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Background: Computerized methods for improving cognitive functioning in schizophrenia have gained popular-
ity during the past decades. Therefore, this study evaluates the available evidence for the efficacy of computerized
cognitive drill and practice training for patients with schizophrenia-spectrum disorders.
Methods: A systematic searchwas carried out using PubMed, Embase, Cochrane Database of Systematic Reviews,
and PsycINFO. A meta-analysis was performed to compare cognitive drill and practice training in patients with a
schizophrenia-spectrum disorder with non-cognitively oriented control conditions. The primary outcome was
cognitive functioning. Secondary outcome measures included psychotic symptoms, depressive symptoms, and
functional outcomes. Effect sizes (ES) for all included studies were calculated as Hedges' g.
Results: 24 studies were included with 1262 patients in total. Compared to a control condition, patients receiving
computerized cognitive drill and practice training showed significantly more improvement on attention (ES =
0.31, p=0.001),workingmemory (ES=0.38, p b 0.001), positive symptoms (ES=0.31, p=0.003), and depres-
sive symptoms (ES= 0.37, p=0.002). Small, marginally significant effect sizes were found for processing speed,
verbal and visual learning and memory, and verbal fluency. However, significant effects on functional outcomes
and social cognition were absent.
Discussion: The current study showed evidence for the efficacy of computerized cognitive drill and practice train-
ing in patients with schizophrenia-spectrum disorders. However, the absence of effects on social cognition and
functional outcomes questions the generalization of treatment effects. Together, these results stimulate further
development of computerized training programs for schizophrenia that not only improve cognitive functioning,
but also generalize cognitive improvement to functional outcomes.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

During the past decades, an increasing amount of computerized pro-
grams have been developed to enhance cognitive performance, such as
Nintendo's ‘Brain age’ or PositScience's ‘BrainHQ’. These programs use a
principle of repeated practice of tasks (i.e., drill and practice training) to
improve cognitive functioning. Interestingly, this principle has also been
adopted in the design of computerized cognitive rehabilitation pro-
grams for patients with schizophrenia-spectrum disorders
(e.g., CogPack and CogRehab). These computer programs have numer-
ous advantages, such as the possibility to automatically adjust practice
levels, standardization of instructions, and the possibility to perform
the training with only little help from therapist, thereby reducing
us, University Medical Center
lands.
).
costs (Burda et al., 1994). However, evidence for the efficacy of such
programs in improving (cognitive) functioning remains unclear.

In general, cognitive functioning in patients with schizophrenia-
spectrum disorders is between one and two standard deviations
belownormal and includes dysfunction in the domains of attention/vig-
ilance, reasoning and problem solving, working memory, processing
speed, verbal learning and memory, visual learning and memory, and
social cognition (Kern et al., 2011; Nuechterlein et al., 2004). Antipsy-
chotic treatment, the main pharmacological treatment for schizophre-
nia, has a minimal effect on these symptoms (Hill et al., 2010; Nielsen
et al., 2015). As cognitive deficits are related to decreased daily function-
ing andwork performance, improvement of cognitive functioning is ex-
tremely important for patients´ quality of life (Bowie and Harvey, 2006;
Green et al., 2000; McGurk et al., 2007). When developing treatment
programs for schizophrenia, the presence of amotivation has to be
taken into account, as this is one of the symptoms of the disorder
(American Psychiatric Association, 2013). The use of gaming elements
in computerized cognitive training might help overcome this problem,
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as it canmake a treatment program increasinglymeaningful, appealing,
motivating, and feasible (Fleming et al., 2017; Lau et al., 2017; Medalia
et al., 2001; Stapleton and Taylor, 2003).

