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A B S T R A C T

We performed meta-analyses of studies using the 6 subtests of the neuropsychological test battery, the
Behavioural Assessment of the Dysexecutive Syndrome (BADS), in order to assess and compare subdomains of
executive dysfunction in stable phase patients with schizophrenia relative to healthy controls. The meta-analyses
were performed according to the PRISMA statement. A systematic literature search was performed yielding 10
studies for inclusion (NSCH=375; NHC= 541). Meta-analyses were done using Stata IC 14. Due to large het-
erogeneity and the few number of studies a random-effects model was used along with Hedges’ g. Results showed
that relative to healthy controls, patients with schizophrenia overall performed significantly worse in all subtests
of BADS. However, moderate effect sizes were seen with regard to temporal estimation and strategy-forming,
while very large effect sizes were seen regarding complex forward planning, inhibition, cognitive flexibility and
novel problem solving. The findings from this meta-analysis demonstrate a significant difference between pa-
tients with (primarily) longer lasting schizophrenia and healthy control subjects on all subdomains of executive
functions (EF). But some aspects of EF seem to be more severely affected than others. Future research and clinical
interventions need to differentiate between subdomains of EF.

1. Introduction

A considerable amount of empirical research has attempted to chart
the area of neurocognitive functioning in schizophrenia (SZ). Several
meta-analyses and systematic reviews (Bowie et al., 2006; Harvey et al.,
2005; Heinrichs and Zakzanis, 1998; Mesholam-Gately et al., 2009;
Reichenberg and Harvey, 2007) consistently show that moderate to
severe impairments characterize patients with SZ across the seven
cognitive domains included in the MATRICS Consensus Cognitive Bat-
tery such as IQ, attention, learning, visual and verbal memory, lan-
guage, and executive function (Fatouros-Bergman et al., 2014;
Fioravanti et al., 2012; Fioravanti et al., 2005; Nuechterlein et al.,
2008). It is a robust finding that executive dysfunction represents one of
the most frequent and manifest neurocognitive impairments in schizo-
phrenia (Fatouros-Bergman et al., 2014; Heinrichs and Zakzanis, 1998;
Johnson-Selfridge and Zalewski, 2001; Raffard and Bayard, 2012;
Reichenberg and Harvey, 2007; Aas et al., 2014). Cognitive neu-
roscience has provided models that explain some of the component

mechanisms of the executive deficits in patients with schizophrenia,
e.g. rule generation and selection, and dynamic adjustments in control
(Kerns et al., 2008). Processing of rules involves: the dorsolateral re-
gions of the prefrontal cortex (DLPFC) (sustaining maintenance of goal
or rule information), subcortical systems in the basal ganglia (con-
tributing to selective rule updating by "Go" and "NoGo" neurons), and
neurotransmitters involved in a gate mechanism in the DLPFC such as
dopamine D1 receptors (involved in closing the gate and securing stable
maintenance), and dopamine D2 receptors (involved in rapid up-
dating). Furthermore, norepenephrine is involved in interference con-
trol mechanisms in PFC, and norepinephrine and N-methyl d-aspartate
receptors are thought to be of significant importance in rule selection
(Kerns et al., 2008). The ability to adjust behaviour and cognition si-
multaneously based on an ongoing performance is referred to as dy-
namic adjustments in control. This process involves the dorsal anterior
cingulate cortex (ACC) (performance monitoring) in close interaction
with other brain areas such as DLPFC, basal ganglia, and the locus
coeruleus by dopaminergic input contributing to various processes of
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error monitoring (Kerns et al., 2008). Studies have found reduced
DLPFC gray matter volume in patients with schizophrenia dominated
by comprehensive deficit in executive functions (Orellana and
Slachevsky, 2013). Furthermore, it has been shown that patients with
schizophrenia have altered neural activity in the DLPFC, ACC and the
mediodorsal nucleus of the thalamus, while at the same time showing
increased activity in other areas of the PFC, which might be due to
compensatory mechanisms (Orellana and Slachevsky, 2013). Finally,
neuroimaging has revealed abnormal connectivity in the three fronto-
cortical circuits that are involved in cognitive and behavioural control
(the DLPCF, orbitofrontal cortex (OFC), and ACC) in patients with
schizophrenia (Orellana and Slachevsky, 2013). The EF deficits seen in
patients with schizophrenia could be seen as part of the overall neu-
rodevelopmental hypothesis suggesting that interactions between en-
vironmental and genetic factors during critical stages of early brain
development underlies later development of schizophrenia (Fatemi and
Folsom, 2009).

