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Objectives. We piloted a computerised cognitive training battery in a group of participants with Parkinson’s disease without
dementia to investigate the relevance of the training to daily life and the feasibility and the acceptability of the tasks. Previous
studies of CT have had limited success in the beneﬁts of training, extending to improvements in everyday function. By taking a
pragmatic approach and targeting training to the cognitive skills aﬀected by Parkinson’s disease (planning, attention, and
recollection), whilst using tasks that emulated real-life scenarios, we sought to understand whether participants perceived the
training to be eﬀective and to identify the elements of the training that elicited beneﬁcial eﬀects. Methods. Four participants
completed a cognitive training session comprising three distinct tasks 5 days a week over two weeks. Participants completed
baseline questionnaires examining health-related quality of life, everyday cognition, and apathy before the training period, after
the last session, and two weeks after the last session. An interview was held after participants had completed the training. Results.
The ﬁndings indicated that participants felt the training was acceptable, enhanced their awareness, and encouraged them to
monitor their thinking abilities. The group interview indicated that the training was feasible; participants felt the tasks had
potential to improve everyday performance, but more supporting information should be provided to facilitate this transfer.
Responses to the questionnaires reﬂected these ﬁndings, indicating improvement for some participants’ cognition and quality of
life. Objective measures supported the subjective reports; there were improvements in some but not all domains. Performance on
the planning and recollection tasks improved over the training period, and the evidence for improvement on the attention task was
mixed. Conclusion. This study has found that pragmatic computer-based training with real-life outcomes is both feasible and
acceptable and should be evaluated more extensively using controlled methods.

1. Introduction
Although Parkinson’s disease (PD) is primarily a motor
disorder, cognitive impairment is also common early in
the disease and in individuals who do not meet the criteria
for dementia in PD [1]. Cognitive decline has been shown
to contribute signiﬁcantly to quality of life [2, 3]. It has
also been demonstrated that reduced activities of daily
living are associated with decline of cognitive function in
PD [4]. Neuropsychological tests have indicated impaired

