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Objective:This study evaluates the efficacy at 12months of a computer-based cognitive training (CBCT)
program, adjunctive to traditional cognitive training (TCT), on the basis of pen-and-paper exercises.

Methods: Sixty patients with multi-domain mild cognitive impairment and mild Alzheimer’s disease
who were already receiving cognitive training, recruited from a day hospital, were assigned into two
groups following a simple randomization procedure (computerized random numbers): (i) a group that
received CBCT during 3months and TCT (CBCT+TCT), n= 37, and (ii) a group that received only
TCT, n= 23. Patients were assessed at baseline and after 3 and 12months of treatment by a neuropsy-
chologist blinded to group assignment, with a neuropsychological battery (primary outcomes) and
measures of decision making, memory complaints, and emotional disturbances.

Results:With the use of repeated-measures analyses of covariance, the CBCT+TCT group showed less
anxiety symptoms (F= 5.13, p= 0.03, d= 1.12) and less disadvantageous choices (F= 4.70, p= 0.04,
d= 0.89) in decision making than the TCT group at 12months. No significant improvement or wors-
ening was observed in the other measures examined. However, positive effect sizes favoring the CBCT+
TCT group were observed in all variables.

Conclusions: The addition of a CBCT program was effective in anxiety and decision making but had no
significant effects on outcomes in basic cognitive functions in patients who were already receiving cog-
nitive training, possibly due to a ceiling effect. Future studies should compare the efficacy of CBCT with
TCT in naïve patients. Copyright # 2012 John Wiley & Sons, Ltd.
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Introduction

The loss of personal autonomy is a key feature of
dementia and is a part of the diagnostic criteria
(American Psychiatric Association [DSM-IV-TR],
2000). It has been related to the degree of cognitive
impairment, even in mild cognitive impairment

(MCI) (Dodge et al., 2006; Royall et al., 2007; Tan
et al., 2009; Goldberg et al., 2010; Teng et al., 2010).
This may partly explain the increasing volume of re-
search in cognitive training (CT) in recent years.

The latest meta-analysis carried out in Alzheimer-
type dementia (AD) (Sitzer et al., 2006; Olazarán
et al., 2010) and MCI (Li et al., 2011) showed that
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CT is effective in improving cognitive functions,
delaying cognitive decline and functional disability,
and decreasing depressive and anxiety symptoms.
However, the effect sizes reported in these studies
are modest, falling within small and medium effect
sizes, pointing to the need to develop more powerful
interventions with lasting effects.

In the last decades, the popularization of computers
has led to a growing interest in their use for the cogni-
tive problems related to aging: computerized test
batteries for neuropsychological assessment (Fillit
et al., 2008; Wild et al., 2008; Saxton et al., 2009) and
computer-based cognitive training (CBCT) programs
have been developed. CBCT promises a series of
advantages over traditional cognitive training (TCT),
on the basis of pen-and-paper exercises. It allows
setting the initial level of task difficulty according to
the individual’s baseline competency and gradually
increasing it as patients improve their performance,
resulting in a continuous cognitive challenge. In addi-
tion, CBCT enables the standardization of intervention
(Gates and Valenzuela, 2010).

Computer activities and CBCT programs have been
proven effective in attenuating cognitive decline and
even in improving cognitive functioning in healthy
aging (Ball et al., 2002; Willis et al., 2006; Smith
et al., 2009; Tun & Lachman, 2010, Zelinski et al.,
2011), as well as in MCI and dementia (Belleville
et al., 2006, Cipriani et al., 2006, Galante et al., 2007,
Rozzini et al., 2007, Talassi et al., 2007, Barnes et al.,
2009). However, very few studies have compared the
efficacy of CBCT with the efficacy of TCT, so it is still
unclear whether this form of intervention can be
considered as a treatment of choice (Fernández-Calvo
and cols, 2011). Nonetheless, CBCT would be a useful
tool in conjunction with TCT. To our knowledge,
only one study (Tárraga et al., 2006) has addressed
this question. This trial compared three groups: a
group that received a CBCT program plus an integral
psychostimulation program (IPP) and acetylcholines-
terase inhibitors (AchEIs), a group that received IPP
and AchEIs, and a group that only received AchEIs.
The results show that, although the first two groups
improved cognitive functioning after 12weeks of
treatment, only the group treated with both CBCT
and IPP maintained this improvement after 24weeks.

