Ageing Inventory; NPI: Neuropsychiatric Inventory; RBANS: Repeatable Battery for the Assessment of Neuropsychological States; STM: Short term

memory, LTM: Long term memory; TIT: Total intervention time; TIT: Total intervention time; TNP: NeuroPsychological Training; CPM: Raven’s coloured progressive matrices; VSR: Verbal Story Recall.
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Table 2ii: Computerised and VR Cognitive Training Studies by characteristics, intervention components, outcome measures and effect sizes: ranked by total intervention

First author N

Intervention Group (IG)

Control Group (CG)

Duration

Assessment
Intervals

Key Findings

Significant findings, trends, effect
sizes and 95% confidence intervals

Multi-modal Approaches

Tarraga, 2006 43 individuals  1G (a): CCT using ‘SmartBrain’  ChEls only IG (a): CCT for 24 weeks: At baseline, post Individuals living with dementia Post intervention:
(56) living with + Integrated (n=12) 3 x week, 5-25 mins, IPP intervention (3 showed cognitive improvements post IG (a) MMSE; p< .05, d = 1.23 (0.45,
dementia Psychostimulation Program 210 mins p/day, 5 x months later) and 6 intervention for both groups. 2.09); ADAS-Cog; p <.05, d=.70 ( .05,
(IPP) + ChEls (n=15) week. month follow up Combined CCT and IPP intervention 1.5): 1G(b) MMSE; p <.05,d=.53 (-
TIT: 1,440 mins/24 hrs; showed maintenance of improvements .21, 1.31); ADAS-Cog, p <.05, d=.70 (
IG (b): IPP+ ChEls IPP TIT: 25,200 mins/420 at 6 month follow up and CG showed .05, 1.48)
(n=16) hrs cognitive declines.
6 month follow up
IG (b): IPP 210 mins No significant changes in ADL or mood IG (a): MMSE; p <.05, d=1.15 (.37-
p/day 5 x week. measures. 1.99); ADAS-Cog; p <.05, d=.70 (.05,
IPP TIT: 25,200 mins 1.5):1G (b): MMSE; p <.05, d=.53 (-
.22, 1.3); ADAS-Cog; p <.05, d= .12 (-
62, .87)
Gaitan, 2012 (43) 60 individuals  CCT using ‘The FESKITS Active Control: TCT IG (a): CCT (12 weeks: 2- At baseline, post Individuals living with MCI showed a Post intervention:
living with Estimulacion Cognitiva’, group, pen and paper 3 x week, 30 mins) + TCT  intervention (3 significant reduction of IGT Deck A: d=.89, p =0.04
MCI Version 2.5) + traditional exercises designed to (12 weeks: 2-3 x week, months) and 12 disadvantageous decision after
cognitive training (TCT) (n= improve cognition(n= 60 mins) month follow up receiving CCT + TCT. No other 12 month follow up:
37) 23) TIT=2700mins/ 45hrs significant differences were shown STAI-S score: d=1.12, p = 0.03
between the two groups at 3 months
IG (b): TCT only, 12 or 12 months post intervention.
weeks: 2-3 a week for 60
mins 12 month follow up showed reduction
TIT= 1800mins/ 30rs of anxiety in the CCT +TCT group.
Talassi, 2007 (58)  Total n=67 CCT using TNP + Active Control: 3 weeks: 4 x week for At baseline and post Individuals living with MCl and MD in IG: individuals living with MCI; ROCFT
Occupational Therapy (OT) + Physical rehabilitation 30-45 minutes intervention (I the IG improved in VS ability, memory, (copy): p=.05, d=.57 (-.25, 1.42);
37 living with Behavioural Training (BT) (n=  (PR) + OT + BT (n=13; month) executive function, general cognition, ROCFT (recall): p=.033, d=.47 (-.35,
MCI, 29 living  54; 30 MCl, 24 MD) 7 MCI, 5 MD) TIT: 450 minutes/ 7.5 attention. Individuals living with MD 1.31), GDS: p=.012, d= .21 (-.61-1.04),
with MD hours who received the active control STAI-1 d= .04 (-.78, .86), STAI-Il d=- .04

condition showed improved verbal
fluency.

Individuals living with MCl and MD
reported reduction of depressive and
anxiety symptoms and MCI only an
increase in physical performance post
intervention.