The definition of the term executive functions (EF) lacks consensus.
In addition, several researchers agree that a common theoretical ground
for the construct is missing (Barkley, 2012; Jurado and Rosselli, 2007;
Savla et al., 2010). In spite of this lack of consent, the concept of EF is
often described as an umbrella term covering a diverse set of cognitive
capacities to guide, monitor, and control our actions and mental pro-
cesses to meet particular goals in a purposeful manner. Executive
functions (EF) may be defined as higher-order neurocognitive functions
consisting of abilities to plan and structure goal-directed activity and
problem-solving behaviour in a strategic, flexible manner or as merely
the ability to respond in an adaptive way to novel situations (Chan
et al., 2008; Diamond, 2013; Jacques and Marcovitch, 2010; Jurado
and Rosselli, 2007; Katz et al., 2007). These complex cognitive pro-
cesses are crucial for many aspects of daily functioning, and thus, ex-
ecutive dysfunction has a significant impact on academic, vocational,
emotional, social, and adaptive functioning (Bowie et al., 2006; Hunter
and Sparrow, 2012; Jacques and Marcovitch, 2010; Jurado and
Rosselli, 2007). This warrants for enhancement of domain-specific in-
terventions like cognitive remediation or rehabilitation targeted at EF
in order to improve the level of functioning in schizophrenia (Kluwe-
Schiavon et al., 2013).

A strong branch of the theoretical field views EF as an independent
domain covering a set of related cognitive control processes. Within this
branch, the ‘fractionation approach’ to EF deficits presumes that EF
consist of various subcomponents (e.g., cognitive flexibility, inhibition,
planning, and problem solving) that may be heterogeneously impaired
in the individual (Chan et al., 2006a,b; Raffard and Bayard, 2012). The
lack of agreement concerning theoretical positions and operationalisa-
tions of the construct has clearly affected the assessment area of EF that
is dominated by the psychometric approach. This approach uses a wide
variety of neuropsychological tasks claiming to measure different cog-
nitive processes associated with behaviour presumably demanding in-
tact executive functioning (Barkley, 2012). In the wake of this diver-
gence, critical issues arise concerning task impurity, task simplification,
and ecological validity among other methodological issues, which must
be considered in a research as well as a clinical context in order to
reinforce the field of neuropsychological assessment of EF in schizo-
phrenia (Barkley, 2012; Burgess et al., 1998; Hunter and Sparrow,
2012).

Many neuropsychological tests are only moderately correlated to
everyday functioning (Chaytor and Schmitter-Edgecombe, 2003). Pro-
blems with the ecological test validity is further challenged in patients
with schizophrenia, where psychotic symptoms (e.g. auditory halluci-
nations and formal thought disorder) and negative symptoms (e.g.
physical anergia and impersistence) may interfere with test perfor-
mance. Furthermore, the comprehensive cognitive deficits in these
patients may cause more basic cognitive deficits (such as attention) to
interfere with the results of more complex cognitive functions (such as
EF). Attempting to address the problems of inadequate ecological

validity and task simplification regarding EF assessment, a British re-
search group developed a test battery, ‘The Behavioural Assessment of
the Dysexecutive Syndrome (BADS)’ with the aim of measuring EF
impairment with tasks resembling everyday life activities requiring EF
(Evans et al., 1997; Norris and Tate, 2000; Wilson et al., 1997,1998).
According to this research group, an advantage of BADS is that it
consists of six subtests tapping several different aspects of EF
(Wilson et al., 1998) which is consistent with the fractionation ap-
proach to executive dysfunction (Raffard and Bayard, 2012). The BADS
was originally developed to detect executive dysfunction in patients
with traumatic brain-injuries and other neurological disorders
(Wilson et al., 1998). However, the initial studies compared brain-in-
jured samples to both patients with longer lasting SZ and healthy
controls. In both studies, the patient groups were significantly impaired
on most subtests of BADS relative to healthy controls, but the differ-
ences between patients with SZ and the patients with brain-injuries
were non-significant (Evans et al., 1997; Wilson et al., 1998). Only
Wilson et al. (1998) found a significant difference between patient
groups on a subtest of BADS, i.e., Zoo Map. Moreover, the only non-
significant difference between patients with longer lasting SZ and
controls was found on Temporal Judgment.

