Appendix
Table 4. Details of data transformations and statistical models used for each stage of the analysis. 
	Data
	Statistical model used
	Data transformed 
	Reason 

	H1) Comparison of cognitive performance of pooled SZ group, FDRs and matched controls 

	WASI-II VCI
	Welch’s ANOVA and Games-Howell post-hoc tests
	N/A
	Variances not homogeneous 

	WASI-II PRI
	Welch’s ANOVA and Games-Howell post-hoc tests
	N/A
	Variances not homogeneous 

	TROG-2 score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference 
	Reflect and log transform
	Negatively skewed, outliers

	BNT score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Winsorization of outlier(s)
	Outlier

	Brixton score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Winsorization of outlier(s)
	Negatively skewed, outliers

	PPT score
	Kruskal-Wallis H test and Dunn’s pairwise comparisons
	N/A
	Negatively skewed, outliers (transformation did not correct violations of assumptions)

	H1) Comparison of cognitive performance of pooled SZ group, FDRs and matched controls, controlling for years of education and pmIQ 

	WASI-II VCI
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Comparison ANCOVA with outlier removed – result the same
	Outlier

	WASI-II PRI
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Square transform 
	Heteroscedastic

	TROG-2 score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and log transform
	Negatively skewed, outliers, heteroscedastic

	BNT score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and log transform
	Outliers, heteroscedastic

	Brixton score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Negatively skewed

	PPT score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Negatively skewed, outliers, heteroscedastic

	H2) Comparison of cognitive performance of SZ+FTD, SZ-FTD and matched controls 

	WASI-II VCI
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	N/A
	N/A

	WASI-II PRI
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Winsorization of outlier(s)
	Outlier

	TROG-2 score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Negatively skewed, outliers, variances not homogeneous

	BNT score
	Welch’s ANOVA and Games-Howell post-hoc tests
	N/A
	Variances not homogeneous

	Brixton score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Negatively skewed, outliers, variances not homogeneous

	PPT score
	Kruskal-Wallis H test and Dunn’s pairwise comparisons
	N/A
	Negatively skewed, outliers, variances not homogeneous (transformation did not correct violations of assumptions)

	H2) Comparison of cognitive performance of SZ+FTD, SZ-FTD and matched controls, controlling for years of education and pmIQ

	WASI-II VCI
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	N/A
	N/A

	WASI-II PRI
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	N/A
	N/A

	TROG-2 score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Negatively skewed, outliers, heteroscedastic

	BNT score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Negatively skewed, heteroscedastic

	Brixton score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transformation
	Negatively skewed, heteroscedastic

	PPT score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and inverse transform
	Negatively skewed, heteroscedastic, outliers

	H2) Correlation of Conceptual Disorganisation (CD) score and cognitive performance in SZ

	WASI-II VCI
	Spearman’s rank-order correlation (one-tailed)
	N/A
	Data skewed

	WASI-II PRI
	Spearman’s rank-order correlation (one-tailed)
	N/A
	Data skewed

	TROG-2 score
	Spearman’s rank-order correlation (one-tailed)
	N/A
	Data skewed

	BNT score
	Spearman’s rank-order correlation (one-tailed)
	N/A
	Data skewed

	Brixton score
	Spearman’s rank-order correlation (one-tailed)
	N/A
	Data skewed

	PPT score
	Spearman’s rank-order correlation (one-tailed)
	N/A
	Data skewed

	H3) Comparison of cognitive performance of aphasia patients and matched controls 

	WASI-II Matrix Reasoning
	Independent t-test (equal variances not assumed)
	N/A
	Variances not homogeneous

	TROG-2 score
	Independent t-test (equal variances not assumed)
	Reflect and square-root transform
	Data skewed, outliers, variances not homogeneous

	BNT score
	Independent t-test (equal variances not assumed)
	Reflect and square-root transform
	Data skewed, outliers, variances not homogeneous

	Brixton score
	Independent t-test 
	Winsorization of outlier(s)
	Outlier

	PPT score
	Independent t-test 
	Reflect and log transform
	Data skewed, outliers, variances not homogeneous

	H3) Comparison of cognitive z-scores of aphasia patients, SZ+FTD and SZ-FTD 

	WASI-II Matrix Reasoning
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	N/A
	N/A

	TROG-2 score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Winsorization of outlier(s)
	Outliers

	BNT score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and log transform
	Negatively skewed, variances not homogeneous

	Brixton score
	ANOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Variances not homogeneous

	PPT score
	Welch’s ANOVA and Games-Howell post-hoc tests
	Winsorization of outlier(s)
	Negatively skewed, outliers variances not homogeneous

	H3) Comparison of cognitive z-scores of aphasia patients, SZ+FTD and SZ-FTD, controlling for years of education

	WASI-II Matrix Reasoning
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	N/A
	N/A

	TROG-2 score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and log transform
	Negatively skewed, heteroscedastic

	BNT score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and log transform
	Negatively skewed, heteroscedastic

	Brixton score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Variances not homogeneous