(-.86, .78), PPT d=- .02 (-.81, .84)

IG : Individuals living with MD; MMSE:
p=.002, d=.33 (-.63, 1.31), Digit span
(forward): p=.021, d=.64 (-.31, 1.64),
GDS: p =.03, d=.91 (-.06, 1.93), STAI-I:
p=.011, d=.08 (-.88, 1.05) STAI-II: p
=.044, d=.26 (.70, 1.23)

CG: Individuals living with MD; Verbal
fluency: p=0.043 d=-.17 (-1.14, .79)

Abbreviations: ADAS-Cog: Alzheimer’s disease Assessment Scale-Cognitive; EF: Executive Function; GDS: Geriatric Depression Scale; IGT: IOWA Gambling Task; MMSE: Mini Mental Status Exam; STAI-I and II: State and Trait Anxiety

Questionnaire; ROCFT; Rey Osterreith Complex Figure Test; RMBT: Rivermead Behavioural Memory Test; TNP: NeuroPsychological Training; UFOV: Useful Field of View Test; VS: Visuospatial Ability.
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Table 2iii: Computerised and VR Cognitive Training Studies by characteristics, intervention components, outcome measures and effect sizes: ranked by total intervention

Computerised and Virtual Reality Cognitive Training: Efficacy in MCl and dementia

time (TIT)
First N Intervention Group  Control Group Duration Assessment Key Findings Significant Findings,
Author (1G) (CG) Intervals trends, effect sizes and

95% confidence

Virtual Reality Cognitive Training Programs

Optale, 2012 (42)  31lindividuals VR environments based on Active Control: music Training = 12 weeks: 3 At baseline, post IG showed significant improvements in MMSE: post intervention, p =.014, d
living with familiar settings (e.g. home, therapy training sessions  x/ week for 30 mins training and post general cognition and verbal memory =.48, post booster, p =.044 d = .26
verbal garden) created using a VR (n=16) booster phase (3 post training (PT) and post booster (PB)  Mental Status in Neurology: post
memory development kit, Windows Booster = 12 weeks: 2 months later) where CG showed decline. intervention, p =.003, d = .45.
impairment XP (n=15) x/week for 30 mins VSR: post intervention; p =.043, d =

No significant transfer effects to ADL .70, and post booster p =.043,d =
TIT: 1800 mins/30hrs were seen. IG did show reduced .32

depressive symptoms after training,

where CG increased. No sig differences  GDS: post intervention; p=.025,d = -

shown PB. .75

Man, 2011 (57) 44 individuals VR program, participants Active Control: therapist 4 weeks: 3 x/ week for At baseline and post IG and CG benefited from memory IG: FOME (total recall): p = 0.001. d=
living with required to navigate home led memory training 30 mins intervention training, scores for immediate and 1.15 (.46, 1.90)

MCI and shop environments using print images which delayed recall improving. Effect sizes FOME (delayed recall): p = 0.001, d= -

(n=20) matched the VR TIT: 750 mins/12.5hrs demonstrated the IG showed 1.17 (-1.93, -.48)
program. (n=24) additional benefit for encoding and the ~ MMQ (strategy): p = 0.048, d= .64 (-
CG for delayed recall. .04, 1.35)
IG improved on perceived use of CG: FOME (delayed recall): p = 0.001,
memory strategy and CG improved on d=-1.17 (-1.93, -.48)
perceived memory contentment. MMQ (contentment): p = 0.001, d=-
.53 (-1.24, .15)

No functional improvement shown in
either group.

Schreiber, 1999 14 individuals VR program used MultiTask, Active Control 2 weeks: 5 x/ week for At baseline and post IG group improved immediate recall of NAI Picture Test: p=.006, d=1.69,

(39) living with software for creation of conversation with a 30 mins intervention visual information and delayed recall of (.53, 3.09)

Alzheimer’s graphic stimulus. VR psychologist to control topographical information (routes). CG ~ RBMT Route Learning (delayed): p
disease or environment was an for social stimulation TIT: 300 mins /5hours showed no improvements, nor decline. =.025, d=1.63, (.48, 3.00)
vascular apartment, participants and attention.

dementia required to learn routes and (n=7)

objects
(n=7)

Notes: FOME: Fuld Object Memory Evaluation, GDS-= Geriatric Depression Scale, MMSE= Mini Mental State Exam, MMQ= Multifactorial Memory Questionnaire, NAl: Nuremburg Ageing Inventory and VSR= Verbal Story Recall.
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Table 3: Intervention description, outcome measures and cognitive domains targeted for CCT and VRCT Interventions

pictures and their locations. Tasks targeting attention
generally involved concentration and target detection
(visual and auditory).Percentage of correct responses
and reaction time were recorded and task difficulty
was individualised.

