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Abstract

Introduction: Subjective cognitive decline (SCD) in older adults are an early risk indicator for Alzheimer’s disease or other forms of dementia, making
older adults with SCD a target population for proactive interventions. The aim of this study was to determine if perceptual-cognitive training (PCT) can
serve as a proactive intervention and enhance cognition in older adults with SCD.

Method: Forty-seven subjects aged 60-90 years of age were assigned to control and treatment groups using a randomised controlled trial. All the
participants were asked to complete three neuropsychological assessments over a three-month period. The first assessment was prior to the PCT (T1).
The second assessment (T2) was performed immediately after either seven weeks of PCT (treatment group), or after seven weeks of no training (control
group). Four weeks after the completion of the PCT, a third assessment (T3) was performed to determine the veracity and persistence of any PCT benefits
on cognitive performance.

Results: The results indicate a significant difference between groups at T1 and T2, wherein the treatment group has improved scores in memory tasks
(e.g., CVLT-II: Immediate Free Recall; Short-Term Memory Recall, and Long-Term Memory Recall), working memory task (e.g., Digit Span Backward)
and cognitive flexibility task (e.g., D-KEFS Verbal Fluency Category Switching and D-KEFS Verbal Fluency Letter Fluency). Within the treatment group
the PCT scores of the last session were also significantly correlated with processing speed and cognitive flexibility. Furthermore, higher scores in
memory performance were related to faster processing speeds.

Conclusion: These data suggest that PCT may serve as a proactive intervention to enhance memory, working memory and cognitive flexibility in older
adults with SCD.

Keywords: Subjective cognitive decline, Perceptual-cognitive training, NeuroTracker, Memory, Processing speed, Cognitive flexibility, Working memory

Introduction relatively minor and sporadic cognitive difficulties (e.g. processing

speed, attention, working memory, cognitive flexibility, and episodic

North America has a growing aging population that will introduce memory), considered normal within the spectrum of typical cognitive

unique challenges for the health care system in the coming century . . .

e aging [4-6]. For some, cognitive changes are serious enough to be
[1]. In Canada, for example, 22.3% of the population is currently over
60 years old, and this is estimated to increase to 32.5% by 2050 [2].

While a life expectancy beyond 60 years of age has increased by about

noticed by other people and confirmed by neuropsychological tests
while these changes still do not interfere with daily life or independent

. . . . function (i.e., Mild Cognitive Impairment). For others [7], cognitive
25 years, only the first 18 years of this period are likely to be spent in . . > . ] ;

. . . o decline is associated with severe cognitive deficits that impede the
good health, including good cognitive functioning [2, 3]. Generally, . o . .
o . . . ability to live independently (i.e., Dementia).
it is difficult to separate normal cognitive aging from pathological

cognitive decline. For many people cognitive decline is associated with
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Subjective cognitive decline (SCD) is a common complaint of
the elderly population and may also be the earliest manifestation of
Alzheimer or other forms of dementia [8]. Considerable evidence,
from both behavioral and neurobiological sources, suggests that the
basic cognitive domains most affected by age are executive function
and memory [9, 10]. Although many older adults complain of
increased memory lapses as they age not all kinds of memory are
affected by normal ageing [10]. The most susceptible to brain damage
and the most affected by normal aging is episodic memory [11,12].
For example, older adults tend to show more deficits on tests of free
recall, to a somewhat lesser degree of difficulty in cued recall, and
minimal difficulty in recognition memory. Furthermore, older adults
often out-perform on attentional tasks that require flexible control,
dividing or switching of attention among multiple inputs or tasks [13].
Indeed, older adults face greater difficulties in performing higher-
level cognitive tasks that involve manipulation, reorganization, or
integration of the contents of working memory. It seems likely that
attentional resources [14], processing speed [6, 15] and the ability
to inhibit irrelevant information [16] are all important functions for
effective performance of these higher-level cognitive tasks.

There are many evidences that non pharmacological treatments,
such as neurocognitive rehabilitation (e.g. brain stimulation
techniques, computerized neurocognitive training tools), may be
more effective than traditional cognitive stimulation in reducing
or delaying cognitive decline in older adults [17-20]. A systematic
review by Kueider and colleagues [18] assessed the efficacy of various
computerized cognitive training tools, in comparison to traditional
paper-and-pencil cognitive training approaches in older adults. The
main benefits of the technological based training interventions were
improvements in memory [21, 22], processing speed [23-27] and
attention [28, 29]. Indeed, computerized cognitive training was found
to be as effective as the traditional cognitive training but less labour-
intensive alternative. Furthermore, computerized cognitive training
had increased compliance in older adults, possibly because it is easy
to access, can be used directly from home, is non-invasive, relatively
inexpensive and does not require particular technological skills
[18]. Therefore, introducing preventive treatments such as cognitive
training programs, may have several significant benefits for an aging
population [30].

Perceptual-Cognitive Training, also called Neurotracker, is a
technology that was designed to enhance elite athlete performance by
training their ability to track and focus on multiple moving objects in
the three-dimensional visual field. This form of neurocognitive training
engages visual scanning, sustained attention, divided attention,
processing speed, working memory, inhibition ability, and cognitive
flexibility [31-34]. Memory decline in older adults has been linked
to deficits in executive processes (e.g. attention, inhibitory function,
cognitive flexibility, working memory) due to their involvement
in higher-level cognitive tasks [6, 9, 35]. PCT has been shown to
improve different cognitive abilities in both healthy and pathological
populations of young and old adults [34, 36, 37]. It was postulated that
PCT may reduce or reverse the age-related cognitive decline and the
aim of this study is to verify if PCT can enhance cognition in older
adults with SCD.