	PPT score
	ANCOVA and pairwise comparisons with Fisher’s Least Significant Difference
	Reflect and square-root transform
	Negatively skewed, heteroscedastic, outliers

	H4) Correlation of (composite) verbal and non-verbal performance of aphasia patients, SZ+FTD and SZ-FTD

	Verbal performance
	Pearson’s correlation
	N/A
	N/A

	Non-verbal performance
	Pearson’s correlation
	N/A
	N/A


ANOVA = analysis of variance, ANCOVA = analysis of covariance SZ = all participants with schizophrenia (pooled), FDR = first-degree relatives, SZ+FTD = schizophrenia with formal thought disorder, SZ-FTD = schizophrenia without formal thought disorder, WASI-II = Wechsler Abbreviated Scale of Intelligence - Second Edition, VCI = Verbal Comprehension Index, PRI = Perceptual Reasoning Index, TROG-2 = Test for Reception of Grammar, BNT = Boston Naming Test, PPT = Pyramids and Palm Trees. 



Table 5. Results of ANCOVA and multiple comparisons to test differences between SZ, FDR and HC groups on each cognitive test, controlling for NART Full IQ and years of formal education. 
	Cognitive Test
 
	ANCOVA
	Multiple Comparisons (p)

	
	 
	F
	DF
	p
	ηp2
	SZ < FDR 
	SZ < HC 
	FDR < HC 

	WASI-II VCI
	Model
	13.15
	4,55
	<.001*
	.49
	.113
	.001*
	.086

	
	Group
	5.76
	2,55
	.005*
	.17
	
	
	

	
	Education
	3.89
	1,55
	.054†
	.07
	
	
	

	
	NART
	4.36
	1,55
	.041*
	.07
	
	
	

	WASI-II PRI
	Model
	13.24
	4,55
	<.001*
	.49
	<.001*
	.019*
	.253

	
	Group
	8.30
	2,55
	<.001*
	.23
	
	
	

	
	Education
	2.51
	1,55
	.119
	.04
	
	
	

	
	NART
	4.67
	1,55
	.035*
	.08
	
	
	

	TROG-2 Total 
Score
	Model
	4.88
	4,54
	.002*
	.27
	.235
	.065†
	.462

	
	Group
	1.90
	2,54
	.160
	.07
	
	
	

	
	Education
	<.001
	1,54
	.969
	<.001
	
	
	

	
	NART
	4.68
	1,54
	.035*
	.08
	
	
	

	BNT Overall 
Score
	Model
	14.27
	4,55
	<.001*
	.51
	.491
	.847
	.679

	
	Group
	0.24
	2,55
	.785
	.01
	
	
	

	
	Education
	1.34
	1,55
	.252
	.02
	
	
	

	
	NART
	21.18
	1,55
	<.001*
	.28
	
	
	

	Brixton Total
 Correct
	Model
	5.27
	4,42
	.002*
	.33
	.046*
	.001*
	.213

	
	Group
	6.17
	2,42
	.004*
	.23
	
	
	

	
	Education
	4.44
	1,42
	.041*
	.10
	
	
	

	
	NART
	1.10
	1,42
	.300
	.03
	
	
	

	PPT Total 
Score
	Model
	3.54
	4,43
	.014*
	.25
	.142
	.052†
	.676

	
	Group
	2.30
	2,43
	.112
	.10
	
	
	

	
	Education
	2.00
	1,43
	.164
	.04
	
	
	

	
	NART
	0.15
	1,43
	.703
	<.001
	
	
	


*significant at the .05 level. †trending towards significance. ANCOVA = analysis of covariance, DF = degrees of freedom, NART = National Adult Reading Test, SZ = all participants with schizophrenia, FDR = first-degree relatives, HC = healthy controls, WASI-II = Wechsler Abbreviated Scale of Intelligence - Second Edition, VCI = Verbal Comprehension Index, PRI = Perceptual Reasoning Index, TROG-2 = Test for Reception of Grammar, BNT = Boston Naming Test, PPT = Pyramids and Palm Trees. 

Table 6. Results of ANCOVA and multiple comparisons to test differences between SZ+FTD, SZ-FTD and HC groups on each cognitive test, controlling for NART Full IQ and years of formal education. 
	Cognitive Test
	ANCOVA
	Multiple Comparisons (p)

	
	
	F
	DF
	p
	ηp2
	SZ+FTD < 
SZ-FTD
	SZ+FTD < 
HC
	SZ-FTD < 
HC

	WASI-II VCI
	Model
	11.98
	4,39
	<.001*
	.55
	.047*
	<.001*
	.059†

	
	Group
	7.43
	2,39
	.002*
	.28
	
	
	

	
	Education
	5.14
	1,39
	.029*
	.12
	
	
	

	
	NART
	1.57
	1,39
	.217
	.04
	
	
	

	WASI-II PRI
	Model
	8.42
	4,39
	<.001*
	.46
	.123
	.012*
	.253

	
	Group
	3.51
	2,39
	.040*
	.15
	
	
	

	
	Education
	2.53
	1,39
	.120
	.06
	
	
	

	
	NART
	3.09
	1,39
	.087
	.15
	
	
	