LM & VF: 12 word recall from DMS48 test battery,
BEM-144 word list recall, MMSE recall; 3 words,
16-item free cued reminding test,

VS: subtest from Doors and People memory
battery

Study Intervention Description Primary OM: Attention/Working Secondary OM: Mood (M), Cognitive
Memory (A/WM), Executive Function Activities of Daily Living Domain(s)
(EF),General Cognitive Function (GC), (DL),Subjective Impairment Targeted
Language (L), Memory (M), Processing (S1) and Other (O)
Speed (PS), Verbal Fluency (VF) and
Visuospatial Ability (VS)
Rozzini, Italian computer program called NeuroPsychological EF: CPM, ROCFT M : NPI (behavioural disturbances; Attention, memory,
2007 (60) Training (70) includes different exercises combing GC: MMSE anxiety, apathy and depression), GDS | perception,
visual and acoustic input. The program allows for L: Category fluency and letter fluency DL: BADL visuospatial
individualisation, as you can vary the type of input M: Short story recall, and copy and delayed recall cognition, language
(vocal or tactile) and output (vocal or tactile) and the of Rey’s figure and non-verbal
level of difficulty. intelligence
Barnes, American computer program developed by Posit A/WM: Spatial Span Test, Design Fluency Test None included Processing speed
2009 (44) Science Corporation that involved seven exercises GC: RBANS total score; 5 index scores (immediate and accuracy in
designed to improve processing speed and accuracy in memory, visuospatial/constructional, language, auditory cortex as
the auditory cortex. Generally the tasks involved attention and delayed memory), well as primary and
identifying target sounds. Task difficulty was L: COWAT, BNT working auditory
continuously adjusted to correspond with M: CVLT-II memory.
performance. PS: California Trail Making Test
VS: RBANS Visuospatial subtest
Rosen, American computer program developed by Posit GC: RBANS total score; 5 index scores (immediate O: fMRI paradigm analysis; assessed Processing speed
2011 (45) Science Corporation that involved seven exercises memory, visuospatial/constructional, language, accuracy, novel reaction time, and accuracy in
designed to improve processing speed and accuracy in attention and delayed memory) repeated reaction time and novelty auditory cortex
the auditory cortex. Generally the tasks involved effect (ms). fMRI data analysis;
identifying target sounds. Task difficulty was assessed pre-post changes in brain
continuously adjusted to correspond with activation and correlation with
performance. RBANS
Herrera, Computer program designed specifically for the study. A/WM: Forward and backwards DST None included Memory and
2012 (46) Tasks targeting memory mostly involved memorising EF: ROCFT attention
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Study Intervention Description Primary OM: Attention/Working Secondary OM: Mood (M), Cognitive
Memory (A/WM), Executive Function Activities of Daily Living Domain(s)
(EF),General Cognitive Function (GC), (DL),Subjective Impairment Targeted
Language (L), Memory (M), Processing (S1) and Other (0)
Speed (PS), Verbal Fluency (VF) and
Visuospatial Ability (VS)

Galante, Italian computer program called NeuroPsychological EF: CPM M: NPI, GDS, Attention, memory,

2007 (65) Training (70); includes different exercises combing GC: MMSE, MODA DL: BADL, IADL perception,
visual and acoustic input. The program allows for L: Bisyllabic Word Repetition Test visuospatial
individualisation, as you can vary the type of input M: Prose Memory Test, cognition, language
(vocal or tactile) and output (vocal or tactile) and the Ideomotor apraxia, Constructional apraxia and non-verbal
level of difficulty. VF: Semantic and phonemic verbal fluency intelligence

VS & WM: Corsi’s block tapping test, Digit
Cancellation test

Finn, 2007 Computer program provided by Luminosity Inc; Selected tests from the CANTAB which tested M: DASS-21 Memory, language,

(61) included six training exercises, i) memorising target EF: IED, Spatial working memory SI: MFQ, Memory Controllability perception,
letters, duration of exposure varies, ii) matching visual VS & A: RVP Inventory, intelligence,
and semantic input, i.e. colour of words and meanings, | VS & LM: PAL, PRM (visual memory), attention and
iii) visual detection task, iv) visual memory match, v) spatial cognition
simple arithmetic equations under increasing time
pressure, vi) spatial speed match with visual stimuli.

Number of correct responses in a certain time frame
recorded and parameters changed systematically in
response to participant performance.

Valdes, Computer based exercises known as ‘speed of PS: Useful Field of View test (UFOV) None included Attention,

2012 (47) processing training; includes nonverbal exercises processing speed,
presented very briefly and involve target detection, visual memory and
identification, discrimination and localisation (71). cognitive control.
Training proceeded at individualised levels of
complexity.