Ageing Sci Ment Health Stud, Volume 3(6): 2-15, 2019

Methods and Materials

Participants

A sample of 73 participants, between 60 and 90 years of age, was
recruited using word of mouth referral and flyer distribution in the
Capital Regional District (CRD) encompassing the southern tip of
Vancouver Island. Print and web-based advertising were also used
through the Institute on Aging and Lifelong Health at the University of
Victoria. Participants were recruited from 30th of June 2017 to 13th of
March 2018. The first follow-up was done on 18th of August 2017 and
continued until 10th of May 2018. Socio-demographic information
was collected from all participants at the baseline session (e.g., age,
gender, level of education, and medical history) by completing an
intake form approved by ethics committee of University of Victoria.
All participants were screened for any medical, neurological, or
psychiatric conditions known to affect cognitive performance in the
first interview. The Mini Mental State Examination [38] was used as a
screening tool (cut-off > 26) to minimize the risk of including persons
with preclinical dementia but as well to quantify the subjective
cognitive complaints. Two tests, Activities of Daily Living [39] and
Instrumental Activities of Daily Living [40], were administered to
exclude subjects with possible dementia and to ensure that they were
able to attend the testing and the training sessions at the University of
Victoria. All participants were screened for SMCs using the Memory
Complaint Questionnaire [41] and only the participants with a score
of 25 or above were included in this study. All participants were
screened for depression using the Geriatric Depression Scale [42] with
cut-off > 10, and for anxiety using the Geriatric Anxiety Inventory
[43] with cut-off > 9. On self-report of a diagnosis, seven participants
did not meet the inclusion criteria (i.e. one had ADHD, four subjects
had Macular Degeneration; one had Anxiety Disorder, one had PTSD)
and were not included in this research study. Following participant
screening, only 66 subjects (female n = 48, 72.2%), aged 60 years and
over (MeanAge = 73.32, SDAge = 7.58) satisfied the inclusion criteria
and were enrolled in the study (e.g. over a three-month period).
Eighteen subjects declined their participation to the study due to a
long commitment time required. One female participant dropped out
during the study due to a neurological event (e.g. a concussion outside
the testing environment) and her data was removed from the analysis.
The remaining 47 subjects (see Figure 1) were randomly assigned to
either the treatment or control group and all subjects completed the
follow-up. The method used to generate the allocation sequence was
self-selection (i.e. we generated a random assignment based on the
participant’s availability to commit to the study). The treatment group
consisted of 25 participants between the ages of 61 and 89 years of
age (female = 16; male = 9) whereas the control group consisted of 22
older adults, ages 60 to 90 years (female = 15; male = 7).

Procedure

This clinical study, using a parallel design, was approved on 27th
June 2017 by the University of Victoria Human Research Ethics
Board. The authors confirm that all ongoing and related trials for
this intervention are registered (NCT03763344). This study was not
registered before the enrolment of participants since UVic Research
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Ethics Board did not consider this study as a clinical trial but as a
research study on sub-clinical population (e.g. Subjective cognitive
decline).

All participants provided their informed written consent prior
to participating in this study. Participants from both the treatment
and control groups received a total of three neuropsychological
assessments over a three-month period (see Figure 1). All the data
were collected in the Concussion Laboratory of the Division of Medical
Sciences, at the University of Victoria. All the tests were administered
by a Doctoral Student in Clinical Neuropsychology. Considering
that an essential methodological component of the training studies
[44] is the use of standardized neuropsychological tests, validated
and reliable measures were used. The primary outcome measure was

California Verbal Learning Test, Second Edition (i.e., standard and

alternate forms) [45-47]. The secondary outcome measures were
Digit Span, D-KEFS Trail Making Test, D-KEFS Verbal Fluency Test
(both standard and alternate forms) [45-47], and Stroop Test. Each
assessment was 50-60 minutes in duration and was administered by
a Doctoral Student in Clinical Neuropsychology. The first assessment
was administered at baseline (T1). Then, each subject of the treatment
group underwent seven weeks of perceptual cognitive training, while
the control group completed seven weeks without formal training. The
intervention consisted of 14 sessions of PCT each lasting 25-30 min,
twice per week for seven weeks. After the seven-week time period, a
second neuropsychological assessment was performed on both groups
(T2). After eleven weeks, a follow-up assessment was conducted to
verify whether the benefits of cognitive training endure over time (T3).
We offered the PCT to both groups but at different time points (e.g. the
control group engaged in the training after the follow-up assessment).

[ Enrollment ]_. Recruited subjects (n = 73)

Excluded (n = 25)
o Not meeting inclusion criteria (n = 7)
0 Declined to participate (n = 18)

4

Random assignment (n= 48)

A

Allocated to experimental group (n = 26)

|

v

Allocated to control group (n=22)

I

t Baseline neuropsychological assessment (T1) ]

|

Experimental group (n = 26)
o0 Received intervention with PCT for 7weeks (n = 25)

to a concussion event)

o Did not complete the intervention (n = 1, dropped out due

Control group (n= 22)
o0 Did not receive an intervention with PCT for

seven weeks (n= 25)

v

v

[ Eight weeks follow-up: second neuropsychological assessment (T2)

!

v

[ Twelve weeks follow-up: third neuropsychological assessment (T3)

{ Statistical analysis ]

!

Analysed (n = 25)
[0 Excluded from analysis (did not complete
the intervention and the follow-up) (n = 1)

Analysed (n = 22)
0 Excluded from analysis (n = 0)

Figure 1. Flow diagram summarizing patient recruitment and progress in the study. Seventy-three individuals were initially assessed to take part in the
study, of these, 18 declined to participate and 7 were excluded for not meeting inclusion criteria. The remaining 48 subjects were randomly assigned to
treatment and control groups. Both groups received identical assessments, however only the treatment group received perceptual-cognitive training. Only
one individual from the treatment group did not complete the training and subsequent follow-up assessments.
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Neuropsychological Tests

Episodic memory

California Verbal Learning Test Second Edition (CVLT-IL D.
C. Delis, Kramer, Kaplan, & Ober, 2000) [48] CVLT-II is a multiple-
trial list-learning task that measures individuals’ episodic memory
and auditory learning ability. CVLT is considered a sensitive tool
in identifying subtle episodic memory difficulties. This test assesses
recall and recognition of two-word lists over immediate and delayed
memory trials. Standard and alternate forms of these lists exist,
each with different lists of words to avoid practice effects. Each
form contains two lists: list A and list B. List A is composed of 16
words divided in four different semantic categories (e.g., furniture,
vegetables, methods of transportation, and animals); whereas words
from the same semantic category are never presented consecutively.
There are five trials using List A, and each trial requires the participant
to immediately recall as many words from the list as possible. List B
is a 16-word interference list, which includes different categories. List
B is presented once, following the five trials of immediate recall of
List A. Immediately after presentation of List B, short-delay free recall
of List A is administered. Between the short-delay recall and long-
delay recall, there is a 20-minute delay, which is filled with non-verbal
testing (e.g., D-KEFS TMT; Stroop Test). After the non-verbal testing,
long-delay free recall of List A and a recognition task (yes/no format)
are administered. This list included words from both List A and List
B, as well as other distractor words, where the examinee is required to
identify only the words belonging to List A.

Executive Function

Delis-Kaplan Executive Function System Trail Making Test
(D-KEFS TMT) (Delis, Kaplan, & Kramer, 2001) [49] is a pencil and
paper task, used to evaluate aspects of cognition including processing
speed, motor speed and cognitive flexibility. It involves a series of five
conditions: visual scanning, number sequencing, letter sequencing,
number-letter switching, and motor speed. In the visual scanning
condition, examinees must cross out all the threes that appear on the
response sheet mixed with other numbers. In the number sequencing
condition, examinees draw a line connecting the numbers 1-16 in
counting order while avoiding distractor letters that appear on the
same page. The letter sequencing condition requires examinees to
connect the letters A through P, with distractor numbers presented
on the page. In the number-letter switching condition, examinees
switch back and forth between connecting numbers in counting order
and letters in alphabetical order (i.e., 1, A, 2, B, etc., to 16, P). This
condition requires the ability to switch mentally between numerical
and alphabetical sequences and provides an assessment of the
participants cognitive flexibility. Finally, the examinee completes a
motor speed condition in which he/she has to trace over a dotted line
connecting circles on the page as quickly as possible. This final section
assesses their graphomotor speed.

