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Figure 8. Developmental change in pSTS. The pSTS showed evidence of developmental change 
across several analyses. (A) @2%K:+/H:%!-:+5)/,+ . Each plot depicts the average correlation between 
timecourses from movie ssROIs in a particular age group and the mean 3-year-old or mean adult 
timecourse from movie ssROIs. Note that for each 3 year old or adult, the correlation to the mean 3-
year-old or adult timecourse was calculated separately for each subject, after excluding that subject 
from the calculation of the mean timecourse. Movie responses in the 3-year-old pSTS were initially 
better predicted by the mean 3-year-old than the mean adult timecourse, with the opposite pattern 
emerging at older ages.  (B) <%*&,('==>K='22/+2!(%6&,+6%6# Each plot depicts the average 
correlation between timecourses from movie ssROIs in a particular age group and the mean 
traditional ssROI timecourse in adults, either temporally shifted backwards by one TR (to simulate a 
“lagging” response; light orange) or with no temporal shift applied (dark orange).  Movie responses in 
the 3-year-old pSTS are initially better predicted by the shifted mean adult timecourse than by 
unaltered (non-shifted) timecourse, with the opposite pattern emerging at older ages. (C) P/29%(K
=%3%=!6,5/'=!-:+5)/,+#  Each plot depicts the same child-adult interregional correlations for pSTS 
shown in Figure 6, but now additionally including mean timecourses from three regions involved in 
theory of mind processing: the temporal parietal junction (TPJ), Medial Prefrontal Cortex (MPFC), 
and precuneus (PC). Movie timecourses in the 3-year-old pSTS show stronger correlations to FFA 
and LOC than to the theory of mind regions. However, this pattern shifts with age, such that older 
children’s pSTS shows stronger correlations to TPJ, MPFC, and PC than to FFA or LOC. All error 
bars depict the standard error of the mean.  
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which is interdigitated with, yet distinct from the ToM network (DiNicola, 2020). Given that the 
ToM ROIs used here were group defined, rather than functionally defined (as is necessary to 
distinguish the episodic memory network from the ToM network), our paradigm cannot 
distinguish these possibilities. Whatever the case for RSC, these analyses support the idea that 
pSTS development reflects increasingly sophisticated social processing and/or integration with 
other higher-level social cortical regions with age.    
 