In the current study, we tested the hypothesis that
the addition of a 3-month CBCT in patients with
multi-domain amnestic MCI or mild AD who were
already treated with TCT would improve more
outcomes on cognitive functions at the long term
(12-month follow-up). Moreover, we also tested
whether CT generalized its effects to domains outside

those targeted by the intervention: decision making,
memory complaints, and anxiety and depression
symptoms, hypothesizing that patients who received
CBCT and TCT would improve more than patients
who only received TCT in these domains at a 12-month
follow-up.

Methods

Participants

Patients were recruited from Sant Jordi Day Hospital
for cognitive impairment, Consorci Sanitari de Terrassa
(Terrassa, Barcelona), and the study was carried out
entirely at the center. The investigation was conducted
in accordance with the Helsinki Declaration of 1964
(2008 revision) and Good Clinical Practice guidelines
and was approved by the Ethics Committee of Hospital
de Terrassa. All participants gave written informed
consent. Inclusion criteria were as follows: meeting
diagnostic criteria for AD according to DSM-IV-TR
(APA, 2000), and diagnosis of probable AD according
to the National Institute of Neurological and Com-
municative Disorders and Stroke-AD and Related
Disorders Association criteria (McKhann et al., 1984),
at mild stage; or amnestic multi-domain MCI based
on Petersen’s criteria (Petersen, 2004); living in the
community, and not presenting severe language disor-
ders that would compromise their active participation
to the program. Subjects were men and women aged
57–85 years (M= 75.82, SD= 5.46) and were receiving
TCT at the day hospital. Of the patients who met the
inclusion criteria, 60 subjects were chosen at random
(computer-generated numbers) to participate in the
study. None of the participants in the study had previ-
ous experience with computers.

Design

This was a single-blind, parallel-group study. Before
baseline assessment, participants were randomly
assigned following a simple randomization procedure
(computerized random numbers) to one of the treat-
ment groups:

(1) Group 1—CBCT+TCT: patients received CBCT
during 3months and TCT.

(2) Group 2—TCT: patients received only TCT.

Allocation concealment was accomplished by the re-
searcher (A.G.), by sequentially numbered, sealed opaque
envelopes. Allocation envelopes remained sealed until the
baseline assessments were made; the intervention was
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then allocated. However, as we used a simple randomiza-
tion procedure, groups were finally imbalanced: 37
patients were assigned to the CBCT+TCT group, and
23 patients were assigned to the TCT group.

Interventions

Traditional cognitive training. Training was carried out
in groups of 10–12 patients. The sessions were
conducted by a clinical neuropsychologist (N.C.) and
two occupational therapists. CT was performed using
pen-and-paper exercises designed to improve cognitive
functions: attention and concentration, memory,
language, calculation, gnosias and praxias, and orienta-
tion to reality. Each participant attended three 1-h
sessions two to three days a week. This intervention
was maintained throughout the study in both groups.

Computer-based cognitive training. The FESKITS_
Estimulación Cognitiva, Version 2.5 (Fundació Privada
Espai Salut, 2009) computer program was used for
this intervention—an online CT program designed to
improve and maintain cognitive functions: attention,
memory, executive function, perception and recogni-
tion, language, calculus, and temporal and spatial
orientation. This program is designed for individuals
with cognitive impairment as well as older people who
require a prevention program. The treatment for CT
in dementia was chosen to perform the present study.
In each 1-h session, all cognitive functions mentioned