Delis-Kaplan Executive Function System Verbal Fluency Test
(D-KEFS VFT) (Delis, Kaplan, & Kramer, 2001) [49] is a short test
of verbal functioning that measures processing speed and cognitive
flexibility. There are three conditions: Letter Fluency, Category Fluency,
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and Category Switching. In all three conditions, the examinees are
given 60 seconds to generate as many words following a semantic cue
(e.g., specific category), a phonemic cue (e.g. starting with a certain
letter) or alternating between two categories a task, which requires a
certain amount of mental flexibility.

Digit Span Test is a measure of working memory consisting of 16
trials; eight in Digit Span Forward, and eight in Digit Span Backward.
In both conditions, the examiner reads out a series of numbers,
ranging from 2-9 digits in sequence. In the forward condition, the
participant is asked to repeat the numbers verbatim as stated by the
examiner at the end of each trial. In the backward condition, the
participant is asked to repeat the numbers in the reverse order stated
by the examiner.

Stroop test is used to measure selective attention, psychomotor
speed and cognitive flexibility [50]. In this study, the Stroop test was
delivered using the Encephal App [51], which adheres to the same
principles as the classic Stroop version [52]. Subjects are required
to identify the ink colour of discordant-colour words (red, blue, or
green). The task consists of two parts: the Stroop effect turned off (i.e.
the examinees name the colour of the ink of a set of number signs) and
the Stroop effect turned on (i.e. series of colour words “Red”, “Blu¢”,
“Green” are presented in an incongruent coloured ink). In this task, the
examinee must inhibit the automatic tendency of reading in order to
name correctly the colour of the ink. The placement of the words and
number signs are randomized and change position on the screen with
each new stimulus. The order of the responses on the bottom of the
screen that examinees need to respond to are randomized and shifts in
order with each new stimulus. The examinees are not instructed that
the order of the response options shift with each new screen, requiring
more focus and mental flexibility to the changing stimuli.

Perceptual-Cognitive Training

NeuroTracker is a computerized perceptual-cognitive training
system developed by Jocelyn Faubert of University of Montreal [33,
53, 54]. This training is based on a computerized 3D Multiple Object
Tracking (3D-MOT) model that follows two principles: isolation and
overloading. Isolation training uses limited and consistent cognitive
load, while overloading challenges the subject by training them at
levels beyond their current ability in order to increase cognitive
functioning. Previous studies have indicated that the training effect
is reduced if isolation and overloading are not applied to the task [55,
56].

Each PCT session consists of three series of 20 trials in which the
subject wears 3D glasses and tracks four spheres among four identical
distractors that move in a 3D volumetric cube on the screen. In the
first phase, all eight spheres are stationary on the screen, then the four
targets briefly change to red and after two seconds revert to yellow.
The four target spheres must be tracked as they moved in a linear
trajectory for eight seconds. After this, the spheres stop moving and
the subject is asked to identify the four targets.

The sessions are based on a staircase procedure [57], in which
an algorithm shifts the speed of the target spheres in regard to the
participants’ performance (i.e., overloading principle). If all targets
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were correctly identified, the speed of the movement of the spheres
increases by 0.05log, whereas with each incorrect response the speed
decreases by 0.05log.

Data Analysis

IBM SPSS Statistics v22.0 and R Software were used for the
statistical analyses. Descriptive statistics were computed and full
statistical diagnostics carried out to check for adequate distributions,
out-of-range values, missing values and outlier checks well as overall
standard deviations and standard errors values. Such diagnostics were
iteratively conducted on the data collected upon completion of the
three assessments: prior the intervention (T1), after the seven weeks
of training (T2), and four weeks post-intervention (T3). In particular,
box plots for each group and dependent measures were used to identify
critical outliers pre-, post-training, and after a month of follow-up. It
was decided to constrain outliers values with more than 3 standard
deviations above or below the mean. The Trimming method [58, 59]
was used to replace the outliers found by the second-highest value
from the respective cognitive task group (e.g. CVLT-II, D-KEFS VFT)
or by the second-lowest value from the tasks measured in seconds
(e.g. D-KEFS TMT, Stroop Test). Data of a subject that dropped out in
the middle of the intervention for a concussion reason was removed.
Following up the statistical diagnostics and data screening, a first
series of independent t-tests were performed on the data at T1 to verify
that both groups were equal at baseline in terms of age, education,
global cognitive efficiency (MMSE), memory complaints, and leisure
activities prior to the intervention. Next, a factorial between-within
subject differences (i.e. treatment and control differences across time
T1, T2 and T3) were examined by a Doubly Factorial MANOVA.
Finally, univariate Within-Subjects Contrasts further examined

cognitive abilities that displayed a linear trend in the treatment group
(p <.05).

Research expectations were 1) to support a construction of a
balanced design with no multivariate or univariate F test differences
at baseline (T1) between the two groups); 2) to detect significant
multivariate and univariate effects at T1 and T2 between groups
(expectation is that treatment group would perform better); 3) to
identify some linear trends for the experimental group across T2 and
T3. Notably, testing for significant multivariate results at T2 and T3 (if
any) might also provide some indication on the potential future use
of a linear composite of such DV to study differences across patients
instead of relying on single univariate measures. A one way repeated
measures (RM) ANOVA (Time: Session 1 to Session 14) to analyse
the PCT performance for the treatment group. Additionally, a series
of stepwise linear regressions were used to verify if PCT training
scores predicted cognitive performance for the treatment group.
Where appropriate, the assumption of sphericity was tested and where

violations occurred a Greenhouse-Geisser correction was applied.
Results

Descriptive statistics

The analyses were performed at the group level on all 47 subjects
that concluded the study. The data of the participant that dropped-
out was removed from the analysis. An independent t-test was
performed between the control and the treatment groups and showed
no differences (all p > .05) for age, global cognitive efficiency, and
memory complaints prior to the intervention (see Table 1).

Table 1. Demographic information for control (n = 22) and treatment (n = 25) groups.