attention and executive, visuospatial, and memory
function [5] and strategy use [6, 7] in PD. These cognitive
skills are implicated in activities of daily living such as
working, shopping, planning appointments, medication
adherence, and social interactions, and people with PD
report making more everyday cognitive errors [8]. Such
deﬁcits may lead to reduced quality of life [9] and social
isolation [10].
Current treatments for cognition in PD are mostly
pharmacological. However, treatments, such as the use of
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rivastigmine, the only cholinesterase inhibitor speciﬁcally
licenced in the UK for use in PD, have been shown to only
have moderate eﬀects [11]. Taken with the complex pharmacological regimen associated with the management of
Parkinson’s disease and the growing body of evidence for
nonpharmacological approaches towards the management
of cognitive problems in other clinical groups, there is a
compelling argument for nonpharmacological cognitionenhancing therapies in PD.
This study aimed to investigate the feasibility and acceptability of a two-week computerised cognitive training
(CT) programme for people with PD. Findings regarding the
outcomes of cognitive training programmes for people with
PD have so far been promising; however, there is a great deal
of variability regarding the approaches to training and the
ways in which the outcomes have been measured [12]. In a
recent review, Glizer and MacDonald [12] identiﬁed 13
studies of cognitive training in PD conducted between 2000
and 2014. The reviewed ﬁndings suggest that cognitive
training can elicit short-term, moderate improvements in
cognitive functions. However, the variability of the approaches makes it diﬃcult to identify the mechanisms of
improvement and degree of impact.
The review [12] included paper-based and computerised
tasks. The computerised cognitive tasks were varied in the
cognitive domains, targeting and eliciting a range of improvements. For example, computerised cognitive training
that targeted attention, abstract reasoning, and visuospatial
skills elicited improvements in verbal memory and abstract
reasoning that were maintained at 6 months [13]. Similarly,
Mohlman et al. [14] found that computerised attention tasks
(90 min a week) elicited beneﬁts for executive function and
verbal memory. The aforementioned studies relied on
standardised neuropsychological outcome measures to
demonstrate the beneﬁt. The issue with standardised neuropsychological outcomes is that they do not relate to
functional beneﬁts, and therefore, the feasibility of cognitive
training as a mechanism for improving everyday function is
not established. Edwards et al. [15] delivered computerised
speed of processing training and observed improvements
in ﬁeld of view ability at 3 months, but no corresponding
improvement in self-reported cognitive function using a
cognitive self-report questionnaire. Parı́s et al. [16] used
smart brain training across a range of cognitive domains and
found the CT group improved on several cognitive outcomes
compared to a control group, who received speech and
language therapy; however, no beneﬁts were reported for
self-completed questionnaire reported mood or quality of
life.
In terms of cognitive function, the ﬁndings of these
studies suggest that positive outcomes in cognition can be
achieved by providing training that targets the speciﬁc
cognitive functions aﬀected by PD. This suggests the existing
“oﬀ-the-shelf” approach to cognitive-enhancing interventions, such as those that target Alzheimer’s disease,
would not be suited to a population with PD [17]. The study
presented in this manuscript utilised everyday cognition
tasks that target functions known to be aﬀected by early PDrelated cognitive impairments (attention, recollection, and
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planning). This includes abilities that have previously been
successfully targeted [12]. A further novelty of the study was
that the tasks were designed to emulate real-life scenarios, an
approach endorsed by previous studies of cognitive training
(e.g., Grewe et al. [18]) in an attempt to enhance the generalisability of the training.
A key interest of the current pilot study was exploring the
personal experiences of the participants in relation to the
training to establish the feasibility and acceptability of the
training. The aforementioned studies have demonstrated that
a limitation of a cognitive training approach is the lack of
generalisability to real-world functions [19], and the small
impact on meaningful personal outcomes, such as self-reported function and mood. Despite this, the reported experience of participants’ “use” of cognitive training in the real
world has not been investigated, which may provide clues as
to why the training is/is not impacting real-world function.
There is some evidence that strategy use may play a role in
these transfer eﬀects: Ceresa et al. [20] attempted to establish
the contribution of strategy use to transfer eﬀects by delivering three conditions of cognitive training: CT alone, CT
and transfer training (strategies), and CTand transfer training
(strategies) and motor skill training. The multimodal training
elicited more pronounced eﬀects and increased quality of life.
The current study explores transfer eﬀects to everyday
function by using an outcome measure designed to be sensitive
to changes in everyday function in PD (PD-Everyday Cognition Questionnaire) [21]. This measure has not previously
been used in studies of CT in PD. In summary, this pilot has
taken a pragmatic approach to measuring the outcomes of the
training tasks in order to attempt to identify transfer eﬀects of
the training to everyday function and investigate the potential
mechanism of change by qualitative investigation of the
outcomes of the training and strategy use, as well as the acceptability and feasibility of the training. We focused on individuals at an early stage of disease progression, without a
diagnosis of dementia in PD (PDD) or cognitive impairment
that would meet the criteria for a diagnosis of PD-MCI.

2. Methods
2.1. Participants. Six participants were initially recruited for
the study. One participant completed test versions of the tasks
which were subsequently reﬁned. One participant withdrew
before commencing the training, due to an unrelated health
condition. The data presented are of the four participants
(female � 1) who completed the reﬁned cognitive training
tasks. Table 1 lists participant demographics. The age of the
participants ranged from 56 to 74. All had a diagnosis of
idiopathic PD (Hoehn–Yahr score ≤ 3) [22], experiencing
mild to moderate motor symptoms. None of the participants
had motor symptoms of suﬃcient severity to interfere with
completion of the tasks. Exclusion criteria included the following: the presence of signiﬁcant auditory or visual impairments; marked cognitive impairment indicated by scores
less than 82/100 on the Addenbrooke’s Cognitive Examination-Revised scale (ACE-R [23]); meeting clinical criteria for
PDD [9]; a signiﬁcant level of depression indicated by a score
greater than 11/30 on the Geriatric Depression Scale (GDS
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Table 1: Participant demographics.

Age
Gender
Years of education
Addenbrooke’s Revised Version A (0–100)
Attention/orientation (0–18)
Memory (0–26)
Fluency (0–14)
Language (0–26)
Visuospatial (0–16)
Total
NART
Errors
Estimated IQ
Mill Hill vocabulary test
GDS
Disease duration (years)
UPDRS Section 3

Participant 1
56
Male
13

Participant 2
58
Male
14

Participant 3
74
Male
16

Participant 4
67
Female
16

18
23
14
26
14
95

18
19
11
24
14
86

18
18
11
26
15
88

18
21
14
26
16
95

9
118
27
4
16
35

20
111
13
4
8
25

8
118
22
4
12
38

2
126
25
1
7
19

GDS � Geriatric Depression Scale; NART � National Adult Reading Test; UPDRS � Uniﬁed Parkinson’s Disease Rating Scale.