So far, no publication has attempted to complete a systematic
overview of findings from studies using subtests of BADS to assess ex-
ecutive dysfunction in schizophrenia. This meta-analysis was performed
in order to make a statistical summarization of studies that compare the
performance of patients with SZ and healthy controls using BADS. By
producing separate meta-analyses of each BADS subtest, we aim to shed
further light on whether SZ is better characterized by a general ex-
ecutive dysfunction or by deficits in specific EF components. The BADS
was chosen among other ecological EF tests since it is translated into
several languages and can be performed as part of traditional neu-
ropsychological testing.

2. Methods and materials

2.1. Executive test battery

‘The Behavioural Assessment of Dysexecutive Syndrome (BADS)’
consists of six subtests claimed to measure different EF components.
Rule Shift Cards (i.e., cognitive flexibility/set shifting, inhibition) re-
quires the subject to shift from one rule to another when viewing a deck
of playing cards. In Action Program (i.e., novel problem solving, plan-
ning), the subject must remove a cork from the bottom of a glass tube
by using a set of unfamiliar tools while keeping certain rules in mind. In
Key Search (i.e., planning, monitoring own performance), the subject
must draw a path inside a square resembling a field to show, how he
would search the field to find his lost keys. Temporal Judgment (i.e.,
estimation of time) consists of four questions of time estimation. In Zoo
Map (i.e., planning a route, inhibition), the subject is asked to plan and
draw a route through a zoo while keeping various rules in mind.
Finally, the Modified Six Elements Test (MSET) (i.e., planning, problem
solving, organization, inhibition) examines the subject's ability to
structure his performance of a set of tasks within ten minutes in ac-
cordance with certain rules. For each subtest, a summary profile score
can be obtained with a minimum of zero and a maximum of four. In
addition, these six profile scores can be added up to a total profile score
ranging from 0 to 24

2.2. Procedures

This meta-analysis was performed according to the Preferred
Reporting Items for a Systematic Review and Meta-analysis, the
PRISMA statement (Stewart et al., 2015). The PICO question of this
meta-analysis was: Population: The study must include an experimental
group of adult patients with schizophrenia in a stable phase of illness
(mean age > 18 but < 65 years old) diagnosed according to
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contemporary diagnostic criteria (DSM-III (APA) or later; International
Classification of Diseases, Ninth Revision (ICD-9) or later; Research
Diagnostic Criteria – RDC) (Spitzer et al., 1978). Intervention: The
study must include (but not necessarily report) all standardized subtest
and measures of BADS (Rule Shift Cards, Action Program, Key Search,
Temporal Judgment, Zoo Map, Modified Six Elements Test, and Total
Profile Score). Comparison: The study must include a matched healthy
comparison group. Outcome: The study must report results in terms of
means and standard deviations on the BADS' subtests for the experi-
mental group and the comparison group. Furthermore, the following
exclusion criteria were used: a) the paper did not include an experi-
mental study (e.g., an unsystematic review); b) the paper reported data
on an experimental group with more than 15% of the sample being
patients with other diagnoses than schizophrenia (e.g., schizoaffective

or schizophreniform disorder, affective psychosis, psychosis not-other-
wise-specified).

2.3. Data sources and search strategy

Using two electronic databases, PsycINFO and PubMed, a systematic
free text search was performed independently by MLT and AKA the 1st
of September 2017 in order to detect studies of relevance. For inclusion,
studies had to be a) peer reviewed, b) published after 1995, and c)
journal articles published in an English language journal. The following
combinations of keywords were utilized: schizophrenia AND BADS OR
Behavioural Assessment of Dysexecutive Syndrome.