Control group (n =22) Treatment group (n = 25) U test / t-test

Variables M (SD) 95% CI M (SD) 95% CI t /4
Age 72.14 (6.23) 69.37 74.9 74.36 (8.73) 70.75 77.96 1.01 137
Education 15.73 (2.81) 14.47 16.97 16.40 (4.03) 14.73 18.06 .65 516
MMSE 29.27 (.70) 28.96 29.58 29.24 (1.30) 28.7 29.71 -.10 914

Mdn Mdn U test P
MAC-Q 26 (7) 27 (8) 212 .170

MMSE: Mini Mental State Examination; MAC-Q: Memory Complaint Questionnaire

Similarly, no differences (all p > .05) were found between groups
at baseline for the major components that could contribute to their
cognitive reserve (education and leisure activities). Further, the
Multivariate difference analysis at baseline (T1) shows no differences
(all p >.05) between groups in terms of cognitive functioning. Overall
such results would well represent an experimental condition of
favorable balanced design (Table 2).
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Factorial Multivariate Analysis

A Factorial Doubly MANOVA was conducted (i.e. 2x3 groups:
control, experimental; time: T1, T2 and T3) to examine the
transferability of PCT benefits on cognitive performance. Using
WilK’s lambda, there was a significant multivariate effect of interaction
between groups and time for the cognitive variables considered in
this study A =.401, F = (38, 144) = 2.20, p=.000, np2 = 1. To further
explore this significant MANOVA interaction a set of separate follow-
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up univariate ANOVAs (simple main effects analysis) on the cognitive
variables revealed significant treatment effects between groups on
CVLT-II Immediate Free Recall Trials 1-5; CVLT-II Short-Delay
Free Recall; CVLT-II Long-Delay Free Recall; CVLT-II Recognition;

D-KEFS TMT Visual Scan, D-KEFS TMT (Table 3). Notably, due to
the exploratory nature of such analysis all such individual F-value tests
have to be further investigated to confirm the various target variable
contributions to the MANOVA model findings so far.

D-KEFS VFT Letter Fluency, D-KEFS VFT Category Switching,

Table 2. Multivariate difference at baseline (T1) between groups.

Control group | Treatment group Pairwise comparisons
Cognitive variables
M (SD) M (SD) p F value

CVLT-II List A IFR 52.50 (2.42) 55.28 (2.26) 410 703
CVLT-II List A SDFR 10.54 (.79) 11.92 (.74) 210 1.617
CVLT-II List A LDFR 11.32 (.63) 11.72 (.59) .644 216
CVLT-II List ALDR 15.50 (.17) 15.13 (.16) 131 2.269
CVLT-II List A LDR FPE 2.22 (.46) 1.25(.43) 134 2332
DIGIT SPAN F. 6.50 (.23) 6.80 (.21) 343 920
DIGIT SPAN B. 5.23 (.28) 5.70 (.26) 244 1.396
TOTAL DIGIT SPAN 11.68 (.44) 12.48 (.40) .190 1.794
D-KEFS TMT: VS 24.36 (1.40) 25.96 (1.26) .390 764
D-KEFS TMT: NS 46.07 (3.58) 38.80 (3.36) .145 2.197
D-KEFS TMT: LS 42.73 (3.75) 37.92 (3.53) .560 871
D-KEFS TMT: NLS 94.90 (10.82) 98.24 (10.15) .823 .050
D-KEFS TMT: MS 27.18 (2.32) 31.03 (2.18) 232 1.467
D-KEFS VFT: LF 42.64 (2.12) 44.64 (1.99) 495 AT73
D-KEFS VFT: CF 37.64 (1.83) 38.90 (1.71) .625 242
D-KEFS VFT: CS 11.72 (.74) 11.36 (.70) 720 132
STROOP TEST OFF 83.35(3.43) 85.75(3.21) 612 261
STROOP TEST ON 100.12 (4.30) 103.63 (4.03) .560 354
*CVLT-II List A TFR - Immediate Free Recall Trials 1-5; CVLT-II List A SDFR - Short-Delay
Free Recall; CVLT-II List A LDFR - Long-Delay Free Recall; CVLT-II List A LDR - Long-
Delay Yes/No Recognition; CVLT-II List A LDR FPE - Long-Delay Recognition False Positive
Errors; DIGIT SPAN F. - Digit Span Forward; DIGIT SPAN B. - Digit Span Backward;
D-KEFS TMT:VS - Visual Scanning; D-KEFS TMT: NS-Number Sequencing; D-KEFS TMT:
LS - Letter Sequencing; D-KEFS TMT: NLS - Number-Letter Switching; D-KEFS TMT: MS
- Motor Speed; D-KEFS VFT: LF - Letter Fluency; D-KEFS VFT: CF - Category Fluency;
D-KEFS VFT: CS - Category Switching.

power of this significant difference represents a medium-sized effect
(Table 4). Furthermore, it seems to be a trend of higher performance
for the treatment group compared to the control group in retrieving

Treatment-Control Groups differences

To dissect further the univariate F tests main effects analyses

discussed above, a series ofsimple contrasts comparisons across the .
P P words in a memory task such as CVLT-II Immediate Free Recall (e.g.

CVLT-II List A/B IFR). Although this difference represents a medium-
sized effect, it does not reach statistical significance (p < .05).

treatment and control groups were carried out separately at T2 and T3
respectively. At T2 a evaluations significant difference was observed in
the scores of CVLT-II long delay recognition memory task between

control (M=15.15; SE=.15) and treatment (M=15.79; SE=.14) groups
F(25)=7.190, p=.010 at T2. The observed power of this significant
difference represents a large-sized effect (Table 4). A significant
difference was also noticed in verbal cognitive flexibility performance,
such as D-KEFS verbal fluency category switching task, between the
control (M=10.83; SE=.66) and treatment (M=12.64; SE=.62) groups
F(25)=4.065, p=.050 at T2. The observed power of this significant
difference represents a medium-sized effect (Table 4). A significant
difference was observed in sustained attention task, such as STROOP
TEST OFF between the control (M=78.75; SE=3.20) and treatment
(M=87.53; SE=3.01) groups F(25)=4.065, p=.050 at T2. The observed
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At T3 significant differences between groups were observed in the
scores of CVLT-II immediate free recall memory task F(25)=8.545,
p=.005, CVLT-II short delay free recall F(25)=15.690, p=.000, and
CVLT-II long delay free recall task F(25)=13.007, p=.001. The
number of words recalled by the treatment group is higher compared
to controls and the observed power of these significant differences
represents a large- sized effect (Table 5). A significant difference
between groups at T3 was also noticed in the scores of working
memory task (i.e. Digit Span Backward) F(25)=5.700, p = .112.
The number of digits repeated by the participants of the treatment
group is higher compared to controls and the observed power of this
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significant difference represents a large-sized effect (Table 5). Similarly,
a significant difference between groups at T3 was also noticed in a
verbal task that requires a certain amount of cognitive flexibility (i.e.
D-KEFS verbal fluency category switching task) F(25)=7.032, p=.011.

Table 3. Univariate test between groups in time.

In this task the participants of the treatment group generate a higher
number of words compared to controls and the observed power of this
significant difference represents a large- sized effect (Table 5).

