Table S1. PRISMA Checklist
	Section and Topic
	Item #
	Checklist item
	Location where item is reported

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review.
	[bookmark: OLE_LINK169]Page 1

	ABSTRACT 
	

	Abstract 
	2
	See the PRISMA 2020 for Abstracts checklist.
	Page 3

	INTRODUCTION 
	

	Rationale 
	3
	[bookmark: OLE_LINK502]Describe the rationale for the review in the context of existing knowledge.
	Page 7-8

	Objectives 
	4
	[bookmark: OLE_LINK503]Provide an explicit statement of the objective(s) or question(s) the review addresses.
	Page 8

	METHODS 
	

	Eligibility criteria 
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	Page 9-10

	[bookmark: _Hlk111465276]Information sources 
	6
	Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.
	Page 9

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	Page 9

	Selection process
	8
	Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
	Page 10

	Data collection process 
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.
	Page 11

	Data items 
	10a
	[bookmark: OLE_LINK506]List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
	Page 10,11

	
	10b
	List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.
	--

	Study risk of bias assessment
	11
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
	Page 12

	Effect measures 
	12
	Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.
	Page 12

	[bookmark: OLE_LINK507][bookmark: _Hlk109136492]Synthesis methods
	13a
	[bookmark: OLE_LINK508]Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
	Page 12

	
	13b
	Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.
	Page 12

	[bookmark: _Hlk111465415]
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	--

	
	13d
	[bookmark: OLE_LINK511]Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
	--

	
	13e
	Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
	Page 13

	
	13f
	Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
	--

	Reporting bias assessment
	14
	Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
	Page 12

	Certainty assessment
	15
	Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
	--

	RESULTS 
	

	Study selection 
	16a
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	Page 13

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	Figure 1

	Study characteristics 
	17
	Cite each included study and present its characteristics.
	Table 1, Table S1

	Risk of bias in studies 
	18
	Present assessments of risk of bias for each included study.
	--

	Results of individual studies 
	19
	For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
	--

	Results of syntheses
	20a
	For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
	Page 14-16

	
	20b
	Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
	Table 2, Table S3, Table S4, Table S5

	
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	Page 17

	
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	--

	Reporting biases
	21
	Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
	Table 2, Table S3, Table S4, Table S5

	Certainty of evidence 
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	--

	DISCUSSION 
	

	Discussion 
	23a
	Provide a general interpretation of the results in the context of other evidence.
	Page 18-22

	
	23b
	Discuss any limitations of the evidence included in the review.
	Page 23-24

	
	23c
	Discuss any limitations of the review processes used.
	Page 23-24

	
	23d
	Discuss implications of the results for practice, policy, and future research.
	Page 23

	OTHER INFORMATION
	

	Registration and protocol
	24a
	Provide registration information for the review, including register name and registration number, or state that the review was not registered.
	--

	
	24b
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	--

	
	24c
	Describe and explain any amendments to information provided at registration or in the protocol.
	--

	Support
	25
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	Page 25

	Competing interests
	26
	Declare any competing interests of review authors.
	Page 25

	Availability of data, code and other materials
	27
	Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
	--



[bookmark: OLE_LINK196]Table S2. Supplementary information of included studies 
	Study
	Negative Symptoms 
	Duration
	Task
	Behaviour Data

	Choi, Lee, Ku, Yoon, & Kim, 2014
	PANSS (16.4)
	8.5
	Movie Viewing
	Affective rating

	Chung & Barch, 2016
	SANS (8.77)
	--
	Response conflict task
	Reaction times for pursuing reward

	da Silva Alves et al., 2013
	PANSS (14.42)
	1.5
	MID
	Reaction times for pursuing reward

	de Leeuw, Kahn, & Vink, 2015
	--
	--
	MID
	Reaction times for pursuing reward

	Grimm et al., 2014
	--
	--
	MID
	Reaction times for pursuing reward

	Juckel et al., 2006
	PANSS (23.1)
	1.9
	MID
	Reaction times for pursuing reward

	Kim, Shin, Kyeong, Lee, & Kim, 2018
	PANSS (28.15)
	--
	Real-life Reward Mimicking Task
	Acceptance rate