[24]); neurological diseases (other than PD); signiﬁcant
psychiatric illness warranting inpatient treatment; or a history
of serious head injury. Premorbid IQ and verbal ability were
measured using the National Adult Reading Test [25] and Mill
Hill verbal ﬂuency test [26], respectively. The performance of
the participants on the ACE-R scale does not suggest the
presence of MCI based on the proposed cutoﬀ score of 85.5
[27, 28]. All participants were receiving combined levodopa
and dopamine agonist therapy and had been stable on their
medication regimen for at least four weeks prior to the start of
the training. One participant was also prescribed monoamine
oxidase inhibitor B (selegiline), and three participants used an
NMDA antagonist (amantadine). The study was approved by
the local NHS Research Ethics Committee (11/NW/0420),
and all participants had the capacity to consent.
2.2. Procedure. The procedure comprised three parts over a
period of six weeks. Prior to commencing, participants
completed a screening visit to ascertain their suitability to
take part in the study. Baseline measures were taken before
the cognitive training. The training consisted of 10 sessions
over a period of two weeks. Follow-up sessions were
completed at one and three weeks after training, following
which a group interview was held. Participants were given
the opportunity to complete the training programme at the
University of Manchester but, excluding one session, elected
to complete all training at home. Participant 3 was only able
to complete 8 of the training sessions due to personal
commitments.
2.2.1. Baseline. The baseline visit was conducted within
6 weeks of the screening visit. The baseline visit included the
PD-Everyday Cognition Questionnaire to assess self- and
carer-reported problems in everyday cognitive functioning
in PD in memory, attention, and executive function [23]; the
Parkinson’s Disease Quality of Life Inventory-39 [29], which