Fig. 1. PRISMA flow chart illustrating the search strategy and the inclusion/exclusion criteria.
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2.4. Meta-analyses

Statistical meta-analyses were performed with Stata IC 14 software
for Windows (Palmer and Sterne, 2016). Effect sizes were calculated
based on means and standard deviations for each between-group
comparison on the six BADS subtests scores as well as on the BADS
Total Profile Score. Chi-squared tests (χ2) were used to test the het-
erogeneity of the resulting mean-weighted effect sizes. I2-tests were
used to measure percentage of variation across studies in standardized
mean difference (SMD) attributable to heterogeneity. A value of 0.25%
corresponds to low, 0.50% to moderate, and 0.75% to high hetero-
geneity. Due to the small number of studies implemented in the meta-
analyses, effect sizes were estimated using Hedges’ g 30. In Hedges’
methods, the differences in means are divided by an estimate of the
standard deviation. Moreover, a small sample bias correction factor is
incorporated in the calculations of Hedges’ g. Random-effects models as
well as Hedges’ g were used for the meta-analysis due to large hetero-
geneity. Tau2-tests were used in the meta-analysis with random-effects
models to find an estimate of between-study variances. Due to the small
number of studies available, it was not possible to check for publication
bias.

3. Results

3.1. Selection process and data extraction

Following a four-step procedure, the publications were evaluated
for inclusion. During the first step, the following combination of key-
words were utilized: PsycINFO: schizophrenia AND BADS OR
Behavioural Assessment of Dysexecutive Syndrome (124 articles). PubMed:
schizophrenia AND BADS OR Behavioural Assessment of Dysexecutive
Syndrome (74 articles). This search identified 198 publications in-
cluding duplicates. During the second step, 179 studies were screened
based on a title and abstract in order to eliminate studies that obviously
failed to meet the inclusion criteria. 31 studies were examined in detail
concerning eligibility. 12 studies were excluded due to lack of control
group, 6 studies did not use the BADS battery, one study used diagnoses
from a medical chart, one study did not provide means and SD's of the
BADS battery, one paper was not available online (see supplementary
material). Finally, 10 publications were included in this meta-analysis
(see details in Fig. 1 Flow chart).

3.2. BADS subtests and total score

Table 1 shows N, mean and SD of the included studies. Overall, data
from 375 patients with schizophrenia and 541 matched healthy con-
trols were included in the meta-analyses. Four studies only reported
total scores (Amann et al., 2012; Knolle-Veentjer et al., 2008;
Krabbendam et al., 1999; Peters et al., 2007). Authors were contacted
but we were not able to get further data. This meant that meta-analyses
of all the BADS subtest were done with N=254 patients with schizo-
phrenia and N=416 healthy controls (Evans et al., 1997; Katz et al.,
2007; Silva et al., 2014; Tyson et al., 2008; Vargas et al., 2009; Wilson
et al., 1998).

The standardized mean differences (SMD) between patients with SZ
and controls on the six BADS subtests as well as the BADS Total Profile
score are reported in Table 2. Forest plots of the subtests can be seen in
the Supplementary material (S1-S6). All reported differences between
SZ and HC were significant, and effect sizes were moderate to large
indicating that patients with SZ were significantly impaired in the EF
domains measured with BADS relative to healthy controls. The largest
overall effect size was found on BADS Total Profile score, SMD −1.70
95% CI(−2.17;−1.24), and the smallest effect sizes was found on
BADS Temporal Judgment, SMD=−0.76 95% CI(−1.18;−0.34) and
Key Search, SMD=−0.85 95% CI(−1.17;−0.55). The largest effect
sizes for individual subtests were found on Modified Six Elements, Ta

bl
e
1

C
ha

ra
ct
er
is
ti
cs

an
d
BA

D
S
te
st

sc
or
es

of
th
e
in
cl
ud

ed
st
ud

ie
s.

