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S1 Handling of Multiple Data Sets and Specification of Covariances 

Multiple effect size estimates were extracted from some studies as these reported estimates from more 

than one data set. Table S1-1 summarizes how many studies provided just one and how many studies 

provided multiple estimates. 

 

Table S1-1. Frequency of Estimates per Study. 

  
 # Data sets/Estimates 

      
 1 2 3 4 8 

      
# Studies 17 4 3 6 1 

 

The majority of studies (i.e., 17) provided only one estimate, but multiple estimates could be extracted 

from 14 studies. In one of these studies, results were given separately for men and women (Ayesa-

Arriola et al., 2014), whereas in another study, results were given separately for three different 

genotypes (Tsuchimine, Yasui-Furukori, Kaneda, & Kaneko, 2013). Since there is no overlap in the 

data used to compute the effect size estimates within these studies, sampling errors can be assumed to 

be independent. 

On the other hand, in four studies, multiple patient groups were compared against a common 

control group of healthy controls: Three studies with 2 patient groups (Braw et al., 2008; Greenwood, 

Wykes, Sigmundsson, Landau, & Morris, 2011; Tenjin et al., 2012) and one study with 4 patient 

groups (Braw, Benozio, & Levkovitz, 2012). Due to the repeated use of the control group data for the 

computation of the standardized mean differences, the estimates (or more accurately, the sampling 

errors of the estimates) are correlated. Using equations (19.18) and (19.19) from Gleser and Olkin 

(2009), the sampling variances and covariances of the standardized mean differences were computed 

for these studies. 

In another eight studies, estimates for different tower tasks and/or different levels of task 

difficulty (i.e., minimum number of moves required for optimal solution) were reported for the same 

group of patients and the same group of controls: Two studies reported results separately for three 

different task difficulty levels (Morris, Rushe, Woodruffe, & M, 1995; Zhu et al., 2010), five studies 
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reported results separately for four different difficult levels (Joyce, 2002; Kontis et al., 2013; Langdon, 

Coltheart, Ward, & Catts, 2001; Langdon, 2002; Pantelis et al., 1997), and one study used two 

different tasks with four different difficulty levels each (Elliott, McKenna, Robbins, & Sahakian, 

1998). Since the effect size estimates arising from these studies are based on the same group of study 

participants, the standardized mean differences (sampling errors) are again correlated. The sampling 

variances and covariances of the standardized mean differences were computed for these studies using 

equations (19.26) and (19.27) from Gleser and Olkin (2009). 

In the computation of the covariances, we assumed that the correlation of the ability scores 

measured within studies examining the same type of task but with different number of moves is equal 

to 0.4 (cf. Table 2 in Kaller, Unterrainer, & Stahl, 2012). Furthermore, for different task types (i.e., 

variants of the Tower of London and Tower of Hanoi task) but with the same minimum number of 

moves, we assumed a correlation of 0.7. Finally, when the task type and minimum number of moves 

differed, we assumed a correlation of 0.4 × 0.7 = 0.28. 

 

 

S2 Model Specification 

For the analysis, we used a multilevel meta-analytic model (Konstantopoulos, 2011) of the form 

 

yij = µ + ui + wij + εij , 

 

where yij denotes the jth estimate from the ith study, µ is the (average) true standardized mean 

difference, ui ∼ N(0, �̂�1
2) is a random effect at the study level, wij ∼ N(0, �̂�2

2) is a random effect at the 

effect size level, and εij ∼ N(0, vij) is the sampling error with (approximately) known sampling 

variance vij. For studies with multiple patient groups (and a common control group) and studies with 

multiple estimates for different tasks and/or levels of task difficulty, sampling errors are correlated 

with (approximately) known covariance cov(εij,εij’), which was computed/estimated as described 

above. 
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The study-level random effects allow the true effects arising from the same study to be 

correlated. In particular, the model implies an intra-study correlation of 

 

𝜌 =  
𝜎1

2

𝜎1
2 + 𝜎2

2 

 

for multiple true effects corresponding to the same study. 

 

 

S3 Identifiability of Variance Components 

Profile likelihood plots for 𝜎1
2 and 𝜎2

2 were examined to ensure identifiability of the variance 

components and to obtain profile likelihood confidence intervals for these parameters (van 

Houwelingen, Arends, & Stijnen, 2002). 

 

 
Figure S1. Profile of the restricted log-likelihood for each variance component. 

 

As is evident from Figure S1, both profile plots are clearly peaked at the respective parameter 

estimates. The 95% profile likelihood CI for 𝜎1
2 has bounds of (0, 0.114). For 𝜎2

2, the profile likelihood 

CI has bounds of (0.018, 0.112). 
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S4 Moderator Analyses Using Meta-Regression 

 

Table S4-1. Moderating Effects of Task Difficulty. 