Various studies have investigated the efficacy of drill and practice
exercises in the treatment of cognitive deficits in schizophrenia to eval-
uate whether such programs have potential for this patient population,
with inconsistent findings. Importantly, drill and practice training dif-
fers from strategic training, inwhich the goal is to improve performance
by explicitly learning and applying cognitive strategies, such as mne-
monics (Wykes et al., 2011). Previous meta-analyses showed that cog-
nitive training can improve cognitive functioning in patients with
schizophrenia-spectrum disorders, but they did not include computer-
ized training specifically (McGurk et al., 2007; Wykes et al., 2011). In
2011 a meta-analysis was published that did focus on computerized
training only and also showed positive results (Grynszpan et al.,
2011). To our knowledge, the previous meta-analyses included both
drill and practice and strategic training and coaching (Grynszpan
et al., 2011; McGurk et al., 2007; Wykes et al., 2011). Importantly, as
computerized training programs and games gain popularity, we aim
to assess the efficacy of computerized drill and practice cognitive reme-
diation on neurocognitive functioning in schizophrenia. Furthermore,
we aim to assess generalization of cognitive improvement to other do-
mains: social cognition, psychotic and depressive symptoms, and func-
tional outcomes.

2. Methods

2.1. Literature search

Thismeta-analysis was conducted following the Preferred Reporting
for Systematic Reviews andMeta-analysis (PRISMA) Statement (Moher
et al., 2010). Four databases were systematically searched: PubMed
(MEDLINE), Embase, Cochrane Database of Systematic Reviews, and
PsycINFO, by two independent researchers (W.L. andM.K.). A combina-
tion of the following search terms was used: “cognitive,” “cognition,”
“neuropsychological,” “game,” “computer,” “computerized,” “training,”
“remediation,” “rehabilitation,” “enhancement,” “schizophrenia,”
“schizoaffective,” “schizophreniform,” and “psychosis” (see Supplement
1 for search strings). Studies were included after consensus between
M.P., W.L., and M.K. The cut-off date for the search was November 23,
2017. Cross-referencing was performed for all the papers included in
the final meta-analyses. The search did not impose year or language re-
strictions. Authors were contacted if necessary in order to obtain study
details.

2.2. In- and exclusion criteria

Selected articles met the following criteria:

• trials that assessed the effect of any computerized cognitive drill and
practice training, as compared to an active or passive control condi-
tion. Passive control conditions included placebo, no treatment, stan-
dard care, a waiting list control group, watching TV, or self-chosen
internet use, whereas active control conditions included interventions
with the same intensity or duration as the experimental condition
(e.g., occupational treatment (Bosia et al., 2007) or performing a com-
puterized typing program (Gomar et al., 2015))

• included patients had a diagnosis of schizophrenia or schizophrenia
spectrum disorder (schizoaffective disorder, schizophreniform disor-
der, delusional disorder, persistent delusional disorder, or psychosis
not otherwise specified according to the diagnostic criteria of the Di-
agnostic and Statistical Manual of mental Disorders (DSM-III, DSM-
III-R, DSM-IV, DSM-IV-TR, DSM-5) or the International Classification
of Diseases-9 or −10)

• outcomemeasures covered at least oneof the following domains: cog-
nition, psychotic symptoms, depressive symptoms or functional
outcomes (see paragraph ‘outcome measures’)
• the study reported means and SD's, F-values, or p-values, so that the
effect size could be calculated, or data were provided by the author
after they were contacted

Articles were excluded when:

• the control group used computer games that highly rely on cognitive
functioning (e.g. Sudoku, crossword puzzles).More specifically, as the
effect of cognitive training is assessed in this meta-analysis, cognition
should only be targeted in the computerized cognitive training
group and not in the control condition

• additional to the cognitive treatment, another treatment is given
(such as group therapy) which was not accounted for in the control
group. Thus, the specific effect of the cognitive treatment must be
traceable

• cognitive strategies were taught in the cognitive training intervention
• healthy individuals were used as a control group
• only baseline data was provided

2.3. Outcome measures

Primary outcome measures included eight cognitive domains plus
general cognitive functioning. The latter could either be measured by
cognitive test batteries or calculated by the authors as themean of all in-
cluded cognitive tests in that specific study. The cognitive domainswere
based on the Measurement and Treatment Research to Improve Cogni-
tion in Schizophrenia (MATRICS) guidelines (Nuechterlein et al., 2004):
1. attention/vigilance, 2. reasoning and problem solving, 3. working
memory, 4. processing speed, 5. verbal learning and memory, 6. visual
learning and memory, and 7. social cognition. Furthermore, the re-
trieved data permitted us to divide the processing speed domain into
psychomotor speed and verbal fluency. Secondary outcome measures
were psychotic symptoms, depressive symptoms, and functional out-
come (i.e., assessment of global, social or vocational functioning). Sup-
plement 2 provides an overview of all tests that were included for
each outcome measure.