St
ud

y(
ye

ar
)

N
SC

H
/N

H
C

R
ul
e
sh
if
t
ca
rd
s
M
(S
D
)

A
ct
io
n
pr
og

ra
m

M
(S
D
)

K
ey

se
ar
ch

M
(S
D
)

Te
m
po

ra
l
ju
dg

em
en

t
M
(S
D
)

Zo
o
m
ap

M
(S
D
)

M
od

ifi
ed

si
x
el
em

en
ts

M
(S
D
)

To
ta
l
pr
ofi

le
sc
or
e
M
(S
D
)

A
m
an

n
et

al
.
(2
01

2)
45

/6
5

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

SC
H
:7

3.
78

(1
9.
81

)
H
C
:
96

.5
8(
13

.1
1)

Ev
an

s
et

al
.
(1
99

7)
31

/2
6

SC
H
:2

.9
4(
1.
29

)
SC

H
:2

.7
3(
1.
34

)
SC

H
:1

.8
3(
1.
23

)
SC

H
:1

.8
4(
1.
13

)
SC

H
:1

.0
0(
1.
41

)
SC

H
:2

.2
7(
1.
20

)
SC

H
:1

2.
79

(4
.5
8)

H
C
:3

.6
2(
1.
75

)
H
C
:3

.8
9(
0.
33

)
H
C
:3

.0
0(
1.
33

)
H
C
:2

.5
0(
0.
65

)
H
C
:1

.7
2(
1.
49

)
H
C
:3

.5
2(
0.
79

)
H
C
:1

8.
00

(2
.9
5)

K
at
z
et

al
.
(2
00

7)
31

/9
3

SC
H
:1

.4
2(
1.
23

)
SC

H
:1

.9
0(
1.
37

)
SC

H
:1

.2
6(
1.
13

)
SC

H
:1

.2
6(
0.
82

)
SC

H
:0

.5
2(
0.
81

)
SC

H
:1

.7
7(
0.
80

)
SC

H
:8

.1
3(
3.
91

)
H
C
:3

.4
7(
0.
91

9)
H
C
:3

.5
8(
0.
94

)
H
C
:2

.5
8(
1.
21

)
H
C
:1

.7
9(
0.
90

)
H
C
:2

.5
4(
1.
14

)
H
C
:3

.4
6(
0.
82

)
H
C
:1

7.
41

(3
.1
6)

K
no

ll
e-
V
ee

nt
je
r
et

al
.
(2
00

8)
29

/2
3

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

SC
H
:8

7.
83

(1
9.
13

)
H
C
:1

10
.6
0(
12

.1
9)

K
ra
bb

en
da

m
et

al
.
(1
99

9)
24

/1
7

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

SC
H
:1

6.
10

(3
.8
0)

H
C
:1

9.
10

(2
.2
0)

Pe
te
rs

et
al
.
(2
00

7)
23

/2
0

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

SC
H
:1

4.
04

(4
.0
1)

H
C
:2

0.
05

(2
.0
4)

Si
lv
a
et

al
.
(2
01

4)
65

/3
1

SC
H
:2

.1
8(
1.
17

)
SC

H
:2

.4
1(
1.
18

)
SC

H
:1

.1
5(
1.
08

)
SC

H
:1

.3
8(
0.
74

)
SC

H
:1

.2
6(
0.
86

)
SC

H
:2

.1
5(
0.
66

)
SC

H
:1

0.
65

(3
.0
7)

H
C
:3

.8
1(
0.
40

)
H
C
:3

.5
2(
0.
57

)
H
C
:2

.6
8(
1.
14

)
H
C
:2

.8
1(
0.
83

)
H
C
:3

.7
4(
0.
45

)
H
C
:3

.9
7(
0.
18

)
H
C
:2

0.
55

(1
.7
9)

Ty
so

n
et

al
.
(2
00

8)
36

/1
5

SC
H
:3

.2
0(
0.
80

)
SC

H
:3

.4
0(
1.
00

)
SC

H
:2

.3
0(
1.
20

)
SC

H
:1

.9
0(
0.
90

)
SC

H
:1

.6
0(
1.
10

)
SC

H
:3

.0
0(
1.
10

)
SC

H
:1

5.
40

(3
.4
0)

H
C
:3

.7
0(
0.
50

)
H
C
:3

.9
0(
0.
50

)
H
C
:2

.6
0(
1.
20

)
H
C
:2

.4
0(
1.
10

)
H
C
:1

.9
0(
1.
20

)
H
C
:3

.5
0(
0.
80

)
H
C
:1

8.
00

(2
.4
0)