Sum of df Mean Square F p Partial Eta Observed

Squares Squared Power
CVLT-II List A/B IFR 290.16 2 145.080 3.247 .043* 067 .605
CVLT-II List A/B SDFR 36.008 2 18.004 5.016 .009%* .100 .803
CVLT-II List A/B LDFR 44.905 2 22.452 6.433 .002%* 125 .895
CVLT-II List A/B LDR 4.715 2 2.357 4.474 014+ .090 753
CVLT-II List A/B LDR FPE 7.668 2 3.844 829 440 018 1.658
DIGIT SPAN F. 172 2 .086 165 .848 .004 .075
DIGIT SPAN B. 3.190 2 1.595 1.716 .186 .037 352
TOTAL DIGIT SPAN 3.341 2 1.671 1.256 290 .027 267
D-KEFS VFT: LF 245.452 2 122.726 3.752 .027* .077 672
D-KEFS VFT: CF 18.428 2 9.124 397 673 .009 112
D-KEFS VFT: CS 48.512 2 24.256 3.551 .033* .073 .647
D-KEFS TMT:VS 103.179 2 51.590 3.753 .027* 077 672
D-KEFS TMT:NS 532.787 2 266.394 2.210 116 .047 440
D-KEFS TMT:LS 203.779 101.890 1.056 352 .023 230
D-KEFS TMT: NLS 2.953.761 2 1.476.880 2.457 .091 .052 483
D-KEFS TMT: MS 260.530 2 130.265 2.740 .070 .057 529
STROOP TEST OFF 242.613 2 121.306 1.016 .366 022 222
STROOP TEST ON 202206 2 101103 658 .520 014 157
*indicates significance at the 0.05 level **indicates significance at the 0.01 level
CVLT-II List A IFR - Immediate Free Recall Trials 1-5; CVLT-II List A SDFR - Short-Delay Free Recall; CVLT-II List A LDFR - Long-Delay Free
Recall; CVLT-II List A LDR - Long-Delay Yes/No Recognition; CVLT-II List A LDR FPE - Long-Delay Recognition False Positive Errors; DIGIT
SPAN F. - Digit Span Forward; DIGIT SPAN B. - Digit Span Backward; D-KEFS TMT:VS - Visual Scanning; D-KEFS TMT: NS-Number Sequen-
cing; D-KEFS TMT: LS - Letter Sequencing; D-KEFS TMT: NLS - Number-Letter Switching; D-KEFS TMT: MS - Motor Speed; D-KEFS VFT: LF
- Letter Fluency; D-KEFS VFT: CF - Category Fluency; D-KEFS VFT: CS - Category Switching.

Furthermore, it seems to be a trend of higher performance for
the treatment group compared to the control group in tasks such as
long-delay memory recognition (e.g. CVLT-II List A/B LDR FPE),
working memory (e.g. Total Digit Span), visual cognitive flexibility
(e.g. D-KEFS TMT: LS) and visual processing speed (e.g. D-KEFS
TMT: NLS), but did not reach statistical significance (p < .05).

Descriptive Trend analysis across groups

For exploratory purposes the descriptive linear trends over the
3 time periods (T1, T2 and T3) are reported in (Figures 2, 3 and
4). The figures 2 and 3 show the upwards increase in the estimated
marginal means for “CVLT Long Delay Memory Recall” (i.e. episodic
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memory) and “D-KEFS VF Category Switching” (i.e. cognitive
flexibility) between the treatment group versus the control group.
The latter one instead depicts the downward and expected linear
trend of “D-KEFS TMT Number-Letter Switching” (i.e. cognitive
flexibility). Such descriptive trends (Table 6) mirror various results in
the dissected MANOVA pairwise comparisons across the groups and
time windows. Clearly more research is needed to further understand
potential clinical impact of such potential trends. Nevertheless, such
trends are encouraging and require further research in the near future.
Such trends, if present could be highly relevant to verify the magnitude
of improvement across different time periods and adequate clinical
design tailored to such processes.
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Table 4. Pairwise comparisons between groups T2.

Cognitive variables Control group Treatment group Pairwise comparison
M (SE) M (SE) p F Partial Eta Observed
Squared Power

CVLT-II List A/B IFR 52.73 (2.15) 58.04 (2.01) 078 3.254 .67 423
CVLT-II List A/B SDFR 10.50 (.67) 11.84 (.63) 154 2.097 .045 294
CVLT-II List A/B LDFR 10.97 (.71) 12.36 (.67) 158 2.062 .044 .290
CVLT-II List A/B LDR 15.15 (.15) 15.79 (.14) .010% 7.190 138 747
CVLT-II List A/B LDR FPE 3.73 (.92) 1.70 (.87) 113 2.616 113 353
DIGIT SPAN F. 6.59 (.23) 6.72 (.22) .690 .161 .004 .068
DIGIT SPAN B. 5.09 (.31) 5.16 (.29) .870 .027 .001 .053
TOTAL DIGIT SPAN 11.64 (.45) 11.90 (.42) .693 158 .004 .068
D-KEFS VFT: LF 41.00 (2.31) 44.80 (2.16) 236 1.445 .031 218
D-KEFS VFT: CF 40.46 (1.82) 39.92 (1.71) .831 .046 .001 .055
D-KEFS VFT: CS 10.83 (.66) 12.64 (.62) .050* 4.065 .083 .505
D-KEFS TMT: VS 23.49 (1.22) 23.20 (1.15) .865 .029 .001 .053
D-KEFS TMT: NS 34.23(2.35) 36.40 (2.21) .503 4SS .010 .101
D-KEFS TMT: LS 37.99 (3.63) 37.23 (3.41) .880 .023 .001 .053
D-KEFS TMT: NLS 93.64 (7.92) 86.77 (7.43) .530 400 .009 .095
D-KEFS TMT: MS 27.31(1.85) 25.17 (1.74) 403 713 .016 131
STROOP TEST OFF 78.75 (3.20) 87.53(3.01) .050% 4.002 .082 499
STROOP TEST ON 96.08 (4.50) 104.7 (4.22) 169 1.952 .042 277
*indicates significance at the 0.05 level
VLT-1I List A TFR - Immediate Free Recall Trials 1-5; CVLT-II List A SDFR - Short-Delay Free Recall; CVLT-II List A LDFR - Long-Delay
Free Recall; CVLT-II List A LDR - Long-Delay Yes/No Recognition; CVLT-II List A LDR FPE - Long-Delay Recognition False Positive
Errors; DIGIT SPAN F. - Digit Span Forward; DIGIT SPAN B. - Digit Span Backward; D-KEFS TMT:VS - Visual Scanning; D-KEFS TMT:
NS-Number Sequencing; D-KEFS TMT: LS - Letter Sequencing; D-KEFS TMT: NLS - Number-Letter Switching; D-KEFS TMT: MS -
Motor Speed; D-KEFS VFT: LF - Letter Fluency; D-KEFS VFT: CF - Category Fluency; D-KEFS VFT: CS - Category Switching.
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Figure 3. Linear trend analysis. Verbal cognitive flexibility measured with D-KEFS
Figure 2. Linear trend analysis. Long-delay memory recall measured with CVLT-II List Verbal Fluency Test: Category Switching.
A/B Long-Delay.
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Table 5. Pairwise comparisons between groups T3.

