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Table S1. Methodological design of fMRI experiments included in the meta-analysis. 

ID: reference artile; N: number of subjects. 

 

ID First author Year N Type of task Type of contrast 

1 Allen 2016 30 roving somatosensory oddball + counting deviant > standard 

2 Andics 2013 18 volume change detection  i) alternation > repetition; ii) repetition > alternartion 

3 Barascud 2015 16 listening + response to transitions regular > random 

4 Bartels 2007 8 passive observation residual > motion-induced changes 

5 Blank 2013 19 visual speech recognition mismatch > match  

6 Blank 2018 24 forced choice task mismatch “different” percept > match “same” percept 

7 Cacciaglia 2019 15 passive listenning + distracting movie i) deviant > standard stimuli; ii) standard > deviant stimuli 

8 Clos 2014 29 delayed matching to sample Conjunction effects of i) match or ii) mismatch with prior information  

9 Coste 2011 15 Stroop task incongruent > baseline 

10 Cross 2013 22 motion preditcion prediction > perception 

11 Davis 2018 25 passive observation + button press 
i) no regularity > regular location/cathegory/both;  

ii) repetition effects in both category and location conditions 

12 de Gardelle 2013 16 passive viewing + go/no go i) alternated > repeated; ii) high repetition probability > low repetition probability 

13 den Ouden 2009 16 target detection 
four-way interaction reflecting sensitivity to surprising events (fit to a 

Rescorla-Wagner model) 

14 den Ouden 2011 20 associative learning + gender discrimination  incongruent > congruent (modality aspecific) 

15 Diekhof 2011 9 classification misleading > correct expectations (imagery group) 

16 Doricchi 2010 24 posner task invalid > valid (when position is different from expectations) 

17 Egner 2005 22 classification incongruent-incongruent > congruent-incongruent 

18 Eickhoff 2011 20 two-choice reaction time correlation with response bias after probability change or stability 

19 Esterman 2009 9 classification expectation (preparatory activity before a stimulus arrive)  

20 Fletcher 2001 11 passive viewing + go/no go i) effect of initial learning ii) effect of umpredictable events 

21 Friedman 2009 15 auditory oddball novel > baseline 

22 Gardner 2015 21 posture prediction or dot tracking i) familiar > unfamiliar; ii) posture prediction > control attentional task 

23 Geuter 2017 28 probabilistic heat pain ((cue high, warm) > (cue low, warm)) > ((cue high, pain) >(cue low, pain)) 
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24 Grassi 2018 17 passive viewing + response press alternative percept > default percept  

25 Grotheer 2014 26 passive observation + response to stimuli i) upright > inverted; ii) inverted > upright 

26 Grotheer 2015 24 gender detection i) alternate > repeated; ii) unexpected>expected repetitions 

27 Hakonen 2017 20 passive listelling + judgement task i) 2nd distorted > 1st distorted; ii) intact > 1st distorted 

28 Harrison  2007 13 target identification correlation with mutual information 

29 Harrison  2007 12 attentional task coherent >uncoherent motion 

30 Hillebrandt 2013 14 social decision making director present, 3 object > 1 object 

31 Johnson (Exp. A) 2016 16 observation + forced choice random > patterned 

31 Johnson (Exp. B) 2016 16 observation + forced choice incongruent > congruent 

32 Kandylaki 2016 20 passive listenning + comprehension task i) passive > active verbs; ii) high causality > low causality 

33 Kellerman 2017 35 following motion direction arbitrary > random > predictable 

34 Kluger 2017 20 detection of features 
i) prediction errors > checkpoints (term > check ∩ ext > check);  

ii) expectation compliance (term > ext); iii) parametric effect of surprise 

35 Kronbichler 2018 36 passive viewing i) repeated > new stimuli; ii) high probability> low probability  

36 Langner 2011 24 go-no go  
i) conjunction preparatory attention across modalities in cue only trials;  

ii) cue only trials > predictive trials across modalities 

37 Ligneul 2018 22 quiz surprise recently experienced > surprise for each trial 

38 Limanowski 2015 20 rubber hand illusion congruent > incongruent (temporal integration) 

39 Limongi 2016 16 visual prediction of motion 
i) change > false alarm and no change; ii) time estimation error;  

iii) no change > false alarm and change 

40 Maffei (Exp. A) 2014 14 identification backward > forward walking  

40 Maffei (Exp. B) 2014 15 free-viewing backward > forward walking  

41 Maffei 2015 15 alternative forced choice discrimination i) intact > scrambled; ii) normal gravity > reduced gravity 

42 Malekshahi 2016 12 continuous visual detection deviant detection (explicit) > undetected deviants 

43 Mayrhauser 2014 19 passive viewing + response press repeated > alternate 

44 McAndrews 2016 15 forced choice  i) incongruent 2 > incongruent 1; ii) congruet > incongruent 

45 Megumi 2015 18 passive viewing + response when perceipt rivalry vs. replay 

46 Nazimek 2013 12 associative learning 
i) unexpected sound > expected sound;  

ii) unexpected–expected sound > unexpected–expected silence 
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47 Noppeney 2007 17 forced choice task incongruent vs. congruent (averaging sensory modality) 