V
ar
ga

s
et

al
.
(2
00

9)
60

/3
5

SC
H
:2

.5
0(
1.
37

)
SC

H
:2

.9
3(
1.
12

)
SC

H
:1

.5
7(
1.
39

)
SC

H
:1

.5
0(
0.
91

)
SC

H
:1

.4
8(
1.
16

)
SC

H
:2

.4
7(
1.
18

)
SC

H
:1

2.
43

(4
.3
0)

H
C
:3

.6
6(
0.
76

)
H
C
:3

.8
0(
0.
47

)
H
C
:2

.7
4(
1.
29

)
H
C
:2

.0
9(
1.
07

)
H
C
:2

.8
0(
1.
18

)
H
C
:3

.2
9(
0.
86

)
H
C
:1

8.
37

(2
.8
8)

W
il
so

n
et

al
.
(1
99

8)
31

/2
16

SC
H
:2

.9
4(
1.
29

)
SC

H
:2

.7
3(
1.
34

)
SC

H
:1

.8
8(
1.
23

)
SC

H
:1

.8
4(
1.
13

)
SC

H
:1

.0
0(
1.
41

)
SC

H
:2

.2
7(
1.
20

)
SC

H
:1

2.
79

(4
.5
8)

H
C
:3

.5
6(
0.
87

)
H
C
:3

.7
7(
0.
52

)
H
C
:2

.6
0(
1.
32

)
H
C
:2

.1
5(
0.
91

)
H
C
:2

.4
4(
1.
13

)
H
C
:3

.5
2(
0.
80

)
H
C
:1

8.
05

(3
.0
5)

M.L. Thai et al. Psychiatry Research 272 (2019) 230–236

233



SMD=−1.52 95% CI(−2.23;−0.82) and Zoo Map, SMD=−1.37
95% CI(−2.01;−0.64) (Fig. 2).

4. Discussion

The present meta-analysis was performed with the purpose of sta-
tistically summarizing the performance of patients with schizophrenia
compared to matched healthy control groups on subtests of a compre-
hensive test battery, ‘The Behavioural Assessment of the Dysexecutive
Syndrome’ (BADS) reflecting everyday executive functions. The results

provide evidence of significant differences between patients with SZ
and healthy controls in performance on all BADS subtests including
BADS Total Profile Score, which showed the largest effect size,
SMD=−1.70 95%CI (−2.17;−1.24). Four out of six individual
subtests revealed a large SMD value (Action Program, MSET, Zoo Map
and Rule Shift Cards) with SZ performed one standard deviation or
more below the controls indicating large EF impairments. These subt-
ests represent complex executive subdomains such as the ability to in-
hibit pre-learned behavior, organizing and planning, novel problem
solving and forward planning. Two subtests showed effect sizes below

Table 2
Tests and effect sizes (Hedges’ g) for the meta-analyses of BADS subtests. Due to large heterogeneity and few number studies (<10) a random-effects model was used
together with Hedges’ g.

BADS score NSCH /
NHC

SMD (95%CI) Heterogeneity Variation in SMD attributable to
heterogeneity

Estimate of between-study
variance

Test of SMD=0

Rule shift cards 254/416 −1.08(−1.57;−0.58) Χ2(5)= 32.23 I2=84.5% Tau2=0.32 Z=4.24
P<0.001 P<0.001

Action program 254/416 −1.16(−1.46;−0.87) Χ2(5)= 11.42 I2=56.2% Tau2=0.08 Z=7.72
P=0.04 P<0.001

Key search 254/416 −0.85(−1.17;−0.55) Χ2(5)= 12.46 I2=59.9% Tau2=0.08 Z=5.54
P=0.03 P<0.001

Temporal judgement 254/416 −0.76(−1.18;−0.34) Χ2(5)= 24.26 I2=79.4% Tau2=0.22 Z=3.52
P<0.001 P<0.001

Zoo map 254/416 −1.37(−2.01;−0.64) Χ2(5)= 63.38 I2=92.1% Tau2=0.75 Z=3.69
P<0.001 P<0.001

Modified six elements test 254/416 −1.52(−2.23;−0.82) Χ2(5)= 57.60 I2=91.3% Tau2=0.70 Z=4.26
P<0.001 P<0.001