comprises 39 questions covering 8 aspects of quality of life;
and the Lille Apathy Rating Scale [30].
2.2.2. Cognitive Training. Visits two to eleven were completed over a period of two consecutive weeks (excluding
weekends) following the baseline visit. At each visit, the
participants completed 1-2 hours of cognitive training on a
laptop with a 15″ touch screen. The researcher was always
present during the training. Participants responded to
stimuli presented on the laptop screen by tapping the screen
or responding on a keyboard. The cognitive training comprised three distinct tasks: attention, planning, and recollection training. The researcher set up the tasks on the laptop
and was present during completion to answer any questions.
(1) Attention Training. This was delivered in three sections,
which pertained to central attention, divided attention, and
inhibiting attention. The tasks used pictures of cars and road
signs as stimuli. For central attention, participants were ﬁrst
presented with a central stimulus (one of two diﬀerent cars)
in the centre of the screen. After a 1 s masking stimulus,
participants were shown one of the two cars and asked to
decide which car they had previously seen. To measure
divided attention, the task was repeated, but at the same time
as the central stimulus (car) is presented, a second stimulus
is presented in the peripheral vision at one of 8 locations (a
star). The participants had to identify both the central
stimulus and the location of the peripheral stimulus. In the
third cognition (inhibiting attention), a peripheral stimulus
(a star) was ﬁrst brieﬂy presented. Participants must inhibit
orientating to this location (cf. Deijen et al. [31]) and instead
identify a second target (road sign) presented 200 ms later in
the opposite location when given a choice of stimuli that has
been presented. The diﬃculty of these tasks increased
according to the participant’s performance, based on the
PEST algorithm [32], which honed in on the level at which
participants could perform 75% correct. The diﬃculty level
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was manipulated via the presentation time of the target
stimulus: the easiest time being 16 ms and the most diﬃcult
1930 ms. The ﬁrst two tasks began at 965 ms, and the last task
began at 1335 ms. The performance measures for these tasks
were the threshold presentation times that the participant
reached.
(2) Planning Training. This involved planning and executing
routes through three environments: a zoo, a museum, and a
supermarket. Participants ﬁrst viewed a map of the environment along with a list of places/items that they needed to
visit/pick up within the scenario. With the map on screen,
participants were asked to organise the list according to the
order in which they would visit the places/pick up the items to
give the quickest route through the environment. Once they
had planned the route, participants were shown the map again
along with the places/items on the list and asked to execute
their chosen path by clicking on points within the environment (see Figure 1). As they touched the route, each segment
of the path changed colour. The task diﬃculty increased after
each completed route by giving participants longer lists of
places/items. The task began with two places/items (Level 1),
and the maximum of places/items was 7 (Level 7). Participants had to complete two routes at the same level before
progressing to the next level. In each session, participants had
15 minutes to complete as many routes as possible on the
same map (the map and environment changed each day). The
performance measure was the diﬃculty level reached at the
end of the 15-minute period.
(3) Recollection Training. This was based on the incremental
diﬃculty approach to training recollection [33]. With a study
phase and a recognition phase, participants saw 30 pictures of
everyday objects (e.g., a balloon). Each object was presented
on-screen for 3 seconds, following a 1-second ﬁxation cross.
In the recognition phase, participants were presented with the
30 objects shown on the study list (“old” objects) along with
30 distracter objects (“new” objects). The objects were presented one at a time, and participants had to decide whether
they were “old” (had been on the study list) or “new” (see
Figure 2). They were speciﬁcally instructed that they should
only press “old” if they had previously studied the item. If they
had responded correctly, they saw a green tick for 1.5 seconds;
otherwise, a blank screen was presented for the same duration. The distracter objects were each presented twice, requiring participants to distinguish between “old” items and
“new” items that had been presented more than once. The task
diﬃculty was manipulated by the delay that occurred between
the repeated presentation of the new distracter items. There
were 10 diﬃculty levels in total. For example, at level 1, there
was a lag of one, two, or three such that one, two, or three
objects were presented before the “new” object was repeated.
Participants completed the task once per visit. If they made
fewer than two errors, they passed the level and progressed up
two levels at the following visit. If they made more than two
errors, they moved down a level at the next visit (unless on
level 1). If participants passed a level they had previously
failed, they progressed up one level at the next visit. The
performance measure was the level reached at each visit.
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2.2.3. Follow-Up. The questionnaires administered at
baseline were repeated at both follow-up visits, along with a
questionnaire regarding the participants’ perceptions of the
training and their subjective experience of any cognitive and
functional improvement. The questionnaire regarding the
participants’ subjective experience of the training comprised
the following questions: (1) What did you think of the
trainings tasks? (2) Can you think of any changes that you
would like? (3) Do you have your own computer? If yes,
would you have liked to download the training exercises on
your own computer? If no, would you have been interested
to learn to run the training exercises on a computer so you
could choose when to do them yourself? (4) Have there been
any changes in your daily activities which have come about
as a result of the training?
(1) Interview. An interview with two participants was conducted after the training to capture subjective experiences,
including perception of any changes in cognitive function and
functional outcomes. Two participants were unable to take
part due to illness. The interview schedule was developed to
include questions regarding cognitive and functional changes
(feasibility), as well as the acceptability of the programme. The
schedule included questions concerning how the participants
felt about the tasks, eﬀects on thinking abilities, eﬀect on the
ability to carry out their daily tasks, and perceived importance
of the tasks. The interviews were conducted by the staﬀ
trained in qualitative approaches, recorded, and transcribed
for the purpose of analysis.

3. Results
This section is presented in three parts: (i) an exploratory
comparison of self-reported measures before and after
training; (ii) the interview ﬁndings; and (iii) an overview of
participants learning on each of the training tasks by
mapping the trajectory of the main outcome measures on
each of the tasks over the training period.
3.1. Self-Reported Measures before and after Training. The
ﬁndings from the self- and carer-reported measures are
presented in Table 2. All measures were taken at baseline
(Time 1), immediately after the ﬁnal session (Time 2), and
two weeks after the ﬁnal session (Time 3). On the PDEveryday Cognition Questionnaire, self-reported performance on the subdomains attention, memory, executive, and strategies was examined at T1, T2, and T3. No
formal statistical analysis was undertaken due to limitations of sample size. However, all participants reported
more attentional errors at T3 compared to T1 on the
attention subdomain. Conversely, three participants reported fewer errors at T3 compared to T1 on the memory
and executive subdomains. The strategy use subdomain
seemed to remain relatively stable; two participants reported
more strategy use at T3 compared to T1, of which one was
considerable. The overall carer scores indicated that three of
the four carers reported fewer errors on behalf of their
partners at T3 compared to T1.
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Plan the quickest route