earlier were trained for a prefixed time (attention
reaction: 4min, attention perception: 4min, working
memory: 8min, visual and verbal memory: 8min, exec-
utive functions: 5min). Progression is independent for
each cognitive area, fitting the cognitive profile of each
individual. The difficulty level is dynamically adjusted
throughout the session according to the subject’s
performance. Patients received a total of 30 sessions,
two or three times a week for 12 weeks. Laptop com-
puters were used to perform the exercises. Different
colored stickers were placed on the keyboard and left
mouse button to facilitate user response. All training
sessions were conducted individually in the recruitment
center and supervised by two occupational therapists.
No incidences were observed during the sessions, and
all the patients were capable of performing the exercises
adequately.

Outcome measures

All participants were assessed before treatment, at
3-month (after the conclusion of the CBCT inter-
vention) and 12-month follow-ups. The assessments
included a comprehensive battery of cognitive mea-
sures for attention and processing speed, working
memory, memory, executive function, praxias, and
gnosias, and global cognition as primary outcome
measures. A decision-making task, measures of mem-
ory complaints, anxiety and depressive symptoms
were also included as secondary measures. Table 1

Table 1 Measures for cognitive functioning and psychiatric symptoms

Category Instrument used

Cognitive functions
Attention and processing speed Digits forward span (WAIS III), Forward Spatial Span (WMS III) Color Trails Test

(D’Elia et al., 1996) part A (time to complete). Stroop Test (Golden, 2001) Word and Color subtests
Working memory Digits backward span (WAIS III), Spatial Span backward (WMS III), Arithmetic (WAIS III)
Memory List Learning, List Learning Free Recall, and List Learning Recognition, Story Memory and

Figure free recall (RBANS). Pyramids and Palm Trees Test (Howard & Paterson, 1992)
Executive functions Verbal fluency: Controlled Oral–Word Association Test (Sumerall et al., 1997), verbal fluency in

Test Barcelona (Peña-Casanova, 2005), WCST-64 (perseverative responses, completed categories).
Key search subtest of BADS (Behavioural Assessment of the Dysexecutive Syndrome)
(Wilson et al., 1996)

Stroop Test Word–Color subtest
Color Trails Test part B (time to complete)

Orientation Spatial, temporal, and personal orientation from Test Barcelona
Language Order and text comprehension subtest of Test Barcelona
Praxias and gnosias Superimposed images, gestures, and postures imitation subtests of Test Barcelona
Global cognitive function Mini mental state examination (Folstein et al., 1975)
Decision making Iowa Gambling Task (Bechara et al., 1994). Indexes used: NetTotal T score. Choices of

Decks A, B, C, and D
Memory complaints Memory Failures in Everyday Memory (Sunderland et al., 1984)
Emotional disturbances Geriatric Depression Scale (Yesavage et al., 1983), STAI—State (STAI-S)

WAIS III, Wechsler Adult Intelligence Scale (Wechsler, 2001); WMS III, Wechsler Memory Scale (Wechsler, 2004); RBANS, Repeatable Battery
for the Assessment of Neuropsychological Status (Randolph et al., 1998); WCST-64, Wisconsin Card Sorting Test (Kongs et al., 2000); STAI-S,
State-Trait Anxiety Inventory State (Spielberg et al., 1982).
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shows a complete list of the instruments used. The
assessments were made by a clinical neuropsychologist
(G.C.), blind to the subjects’ assigned treatment
conditions, in two 90-min sessions. Time between
each assessment did not exceed 3 days.