48 Okada 2018 20 tongue twisters production + respose  articulation > imagination 

49 Olkkonen 2017 12 passive viewing + go/no go repetition effect (trial x block) 

50 Ondobaka 2014 15 movement and concept matching 
i) congruency effect (movement/conceptual congruent > incongruent);  

ii) error effect (movement/conceptual congruent > incongruent) 

51 O'Reilly 2013 17 perform saccades updating and surprise 

52 Osnes 2012 19 passive listenning incongruent > congruent music and vowel expectation 

53 Parks 2012 28 guessing + reward whole brain correlation for prediction error  

54 Poppenk 2016 17 classification i) novel > known or repeated proverbs; known or repeated proverbs > novel 

55 Rahnev 2011 21 viewing + forced choice task predictive (valid + invalid) > nonpredictive (neutral) 

56 Ran 2016 19 orientation identification  umpredictable > predictable 

57 Rohe 2012 59 guessing with reward reward prediction error > reward receipt  

58  Saygin 2012 20 passive observation repetated > non repeated 

59 Schiffer 2012 19 passive viewing + multiple choice questions 
i) solidity contrast (divergents with high or weak model solidity > repeated);  

ii) adaptation contrast (first > last) 

60 Seymour 2005 19 visual distractors + classical pain conditioning umpredicted stimuli > predicted  

61 Soldan 2008 14 passive viewing + go/no go repeated > non repeated 

62 Thomas 2018 22 passive observation intact > scrambled  

63 Thompson 2008 16 passive viewing + go/no go  attended and unattended changes (change > repetition of color and shape) 

64 Thornton 2019 28 social consequences rating likely vs. unlikely future mental states and predictable vs. unpredictable sequences 

65 Tipper 2015 46 passive observation + multiple choice novel > repeated (dance and pantomime) 

66 Tuennerhof 2016 20 target detection i) umprimed > primed; ii) fine structure primed > fine structure umprimed 

67 Vuilleumier 2005 10 passive viewing + go/no go new > old (attended stream) 

68 Wallentin 2015 49 Stroop task i) incongruent > congruent; ii) low > high frequency 

69 Weilnhammer 2017 20 forced three-options choice   transitions > baseline (+correlation to prediction error model) 

70 Yomogida 2010 24 videogame-like task oddball > control 
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Table S2. . Task modality and predictive phenomenon of fMRI experiments included in the meta-analysis. 

 
ID First author Year N Modality Stimuli Predictive phenomeon reflected 

1 Allen 2016 30 somatosensory tactile/painful stimuli Prediction Violation 

2 Andics 2013 18 auditory auditory words Prediction Encoding 

3 Barascud 2015 16 auditory sequences of tones Prediction Encoding 

4 Bartels 2007 8 visual natural scenes videos Prediction Violation 

5 Blank 2013 19 visual-auditory  faces/motion Prediction Violation 

6 Blank 2018 24 visual-auditory words  Prediction Violation 

7 Cacciaglia 2019 15 auditory sounds  Prediction Violation and Encoding 

8 Clos 2014 29 auditory degraded or intact sentences Prediction Violation and Encoding 

9 Coste 2011 15 visual colored words Prediction Violation 

10 Cross 2013 22 visual moving agents Prediction Encoding 

11 Davis 2018 25 visual faces, houses, flowers and tools Prediction Violation and Encoding 

12 de Gardelle 2013 16 visual faces Prediction Encoding 

13 den Ouden 2009 16 visual-auditory  sounds or notes/visual shapes Prediction Violation 