ENTRANCE

You must visit
the following
animals:
Lions
Parrots
Penguins
Flamingos

Flamingos

Snakes
Polar Bears

Penguins
Elephants

Rhinos
Parrots

Giraffes

Monkeys

Zebras

Tigers

Execute the quickest route by tracing
with finger

EXIT

ENTRANCE

Flamingos

Snakes
Polar Bears

Penguins
Elephants

Rhinos
Parrots

Monkeys

Giraffes

Zebras

Tigers

EXIT

Lions

Figure 1: Planning task.
Study phase:
learn 30 items

Recognition phase

New object
Did you say the
name of this object
previously?

Old object
Did you say the
name of this object
previously?

X

Yes

No

Lag

Old object
Did you say the
name of this object
previously?

Yes

Repetition of new
object
New object

No

Did you say the
name of this object
previously?
Yes

No

Time

Yes

No

Figure 2: Recollection task.

Overall, there was no apparent trend across participants in terms of improvements before and after training
on the Parkinson’s Disease Quality of Life Inventory-39
[27]. The Lille Apathy Rating Scale [30] scores overall

indicated a trend towards participants becoming less
apathetic, and 3/4 of participants had a lower score at T3
compared to T1 (higher scores represent a greater degree
of apathy).
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Table 2: Questionnaire measures at baseline and follow-up.

Measure
PDEQ

PDEQ-carer

PDQ-39
(0–100)

LARS
(−36 ± 36)

Subscales Participant
P1
P2
Attention
P3
P4
P1
P2
Memory
P3
P4
P1
P2
Executive
P3
P4
P1
P2
Strategies
P3
P4
P1
P2
P3
P4
P1
Total
P2
PDQ-39
P3
P4
P1
P2
P3
P4

Time 1 Time 2 Time 3
11
22
16
19
19
23
24
29
33
22
23
25
25
25
24
33
24
35
27
26
22
30
27
28
32
28
27
28
26
28
22
34
19
33
33
36
12
14
10
17
19
22
4
13
11
20
18
20
74
88
93
100
109
99
96
77
91
116
101
105
12.92 21.09 37.34
47.60 38.49 38.80
∗
∗
35.78
13.96
7.81
15.16
−28
−33
−33
−26
−21
−32
−32
−32
−30
−23
−26
−27

PDEQ � PD-Everyday Cognition Questionnaire; PDQ-39 � Parkinson’s
Disease Quality of Life Inventory-39; LARS � Lille Apathy Rating Scale.
∗
Missing data.

In addition to the standardised questionnaires, participants also were able to give open comments which are
reported in Table 3.
3.2. Interview. Two of the participants who completed the
training took part in the group interview, along with one
participant’s spouse. The interview was led by a researcher
who was not involved in data collection and was unknown to
the participants, although a researcher known to the participants was present. Data analysis from the interview was
conducted according to basic thematic analysis principles
[34]. Although the interview schedule directed the participants to address speciﬁc issues, the analysis used in vivo
coding to ensure that participants’ own words were used to
capture their responses. After transcribing the interview,
thematic analysis was conducted that generated a list of
codes and deﬁnitions (see Table 4). The codes were then
collapsed into four major themes, as presented below.
3.2.1. Usefulness. For the purpose of the interview, cognition
was referred to as thinking abilities. Participants noted repeatedly that they considered the issue of “thinking” (the topic
of the training) was important to them. One participant noted
that this was important for people with PD “cos it’s not just