Statistical analysis

Demographic, cognitive, and psychiatric characteris-
tics at baseline were compared using a two-tailed t test
for independent samples or a two-sided chi-square
when appropriate. To facilitate the analysis and
interpretation of the results on cognitive functions,
we calculated six composite variables using T scores
in the domains of attention and processing speed,
working memory, memory, executive function,
orientation, praxias, and gnosias. The effect of the
treatments was analyzed with repeated-measures
analyses of variance (ANOVAs; time� treatment
interaction) with treatment groups as the between-
subject factor and the three evaluations as within-
subject factors. Alpha level for statistical significance
was set at .05. Post hoc comparisons were conducted
using Bonferroni correction. Analyses were performed
by using PASW statistics for Windows, Version 18.0.0.
Furthermore, to calculate the magnitude of the treat-
ment effects on the CBCT+TCT group, we calculated
standardized effect sizes (Cohen’s d) for each variable
dividing the difference between the estimated means
of each group at a 12-month follow-up by the root
mean square error from the ANOVA. The following
cutoff scores were used: 1.10 to <1.45, very large
effect; 0.75 to <1.10, large effect; 0.40 to <0.75,
medium effect; and 0.15 to <0.40, small effect
(Cohen, 1988).

Results

Patients’ selection and randomization were performed
in 2009 August and baseline assessments between
August and September of 2009. The CBCT interven-
tion started between September and October of 2009
and finished in November and December of 2009.
The second assessment was made in 2009 December
and 2010 January, and the last evaluation took place
in 2010 December and 2011 January.

Of the 60 patients who were selected to participate
in the study, 51 subjects completed the baseline
evaluation, 41 received the post-treatment evaluation,
and 34 performed the 12-month follow-up. Reasons
for dropping out were not completing the evaluat-
ions, discharge or prolonged absence from center,

hospitalization, AchEI treatment change, or death.
Two patients (one in each group) were excluded
from the analysis for showing extreme values in one
cognitive function (working memory). Allocation
and dropouts are fully described in the CONSORT
flow diagram (Figure 1). Of the 39 subjects analyzed,
27 have multi-domain amnestic MCI and 12 probable
mild-stage AD.

The groups did not differ in demographic variables;
use of AchEIs; cognitive, functional, and psychiatric
variables; and total time in previous standard CT
(Tables 2 and 3). The chi-square test for variable
gender was significant, w² (1, N= 38) = 6.10, p= 0.02.
The CBCT+TCT group included a higher propor-
tion of men (65.2%) than the TCT group (25%). A
significant difference was also found between treat-
ment groups in the Mini mental state examination
(MMSE) baseline score, t (36) (2.26, p=0.03), which was
slightly higher in the CBCT+TCT group (M= 26.13,
SD= 2.84) than in the TCT group (M= 24.13,
SD= 2.32). Consequently, MMSE baseline score
was included as a covariate in subsequent analyses.
No other statistically significant differences between
groups were found.

Outcomes

Table 4 shows cognitive performances, decision mak-
ing, memory complaints, and emotional disturbances
measures of the two groups along the three evalua-
tions calculated with analysis of covariance, and the
effect sizes at a 12-month follow-up. To facilitate
the reading, we reversed the sign of effect sizes of
choices from Decks A and B of the Iowa Gambling
Task (IGT), the Geriatric Depression Scale (GDS),
the Memory Failures in Everyday Memory (MFE),
and the State-Trait Anxiety Inventory State (STAI-S)
so that positive effect sizes represent better outcomes
for CBCT+TCT group in all cases.

Cognitive functions. No significant time� treatment
interactions were observed for any of the specific neu-
ropsychological domains studied. A nearly significant
interaction in favor of the CBCT+TCT was observed
for executive function (F= 2.96, p= 0.09), which
shows a trend to improve at a 12-month follow-up
in the CBCT+TCT group, compared with baseline
evaluation and a 3-month follow-up. Furthermore,
no main effect by time was seen in any cognitive
function, pointing that, although cognitive functions
did not improve, they experienced no deterioration
and remained stable.
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A significant time� treatment interaction (F= 4.80,
p= 0.03) was observed for MMSE in the repeated-
measures ANOVA. However, no statistical differences
were observed between the two groups in MMSE
scores at 12months.