Discussion 
Here we provide an approach for using short, child-friendly movie stimuli to study early brain 
development with fMRI. We found that even a small amount of movie data can be used to 
identify subject-specific functional ROIs. Despite the richness of the movie stimuli, we observed 
distinct activation profiles in face, scene, and object regions that reflected their well-known 
functions. This method was sufficiently powerful to identify specific regions in children as young 
as three years old, and also to detect ongoing developmental change, with particularly clear 
age-related change in the pSTS. Taken together, our results help pave the way for future 
pediatric studies using movie stimuli, and shed new light on both the early emergence and later 
development of face, scene, and object regions.  
 At the broadest level, this work shows that even a single presentation of a 5.6 minute 
long commercially-produced movie is sufficient for a complete, valid developmental cognitive 
neuroscience experiment. It is possible to i) define ssROIs, ii) independently extract movie 
responses from those same ssROIs, iii) explore the nature of the resultant functional profiles, 
and iv) test the similarity of functional profiles across regions and groups. To facilitate others 
interested in using this movie ssROI approach, group-average timecourses from all regions 
tested here are made publicly available with this manuscript. Our success in defining face-, 
scene-, and object-selective ssROIs complements prior studies showing that this same movie 
could successfully define ssROIs for regions of the theory of mind network and pain matrix in 
adults (Jacoby, 2016) and evoke distinct responses in these networks in children (Richardson, 
2018; Richardson et al., 2018). Our findings also dovetail more generally with other work 
harnessing movie data to study predictive processing (Richardson, 2020; Lee, 2021), event 
structure processing (Baldassano, 2017), and individual differences (Vanderwal, 2017; 
Richardson, 2018; Finn, 2021). Taken together, these studies highlight the power of even a very 
short movie to efficiently evoke a broad set of functional profiles, well beyond that possible with 
a traditional, highly constrained experiment. The potential of the movie approach is further 
underscored by our findings of reliable differences between young children (i.e., 3 year olds) 
and adults that might have been missed had we only used a traditional paradigm (i.e., testing a 
more limited set of conditions with a more constrained set of analyses) or focused only on older 
children (e.g., > 5 years of age) who are easier to scan.  
 Our results complement a growing body of work showing dissociable responses among 
face, place, and object regions by childhood (Golarai et al., 2007; Scherf et al., 2007; Cantlon et 
al., 2011; Scherf et al., 2011) and infancy (Deen et al., 2017; Powell et al., 2017), but go beyond 
those studies in two key ways. First, we find such dissociable function using the particularly 
strong test of a totally uncontrolled naturalistic movie paradigm. That is, despite the lack of 
constraints for how the stimulus must be viewed (e.g., subjects were not required to maintain 
fixation), the complex nature of the stimulus (i.e., the movie was not manipulated in any way to 
better isolate face, scene, or object information), and a difference of more than twenty years 
visual experience, responses in face, place, and object regions were already strongly correlated 
with their adult counterparts by three years of age. Second, whereas most previous 
developmental studies have focused on domain selectivity for faces, scenes, or objects, here 
we find functional dissociations even between regions that share a domain of information 
processing (e.g., between FFA and pSTS, which are both selective for faces). This finding 
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suggests that functional dissociations within each network have already begun to emerge by 
early childhood.  
 In addition to early emerging function, our study also found evidence of protracted 
developmental change, particularly in the face-selective pSTS, where developmental change 
could not be explained by confounds of increasing data quality or attention with age. This finding 
is consistent with work using traditional paradigms, which has found that responses to faces and 
socially relevant stimuli are present in pSTS by infancy and early childhood (Otsuka et al., 2007; 
Lloyd-Fox et al., 2009; Powell et al., 2017; Richardson, 2021), but undergo protracted 
development late into childhood (Scherf et al., 2007; Ross, 2014; Walbrin, 2020) but see 
(Golarai et al., 2007). This work also fits with a broader literature suggesting that higher-level 
social regions in general, beyond the pSTS (e.g., the theory of mind network) undergo 
protracted development across childhood (Saxe, 2009; Gweon, 2012; Moraczewski, 2018; 
Richardson et al., 2018; Richardson, 2020). Notably, the movie paradigm used here provides 
additional insights about the development of pSTS, beyond that captured in previous studies. In 
particular, we found that the 3-year-old pSTS i) was better predicted by other young children 
than by adults, ii) showed temporally-lagging responses relative to adults, and iii) showed 
weaker correlations to other higher-level social regions than adults. These findings support the 
intriguing possibility that pSTS development involves not only the refinement of an adult-like 
functional profile, but also more qualitative developmental change. Importantly, however, future 
work using more tightly controlled paradigms will be required to establish more precisely how 
the function of pSTS changes across childhood. 
 Importantly, despite the successes above, this paper also highlights potential 
shortcomings of the movie approach. For example, although we show that even a short, child-
friendly movie can significantly improve ssROI localization, we also show that the movie 
localizer does not perform as efficiently as a traditional localizer, at least for the particular, short 
movie we used and the regions we tested here. The advantage of the traditional approach likely 
stems from the fact that almost every minute is used to measure the contrast-relevant activity, 
whereas the commercially-produced movie is designed primarily for entertainment. 
Consequently, we suggest that traditional localizers are still preferable for focused investigations 
of particular functional regions, especially in populations that can tolerate longer fMRI 
experiments. An important question for future work will be to investigate whether movie 
localizers always fall short of traditional localizers, even in typical adults when much more data 
can be collected per subject. Intriguingly, one study involving ~10-20x more movie data per 
subject (i.e., ~50 to 120 minutes) defined face-selective activation in individual subjects using 
hyperalignment (Haxby, 2011), and found that that this method identified individual face 
activation close to or as well as traditional functional localizer experiments (Jiahui, 2020). While 
promising, however, it is unclear if this result would hold if the amount of movie data and 
traditional localizer data (i.e., ~15 to 20 minutes) were matched. In any case, even if traditional 
localizers ultimately do perform more reliably than movie localizers, there are many contexts in 
which a short movie localizer might still be preferred; for example, when the experiment requires 
defining many different ssROIs as efficiently as possible, when working with young children or 
other populations that better tolerate fMRI experiments, or when analyzing large-scale datasets 
in which only a single run of a movie, and no additional traditional localizer data, was collected. 
Thus, researchers will need to consider the details of their particular research question, and the 
balance of power and flexibility in deciding between these approaches.  
 Perhaps an even more fundamental limitation of the movie approach, however, lies in 
the lack of experimental control. Although the reverse correlation and DNN encoding model 
analyses suggest that movie responses reflect similar functional profiles to those captured in 
traditional paradigms (e.g., with FFA responding to face information, and PPA responding to 
scene information), these analyses cannot establish the degree to which responses are driven 
by i) lower-level information processing (e.g., low-spatial frequency or curvilinear information 
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processing in FFA), ii) domain-selectivity (e.g., selective responses to faces versus scenes and 
objects), iii) more specific, higher-level functions (e.g., representations of face identity or 
emotion), or the precise combination thereof. Although one could in theory analyze the movie 
carefully for each of these kinds of information, and then relate that information to neural 
responses, the uncontrolled nature of the stimulus would likely always prevent a completely 
unambiguous inference, particularly with such a short stimulus. Consequently, this work allows 
for only limited claims about the precise nature of the representations that emerge and change 
across childhood.  
 In conclusion, here we explored the promise of naturalistic stimulus approaches for 
developmental fMRI, focusing on the test case of regions selective for faces, objects, and 
scenes. We developed and validated an approach for defining subject-specific regions of 
interest, and then used this approach to define movie ssROIs in children, and explore how 
responses to a movie stimulus changed over childhood. Remarkably adult-like functional 
responses were detectable in all regions by just 3 years old, yet these responses also continued 
to mature across childhood, with the clearest developmental change observed in pSTS. 
  