	Nielsen et al., 2012
	PANSS (20)
	--
	MID
	Reaction times for pursuing reward

	Richter et al., 2015
	PANSS (12.2)
	5.6
	Desire-reason-dilemma paradigm
	Performance rates

	Schlagenhauf et al., 2009
	PANSS (26.3)
	2.2
	MID
	Reaction times for pursuing reward

	Smieskova et al., 2015
	SANS (23.03)
	--
	Salience Attribution Task
	Reaction times for pursuing reward

	Yang et al., 2021
	--
	--
	Positive Prospection Task
	--

	Dowd & Barch, 2012
	SANS (2.95)
	--
	Pavlovian reward learning
	Reaction times for pursuing reward

	Yan et al., 2016
	--
	--
	MID
	Affective rating

	Walter, Kammerer, Frasch, Spitzer, & Abler, 2009
	PANSS (22.13)
	--
	MID
	Reaction times for pursuing reward

	Gradin et al., 2011
	PANSS (12.4)
	--
	Instrumental reward learning task
	--

	Catalucci et al., 2011
	PANSS (16.6)
	--
	Affective Picture Viewing
	--




Table S2. Continued 
	Study
	Negative Symptoms 
	Duration
	Task
	Behaviour Data

	Crespo-Facorro et al., 2001
	--
	--
	Emotion-Induction olfactory task
	Affective rating

	Hooker et al., 2014
	--
	--
	Affective Facial Expression Viewing
	Affective rating

	Makowski, Lepage, & Harvey, 2016
	SANS (19.7)
	11.7
	Social Approval Task
	Affective rating

	Paradiso et al., 2003
	--
	--
	Affective Picture Viewing
	Affective rating

	Ursu et al., 2011
	SANS (4.13)
	--
	Affective Picture Viewing
	Affective rating

	Walter et al., 2010
	--
	--
	MID Derivatives
	--

	Waltz et al., 2010
	SANS (30.2)
	--
	MID
	Reaction times for pursuing reward

	Avsar et al., 2013
	BPRS (4.93)
	17.36
	Delay discounting
	Choice percentage

	Huang et al., 2016
	PANSS (23.61)
	11.26
	EEfRT
	Choice percentage

	Prettyman et al., 2021
	SANS (2.15)
	--
	Effort Discounting Task
	Choice percentage

	Culbreth, Gold, Cools, & Barch, 2016
	SANS (2.15)
	--
	Probabilistic Reversal-Learning task
	Choice percentage

	Dowd, Frank, Collins, Gold, & Barch, 2016
	SANS (1.2)
	--
	Probabilistic Stimulus Selection Task
	Number of reversals; Learning rate

	Gradin et al., 2013
	SANS (7.92)
	--
	Pavlovian reward learning
	Learning rate

	Koch et al., 2010
	PANSS (13.29)
	--
	Probabilistic trial-error learning task
	Learning rate

	Morris et al., 2012
	PANSS (18.8)
	--
	Reward-related prediction-error task
	Learning rate

	Murray et al., 2008
	PANSS (13.9)
	--
	Instrumental reward learning task
	Correct percentage

	Reinen et al., 2016
	--
	14.2
	Probabilistic reward learning
	Learning rate

	Segarra et al., 2016
	PANSS (16.2)
	--
	Slot-machine game
	Correct percentage; Learning rate



Table S2. Continued
	Study
	Negative Symptoms 
	Duration
	Task
	Behaviour data

	Vanes, Mouchlianitis, Collier, Averbeck, & Shergill, 2018
	--
	15.5
	Reinforcement Learning Task
	--

	Waltz et al., 2018
	PANSS (19.5)
	--
	Reinforcement Learning Task
	Correct percentage


Note: SCZ = Schizophrenia Spectrum Group. PANSS = The Positive and Negative Syndrome Scale. SANS = The Scale for the Assessment of Negative Symptoms. BPRS = The Brief Psychiatric Rating Scale.
	