Total profile score 375/541 −1.70(−2.17; −1.24) Χ2(9)= 64.15 I2=86.0% Tau2=0.47 Z=7.21
P<0.001 P<0.001

Fig. 2. Forest plot of BADS total profile score.
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one SMD with a moderate effect size (Temporal Judgment and Key
Search). These tests reflect more simple aspects of EF such as strategy-
forming and estimation of time. Thus, patients with SZ may experience
smaller impairments in less complicated aspects of EF. Overall, results
shows that the patients with SZ included in the meta-analysis suffered
from moderate to large impairments in the specific EF components
measured with BADS. As patients with SZ performed significantly worse
on all subtests of BADS compared to healthy controls, this clinical group
seems to present with a general impairment of EF. However, one cannot
neglect that in two subtests, this patient group only showed moderate
impairment. This indicates that not all components of EF may be
equally impaired in patients with SZ. Thus, the results support the
fractionation approach to EF deficits in schizophrenia (Chan et al.,
2006a,b,2008; Raffard and Bayard, 2012).

It is important to bear in mind that BADS in full may not be the
perfect instrument to assess executive dysfunction after all. Although
the six subtests of BADS cover a broad range of everyday EF compo-
nents, they do not assess all aspects of executive functioning. Some may
claim that measures of working memory aspects are missing while
measures of spatial planning abilities are overrepresented. Besides, as in
many other neuropsychological EF tasks there are a considerable
overlap between the EF components measured within the individual
subtests. Furthermore, the level of complexity afforded to solve some of
the problems in BADS efficiently may be too low compared to other EF
tasks. For instance, Rule Shift Cards is a set shifting task with only one
shift between two rules and thus, has a very low complexity level
compared to the traditionally used WCST (Wisconsin Card Sorting Test)
(Puente, 1985), which includes several shifts per trial. The limitations
of the assessment instrument in question have direct implications for
the interpretation of our results. Even though the meta-analysis shows
that patients with SZ experience dysfunction in several EF components
measured with BADS, this may not be generalizable to all potential
aspects of EF. It is also difficult to answer the question of which exact
EF components are affected in schizophrenia, as most BADS subtests
measure more than one aspect of EF, which makes interpretation of test
results ambiguous. However, the fact that even BADS tasks with low
levels of complexity still result in poor performance for patients with SZ
means that our findings of large EF impairments in schizophrenia are
relatively robust.

However, the meta-analysis has several limitations. First, the re-
lative small number of studies included may have a significant impact
on results. Second, we performed no meta-analytic regression analysis
controlling for moderator variables such as medication, symptom level,
duration of illness, age, gender, education, or general cognition. Third,
a few studies in the meta-analysis did not use the recommended scoring
system for BADS subtest profile scores ranging from 0–4. These differ-
ences in the scoring approach complicate the comparison of results.
Fourth, a majority of the studies examined a patient sample with longer
lasting schizophrenia. Thus, the results are not necessarily generalizable
to patients with first-episode schizophrenia. Still, a relative strength of
the meta-analysis is that we only included studies with patient samples
consisting of more than 75% patients with a diagnosis of schizophrenia
and excluded all other psychotic disorders in the schizophrenia spec-
trum, which resulted in a ‘pure’ schizophrenia sample.

Within the area of neurocognitive functioning in schizophrenia,
more studies are needed that focus specifically on executive dysfunc-
tion. These studies must include a number of relevant EF tasks covering
a broad range of EF components such as working memory, cognitive
flexibility, planning, and problem solving. Longitudinal studies are also
warranted that investigate the relationship between schizophrenia and
executive dysfunction over time. In order to find out whether executive
dysfunction is characteristic in different schizophrenia subgroups, fu-
ture studies should compare the performance of patients with first-
episode schizophrenia to patients with longer lasting schizophrenia on
BADS as well as other EF tasks while controlling for impairment in
other cognitive domains, symptom level, duration of illness etc. Finally,

an interesting line of research would be to study the relationship be-
tween functional outcome (e.g., vocational, social, and community
functioning) and executive dysfunction in various schizophrenia sub-
groups such as patients with first-episode schizophrenia and patients
with longer lasting schizophrenia.
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