Cipriani, Italian computer program called NeuroPsychological GC: MMSE M : GDS, STAI-X1, STAI-X2 Attention, memory,

2006 (52) Training (70) includes different exercises combing A/EF: visual search, DL: AADL perception,

visual and acoustic input designed to stimulate specific
cognitive functions (see cognitive domains targeted
column). The program allows for individualisation, as
you can vary the type of input (vocal or tactile) and
output (vocal or tactile) and the level of difficulty.

M: RBMT, Digit Symbol Search,
PS: trail making test part Aand B
VF: phonemic, semantic tests

QOL: SF-12

visuospatial
cognition, language
and non-verbal
intelligence
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Study Intervention Description Primary OM: Attention/Working Secondary OM: Mood (M), Cognitive
Memory (A/WM), Executive Function Activities of Daily Living Domain(s)
(EF),General Cognitive Function (GC), (DL),Subjective Impairment Targeted
Language (L), Memory (M), Processing (S1) and Other (0)
Speed (PS), Verbal Fluency (VF) and
Visuospatial Ability (VS)

Gagnon, CCT involved a visual detection task in which A/WM/VS: TEA, dual task comprising of a visual O: Divided Attention Questionnaire, Attention, executive

2012 (48) participants were required to identify and respond to a | detection task and digit span task, alpha arithmetic | Well-being Scale control, speed of
red rectangle on a computer screen as quickly and task, processing and task
accurately as possible and an alpha arithmetic task PS: trail making test part Aand B switching abilities.
consisting of equations made up of letters and
numbers. Participants were required to judge the
veracity of the equation and respond true or false.

Both tasks were run concurrently and attention
allocation priorities varied across blocks.

Gunther, Study used ‘Cognition I’ (version 3.93) (72) which Selected tests from the NAl including; S| & DL: Subtests of NAI which asked Attention, memory,

2003 (51) includes tasks designed to increase attention, visuo- M: CVLT, word lists, word pairs, repeat sentences, participants to judge ability to carry perception,
motor performance, reaction time, vigilance, picture test and figure test out ADL and rate physical and visuospatial
attentiveness, memory, verbal performance and PS: trail making test cognitive condition. cognition, language
general knowledge. Out of the available 56 exercises, and non-verbal
12 were chosen to train the most importance cognitive intelligence.
functions. Easy tasks were interspersed with more
difficult tasks and some task mimic real-life tasks in
order to maintain motivation.

Tarraga, Spanish interactive multi-media internet based system GC: MMSE, ADAS-Cog M: GDS Attention,

2006 (56) known as SmartBrain. Program consists of 19 varied L: BNT (semantic) DL:RDRS-2 visuomotor
stimulation exercises across the domains of attention, M: RBMT, SKT, performance,
gnosis, language, memory and orientation. Task VF: phonemic, semantic tests reaction time,
difficulty increased incrementally when a participant vigilance,
achieved over 80% correct over six sessions. attentiveness,

memory, verbal
performance and
general knowledge.

Gaitan, Spanish online computer software ‘FESKITS GC: MMSE M: GDS, STAI-X1 Attention,

2013(43) Estimulacion Cognitiva’ (version 2.5) A/WM: DST- forward and backward, spatial span- SI: MFE calculation,

Designed to improve and maintain cognitive functions:
attention, memory, executive function, perception and
recognition,

language, calculus, and temporal and spatial
orientation. In each 1 hour session the above cognitive
domains were trained for a fixed amount of time and
task difficulty was dynamically adjusted for each
participant.

forward and backward, Colour Trails, Stroop test,
Arithmetic

EF: IGT, COWAT, WCST-64

L: Order and text comprehension (Test Barcelona),
M: List learning (recall, recognition and learning),
Story memory, RBANS, pyramids and palm trees
test)

language, memory
and orientation.
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Study Intervention Description Primary OM: Attention/Working Secondary OM: Mood (M), Cognitive
Memory (A/WM), Executive Function Activities of Daily Living Domain(s)
(EF),General Cognitive Function (GC), (DL),Subjective Impairment Targeted
Language (L), Memory (M), Processing (S1) and Other (0)
Speed (PS), Verbal Fluency (VF) and
Visuospatial Ability (VS)

Talassi, Italian computer program called NeuroPsychological GC: MMSE M: GDS, STAI- I, STAI-II Attention, memory,

2007 (58) Training (70); includes different exercises combing A/WM: DST (forward and backwards) DL: PPT, BADL, IADL executive function,
visual and acoustic input. The program allows for EF: ROCFT perception and
individualisation, as you can vary the type of input M: RBMT recognition,

(vocal or tactile) and output (vocal or tactile) and the VF: Phonemic and semantic verbal fluency language, calculus
level of difficulty. VS: visual search, digit symbol test, CDT and temporal and
spatial orientation.