the physical side, it messes about with your brain sometimes
doesn’t it.” Another participant felt that this was “more than
the physical, with the problems that I have had.” In general,
the participants enjoyed doing the tasks: “I enjoyed doing
them, it kind of gives you a purpose each day,” “[it] makes you
feel like you are doing something positive.” There was consensus between the participants that they felt the training had
elicited beneﬁts in terms of performance on the tasks;
however, a recurrent theme in the discussion was that they
found it diﬃcult to transfer the task-based improvements to
real life. For example, “I certainly got better at some of the
exercises without a doubt, and not just based on remembering
the exercise, rote memory, but actually the concept of the
exercise, and what was intended by it and ways of going at it.
Particularly the route planning one at the end, but I couldt say
that I could extrapolate that then to anything.”
An interesting issue raised at several intervals was
usefulness of the tasks as a method of monitoring performance and providing useful feedback that could be used
outside of a training paradigm.
Mr A: but it would be quite useful to have them as a
monitoring, sort of dip test, because you could practice these
skills in other ways as well, but having something that
captures whether you are doing as well as a month ago or less
well than a month ago, which might then make you do the
exercises more often would be quite welcome.
Mrs L: I think that is a good point actually because you
can’t very easily measure whether you are getting better or
worse. I have been doing it by writing a sentence, the same
sentence to see how long it takes to do it, but something like
that would help you to measure it as well.
3.2.2. Informational Issues. The participants repeatedly
came back to the issue of more information being provided
both in relation to the purpose of the tasks and about the
thinking abilities that the tasks represent. One comment
alluding to this was as follows: “[participant would like]
something that said, almost like a job spec: this is what you
are going to do, and this is what you can look to achieving, or
this is what you can expect to improve or, you know this is
the outcome.” Further to this, the participants felt that it
would be useful to know how they could “apply that now to
making my memory better,” such that if they were given
information about the tasks, it would be clear how the
computerised tasks related to real-life scenarios.
The informational issues related closely to the theme of
strategy use, with one aspect being the request for more
feedback on the performance on the individual tasks; online
feedback was built into the memory task but not the others.
3.2.3. Strategy Use. It was very clear that both participants
had developed internal strategies to help them perform
the tasks, “the memory thing, you know the list and the
pictures, if I spoke out loud about what was on the pictures, what I was seeing, it helped me to remember them.
So when I did you know the words, in the introductory
test, then pictures and then words again. And I found that
if I said something about the words then, and I learnt that
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Table 3: Open comments from questionnaire.
P1 Re tasks: “I was not clear what each was speciﬁcally trying to achieve . . ..”
P1: “The presence of the researchers each day meant that the exercises were undertaken and one can imagine it not being too diﬃcult to ﬁnd
ways of avoiding doing it if one had the software on one’s own PC.”
P1 Re changes in daily activity: “The exercises have given me pause for thought about my planning and subsequent implementation of
larger projects such as planning a holiday. . . I have realised that I am not as sharp at planning and implementation . . . I am seeking to
improve that. This realisation is a direct result of some of the exercises.”
P1 partner: “Since ﬁlling out the questionnaire I feel that I have become more aware of his behaviour and memory lapses,” “ we have both
become more attuned to area where he is less able but he would need much more time and maybe training to improve.”
P2 Re changes in daily activity: “Try to concentrate more when doing tasks, and ﬁnish one task before starting another.”
Table 4: Overview of themes and codes (including occurrences).
Theme

Usefulness
Informational issues
Strategy use
Practical issues
Importance of addressing
Not enough information about Developed strategies to do the
Problems with
“thinking” issues (4)
task purpose (2)
tasks (4)
technology interface (5)
Didn’t help with “thinking”
More information about
Use feedback to develop
Problems with task
beyond task (3)
“thinking” that task represent (3)
strategies (1)
instructions (2)
Need more information to
More options in terms of
Codes
Improved performance and
How do tasks relate to real life (1)
inform strategies (2)
technology (1)
“thinking” related to the task (2)
More feedback on task
More information on strategies
—
Enjoyed doing the task (5)
performance (1)
that might be useful (1)
Monitoring and awareness (3)
—
—