2.4. Outcome selection

When a study used more than one cognitive test was used to evalu-
ate one cognitive domain, we chose the test that was usedmost often in
the included studies. Furthermore, if multiple subtask or scores of a test
were reported, we used the subtask or score that best represented the
cognitive domain, based on information from test manuals Also, be-
cause the use of an active control group accounts for potential therapeu-
tic effects (Karlsson and Bergmark, 2015), an active control group was
preferred over a passive one when both were included in one study.
One study reported results for completers and non-completers sepa-
rately; completer data were used (Byrne et al., 2013).

2.5. Statistical analyses

Statistical information was independently extracted from the in-
cluded studies by two researchers (M.K. and W.L.) and was then com-
pared until consensus was reached (between M.P., M.K., and W.L.).
ComprehensiveMeta-analysis software version 2.0was used to perform
all analyses (Bax et al., 2007). Hedges' gwas calculated to quantify effect
sizes and studies were combined using a random effects model. A ran-
dom effects model was chosen because of the variable population pa-
rameters in the included studies (Field and Gillett, 2010). Effect sizes
were categorized as small (N0.20), medium (N0.50), or large (N0.80)
(Maher et al., 2013). The use of mean change scores and corresponding
SD's per treatment arm was preferred over separate pre- and post-
means and corresponding SD's per treatment arm. F- or t-values and
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corresponding p-values were used when mean change or means were
not available. A p-value of b0.05 was considered as significant.

The Q-value and I2-statistic were evaluated in order to examine
whether studies could be combined to share a common population ef-
fect size. The Q-value tests heterogeneity, using a chi-square distribu-
tion with k-1 degrees of freedom (k = number of studies). A Q-value
higher than the degrees of freedom indicates significant between-
study variability (i.e., heterogeneity). I2 shows the percentage of total
variation amongst the included studies that is due to differences in
true effect size rather than a sampling error. I2 of 25%, 50%, and 75%
can be interpreted as low, moderate, and high heterogeneity (Higgins
et al., 2003).

To assess the possibility of publication bias, funnel plots were visu-
ally checked for (a)symmetry (Egger et al., 1997). Additionally, Egger's
test was used to quantify bias captured by the funnel plot, where a sig-
nificant effect indicates evidence for publication bias. Furthermore, the
fail-safe number (NR) was calculated to demonstrate howmany studies
would be needed to turn a significant effect into a non-significant effect
(Rosenthal, 1979).NR should be at leastfive times the number of studies
included in the meta-analysis +10 to rule out the file-drawer problem
(Rosenthal, 1979). The analyses described abovewere repeatedwithout
the only non-randomized study that was included (Trapp et al., 2013).

Meta-regression was performed for the variables age, illness dura-
tion, treatment duration, and methodological bias. An overview of
methodological bias in the included studies is provided in Supplement
3. This assessment was done by using the Cochrane risk of bias criteria:
selection bias, performance bias, detection bias, attrition bias, and
reporting bias (Higgins and Green, 2011). An overview of these criteria
in the included studies can be found in Supplement 3. Also, subgroup
analyseswere performed to compare two types of control condition: ac-
tive and passive.
3. Results

Fig. 1 shows the PRISMA flow diagram (Moher et al., 2010). The
search resulted in a total of 24 studies including 1262 patients suitable
for the quantitative synthesis of this meta-analysis (Bellucci et al.,
2002; Benedict et al., 1994; Bosia et al., 2007; Burda et al., 1994; Byrne
et al., 2013; Cavallo et al., 2013; D'Amato et al., 2011; D'Souza et al.,
2013; Gomar et al., 2015; Horan et al., 2011; Hubacher et al., 2013;
Kurtz et al., 2007; Lee, 2013; Liao et al., 2016; Linke et al., 2017;
Lopez-Martin et al., 2017; Mak et al., 2013; Man et al., 2012; Medalia
et al., 1998; Pitschel-Walz et al., 2013; Rass et al., 2012; Sartory et al.,
2005; Trapp et al., 2013; Vita et al., 2011). Details of these included stud-
ies can be found in Supplement 4. Meta-analytic results regarding all
outcome measures are reported in Table 1 and corresponding forest
plots can be found in Supplement 5. There were no outliers (SE ±
2.96) in any of the analyses.
3.1. Primary outcome measures: cognition