Optale, VRCT consisted of auditory and VR experience sessions. | GC: MMSE, Mental Status in Neurology M: GDS Neuropsychological

2010 (42) Auditory sessions required the participant (blindfolded) | EF : PVF, DTP, CET DL; ADL-F, ADL-M, IADL and behavioural
to listen to 3 stories told by 2 voices via headphones M : DST, VSR symptoms (anxiety
accompanied by musical backgrounds. In the VR VS: CDT and depression) and
sessions participants were asked to concentrate their functional status
attention on paths in a video clip set in familiar settings (physicality and
(e.g. home, garden, city etc) and control their ADL)
movement through the video with a joystick.

Man, 2012 VRCT was developed using familiar settings (home or LM: FOME Sl: MMQ Memory,

(57) convenience shop). Participants were required to DL: HK Lawton IADL orientation,
memorise locations of objects, list of words, pick up visuospatial ability
correct items and perform simple ADLs. A joystick was and ADL
used to control ‘walking around’ the virtual house or
shop.

Schreiber, VRCT uses a program called MultiTask which involves a | LM: immediate: RBMT (Picture test recall & Route None included Immediate and

1999 (39) 3D graphical interface set in an apartment with learning, walking), NAI (figure test recognition), delayed retention of

multiple rooms. Participants were required to find and
remember certain targets and move through different
rooms. A joystick was used to control ‘walking around’
the virtual apartment and task difficulty was adjusted
to individual performance.

delayed: RBMT (Picture test recognition and route
learning, walking)

meaningful visual-
figural and
topographic
material

Notes: AADL= Advanced Activities of Daily Living; ADAS-Cog= Alzheimer’s Disease Assessment Scale-Cognitive; ADL-M = Activities of Daily Living-Mobility; Anxiety and Stress Scale; BADL= Basic Activities of Daily Living; BADL= Basic
Activities of Daily Living; BNT= Boston Naming Test; BNT= Boston Naming Test; CANTAB= Cambridge Automated Neuropsychological Test Battery; CDT= Clock Drawing Test; CET= Cognitive Estimation Test; COWAT= Controlled Oral Word
Association Test; COWAT= Controlled Oral Word Association Test; CPM= Raven’s Coloured Progressive Matrices; CVLT= California Verbal Learning Test; CVLT-II= California Verbal Learning Test; DASS= Depression; DST= Digit Span Test;
DTP= Dual Task Performance test; GDS= Geriatric Depression Scale; GDS= Geriatric Depression Scale; GDS= Geriatric Depression Scale; HVLT= Hopkins verbal Learning Test; IADL= Instrumental Activities of Daily Living; IADL= Instrumental
Activities of Daily Living; IADL= Instrumental Activities of Daily Living; IED= Intra/extra dimensional set shifting; IGT= IOWA Gambling Task; MFE= Memory Failures in Everyday Memory; MFQ= Memory Functioning Questionnaire; MMQ=
Multifactorial Memory Questionnaire; MMSE = Mini Mental State Examination; MMSE = Mini Mental State Examination; MMSE = Mini Mental State Examination; MODA= Milan Overall Dementia Assessment; NAl= Nuremburg Ageing
Inventory; NPI= Neuropsychiatry Inventory; PAL= Paired Associates learning; PPT= Physical Performance Test; PRM= Pattern recognition memory RBANS= Repeatable Battery for Assessment of Neuropsychological Status; PVF= Phonemic
Verbal Fluency Test; RBANS= Repeatable Battery for Assessment of Neuropsychological Status; RBMT= Rivermead Behavioural Memory Test; RBMT= Rivermead Behavioural Memory Test; RDRS= Rapid Disability Rating Scale ,RVP= rapid
visual information processing; ROCFT= Rey Osterreith Complex Figure Test; SF-12= Short form Healthy Survey; SKT= Sydrom Kurtz test; STAI-I: State anxiety; STAI-Il: Trait Anxiety; STAI-X1: State anxiety; STAI-X2: Trait Anxiety ADL-F=

Activities of Daily Living-Functions.
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Discussion

This systematic review evaluated studies which assessed the efficacy of CCT, VRCT and multi-modal
interventions aimed at improving cognitive function in individuals living with MCl and dementia. The
16 studies varied in study design, participant and intervention characteristics and outcome measures
used. The strengths and limitations of these studies will be reported to understand their application
in practice and learning about the research design for future studies assessing the efficacy of CCT,
VRCT and multi-modal interventions for individuals living with MCl and dementia. The findings from
this systematic review will contribute to our need to develop strategies to support the health and

well-being of older populations.