from the test.” The participants were also aware that the
feedback would be useful in helping them to develop their
own strategies:
Mr A: the easier example is the one that erm, speaking
out loud whether or not you have seen something in the list
earlier, and it says yes or no, and it says you have got 80 of
them all or whatever the number was, just that, because you
can then start logging it and see . . ..
Mrs L: actually maybe that’s why I liked that one because
you got an immediate result, yes.
They would like to see more of this feedback (as outlined
above). In addition, they felt that more information in general
about the purpose and aims of the task would be useful to
develop strategies. For example, “If you understand the intention and how the results are to be measured, you may have
enough to form your own strategy. If you’re going in blind,
you have got to do it a few times as [Mr A] said earlier, what’s
going on in order to conceptualise and deal with it.”
Whilst they felt that information about strategies that
might be useful would be helpful, they were clear that they
did not wish to be told which strategies to use “if it is there is
an option for people to use or not, because everybody works
in diﬀerent ways don’t they? Or in a few diﬀerent ways
because people have diﬀerent needs in terms of that
knowledge support at the beginning, and will work out their
own strategy anyway if that is what they need to do.”
3.2.4. Practical Issues. As outlined below, there were some
issues with regard to the application of the technology, which
were identiﬁed and discussed by the participants. Participants
felt that it would be of beneﬁt to have more optionality in
terms of the interface that the tasks used and the types of
technologies available. This was felt to be a particularly important consideration for people with PD who may beneﬁt
from using some types of technologies over others.

Mr A: I use the Ipad, so it could go on there; I think that
in my head would lend itself the best, to that range of things
better than a PC, but a PC would do it as well with the button
pushing facilities.
Fac: but if you had a choice between doing something on
a PC and having a touchscreen, do you think the touchscreen
would be easier?
Mrs L: Yes
Mr A: Yes it would for me at the right time of day, and at
another time of the day it wouldn’t, and a lot of people with
Parkinson’s . . . some people may not be able to use the
tracking, but most people have times of the day where they
could manage.
3.3. Training Measures
3.3.1. Attention Training. The mean threshold presentation
time is presented separately for each subtask (see Figure 3).
There were some problems in recording the data for some
participants. For several sessions, a problem with the touch
screen meant that participants’ responses were not
recorded properly, so they were unable to complete the
task. On a small number of occasions, the algorithm
overestimated their threshold; if the participant was tired
or failed to concentrate for a period of time, they could
appear to be performing at threshold (75%) longer
stimulus duration than they actually required. Sessions
where there were technical problems were excluded from
the analysis, and in an attempt to exclude overestimates,
values > two standard deviations from the remainder of
the participant’s responses are excluded. Participant 3 has
not been included in this analysis, as after the training, this
participant reported diﬃculties seeing the stimuli; thus, we
cannot be conﬁdent that they were able to complete the
task.
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Figure 3: Threshold presentation times on the three attentional training subtasks.

There were insuﬃcient data to conduct formal statistics,
but overall there appeared to be no improvements on the
central attention tasks. However, for the divided attention
task and inhibiting task, the threshold presentation time
appears to decrease over the sessions, signifying improvement in performance.
3.3.2. Planning Training. The diﬃculty level reached in each
session increased for all participants from session 1 to
session 10: this indicated that all participants improved from
the ﬁrst to the last session Figure 4. However, the task did
appear to be subject to ceiling eﬀects, with participant 1
performing at the highest possible level in session 4.
3.3.3. Recollection Training. The maximum level that participants reached on the recollection training task is presented in Figure 5. There was a broad range of performance
on this task with participant 3, in particular, struggling.
There was also an issue with participants 1 and 4 performing
at ceiling, indicating that task diﬃculty was an issue.
However, all participants demonstrated a learning curve
across the sessions.

4. Discussion
In this exploratory study, through examining participants’
subjective experience of the training, we were able to determine that a pragmatic computerised approach to cognitive training is both feasible and acceptable. The qualitative
data from the questionnaires and focus groups indicated that
the participants felt the training had a positive impact on
their thinking abilities and that there were some transferable
eﬀects of the training to their everyday life. The participants
also made several suggestions for improvements that could
be made to the training, which points towards the acceptance of the general approach.
The open comments provided by one participant suggested that there were clear transferable eﬀects of the
training to [his] everyday functioning, speciﬁcally the