Patients receiving computerized cognitive training showed signifi-
cantly more improvement than a control condition on the domains of
attention (Hedges' g = 0.31) and working memory (Hedges' g =
0.38; Table 1 and Fig. 2). Heterogeneity was low for these domains.
Eggers test was non-significant in all analyses, indicating absence of
publication bias. NR was low for attention, which means that the file-
drawer problem could not be ruled out for the analysis of this domain.
Small to moderate effect sizes were also found for processing speed, vi-
sual learning andmemory, verbal learning andmemory, and verbal flu-
ency, which were marginally significant. There was no significant effect
on general cognition, reasoning and problem solving, and social cogni-
tion. Conclusions remained the same when the only non-randomized
study was excluded from the analyses (Trapp et al., 2013).
3.2. Secondary outcome measures: psychotic symptoms, depressive symp-
toms and functional outcomes

Positive (Hedges' g=0.31) and depressive symptoms (Hedges' g=
0.37) improved significantly after computerized cognitive training rela-
tive to a control condition (Table 1 and Fig. 3). Heterogeneity was low in
these analyses, but a low NR indicated that the file-drawer problem
could not be ruled out. Small to moderate, but only marginally signifi-
cant effects on negative symptoms, total symptoms, and functional out-
comes were found. There was no effect of cognitive training on general
symptoms. Conclusions remained the same when the only non-
randomized study was excluded from the analyses (Trapp et al., 2013).

3.3. Moderator analysis

Meta-regression showed no influence of age on the efficacy of com-
puterized cognitive training. However, a significant positive association
between illness duration and effect sizeswas found for the attention do-
main (B = 0.05, S.E. = 0.02, z = 2.55, p = 0.01, k = 7). Also, longer
treatment durationwas negatively related to effect sizes in the domains
of workingmemory (B=−0.01, S.E.= 0.005, z=−2.43, p=0.02, k=
17), verbal learning andmemory (B=−0.02, S.E. = 0.01, z=−2.31, p
= 0.02, k = 17), and visual learning and memory (B = −0.02, S.E. =
0.01, z = −2.20, p = 0.03, k = 9). Furthermore, a positive relation
was found between effect sizes in the working memory domain and
risk of bias score (B = 0.92, S.E. = 0.46, z = −2.01, p = 0.04, k = 18).
Last, studies that used active control conditions yielded larger effect
sizes on positive symptoms compared with studies that used passive
control conditions. (Q-value = 0.65, p = 0.01).

4. Discussion

Within the context of the increasing popularity of training programs
that aim to improve cognitive functioning, this meta-analysis examined
the efficacy of computerized cognitive drill and practice training, com-
pared to a non-cognitively oriented control condition in patients with
schizophrenia-spectrum disorders. Previous meta-analyses addressed
the question whether cognitive remediation in general was effective,
thereby including both computerized and paper and pencil programs,
and drill and practice and strategic training (Grynszpan et al., 2011;
McGurk et al., 2007; Wykes et al., 2011). Focusing on computerized
drill and practice programs, 24 studies (with a total of 1262 patients)
could be included and results showed that computerized cognitive
training had a superior effect on attention and working memory, as
well as on positive and depressive symptoms. Furthermore, small to
moderate, but only marginally significant effects were found for pro-
cessing speed, verbal fluency, and verbal and visual learning and mem-
ory. Results showedno convincing evidence for improvement in general
cognition, reasoning and problem solving, social cognition, and func-
tional outcomes.