14 den Ouden 2011 20 visual-auditory sounds + faces Prediction Violation 

15 Diekhof 2011 9 visual emotional faces Prediction Violation 

16 Doricchi 2010 24 visual shapes and arrows Prediction Violation 

17 Egner 2005 22 visual faces Prediction Encoding 

18 Eickhoff 2011 20 visual arrows Prediction Encoding 

19 Esterman 2009 9 visual faces and houses Prediction Encoding 

20 Fletcher 2001 11 visual case studies + outcomes Prediction Violation and Encoding 

21 Friedman 2009 15 auditory pure tones and encironmental sounds Prediction Violation 

22 Gardner 2015 21 visual professional dancer, coloured dots Prediction Encoding  

23 Geuter 2017 28 visual-nociceptive heat Prediction Violation 

24 Grassi 2018 17 visual bistable shapes Prediction Violation 

25 Grotheer 2014 26 visual inverted and upright faces Prediction Violation and Encoding 

26 Grotheer 2015 24 visual faces photographs Prediction Encoding 

27 Hakonen 2017 20 auditory distorted sentences Prediction Violation and Encoding 

28 Harrison (Exp. A/B) 2007 13 visual coloured shapes, moving shapes Prediction Encoding 

29 Harrison 2007 12 visual Moving shapes Prediction Encoding 

30 Hillebrandt 2013 14 visual-auditory visual social scenes + auditory instructions Predition Encoding 

31 Johnson (Exp. A/B) 2016 16 visual-auditory videos + narration Prediction Violation 

32 Kandylaki 2016 20 auditory stories Prediction Violation and Encoding 

33 Kellerman 2017 35 visual white shapes Prediction Violation 

34 Kluger 2017 20 visual colored numbers Prediciton Violation and Encoding 
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35 Kronbichler 2018 36 visual line drawings objects Prediction Encoding 

36 Langner 2011 24 visual-auditory-tactile visual cues + several modalities stimuli Prediction Violation and Encoding 

37 Ligneul 2018 22 visual questions and answers about movies Prediction Violation 

38 Limanowski 2015 20 somatosensory  dummy arm + visuotactile stimulation Prediction Violation 

39 Limongi 2016 16 visual moving shapes Prediction Violation and Encoding 

40 Maffei (Exp. A/B) 2014 14 visual people walking on- or backwards Prediction Violation 

41 Maffei 2015 15 visual moving stick-figures Prediction Encoding 

42 Malekshahi 2016 12 visual moving shapes Prediction Violation 

43 Mayrhauser 2014 19 visual line-drawing of objects Prediction Encoding 

44 McAndrews 2016 15 visual pictures  Prediction Encoding 

45 Megumi 2015 18 visual structure-from-motion shapes Prediction Encoding 

46 Nazimek 2013 12 auditory sounds + visual shapes Prediction Violation 

47 Noppeney 2007 17 visual-auditory picture and spoken words Prediction Violation 

48 Okada 2018 20 auditory tongue twisters Prediction Violation 

49 Olkkonen 2017 12 visual artificially generated faces Prediction Violation 

50 Ondobaka 2014 15 visual-auditory moving people and verbal cues Prediction Violation and Encoding 

51 O'Reilly 2013 17 visual moving dots Prediction Violation 

52 Osnes 2012 19 auditory musical sounds and vowels Prediction Violation 

53 Parks 2012 28 visual reward values and probability cues Prediction Violation 

54 Poppenk 2016 17 visual proverbs Prediction Violation and Encoding 

55 Rahnev 2011 21 visual moving dots Prediction Encoding 

56 Ran 2016 19 visual words, faces, grating Prediction Violation 

57 Rohe 2012 59 visual numbers Prediction Violation 

58  Saygin 2012 20 visual humans/android/robot moving Prediction Encoding 

59 Schiffer 2012 19 visual video of actions Prediction Violation and Encoding 

60 Seymour 2005 19 nociceptive heat or cold Prediction Violation 

61 Soldan 2008 14 visual real and unreal objects Prediction Encoding 

62 Thomas 2018 22 visual human bodies/motion Prediction Encoding 

63 Thompson 2008 16 visual shapes Prediction Violation  

64 Thornton 2019 28 visual terms of inner states + social scenes Prediction Encoding 

65 Tipper 2015 46 visual dance or pantomime videos Prediction Encoding 

66 Tuennerhof 2016 20 auditory sentences Prediction Violation and Encoding 

67 Vuilleumier 2005 10 visual shapes Prediction Encoding 

68 Wallentin 2015 49 visual-auditory colored words Prediction Violation 

79 Weilnhammer 2017 20 visual  lissajous figures Prediction Violation 

70 Yomogida 2010 24 visual-auditory moving shapes and auditory feedback Prediction Violation 
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Table S3. Seed-voxel correlations (SVC) consensus results.  