Cognitive variables Control group Treatment Pairwise comparison
group
M (SE) M (SE) p F Partial Eta Observed
Squared Power
CVLT-II List A/B IFR 51.94 (2.43) 61.68 (2.27) .005%* 8.545 .160 816
CVLT-II List A/B SDFR 9.46 (.65) 12.96 (.61) .000%* 15.690 259 972
CVLT-II List A/B LDFR 10.18 (.63) 13.32 (.60) .001%* 13.007 224 .942
CVLT-II List A/B LDR 15.20 (.22) 15.29 (.20) .566 334 .007 .087
CVLT-II List A/B LDR FPE 2.42 (.47) 1.24 (44) 075 3.325 .069 430
DIGIT SPAN F. 6.64 (.22) 6.84 (.21) .505 451 .010 101
DIGIT SPAN B. 5.27 (.25) 6.08 (.23) .021* 5.700 112 .647
TOTAL DIGIT SPAN 11.96 (.41) 12.92 (.39) 093 2.943 .061 389
D-KEFS VFT: LF 40.91 (2.48) 49.20 (2.32) .019* 5.952 117 .665
D-KEFS VFT: CF 39.18 (1.60) 39.40 (1.50) 921 .010 .000 .051
D-KEFS VFT: CS 10.41 (.70) 12.76 (.61) 011* 7.032 135 737
D-KEFS TMT: VS 25.23 (1.24) 22.64 (1.17) 135 2.311 .049 319
D-KEFS TMT: NS 35.96 (2.64) 32.32(2.48) 321 1.009 .022 .166
D-KEFS TMT: LS 39.51(2.70) 33.01 (2.53) .086 3.081 .064 404
D-KEFS TMT: NLS 100.22 (7.85) 81.12 (7.37) .083 3.150 065 412
D-KEFS TMT: MS 26.36 (1.70) 24.70 (1.60) AT5 .520 011 .109
STROOP TEST OFF 78.75 (3.20) 83.43 (2.83) 246 1.382 .030 210
STROOP TEST ON 93.70 (4.17) 97.19 (3.92) 541 .380 .008 .093
*indicates significance at the 0.05 level **indicates significance at the 0.01 level
VLT-II List A IFR - Immediate Free Recall Trials 1-5; CVLT-II List A SDFR - Short-Delay Free Recall; CVLT-II List A LDFR - Long-Delay
Free Recall; CVLT-II List A LDR - Long-Delay Yes/No Recognition; CVLT-II List A LDR FPE - Long-Delay Recognition False Positive
Errors; DIGIT SPAN F. - Digit Span Forward; DIGIT SPAN B. - Digit Span Backward; D-KEFS TMT:VS - Visual Scanning; D-KEFS
TMT: NS-Number Sequencing; D-KEFS TMT: LS - Letter Sequencing; D-KEFS TMT: NLS - Number-Letter Switching; D-KEFS TMT:
MS - Motor Speed; D-KEFS VFT: LF - Letter Fluency; D-KEFS VFT: CF - Category Fluency; D-KEFS VFT: CS - Category Switching.
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Figure 4. Linear trend analysis. Visual cognitive flexibility measured with D-KEFS Trail
Making Test: Number-Letter Switching.
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Perceptual-cognitive training (PCT) performance analyses

A visual inspection of the PCT data suggested that the treatment
group showed improvements in performance across sessions (Figure
3). To affirm this, for example, the PCT thresholds showed an apparent
logarithmic trend, characteristic of a good learning curve (R2 = .92)
[37]. Further, a one-way (Time: Session 1 to Session 14) RM ANOVA
was used to statistically analyse PCT performance. This analysis
revealed a significant change in performance F(1, 13) = 49.95, p =.000
from Session 1 to Session 14, corroborating the significant presence of
a trend across the sessions (Figure 5).
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Table 6. Linear trend analysis results of the cognitive performance in the treatment group.

Cognitive variables Treatment group (n = 25)

T1 M (SD) T2 M (SD) T3 M (SD) F p [p2 Power
CVLT-II List A/B IFR 55.28 (2.26) 58.04 (2.01) 61.68 (2.27) 15.23(1,24) 001%* 388 963
CVLT-II List A/B SDFR 11.92 (.74) 11.84 (.63) 12.96 (.61) 3.84(1,24) .062 138 469
CVLT-II List A/B LDFR 11.72 (.59) 12.36 (.67) 13.32 (.60) 17.45(1,24) .000%* 421 .980
CVLT-II List A/B LDR 15.13 (.16) 15.79 (.14) 15.29 (.20) 775 (1, 24) .388 .031 135
CVLT-II List A/B LDR FPE 1.25(.43) 1.70 (.87) 1.24 (44) .002 (1, 24) 962 .000 .050
DIGIT SPAN F. 6.80 (.21) 6.72 (.22) 6.84 (.21) .033 (1, 24) 857 .001 .054
DIGIT SPAN B. 5.70 (.26) 5.16 (.29) 6.08 (.23) 2.087 (1.24) 161 .080 284
TOTAL DIGIT SPAN 12.48 (.40) 11.90 (.42) 12.92 (.39) 1.160 (1, 24) 292 .046 179
D-KEFS VFT: LF 25.96 (1.26) 44.80 (2.16) 49.20 (2.32) 7.03 (1, 24) 014% 227 721
D-KEFS VFT: CF 38.80(3.36) 39.92 (1.71) 39.40 (1.50) 306 (1, 24) .585 013 .083
D-KEFS VFT: CS 37.92(3.53) 12.64 (.62) 12.76 (.61) 3.56(1,24) 071 129 441
D-KEFS TMT: VS 98.24 (10.15) 23.20 (1.15) 22.64 (1.17) 8.90 (1,24) .006* 271 817
D-KEFS TMT: NS 31.03 (2.18) 36.40 (2.21) 32.32(2.48) 3.45(1,24) 075 126 431
D-KEFS TMT: LS 44.64 (1.99) 37.23 (3.41) 33.01 (2.53) 3.96 (1,24) .058 142 481
D-KEFS TMT: NLS 38.90 (1.71) 86.77 (7.43) 81.12 (7.37) 4.88 (1,24) .037* 129 564
D-KEFS TMT: MS 11.36 (.70) 25.17 (1.74) 24.70 (1.60) 7.66 (1,24) .011* 242 757
STROOP TEST OFF 85.75(3.21) 87.53 (3.01) 83.43 (2.83) 416 (1,24) 525 .017 .095
STROOP TEST ON 103.63 (4.03) 104.7 (4.22) 97.19 (3.92) 2.65 (1,24) 116 .100 347
*indicates significance at the 0.05 level **indicates significance at the 0.01 level
VLT-II List A TFR - Immediate Free Recall Trials 1-5; CVLT-II List A SDFR - Short-Delay Free Recall; CVLT-II List A LDFR - Long-Delay Free Recall;
CVLT-II List A LDR - Long-Delay Yes/No Recognition; CVLT-II List A LDR FPE - Long-Delay Recognition False Positive Errors; DIGIT SPAN F. - Digit
Span Forward; DIGIT SPAN B. - Digit Span Backward; D-KEFS TMT:VS - Visual Scanning; D-KEFS TMT: NS-Number Sequencing; D-KEFS TMT: LS -
Letter Sequencing; D-KEFS TMT: NLS - Number-Letter Switching; D-KEFS TMT: MS - Motor Speed; D-KEFS VFT: LF - Letter Fluency; D-KEFS VFT:
CF - Category Fluency; D-KEFS VFT: CS - Category Switching.
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Figure 5. Average speed threshold scores with PCT from the treatment group participants (n= 25). Speed
thresholds are plotted for subjects in the treatment group. Subjects received two training sessions a week over
a 7 week period, for a total of 14 sessions. Note how subjects show a marked improvement in performance
after session 2 that persists for the duration of the training period.
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Relationship between PCT performance and enhancement
in cognitive functioning in the treatment group