These significant effects of computerized cognitive drill and practice
training on attention andworkingmemory and a trend towards a signif-
icant effect for the domains of processing speed, verbal fluency, and ver-
bal and visual learning and memory are in line with previous meta-
analyses on the effects of cognitive remediation in a broader sense
(Grynszpan et al., 2011; McGurk et al., 2007; Wykes et al., 2011).
More specifically, a previous meta-analysis on cognitive remediation
in general showed that both drill and practice and strategic training im-
proved cognitive outcomes (Wykes et al., 2011). However, others found
a larger effect on verbal learning and memory for drill and practice
training alone, rather than combined with strategic training (McGurk
et al., 2007). Notably, our results for the above cognitive domains are
similar to results from a previous meta-analysis on computerized train-
ing, which did not only include drill and practice, but also strategy train-
ing (Grynszpan et al., 2011). Here, we show that computerized
cognitive training is also effective using only drill and practicemethods.
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No effect was found in the domain of reasoning and problem solving
when comparing computerized cognitive training to a control group.
This might not be surprising, as problem solving is a complex skill
which is of great importance in everyday functioning (Jonassen,
2000). The absence of this effect might suggest that teaching strategies
is a prerequisite for improvements in this domain. The same applies to
Table 1
Meta-analytic results for all outcome measures.

Outcome Nr. of studies Nr. of patients Effect size

Hedges's g
(95% CI)

Primary outcomes
General cognition 9 467 0.03 (−0.17–0.23
Attention 12 669 0.31 (0.13–0.50)
Reasoning & problem solving 14 752 0.16 (−0.11–0.43
Working memory 18 876 0.38 (0.21–0.55)

Processing speed
Psychomotor speed 16 809 0.20 (0.00–0.41)
Verbal fluency 6 272 0.21 (−0.03–0.45
Verbal learning & memory 18 863 0.23 (−0.01–0.48
Visual learning & memory 10 551 0.28 (−0.02–0.57
Social cognition 3 113 −0.07 (−0.47–0

Secondary outcomes
Positive symptoms 10 502 0.31 (0.10–0.51)
Negative symptoms 11 536 0.22 (−0.04–0.49
General symptoms 6 280 0.03 (−0.20–0.26
Total symptoms 6 279 0.29 (−0.06–0.64
Depressive symptoms 5 273 0.37 (0.14–0.61)
Functional outcome 10 521 0.19 (−0.01–0.39

a Significant effect sizes (p b 0.05).
social cognition;we found no significant effect for this domain,whereas
meta-analyses that included strategy training did find such an effect
(Grynszpan et al., 2011; McGurk et al., 2007; Wykes et al., 2011).

When interpreting the effects of training on cognitive functioning,
some significant moderators should be taken into account. First, we
found that longer illness duration was related to larger effect sizes for
Heterogeneity Egger's test NR

p-Value Q-value I2

) 0.75 Q (8) = 9.32, p = 0.32 14.16 p = 0.37 0
0.001a Q (11) = 15.95, p = 0.14 31.02 p = 0.84 40

) 0.25 Q (13) = 45.26, p b 0.001 71.28 p = 0.41 1
b0.001a Q (17) = 26.50, p = 0.07 35.84 p = 0.15 130

0.05 Q (15) = 31.00, p = 0.01 53.13 p = 0.87 19
) 0.09 Q (5) = 5.11, p = 0.40 2.23 p = 0.23 1
) 0.06 Q (17) = 54.91, p b 0.001 69.04 p = 0.43 35
) 0.06 Q (9) = 27.41, p = 0.001 66.74 p = 0.64 17
.33) 0.72 Q (2) = 2.29, p = 0.32 12.79 p = 0.31 0

0.003a Q (9) = 11.82, p = 0.22 23.86 p = 0.97 19
) 0.10 Q (10) = 23.25, p = 0.01 56.99 p = 0.60 7
) 0.78 Q (5) = 2.04, p = 0.84 0.00 p = 0.90 0
) 0.10 Q (5) = 10.34, p = 0.07 51.65 p = 0.59 3

0.002a Q (4) = 3.29, p = 0.51 0.00 p = 0.20 9
) 0.07 Q (9) = 12.27, p = 0.20 26.63 p = 0.28 4