Decision making, memory complaints, and emotional
disturbances. No time� treatment interaction was
found for IGT NetTotal T score, meaning that

treatments did not have a significant effect on overall
performance in this task. However, a significant time
treatment interaction (F= 4.70, p= 0.04) was detected
for choices from a disadvantageous deck (Deck A of
IGT). Post hoc comparisons indicated a trend toward
more choices from this deck in the TCT group than
the CBCT+TCT group at a 12-month assessment
but failed to reach statistical significance (p= 0.07).

No time� treatment interaction or main effect of
time was found for memory complaints (MFE),

Figure 1 CONSORT flowchart.

95Computerized cognitive training in MCI and AD

Copyright # 2012 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2013; 28: 91–99.



reflecting that these measures did not improve or
worsen in either group.

A significant time� treatment interaction was seen
on STAI-S scores (F= 5.13, p= 0.03). Post hoc com-
parisons showed that the TCT group scores higher in
STAI-S than the CBCT+TCT group at a 12-month
follow-up (p = 0.04). No effects of time were found
in the GDS, showing that these measures did not
increase or decrease along the three evaluations.

Effect sizes at a 12-month follow-up. Although the
results of the analysis of covariance only show signifi-
cant time� treatment interactions in MMSE, STAI-S
scores, and choices from Deck A of IGT, all the effect
sizes (shown in Table 4) were positive, reflecting better
outcomes favoring the CBCT+TCT group. Effects
sizes ranged from 0.21 to 0.36 (small effects) in
depression scale and cognitive domains: attention
and processing speed, memory, executive function,

orientation, praxias, and gnosias. Medium effects
favoring the CBCT+TCT group were observed in
MFE (0.56), IGT NetTotal T score (d= 0.57). Finally,
a large effect was observed for choices from Deck A
of IGT (d= 0.89), favoring the CBCT+TCT group,
and a very large effect was observed for STAI-S score
(d= 1.12).

Discussion

This study shows that the addition of computerized
CT in patients on treatment with usual CT has effects
on anxiety and decision making at a 12-month follow-
up. Contrary to expectations, despite the effects sizes
obtained in all basic cognitive domains favoring the
group that received the adjunctive intervention, none
of these approached statistical significance, pointing
that this treatment did not significantly improve

Table 2 Demographic and clinical characteristics of treatment groups

TCT (n=16) CBCT+TCT (n=23) w²/t p

Gender (M/F) 4/12 15/8 6.10 0.02
Age 76.00 (6.61) 74.87 (4.89) 0.61 0.54
Years of education 3.94 (3.19) 4.83 (3.83) 0.76 0.45
Time spent in previous cognitive training (in months) 19.31 (19.51) 21.43 (11.13) 0.43 0.66
Use of AchEIs (yes/no) 3/13 5/17 0.08 1.00
AD/MCI 7/9 5/18 2.14 0.17

TCT, traditional cognitive training; CBCT, computer-based cognitive training; AchEIs, acetylcholinesterase inhibitors; AD, Alzheimer-type
dementia; MCI, mild cognitive impairment.

Table 3 Baseline cognitive functions, decision making, memory complaints, and emotional disturbances

Variable TCT (n=16) CBCT+TCT (N=23) t p

Attention and processing speeda 37.85 (6.71) 39.25 (4.92) 0.74 0.45
Working memorya 44.70 (5.21) 47.71 (5.61) 1.69 0.09
Memorya 32.38 (8.78) 30.13 (7.34) 0.87 0.38
Executive functiona 43.02 (3.71) 42.35 (4.85) 0.45 0.64
Orientationa 56.95 (13.94) 56.10 (10.25) 0.22 0.82
Praxias and gnosiasa 51.30 (11.09) 52.58 (5.35) 0.42 0.67
MMSE 24.13 (2.32) 26.13 (2.84) 2.26 0.03
IGT NetTotal T score 48.66 (3.69) 46.47 (6.27) 1.21 0.23
Deck A choices 22.33 (4.85) 22.56 (6.49) 0.118 0.90
Deck B choices 25.93 (5.20) 29.60 (11.49) 1.33 0.19
Deck C choices 23.20 (4.75) 23.08 (4.60) 0.07 0.94
Deck D choices 26.20 (4.17) 24.73 (7.88) 0.74 0.46
STAI-S 16.12 (14.71) 10.73 (7.32) 1.51 0.13
MFE 21.81 (11.12) 16 (10.90) 1.62 0.11
Geriatric Depression Scale 12.06 (5.19) 9.30 (6.49) 1.41 0.16