Key Findings

To evaluate the usefulness of the evidence generated from this systematic review, three questions
will be addressed: Can CCT and VRCT interventions improve the cognitive functioning of individuals
living with MCI and dementia? Can the neuropsychological achievements gained from the CCT and
VRCT transfer to significant improvements in everyday functioning? Can any improvements in

cognitive function and functional abilities be sustained by individuals living with MCl and dementia?

Efficacy

Based on the evidence reviewed, CCT and VRCT approaches show promise for improving cognitive
abilities of individuals at high risk for continued cognitive decline. All studies assessed participants on
a range of cognitive outcome measures unrelated to trained tasks which is necessary to show that
cognitive improvement is not limited to being task-specific (17). Attention, working memory,
executive function, general cognition, memory (visual and verbal), processing speed, visuospatial
ability and verbal fluency all showed some improvements. The domains of attention, executive
function and memory (visual and verbal) showed the most consistent improvements across studies.

Effect sizes ranged considerably and it is not possible to state with certainty which cognitive domains
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benefited the most and whether these effects are clinically meaningful due to high variability in

study design, nature of interventions, diagnostic groups involved and outcome measures used.

Transferability

Consistent cognitive improvements led to a moderate level of generalisation to psychological
measures. Five studies out of the 10 that assessed secondary outcome measures reported significant
findings. Depressive symptom scores showed the most consistent decreases followed by anxiety.
The effect on self-reported activities of daily living showed no significant improvements. Despite the
importance and ecological validity of QOL to individual and their carers only one study examined this
as an outcome measure and did not report any significant improvements. CCT and VRCT study
designs can be effective at demonstrating cognitive improvements but there needs to be a greater
focus on whether these are clinically meaningful and can successfully transferred to psychological

and functional improvements.

Durability

CT literature was criticised for demonstrating the existence of plasticity but not the nature,
transferability or duration of CT effects (73). In this review, seven studies examined maintenance
and prevention by including a follow up or using a longitudinal design (42, 43, 46, 47, 51, 56, 65).
Attention, recognition and recall improvements were maintained at 6 months (46), interference
tendency, STM, LTM and learning improvements maintained at 5 months (51) and speed of
processing improvements at 5 years (47). In a population at high risk for continuing cognitive
decline, demonstrating that improvements are maintained is not the sole key indicator. This is
evident in two studies whose control groups showed performance decrements at follow up, and a
plateau of performance in the intervention group (42, 65). These results indicate CCT and VRCT are
effective at least in delaying the continuous progression of cognitive impairment and highlight the
importance of considering maintenance of cognitive function as a key outcome in future research.

Although overall evidence of transfer to psychological and function changes were limited, one study
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reported the intervention group showed less symptoms of anxiety at a 12 month follow up (43). In
summary, the evidence suggests that if a CT intervention shows cognitive improvements these are
likely to be preserved at follow up. Within the CT literature there is some suggestion that analogous
to physical exercise, CT gains and brain plasticity are lost without continued engagement (74).
Longitudinal studies and the inclusion of ‘booster’ sessions would enhance our understanding of the

maintenance of improvements and explore whether continued training is most beneficial.

Methods

One challenge facing intervention research is that randomised controlled trials of a sufficient sample
size might not be feasible or ethical due to the clinically sensitive nature of the population. In this
review, the sample sizes were mainly small, several studies lacked an adequate control group and
the type of control group appeared to impact upon the results. These issues impact upon the
important question of how the CCT and VRCT experimental interventions compare with traditional
approaches. Only two studies used an active control group similar to traditional CT (involving pen
and paper activities or therapist led memory training) which made it difficult to assess whether CCT
or VRCT provide additional benefits. CCT has been shown to be more effective than traditional
approaches (31) and in this review it was shown that structured CCT had significantly greater
benefits than engaging only in cognitively stimulating activities (46). However, benefits in control
groups differed according to the type of control activity completed, raising the question of whether
participant-experimenter interaction or simply time engaged on any relevant task had an impact on
the results. For example, improved visuospatial ability was reported in a control group whose active
condition included playing visuospatially oriented computer games (44). Secondly, improvements in
phonemic verbal fluency were shown following therapist led occupational training, behaviour
therapy and physical rehabilitation control (58). When therapist led memory training was used as a
control, participants reported improved memory contentment, whilst improvements in perceived
memory strategy were reported in participants who received VR training. The authors hypothesise