Fig. 2.Meta-analyses of the effect of computerized cognitive training on the cognitive domains that yielded significant effect sizes.
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attention, implicating that patients with chronic schizophrenia should
not be denied computerized cognitive training. Second, contrary to
our expectations, we found that shorter treatment duration was related
to higher effect sizes onworkingmemory and visual and verbal learning
and memory. A closer look at the studies with a short treatment dura-
tion revealed that some of these also applied a high frequency of train-
ing per week. For example, Sartory and colleagues trained patients for
threeweeks at an intensity of five times 45min perweek and Hubacher
and colleagues applied an intensity of four times 45 min per week for
Fig. 3. Meta-analyses of the effect of computerized cognitive tra
four weeks in total (Hubacher et al., 2013; Sartory et al., 2005). Thus,
this high intensity might explain the high effect sizes in these studies.
Also, our finding that the presence of methodological bias was related
to an increased effect size in the working memory domain suggest
that studies with more methodological bias can yield more positive ef-
fects. Although this was only found in one cognitive domain, it stresses
the importance of performing high-quality trials in order to prevent bi-
ased results. Last, our finding that studies with active control conditions
yield larger effect sizes on positive symptoms is in contrast with
ining on the symptoms that yielded significant effect sizes.
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previous meta-analyses, which did not find such differences (McGurk
et al., 2007; Wykes et al., 2011). The fact that this analysis included
only five studies per group might explain this differential finding.

Some limitations of this meta-analysis should be considered. First,
computerized drill and practice methods have the potential to be per-
formed independently by the patient. Therefore, it would be of interest
to assess the effect of the amount of therapist involvement on training
efficacy. Unfortunately, many included papers in the current meta-
analysis did not provide sufficient information on this topic and there-
forewewere unable to perform such an analysis. Second, itwas not pos-
sible to include all outcomes that were reported by the studies in this
meta-analysis. That is, combining effect sizes of multiple tests or sub-
scales requires knowledge of correlation coefficients between these
scores. As this information was not available, we need to make a selec-
tion of the reported values. To increase comparability between studies,
we selected the test/subscale that was used most often. Last, results on
social cognition should be interpretedwith caution, as only three papers
could be included in this domain.

The currentmeta-analysis was thefirst to examine the specific effect
of computerized cognitive drill and practice training on psychotic and
depressive symptoms and functional outcomes. By excluding papers
that employed a control condition that also targeted cognitive function-
ing, specific conclusions could be drawn about the efficacy of computer-
ized drill and practice training. For more comprehensive overviews, see
Wykes et al. (2011) and McGurk et al. (2007).We found significant im-
provement of positive and depressive symptoms after cognitive train-
ing, similar to findings regarding the effect of cognitive remediation
therapy in general (Wykes et al., 2011), suggesting that computerized
training programs that have the potential to be performed indepen-
dently by patients, are effective. Furthermore, the analysis regarding
functional outcome resulted in a very small effect, whichwas only mar-
ginally significant. This finding is in contrast with other meta-analyses
that showed larger and significant effects (Chan et al., 2015; McGurk
et al., 2007;Wykes et al., 2011). However, as these studies also included
strategy training, it suggests that learning strategies might be a prereq-
uisite for generalization of treatment effects. This might suggest that
computerized cognitive training alone might not be sufficient to im-
prove daily functioning. Importantly, our findings are in line with the
main criticism on computer programs that aim to improve cognitive
functioning, which is that they might not succeed in improving global
cognition, and therefore have a limited effect on daily functioning
(Boot and Kramer, 2014; Owen et al., 2010; Simons et al., 2016).

Taken together, although the effects of computerized cognitive drill
and practice trainingmight be small and even absent for social cognitive
and functional outcome measures, it might also have benefits for pa-
tients. In fact, we found significant effects on both working memory
and attention, aswell as on positive and depressive symptoms. Further-
more, patients generally enjoy the computerized training programs and
improvement on trained tasks can increase self-esteem and intrinsic
motivation, which has beneficial effects for general treatment (Bender
et al., 2004; Medalia and Revheim, 1999; Pilarc, 2000; Wykes et al.,
2003). In conclusion, in clinical settings it is recommendable to discuss
the possibility of adding computerized drill and practice training to
standard treatment, as itmight be effective in improving some cognitive
functions and symptoms.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2018.07.034.
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