Finally, a series of stepwise regression were used to verify if PCT
scores predicted cognitive performance for the treatment group.
Results showed that PCT scores predicted increasing performance in
Digit Span Backward task F(1, 23) = 17.429, p = .000b, with an R2

Table 7. Bivariate correlation between the cognitive tasks in the control group.

of .442. Further, results revealed a negative relationship between the
performance in the last PCT session performance and in the D-KEFS
TMT Visual Scanning (r = - .366; p = .036) and D-KEFS TMT Number
Sequencing (r = - .364; p = .037). Similarly, a positive relationship was
found between performance in the last PCT session and D-KEFS
Letter Fluency (r = .387; p = .028) and CVLT-II Long Delay Recall (r
= .391; p = .027) (Table 7).

O @ 1 2 3 4 5 7 8 9 10 11 12 13
= =2

=2

s =

S8

1 1

2 r=.570%* 1

3 r=.329 r=.526 1

4 r=-.620%* r=-578%* r=-308 1

5 r=-438*% r=-372 r=-120 r=-120 1

6 r=-153 r=.005 r=.279 r=.284 r=.621*%*% | 1

7 r=-393 r=-208 r=-.102 r=.166 r=.557** | r=.400 1

8 r=-399 r=-.358 r=-251 r=.403 r=.294 r=454% r=.551% 1

9 r=-177 r=-180 r=-.145 r=.195 r=.379 r=.217 r=.296 r=.366 1

10 r=.308 r=-011 r=.050 r=-389 | r=-363 r=-271 r=-332 r=-244 | r=-.022 1

11 r=.229 r=.203 r=.151 r=-202 | r=-384 r=-263 r=.033 r=-216 | r=-339 r=.332 1

12 r=.234 r=-228 r=-.148 r=.157 r=.051 r=.209 r=-.091 r=.115 r=.114 r=.033 r=.046 1

13 r=-.034 r=-207 r=.082 r=.051 r=.128 r=.070 r=.080 r=.418 r=457* r=-382 | r=-359 r=.418
*indicates significance at the 0.05 level **indicates significance at the 0.01 level

1. CVLT-II List A Immediate Free Recall Trials 1-5; 2. CVLT-II List A Long-Delay Free Recall; 3. CVLT-II List A Long-Delay Yes/No Recognition; 4. CVLT-II List A Long-Delay Yes/
No Recognition False-Positives; 5. D-KEFS TMT: Visual Scanning; 6. D-KEFS TMT: Number Sequencing; 7. D-KEFS TMT: Letter Sequencing; 8. D-KEFS TMT: Number-Letter
Switching; 9. D-KEFS TMT: Motor Speed; 10. D-KEFS VFT: Letter Fluency; 11. D-KEFS VFT: Category Fluency; 12. D-KEFS VFT: Category Switching; 13. Encephalapp Stroop
Test: Stroop On

Discussion

The purpose of this study was to examine whether older adults with
SCD would benefit from Perceptual-Cognitive Training. The results
indicate a significant difference between treatment and control groups
in tasks of episodic memory, working memory, cognitive flexibility
and processing speed. After the 14 sessions of brain stimulation with
PCT (T2) the treatment group performed better compared to controls
in a task of episodic memory, such as retrieving the previous encoded
abstract wordlist after a long delay (CVLT-II List A/B LDFR), and in
a task of cognitive flexibility, such as generating words by alternating
between two categories (D-KEFS VF CS). Furthermore, a trend of
higher performance was noticed in the treatment group in another
task of episodic memory, immediate free recall CVLT-II List A/B IFR).

One month follow-up after the Perceptual-Cognitive Training
(T3), the benefits observed for the participants of the treatment group
in retrieving words after a long delay were maintained and were
significantly higher compared to controls. Furthermore, a significant
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major effect between groups was observed in others episodic memory
tasks such as immediate free recall, (CVLT-II List A/B IFR) and short
delay recall (CVLT-II List A/B SDFR). A significant major effect
after a month follow-up was observed in treatment participants in
a verbal cognitive flexibility task (D-KEFS VF CS) and a trend of
higher performance was noticed in a visual cognitive flexibility task
(D-KEFS TMT: NLS). Furthermore, the treatment group performed
significantly better in a working memory task, such as repeating digits
backward (Digit Span Backward) and showed a trend of better scores
in Total Digit Span. Similarly, the treatment group performed better
compared to controls in tasks of processing speed (D-KEFS TMT:
LS; D-KEFS VF LF). Moreover, a trend of higher performance was
noticed in the treatment group compared to controls in the accuracy
and the number of words recognized from a bigger list after a long
delay (CVLT-II List A/B LDR FPE). Specifically, the participants of the
control group reported a greater number of false-positive errors after
seven and twelve weeks of follow-up.
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Previous studies have demonstrated that computerized cognitive
training programs serve as powerful tools to enhance cognition in
healthy older adults [18, 22, 23, 30]. The current study expands on
these findings by showing additional benefits of computer training
on cognition in older adults with subjective cognitive decline. Similar
benefits in memory, processing speed, working memory and cognitive
flexibility were found in previous studies on PCT intervention [33, 37,
60 ] in different populations (e.g. healthy young adults and students
with neurodevelopmental conditions, healthy adults and adults with
concussions, healthy older adults and older adults with subjective
memory complaints). For example, a case study on an 80-year-old man
with memory complaints, that underwent 32 sessions of training with
PCT, showed improvements in working memory, episodic memory,
processing speed, as well as reduction in cognitive complaints with
positive impact on quality of life. Other work from our laboratory on
healthy older adults indicated improvements in cognitive flexibility
after just 7 sessions (i.e. 21 trials) of PCT [34]. Parsons et al., [33]
found that students who performed 10 sessions of PCT improved in
performance as investigated with standardized cognitive assessments
of working memory and attention on visual information. Tullo et al.,
[37] observed that performing 15 sessions of PCT was associated with
increased attentional abilities in students with neurodevelopmental
conditions (e.g. Autism Spectrum Disorder, Attention-Deficit/
Hyperactivity Disorder, Intellectual Disability, Specific Learning
Disorder. Similarly, etc.). Vartanian and colleagues [60] trained
military personal with the PCT and observed improved performances
on working memory task compared to no improvements from
participants who underwent PCT training.