memory contentment improvements are the result of therapist contact, individualised support and
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verbal reinforcement (57). The review supported previous findings that intervention groups showed
larger effect sizes when compared to waitlist instead of active control conditions (27). However, the
large variability between the studies makes it difficult to determine whether CCT and VRCT result in
more significant effects than traditional CT and the degree of benefit from social interaction
compared to no social interaction on the control group. Future research should address these
challenges, and compare the pros and cons of different types of control groups. Studies should aim
to include a waitlist, active control and intervention condition where possible to differentiate

condition effects and ensure significant results are not placebo effects.

Diagnosis and the effect of medication on the results of the studies reviewed also needs to be
considered. The review included individuals living with MCI or dementia to assess CT interventions in
a range of participants at ‘high-risk’ for continuing cognitive decline. While the majority of
participants in the studies included were individuals living with MCI (n= 559 in 13 studies), which
could be a limitation, nevertheless participants with dementia (n= 159) were represented in 38.5%
of the studies included in this review (5 studies), providing useful information about the potential for
CCT or VRCT applications to this diagnostic group. However, within MCI or dementia the diagnostic
categories are not homogenous and the validity of sub-types still unproven (75). The diagnosis of
specific type of dementia and clinical knowledge about the associated pathophysiology on the
effects of CT would be very costly involving clinical diagnostic equipment beyond the scope of most
intervention studies. This hypothesis is supported by a study which examined MCI subtypes and
found that although all MCI subtypes (amnestic, single non-amnestic, and multi-domain) responded
positively to speed of processing CT, the single non-amnestic subtype experienced the greatest
immediate benefits, suggesting differential patterns of improvement depending on subtype (47).
There needs to be improvements in the stratification of samples to decrease the variability of
samples and strengthen the potential for comparisons between studies. Furthermore, it is unknown

whether certain types of CT are better suited to a particular diagnostic group.
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Eight studies stated participants were receiving pharmacological treatment (e.g. ChEls) or it was part
of their inclusion criteria that a stable dose was required. However several studies failed to provide
any information on medication status and the remaining studies did not detail dose, duration of
treatment or the percentage of their sample receiving medication. This was a limitation and the
possibility that pharmacological treatment and CT results in a synergistic effect is a factor that needs

to be taken into consideration in future.

There was also great variability in the design of the studies evaluated. This is problematic because
the size and type of improvements demonstrated are influenced by the frequency and duration of
an intervention (9). To address this issue, the results table (Table 2) included the most efficacious
frequency and duration of CCT and VRCT, including a rank for total intervention time. It is
noteworthy that studies consisting of up to 3,600 minutes of intervention did not show greater
effect than studies with smaller totals (60). Further consideration and reflection suggests that the
amount of time participants were exposed to CT might not be the key variable. Instead, the total
length of the intervention program (encompassing contact with researchers/trainers/therapists)

could have played a greater role.

Strengths and Limitations of the Systematic Review

The review was undertaken following a wide search of the available literature on the topic area and
risk of bias in the studies reviewed was evaluated. The data in this review was limited by a reliance
on published studies and it is not possible to know how many studies reporting conflicting or
complimentary results remain unpublished. A search of the randomised controlled trials registers
identified several potential studies in progress. Additionally, the English language requirements led
to a study identified as relevant by its abstract to be excluded as the body of text was published in
Spanish (76). Lastly, the large variability in outcome measures between the studies made cross-
comparison challenging but highlights the important of developing robust research designs for CT

intervention studies.
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Future Directions

The ‘brain fitness’ commercial industry has grown rapidly; worth $265 million in the United States in
2008, this industry is projected to be worth between $1 billion and $4 billion by 2015 (77).
Consequently, whether utilised in healthy ageing or in populations at high risk of cognitive decline, it
is key to guard against inadequately tested and reviewed online ‘brain training’ programs and
encourage the implementation of scientific, randomised, controlled clinical trials with appropriate

control groups and validated outcome and follow up measures.