MMSE, Mini mental state examination; IGT, Iowa Gambling Task; STAI-S, State-Trait Anxiety Inventory State; MFE, Memory Failures in
Everyday Memory.
aValues are T scores composites.
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cognitive function. Our findings may partly be
explained by the possible presence of a ceiling effect.
In our study, patients were already following CT at
the moment of recruitment. Kwok et al. (2011) found
that in older adults who were already on treatment
with cognitive stimulation, the addition of a memory
training intervention failed to improve the outcome
in memory performances, concluding that the previ-
ous intervention reduced the potential of the training
to benefit the subjects, because of a ceiling effect.
Likewise, the effect of our adjunctive intervention
may have been minimized by previous and concurrent
CTs. Furthermore, we do not rule out that our
patients had reached a plateau on performance.
Requena et al. (2006) found that in mild AD, the

benefits yielded with CT during the first year of
treatment gradually deteriorate in the second year.
As all the patients in our sample had received previous
treatment (mean: 20.56months), they may have
reached maximum improvement before the study
began and were unable to improve further with the
interventions.

Although it was observed that IGT performance is
impaired in both dementia (Torralva et al., 2007; Sinz
et al., 2008) and MCI (Zamarian et al., 2011), we could
not find any study of CT that included this test in
outcome measures. In our study, we found that the
group treated with CBCT made less choices from
Deck A (one of the “disadvantageous” decks of the
task) in IGT at a 12-month follow-up. However, no

Table 4 Outcomes at baseline, 3months, and 12months of follow-up

Areas
Statistics (repeated-measures

ANCOVA)
Test measures Group

Basal 3month follow-up 12month follow-up

Ma Ma Ma F (time� treatment) p dc

Attention and processing
speedb

TCT 38.66 40.37 35.10 0.07 0.78 0.36
CBCT+TCT 39.26 40.79 37.19

Working memoryb TCT 44.61 49.27 45.38 0.00 0.99 0.05
CBCT+TCT 47.76 51.84 47.35

Memoryb TCT 33.49 35.64 28.86 0.93 0.34 0.30
CBCT+TCT 29.91 30.30 29.52

Executive functionb TCT 43.73 42.24 43.34 2.96 0.09 0.29
CBCT+TCT 42.56 41.91 45.37

Orientationb TCT 58.00 54.37 53.41 0.76 0.39 0.32
CBCT+TCT 54.82 50.42 58.33

Praxias and gnosiasb TCT 50.42 53.62 47.96 0.91 0.34 0.24
CBCT+TCT 52.61 53.06 50.09

IGT NetTotal T score TCT 48.01 48.07 42.98 2.43 0.13 0.57
CBCT+TCT 48.22 46.87 47.31

Deck A choices TCT 21.42 24.85 26.67 4.70 0.04 0.89
CBCT+TCT 23.30 23.37 20.34

Deck B choices TCT 28.45 25.56 29.69 0.115 0.73 0.10
CBCT+TCT 26.17 26.93 28.75

Deck C choices TCT 24.08 23.85 22.17 1.04 0.31 0.38
CBCT+TCT 24.13 23.48 24.46

Deck D choices TCT 26.03 25.88 21.46 1.61 0.21 0.63
CBCT+TCT 26.39 25.41 25.93

Advantageous TCT 50.12 49.73 43.63 3.32 0.08 0.73
Deck choices (C+D) CBCT+TCT 50.52 48.90 50.89
MFE TCT 19.03 12.68 35.07 2.11 0.16 0.56