implementation of projects that involve planning, such as
going on holiday. However, the ﬁndings from the group
interview suggested that although they felt that their
thinking did improve over the training period and that they
were more aware of their thinking abilities, the training did
not have a signiﬁcant impact on/transfer to everyday life.
Overall, there was some tentative feeling that the transfer of
improvements on the tasks to everyday functioning would
be improved by (1) having a longer period of training and (2)
having more information about the purpose of the tasks and
why they should be helpful.
This second point relates back to the utility of the
training as a kind of monitoring tool for participants. There
was a feeling that providing more information about cognition can enhance participants’ awareness of cognition and
thus their ability to monitor their performance. The issue of
information provision was central to this function for the
participants, such that they felt this information would
enhance their ability to make the most of their thinking
abilities. It should be noted that the educational material
alone is unlikely to improve cognitive performance, but it
may provide a useful adjunct. This can be seen in a study of
MCI (without Parkinson’s disease), where memory improvements were observed when educational information
(regarding memory and aging) was provided alongside
memory training, but improvements were not produced by
providing educational information alone [35].
Providing further supportive information about a task
such as above may help people develop their own strategies.
Similarly, the structure of a task itself might aid the development of strategies; in the planning task, participants were
asked to structure the list according to the quickest route before
they engaged in the task. This is particularly pertinent as studies
have previously indicated that people with PD report less
strategy use than age-matched controls [9]. The participants in
the current study did not want to be provided with speciﬁc
strategies and reported coming up with their own strategies in
the recollection subtask. The participants also felt that they
might be better able to come up with strategies given more
information about the tasks, ﬁtting with the notion of taking an
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individualised approach [36]. Previous research supports this
assumption and has found that as long as suﬃcient time is
provided for solving the task, patients with PD do not show a
general deﬁcit in the ability to internally generate a strategy,
although this does depend upon cognitive load [37]. Interestingly, the questionnaire ﬁndings in this study suggest that
strategy use increased for half of the participants and increased
signiﬁcantly for one participant.
The exploratory analysis of the quantitative data
showed modest improvements on performance on some of
the cognitive training tasks over the sessions. There
appeared to be steady improvements on the recollection
training task, similar to those previously reported in older
adults [29], and in the planning task. These were positive
ﬁndings, which support some of the earlier literature that
suggests taking an individualised approach to cognitive
training in a population with a speciﬁc proﬁle of cognitive
impairments is important [36]. However, both the recollection and planning tasks were subject to ceiling eﬀects for
some participants.

In contrast to the quantitative ﬁndings, for some of the
participants, the self-reported questionnaire scores suggested that they experienced more cognitive errors after the
training had ﬁnished. For example, scores on the attention
subdomain (PDEQ) were higher at T3 compared to T1.
Similarly, two of the four participants had a higher score on
the PDQ-39 at T3 compared to T1. One interpretation of
this ﬁnding is that giving participants the questionnaires at
T1 (before the start of the training) had the eﬀect of enhancing awareness of cognitive problems. This was mirrored in the open comments given at the end of the
questionnaire, indicating that one participant and their
partner felt that completing the questionnaire in itself made
them more aware of [his] behaviour and memory. Similarly, in the focus group, one participant suggested that the
training in itself made them more aware of their thinking
abilities and deﬁcits. In this case, a lower or higher score on
questionnaire measures may be reﬂective of improvements
in awareness, an overall positive outcome, since people who
have greater awareness of the memory are more likely to
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beneﬁt from cognitive rehabilitation [38]. It has previously
been found that people with PD who have greater awareness
of prospective memory perform better on prospective
memory tasks [39]. This could be further investigated by
using metacognitive measures such as the Memory
Awareness Ratings Scale (MARS [40]) at the outset to estimate the accuracy of people’s metacognition before and
after the training. Indeed, one participant felt that the tasks
would be useful as a monitoring tool, such that enhancing
awareness of thinking abilities would act as an impetus to
engage in more cognitive activities or to use strategies.
There were several limitations of this study including
small participant numbers and diﬃculties regarding application of the technology. Nonetheless, the ﬁndings
demonstrated that participants found the approach to be
acceptable and led to general improvements in their
thinking abilities. Some participants reported that there
was limited transferability from the cognitive training tasks
to their real-world function, although there was consensus
regarding the potential for such eﬀects. This would depend
on being provided with more explicit information about
the tasks to help inform the development of their own
cognitive strategies. Incorporating such information might
be a consideration in developing future cognitive training
paradigms. The ﬁndings also strongly related to the issue of
awareness and monitoring; the participants themselves felt
that the training tasks could be useful as a mechanism for
monitoring their own thinking abilities and enhancing
their awareness. This in turn would ensure that they are
better equipped to beneﬁt from cognitive rehabilitation
programmes. In summary, the ﬁndings support the notion
that complementary cognitive enhancing therapies are a
feasible and acceptable alternative/adjunct to pharmacological interventions.
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