Multi-modal Approaches

Three studies included in the review combined CCT interventions with psychosocial stimulation, non-
computerised group CT, occupational therapy and behavioural training for a multi-modal
intervention. This study design has inherent strengths and limitations. The variability does not allow
extraction of specific treatment effects, but trends within the CT literature suggest multi-modal
study designs are being favoured. By conducting a combined intervention multiple domains are able
to be targeted, possibly resulting in enhanced benefits. For example, increased levels of physical
activity were associated with beneficial effects on cognition (78) and reduced risk of dementia (79).
However, it is possible there could be a synergistic effect of physical activity and CT, and a clinical
trial is currently combining physical resistance training with CCT in a MCI population in an attempt to
address this gap in our knowledge (80) and a recently published study combining physical activity
(tai chi) and cognitive stimulation (mahjong) may delay cognitive decline in older persons with
dementia (81). Another possible area for combined intervention is to design a CT intervention also
addressing neuropsychiatric symptoms. Baseline levels of depression, apathy and anxiety are
associated with poorer cognitive and functional abilities (82, 83) and increased risk of conversion
from MCI to dementia (84). A recent study combined CT with memory training, physical activities,
stress reduction and healthy eating and reported improvements in encoding and recalling of new
information, as well as improvements in self-perception of memory ability (85). What is evident from

the review is the necessity to shift the focus of CT from solely improving cognitive domains and
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emphasise the need for interventions that improve the quality of life of individuals, reduce and delay
their need for care and improve subjective feelings of autonomy. Multi-modal approaches
combining CCT and VRCT with physical activity and lifestyle factors could create a synergistic effect

and further this objective.

Virtual Reality

The use of virtual reality in clinical fields of research, intervention and treatment is a new growth
area. One major benefit of VRCT is that it addresses previous criticisms about CCT by providing
individuals with an intervention which is immersive, naturalistic and mimic real-time and real-life,
increasing ecological validity (33). VRCT mimics real-world activities and therefore offers greater
potential for transfer to ADL (32). Two out of the three studies assessed mood and ADL outcomes
measures and show positive transfer effects; reduction of depressive symptoms (42) and improved
perceived use of memory strategy (57). A pilot study of a VR kitchen was used to re-learn of
everyday activities and reported error reductions for individuals (86). Training on ADLs could be a
more efficacious and sustainable method to achieve functional outcomes. Future research should
assess whether virtual re-learning acquisitions transfer to the private home and whether autonomy
and independence are improved for individuals living with MCl and dementia. As emphasised above,
multi-modal interventions can create a synergistic effect. Other new research combined VR displays
and feedback to individuals exercising using a stationary bicycle to combine cognitive stimulation
and physical exercise. The results were promising; the authors reported that ‘exergaming’,
combining VRCT and physical exercise, can yield greater cognitive benefit, buffer against decline at a

greater rate than traditional exercise (87).

Expansion of Outcome Measures

Anxiety, aberrant motor behaviour, irritability, apathy and depression were argued to be as clinically
relevant as cognitive symptoms (88). All studies which included secondary outcome measures relied

upon self-report measures which have inherent biases and limitations. Thus, it would be beneficial
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to include reports from carers or performance based tests of functional ability alongside informant
reports of ADL. Although computerised and VR technology can make the dissemination of CT easier,
it is crucial to remember that we are working with an older population and technology should assist
treatment/ clinicians and not replace them. Future studies should seek to use more sensitive
functional outcome measures to assess the behavioural and psychological symptoms of dementia
(BPSD) post CT intervention with a specific emphasis on QOL. Development of our understanding of
the underlying neurobiology of cognitive decline and the anatomical changes that result from CT is
another key area of growth. One study included in the review used neuroimaging as a secondary
outcome measure and results suggested individuals living with MCI retain sufficient neuroplasticity
to benefit from CCT. (45). As brain imaging technology improves it is important to expand the use of
imaging techniques in CT research in an attempt to elucidate how plasticity, neuronal networks and

activation changes might interact and be responsible for improvements in global cognition.

Conclusions

The findings from the review suggested that CCT and VRCT are feasible, worthwhile and effective CT
for populations at high risk of continued cognitive decline. Improved cognition across multiple
domains was demonstrated, with some transfer and maintenance of improvements on psychological
measures. However, the evidence is less convincing for CCT and VRCT effects resulting in functional
improvements. Total intervention time did not mediate efficacy across the studies included in the
present review. Multi-modal approaches incorporating CCT and VRCT intervention programs,
physical activity and lifestyle factors could address current functional transfer limitations and should
be a priority for future research. Lastly, future research should aim to decrease the variability of
study design and expand outcome measures to allow better assessment of treatment effects and

assess CT interventions longitudinally to track neurocognitive and functional outcomes over time.
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Figure Legends

Figure 1. Identification of studies in the systematic review
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