Considerable evidence [6, 61, 62,], from both behavioral and
neurobiological sources, suggests that age-related memory declines
might be linked to deficits in executive functioning (EF), including
inhibitory functions, working memory [63,64], and cognitive
flexibility [4, 64, 65,]. Memory tasks involve the organization of
new information, selective attention for the information that has
to be encoded, the suppression of unnecessary information, and
at times the maintenance and shifting of cognitive sets, so this is
not surprising in many ways. Furthermore, in order to encode and
retrieve new information cognitive efficiency relies on processing
speed and working memory. Evidence suggests that slow processing
speed or working memory difficulties [9, 66] in older adults impact
on the accuracy of encoding new information and on the retrieval of
it later on [9, 66]. This pattern of deficits in executive tasks associated
with episodic memory decline is consistent with the view that
underlying cognitive functions depend on multiple-interacting neural
networks, including the medial temporal memory complex and
prefrontal cortical executive system [67, 68]. Therefore, any memory
enhancement obtained after PCT may be in part due to improvements
in processing speed, working memory (i.e. brief sustained attention),
and cognitive flexibility. The treatment group became significantly
faster in processing new information, such as word production or
connecting letters with distractor numbers presented on the page,
faster in tasks that require certain mental flexibility, and better in
encoding and retrieving an abstract wordlist after a short and long
delay. The enhancement in these cognitive tasks was also associated
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with a significant correlation between improved processing speed
and the performance in memory tasks. In contrast, we observed
that the control group was slower in processing speed and retrieved
fewer words compared to the treatment group. Further, no significant
relationship between processing speed and memory task performance
was observed in the control group. These findings are interesting and
require further replication, possibly with the inclusion of a second
control group of healthy older adults.

Consistent with some imaging studies, episodic memory
functioning is the most robust neuropsychological predictor of
dementia [69-71]. One recent study found that performance for
immediate versus delayed episodic memory recall varies according
to the temporal stage of disease progression [30, 72]. Contrary to
the common view that delayed memory recall is the most sensitive
measure of early dementia, Bilgel et al. found that immediate verbal
recall measures in the CVLT were the first to decline in preclinical
dementia, followed by delayed verbal recall on the same test closer to
a diagnosis of mild cognitive impairment. Although research on PCT
does not typically result in generalization of learning to daily living
tasks in older adults [33, 37, 54, 73], an interesting result observed in
our study is the transfer effect between PCT and episodic memory
tasks. For example, the older adults with SCD from the treatment
group showed a significant enhancement in episodic memory tasks
such as learning abstract word lists and retrieving words after a
short and a long delay period (e.g. 30 min). Although the benefits on
memory tasks have no overlap with the trained cognitive functions of
PCT and may thus be considered a far transfer [74, 75], this transfer
was characterized by a medium-large effect size and a power above
.80. This reflects the effectiveness of PCT, though little is known about
the transfer effect between the PCT and memory performance in
older adult with SMCs. That being said, PCT intervention may play a
significant role in dementia prevention or cognitive decline but further
research is needed to ensure reliability and validity. The concept of
adult neurogenesis provides an interesting potential mechanism for
the cognitive benefits observed in the treatment group, particularly
since benefits were still observed in the follow-up testing a month later.
Here the hypothesis would be that the PCT provides enough cognitive
enrichment to enhance adult neurogenesis. This is similar to the effect
observed in animals that exercise or are in enriched environments
[76], which rely on increases in neurotrophin levels [77, 78]. Indeed,
learning behaviours that involve the hippocampus have been shown to
impact adult neurogenesis in animal models [79].

An increasing number of studies have examined how
environmental and/or behavioural factors can modulate neurogenesis
and subsequently effect hippocampal-dependentlearning and memory
in humans [80]. Indeed, exercise has even been shown to be beneficial
for individuals with subjective memory complaints, enhancing medial
temporal lobe thickness [81]. The time course for the increase in
performance observed one month after testing corresponds well with
the time course for new neurons generated in response to the PCT
training to be incorporated into, and enhance, existing networks [82].
In addition, an increased activation of the neural structures and circuits
was observed during PCT training in a recent fMRI investigation [34].
These neural areas are involved in executive function tasks. Thus it
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would be interesting for future studies to determine if PCT has the
capacity to promote neuroplasticity, providing a mechanism through
which it can enhance learning and memory processes [83].

A very positive aspect of the PCT intervention was the ability of
older adults to be able to engage in this computerized training task,
even if their performance was slower than in younger adult groups
[84, 85]. The learning curve in our study indicates that PCT can be
a good cognitive training tool for older populations. Moreover, as
PCT involves an individualized dynamic and homeostatic adjustment
of the training speed, the subjects found they could easily work with
the program irrespective of their initial performance. Because each
trial was based upon the participant’s performance in the prior trial,
the software provided a continuous challenge that helped maintain
a high level of engagement and motivation. Hence, participants can
remain highly motivated to engage regularly in the training regimen.
Therefore, the results should be replicated by further research on
clinical older population to ensure reliability.

Limitations

The use of an inactive control group does not exclude the
possibility that this empirical finding reflects a placebo effect [86],
although, a greater significant difference in cognitive performance was
observed between groups not only after PCT intervention but also at
the second follow-up (T3), where both groups were on rest for 4 weeks
(i.e. no intervention was administered). Therefore, the results should
be replicated by further research to ensure reliability. A limitation of
this study was the non-administration of the memory complaint rating
scale (MAC-Q) after the PCT intervention (i.e. MAC-Q was only used
to assess the inclusion/exclusion criteria of this study). In addition,
research would benefit from using a quality of life questionnaire test to
assess the transfer of these cognitive benefits on daily activities.

Conclusions

The current study demonstrated improved performance in
older adults with SCD on measures of episodic memory, processing
speed, working memory, and cognitive flexibility. The prolonged
enhancement result observed over a month may hold promise for
cognitive rehabilitation/neurogenesis, but it needs to be replicated to
further support its validity, in both healthy samples and those with
neurocognitive disorders or types of dementia. Further research is
essential to examine structural neuroplasticity and transfer effects from
the PCT to daily tasks. Taken together, the results of this study suggest
that the PCT may be an effective tool for cognitive enhancement in
preclinical and clinical populations of older adults.
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