Table S3. Meta-analysis results of abnormal activation related to reward components in SCZ spectrum.
	MNI coordinates
	Voxels
	SDM-Z
	p
	FWE correction
	Egger’s bias
	Egger’s p
	Description

	Anticipation
	
	
	
	
	
	
	

	4,4,36
	443
	-4.153
	<0.001
	0.002
	-0.60
	0.76
	Right median cingulate/ paracingulate gyri

	-2,48,8
	163
	-3.29
	<0.001
	0.034
	-0.51
	0.80
	[bookmark: OLE_LINK195]Left anterior cingulate/ paracingulate gyri

	28,10,0
	31
	-3.226
	<0.001
	N.S.
	0.50
	0.80
	Right putamen

	-16,24,0
	23
	-3.791
	<0.001
	N.S.
	0.34
	0.87
	Left caudate

	Consumption
	
	
	
	
	
	
	

	-18,-48,-24
	57
	-3.211
	<0.001
	N.S.
	0.41
	0.90
	Left cerebellum lobule IV / V

	40,-16,14
	16
	-3.061
	<0.001
	N.S.
	-1.04
	0.74
	Right insula

	32,36,-10
	12
	-3.374
	<0.001
	N.S.
	0.59
	0.86
	Right inferior frontal gyri

	Reward learning
	
	
	
	
	
	
	

	[bookmark: _Hlk109378988]30,-4,-2
	1149
	-5.96
	<0.001
	<0.001
	0.74
	0.69
	Right putamen

	6,4,0
	442
	-5.324
	<0.001
	0.002
	-0.78
	0.69
	Right thalamus

	-22,-80,-32
	389
	-4.652
	<0.001
	0.02
	0.51
	0.80
	Left cerebellum Crus I

	-4,-28,40
	341
	-3.741
	<0.001
	N.S.
	-1.27
	0.51
	Left median cingulate/ paracingulate gyri

	56,-52,30
	165
	-3.843
	<0.001
	N.S.
	0
	1
	Right angular gyrus

	0,60,6
	108
	-3.488
	<0.001
	N.S.
	0.15
	0.94
	Left superior frontal gyrus

	14,-92,2
	83
	-4.02
	<0.001
	N.S.
	0.66
	0.75
	[bookmark: OLE_LINK381]Right calcarine fissure

	-36,-56,48
	52
	-3.617
	<0.001
	N.S.
	0.11
	0.96
	Left inferior parietal gyri

	-12,-18,6
	25
	-3.416
	<0.001
	N.S.
	-1.20
	0.51
	Left thalamus

	40,-50,40
	12
	-3.182
	<0.001
	N.S.
	0.83
	0.68
	Right inferior parietal gyri


[bookmark: OLE_LINK595]Note: SDM = Seed-based D Mapping; MNI = Montreal Neurological Institute; FWE = Family-Wise Error 

Table S4. Convergent findings for reward anticipation and reward learning
	MNI coordinates
	Voxels
	SDM-Z
	p
	FWE correction
	Description

	6, -40, 30
	42
	-3.26
	<0.001
	N.S.
	[bookmark: OLE_LINK366]Right median cingulum

	28, 10, 0
	31
	-3.23
	<0.001
	N.S.
	Right putamen


Note: SDM = Seed-based D Mapping; MNI = Montreal Neurological Institute; FWE = Family-Wise Error


[bookmark: OLE_LINK98][bookmark: OLE_LINK594]Table S5. Results of merging analysis for reward components in SCZ patients.
	MNI coordinates
	Voxels
	SDM-Z
	p
	FWE correction
	Egger’s bias
	Egger’s p
	Description

	30,-4,-8
	2319
	-6.56
	<0.001
	<0.001
	0.50
	0.69
	Right ventral & dorsal striatum