CBCT+TCT 18.66 18.98 28.56
GDS TCT 13.55 8.33 14.44 0.23 0.63 0.21

CBCT+TCT 9.00 6.92 13.61
STAI-S TCT 16.00 7.44 29.33 5.13 0.03 1.12

CBCT+TCT 10.92 6.38 19.23
MMSE TCT 24.18 26.64 21.91 4.80 0.03 1.06

CBCT+TCT 26.53 25.79 24.32

ANCOVA, analysis of covariance; TCT, traditional cognitive training; CBCT, computer-based cognitive training; MFE, Memory Failures in
Everyday Memory; GDS, Geriatric Depression Scale; STAI-S, State-Trait Anxiety Inventory State; MMSE, Mini mental state examination.
aEstimated means calculated with ANCOVA.
bValues are T scores composites.
cCalculated as the adjusted difference between estimated means at 12-month follow-up, divided by the root of mean square error from the analysis
of covariance. Positive effect sizes favors CBCT+TCT group.
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significant effect of treatment was observed for the
general performance in this task. These results may
reflect a slight improvement in the efficiency of this
decision-making task, although it did not normalize
the overall performance. Also, the group treated
with CBCT showed less symptoms of anxiety at the
12-month follow-up, suggesting that the augmenta-
tion of CT can be effective for anxiety. A link between
high anxiety and impaired performance in the deci-
sion-making task has been described (Miu et al.,
2008, de Visser et al., 2011). Although we conducted
a correlation analysis and did not find associations
between these variables, the lower level of anxiety
shown by the group treated with the combined CBCT
and TCT may have also been responsible for the better
outcomes in IGT. Cognitive interventions may
therefore not suffer from a ceiling effect in these areas,
unlike what happens with basic cognition. Further
studies should take account of the effects of CT on
decision making and the neural mechanisms involved
and their implications in functioning and autonomy.

Despite the absence of improvements in cognitive
functioning, no worsening in the neuropsychological
domains evaluated was observed, suggesting that
the maintenance of treatment is effective in halting
cognitive decline, as Orrell et al. (2005) found, and
recommend long-term interventions over short-term
treatments in MCI and AD.

Several limitations of the present study need to be
acknowledged. The inclusion of patients who were
already in CT prevents us from knowing the effect of
the intervention in naïve patients. Also, it has to be
noted that in our study, the interventions were admin-
istered differently: TCT was applied in groups and
CBCT individually. Consequently, the different forms
of administration of CBCT may have had some
influence on outcomes. Another limitation is that the
small samples sizes may have obscured the detection
of potential differences between the groups. Also, the
significant differences between the two groups in
MMSE scores at baseline may have led to bias in the
results. However, no other differences were found in
cognitive domains, so it can be assumed that both
groups were cognitively equivalent. Furthermore, the
MMSE baseline scores were included as a covariate
in the analysis, minimizing the potential impact of
these differences in the results. Finally, the combina-
tion of patients with dementia and MCI precludes
accurate assessment of the effect of such interventions
on each condition.

Despite these methodological limitations, our study
has one major strength. We used an extensive
assessment battery, allowing us to obtain measures in

multiple cognitive functions, as well as decision mak-
ing, memory complaints, and emotional disturbances.

Conclusions

The addition of a CBCT program in patients of
amnestic multi-domain MCI and AD who were al-
ready receiving CT was effective in improving anxiety
symptoms and in decision making but did not seem
to have significant effects on cognitive functioning.
These results suggest that these populations may
benefit in anxiety and decision making with this form
of adjunctive intervention. However, further studies
should be conducted in naïve patients to avoid plateau
and ceiling effects and clearly determine the effects
of the addition of computerized CT programs to
traditional interventions. Future research should also
compare the efficacy of computerized intervention
with the efficacy of non computerized interventions,
to determine whether this intervention can be a treat-
ment of choice. Finally, our results support that the
maintenance of CT can halt cognitive deterioration,
encouraging long-term interventions.
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Key points

� Little is known about the efficacy of computer-
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