	TROG-2 Total Score
	Model
	4.66
	4,38
	.004*
	.33
	.052†
	.017*
	.494

	
	Group
	3.46
	2,38
	.042*
	.15
	
	
	

	
	Education
	0.02
	1,38
	.879
	.001
	
	
	

	
	NART
	2.17
	1,38
	.149
	.05
	
	
	

	BNT Overall Score
	Model
	8.76
	4,39
	<.001*
	.47
	.585
	.903
	.528

	
	Group
	0.12
	2,39
	.889
	.01
	
	
	

	
	Education
	0.34
	1,39
	.556
	.01
	
	
	

	
	NART
	13.49
	1,39
	.001*
	.26
	
	
	

	Brixton Total Correct
	Model
	6.61
	4,31
	.001*
	.46
	.017*
	<.001*
	.017*

	
	Group
	10.21
	2,31
	<.001*
	.40
	
	
	

	
	Education
	3.15
	1,31
	.086
	.09
	
	
	

	
	NART
	1.09
	1,31
	.304
	.03
	
	
	

	PPT Total Score
	Model
	4.63
	4,32
	.005*
	.37
	.093
	.807
	.178

	
	Group
	1.64
	2,32
	.209
	.09
	
	
	

	
	Education
	3.70
	1,32
	.063†
	.10
	
	
	

	
	NART
	1.18
	1,32
	.286
	.04
	
	
	


*significant at the .05 level. †trending towards significance. ANCOVA = analysis of covariance, DF = degrees of freedom, NART = National Adult Reading Test, SZ+FTD = schizophrenia with formal thought disorder, SZ-FTD = schizophrenia without formal thought disorder, HC = healthy controls, WASI-II = Wechsler Abbreviated Scale of Intelligence - Second Edition, VCI = Verbal Comprehension Index, PRI = Perceptual Reasoning Index, TROG-2 = Test for Reception of Grammar, BNT = Boston Naming Test, PPT = Pyramids and Palm Trees.
[bookmark: _GoBack]Table 7. Results of one-tailed Spearman’s correlations of Conceptual Disorganisation score and neuropsychological scores in the first degree relatives of patients with schizophrenia. 
	Cognitive Test
	Spearman’s correlation

	WASI-II VCI
	ρ(14) = -.190, p = .241

	WASI-II PRI
	ρ(14) = .222, p = .204

	TROG-2 Total Score
	ρ(14) = -.030, p = .455

	BNT Overall Score
	ρ(14) = -.165, p = .271

	Brixton Total Correct
	ρ(9) = -.225, p = .253

	PPT Total Score
	ρ(9) = -.190, p = .288


WASI-II = Wechsler Abbreviated Scale of Intelligence - Second Edition, VCI = Verbal Comprehension Index, PRI = Perceptual Reasoning Index, TROG-2 = Test for Reception of Grammar, BNT = Boston Naming Test, PPT = Pyramids and Palm Trees. 



Table 8. Results of ANCOVA to test group differences in cognitive z-scores between participants with aphasia, SZ+FTD and SZ-FTD, controlling for years of formal education. 
	Cognitive Test
	ANCOVA
	Multiple Comparisons (p)

	
	
	F
	DF
	p
	ηp2
	Aphasia vs SZ+FTD
	Aphasia vs SZ-FTD
	SZ+FTD vs SZ-FTD

	Matrix Reasoning z-score
	Model
	4.85
	3,45
	.005*
	.24
	.037*
	.743
	.026*

	
	Group
	3.23
	2,45
	.049*
	.13
	
	
	

	
	Education
	10.84
	1,45
	.002*
	.13
	
	
	

	TROG-2 z-score
	Model
	10.72
	3,45
	<.001*
	.42
	.004*
	<.001*
	.034*

	
	Group
	15.69
	2,45
	<.001*
	.41
	
	
	

	
	Education
	1.88
	1,45
	.178
	.04
	
	
	

	BNT z-score
	Model
	8.25
	3,46
	.001*
	.35
	.001*
	<.001*
	.718

	
	Group
	10.62
	2,46
	<.001*
	.32
	
	
	

	
	Education
	3.63
	1,46
	.063†
	.07
	
	
	

	Brixton z-score
	Model
	4.95
	3,40
	.005*
	.27
	<.001*
	.179
	.027*

	
	Group
	7.34
	2,40
	.002*
	.27
	
	
	

	
	Education
	0.49
	1,40
	.488
	.01
	
	
	

	PPT z-score
	Model
	4.29
	3,41
	.010*
	.24
	.003*
	.519
	.029*

	
	Group
	5.11
	2,41
	.010*
	.20
	
	
	

	
	Education
	3.85
	1,41
	.056†
	.09
	
	
	


*significant at the .05 level. ANCOVA = analysis of covariance, DF = degrees of freedom, SZ+FTD = schizophrenia with formal thought disorder, SZ-FTD = schizophrenia without formal thought disorder, TROG-2 = Test for Reception of Grammar, BNT = Boston Naming Test, PPT = Pyramids and Palm Trees. 