	0,60,6
	423
	-5.18
	<0.001
	<0.001
	-0.43
	0.77
	Left superior frontal gyrus (medial part)

	0,8,28
	217
	-4.43
	<0.001
	0.009
	-0.17
	0.90
	Left anterior cingulate gyrus

	56,-52,30
	162
	-3.81
	<0.001
	0.03
	0.25
	0.87
	Right angular gyrus

	10,-30,36
	150
	-3.85
	<0.001
	0.04
	0.65
	0.66
	Right median network, cingulum

	0,26,54
	110
	-4.10
	<0.001
	N.S.
	-0.02
	0.99
	Left superior frontal gyrus

	-42,-56,46
	71
	-4.39
	<0.001
	N.S.
	-0.53
	0.70
	Left inferior parietal gyri

	-22,6,-8
	69
	-3.82
	<0.001
	N.S.
	-1.23
	0.34
	Left putamen

	-10,-22,10
	24
	-3.41
	<0.001
	N.S.
	-0.60
	0.68
	Left thalamus

	38,-50,44
	16
	-3.41
	<0.001
	N.S.
	0.24
	0.86
	Right inferior parietal gyri

	-52,-36,44
	15
	-3.45
	<0.001
	N.S.
	-1.08
	0.43
	Left inferior parietal gyri


Note: SDM = Seed-based D Mapping; MNI = Montreal Neurological Institute; FWE = Family-Wise Error 


Table S6. Meta-analysis results of abnormal activation related to reward components in SCZ patients.
	MNI coordinates
	Voxels
	SDM-Z
	p
	FWE correction
	Egger’s bias
	Egger’s p
	Description

	Anticipation
	
	
	
	
	
	
	

	30,6,-6
	166
	-3.87
	<0.001
	0.024
	0.92
	0.74
	Right putamen

	2,4,34
	115
	-3.72
	<0.001
	0.005
	-0.35
	0.90
	Right median cingulate/ paracingulate gyri

	-4,50,4
	63
	-3.21
	<0.001
	0.035
	-0.85
	0.75
	Left anterior cingulate/ paracingulate gyri

	-4,-40,40
	15
	-3.13
	<0.001
	N.S.
	0.48
	0.88
	Left median cingulate/ paracingulate gyri

	6,-40,30
	12
	-3.35
	<0.001
	N.S.
	0.46
	0.87
	Right median network, cingulum

	Consumption
	
	
	
	
	
	
	

	N.A.
	
	
	
	
	
	
	

	Reward learning
	
	
	
	
	
	
	

	30,-4,-2
	1149
	-5.96
	<0.001
	<0.001
	0.74
	0.69
	Right putamen

	6,4,0
	442
	-5.324
	<0.001
	0.002
	-0.78
	0.69
	Right thalamus

	-22,-80,-32
	389
	-4.652
	<0.001
	0.02
	0.51
	0.80
	Left cerebellum Crus I

	-4,-28,40
	341
	-3.741
	<0.001
	N.S.
	-1.27
	0.51
	Left median cingulate/ paracingulate gyri

	56,-52,30
	165
	-3.843
	<0.001
	N.S.
	0
	1
	Right angular gyrus

	0,60,6
	108
	-3.488
	<0.001
	N.S.
	0.15
	0.94
	Left superior frontal gyrus

	14,-92,2
	83
	-4.02
	<0.001
	N.S.
	0.66
	0.75
	Right calcarine fissure

	-36,-56,48
	52
	-3.617
	<0.001
	N.S.
	0.11
	0.96
	Left inferior parietal gyri

	-12,-18,6
	25
	-3.416
	<0.001
	N.S.
	-1.20
	0.51
	Left thalamus

	40,-50,40
	12
	-3.182
	<0.001
	N.S.
	0.83
	0.68
	Right inferior parietal gyri


Note: SDM = Seed-based D Mapping; MNI = Montreal Neurological Institute; FWE = Family-Wise Error



[image: ]
Figure S1. Convergent areas with abnormal activation between reward anticipation and reward learning.
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