 
Condition MNI coordinates 

(x,y,z) 
Anatomical location 

(Brodmann area) 

General Prediction 
negative correlations 

 18,-100,-22 Right uvula (cerebellum) 

 -6,-36,84 Left precentral gyrus (BA 4) 

 -28,-30,64 Left postcentral gyrus (BA 3) 

 -42,-30,72 Left postcentral gyrus (BA 2) 

 -58,-16,60 Left postcentral gyrus (BA 3) 

 24,-76,4 Right middle occipital gyrus (BA 19) 

 58,-14,60 Right postcentral gyrus (BA 1) 

General Prediction  
positive correlations 

 -28,35,-18 Left inferior frontal gyrus (BA 47) 

 -45,-28,3 Left superior temporal gyrus (BA 41) 

 51,-16,-1 Right superior temporal gyrus (BA 22) 

 -9,-7,14,1 Left thalamus 

 -16,-57,-50 Left tonsil (cerebellum) 

 -23-38,7 Left parahippocampus (BA 30) 

 -23,-40,5 Left parahippocampus (BA 30) 

Prediction Violation  
negative correlations 

 14,70,-10 Right medial frontal gyrus (BA 10) 

 -2,-36,78 Left postcentral gyrus (BA 5) 

 -56,-18,62 Left postcentral gyrus (BA 1) 

 0,-6,22 Left cingulate gyrus (BA 24) 

 58,-14,60 Right postcentral gyrus (BA 1) 

 34,-60,74 Right superior parietal lobule (BA 7) 

 -28,-30,66 Left postcentral gyrus (BA 2) 

 24,-76,4 Right lingual gyrus (BA 18) 

Prediction Violation  
positive correlations 

 -36,0,44 Left middle frontal gyrus (BA 6) 

 -54,-40,-30 Left culmen (cerebellum) 

 24,48,-6 Right anterior cingulate (BA 32) 

 -16,32,-38 Left orbital gyrus (BA 47) 

 -62,-72,-12 Left middle occipital gyrus (BA 18) 

 -64,-68,-14 Left declive (cerebellum) 

Prediction Encoding  
negative correlations 

 26,-98,-24 Right uvula (cerebellum) 

 4,-48,-6 Right culmen (cerebellum) 

 -6,-54,82 Left postcentral gyrus (BA 7) 

 0,-18,38 Left cingulate gyrus (BA 24) 

 20,-14,30 Right caudate body 

 -20,-20,-14 Left parahippocampal gyrus (BA 35) 
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Prediction Encoding  
positive correlations 

 42,14,22 Right inferior frontal gyrus (BA 9) 

 -24,-44,42 Left cingulate gyrus (BA 31) 

 34,-48,50 Right superior parietal lobule (BA 7) 

 52,-44,-14 Right fusiform gyrus (BA 37) 

 8,16,54 Right superior frontal gyrus (BA 6) 

 12,-74,-42 Right inferior semi-lunar lobe (cerebellum) 

 -34,-2,-4 Left claustrum 

 62,-36,16 Right insula (BA 13) 

 

 

Table S4. Number and proportion of experiments per sensory modality in each condition. Note 

that the number of experiments is higher than that of studies.  

 
Condition Sensory modality Number (percentage%) of articles  

General Prediction (total experiments = 73) 

 Visual 43 (58,9 %) 

 Audio-visual 10 (13,7 %) 

 Auditory 11 (15,1 %) 

 Somatosensory, tactile, 

interoceptive and mixed 
5 (6,8 %) 

Prediction Violation (total experiments = 46) 

 Visual 23 (50,0 %) 

 Audio-visual 10 (21,7 %) 

 Auditory 8 (17,4 %) 

 Somatosensory, tactile, 

interoceptive and mixed 
5 (10,9 %) 

Prediction Encoding (total experiments = 39) 

 Visual 29 (74,4 %) 

 Audio-visual 3 (7,7 %) 

 Auditory 6 (15,4 %) 

 Somatosensory, tactile, 

interoceptive and mixed 
1 (2,6 %) 
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Figure S1. 

 

 

Figure S1: Overlap between the SVC consensus map for the condition of General Prediction considering all the voxels  (yellow) and 

the SVC consensus calculated excluding the local connectivity (blue), i.e. the voxel located within 14 mm³ from the seed when 

calculating the original SVC maps. 
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Figure S2. 

 

Figure S2: Surface, medial and cerebellar mapping of the SVC consensus analysis revealing the “predictive network”  for 

the conditions of Prediction Violation (upper panel) and Prediction Encoding (lower panel). Warm colors indicate 

positive t-values (Prediction Violation range: 4.4-11.9; Prediction Encoding range: 4.4-8.8), cold colors indicate negative 

t-values (Prediction Violation range: 4.4-17.9; Prediction Encoding range: 4.4-12.5). Shown in arbitrary units. 
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