       
   Inferential Statistics 

       
Model k (n) Regressor b SE z p 

       
Task Difficulty 

(Between + Within Studies) 

57 (25) Intercept 0.184 0.164 1.121 0.262 

 Task 

Difficulty 

0.124 0.038 3.284 0.001 

Task Difficulty 

(Within Studies Only) 

34 (8) Intercept 0.066 0.150 0.436 0.663 

 Task 

Difficulty 

0.137 0.039 3.514 <.001 

Abbr.: k, number of effect size estimates/data sets available; n, number of studies. 

 

 

Table S4-2. Summary Statistics of Between-Group Differences in Demographic 

Variables (Differences). 

        
  

        
Variables  Min 1

st
 Qu. Median Mean 3

rd
 Qu. Max 

        
Age  -0.5761 -0.2564 -0.0514 -0.0051 0.1813 0.8406 

Sex  -0.3519 -0.1165 -0.0161 -0.0453 0.0000 0.2826 

IQ  0.1020 0.3716 0.4833 0.5550 0.7152 1.2560 

Education
a
  -0.1567 0.1921 0.4531 0.5640 0.7616 2.2300 

Abbr.: Min, minimum; Qu., quartile; Max, maximum; 

Note. For each variable, the patient group was subtracted from the control group. 

a years of education 
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Table S4-3. Moderating Effects of Sample Mismatch in Demographic Variables (Differences). 

       
   Inferential Statistics 

       
Model k (n) Regressor b SE z p 

       
Age 58 (27) Intercept 0.638 0.057 11.198 <0.001 

 Age Mismatch -0.045 0.180 -0.251 0.802 

Sex 51 (24) Intercept 0.662 0.069 9.596 <0.001 

 Sex Mismatch 0.484 0.474 1.019 0.308 

IQ 32 (14) Intercept 0.707 0.164 4.323 <0.001 

  IQ Mismatch -0.074 0.289 -0.254 0.799 

Education
a
 38 (20) Intercept 0.540 0.099 5.453 <0.001 

  Educ.Mismatch 0.117 0.134 0.873 0.383 

Abbr.: k, number of effect size estimates/data sets available; n, number of studies. 

Note. For each variable, the patient group was subtracted from the control group. 

a years of education 

 

Table S4-4. Moderating Effects of Demographic Variables (Means). 

       
   Inferential Statistics 

       
Model k (n) Regressor b SE z p 

       
Age 59 (28) Intercept 0.836 0.291 2.872 0.004 

 Age -0.006 0.009 -0.636 0.525 

Sex 51 (24) Intercept 0.633 0.122 5.172 <0.001 

 Sex 0.009 0.312 0.028 0.977 

IQ 31 (13) Intercept 0.223 1.936 0.115 0.908 

  IQ 0.005 0.019 0.257 0.797 

Education
a
 38 (20) Intercept 1.048 0.716 1.463 0.143 

  Education -0.033 0.057 -0.584 0.559 

Abbr.: k, number of effect size estimates/data sets available; n, number of studies. 

a years of education 
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Table S4-5. Moderating Effects of Clinical Variables. 

       
   Inferential Statistics 

       
Model k (n) Regressor b SE z p 

       
Age at Disease Onset 39 (16) Intercept 0.811 0.582 1.393 0.164 

 Age at Disease 

Onset 

-0.008 0.024 -0.321 0.748 

Disease Duration 50 (22) Intercept 0.614 0.117 5.251 <0.001 

 Disease 

Duration 

0.002 0.009 0.213 0.831 

PANSS Negative 21 (11) Intercept 0.271 0.347 0.781 0.435 

  PANSS Neg. 0.020 0.017 1.188 0.235 

PANSS Positive 21 (11) Intercept 0.539 0.393 1.370 0.171 

  PANSS Pos. 0.008 0.022 0.343 0.732 

PANSS General 21 (11) Intercept 0.198 0.378 0.525 0.600 

  PANSS General 0.012 0.010 1.278 0.201 

PANSS Total 21 (11) Intercept 0.209 0.420 0.498 0.619 

  PANSS Total 0.006 0.005 1.123 0.262 

Medication 

(equivalent daily dose 

of chlorpromazine per 

100 mg) 

38 (16) Intercept 0.834 0.156 5.347 <0.001 

 Medication -0.025 0.024 -1.058 0.290 

Abbr.: k, number of effect size estimates/data sets available; n, number of studies. 
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