Code availability 
Summary data necessary to reproduce statistical analyses is available on OSF 
(https://osf.io/kud5s/). Analysis code used to generate the findings of the study is available from 
the corresponding author upon request. 
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corresponding author upon request. 
 
Acknowledgments 
This work was supported a grant from the Simons Foundation to the Simons Center for the 
Social Brain (FK), an NSF CAREER award (#095518 to R.S.), an NIH R01-MH096914-05, a 
Middleton Chair grant (R.S.), and the David and Lucile Packard Foundation (#2008-333024 to 
R.S.). 
 
 
Author Contributions 
F.S.K., H.R., and R.S. conceived of and designed the study. Data collection was performed by 
F.S.K and H.R. Data analysis was performed by F.S.K., H.R., and N.A.R.M., and was 
supervised by R.S. and N.G.K. The manuscript was drafted by F.S.K., and all other authors 
provided critical revisions. All authors approved the final version of the manuscript for 
submission. 
 
Declaration of Interests 
The authors declare no competing interests. 
 
 
 
 
 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 30, 2021. ; https://doi.org/10.1101/2021.11.29.469598doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.29.469598
http://creativecommons.org/licenses/by-nc/4.0/


 24 

References 
 
Alexander LM et al. (2017) An open resource for transdiagnostic research in pediatric mental 

health and learning disorders. Sci Data 4. 
Baldassano C, Chen, J., Zadbood, A., Pillow, J.W., Hasson, U., Norman, K.A. (2017) 

Discovering event structure in continuous narrative perception and memory. Neuron 
95:709-721. 

Behzadi Y, Restom, K., Liau, J. & Liu, T. T. (2007) A component based noise correction method 
(CompCor) for BOLD and perfusion based fMRI. NeuroImage 37:90-101. 

Burgund ED, Kang, H.C., Kelly, J.E., Buckner, R.L., Snyder, A.Z., Petersen, S.E. and Schlaggar, 
B.L. (2002) The feasibility of a common stereotactic space for children and adults in 
fMRI studies of development. NeuroImage 1:184-200. 

Cantlon JF (2020) The balance of rigor and reality in developmental neuroscience. NeuroImage 
216. 

Cantlon JF, Pinel P, Dehaene S, Pelphrey KA (2011) Cortical representations of symbols, 
objects, and faces are pruned back during early childhood. Cerebral cortex 21:191-199. 

Cantlon JF, Li, R. (2013) Neural Activity during Natural Viewing of Sesame Street Statistically 
Predicts Test Scores in Early Childhood. PLoS biology 11:e1001462. 

Carp J (2013) Optimizing the order of operations for movement scrubbing: Comment on Power 
et al. NeuroImage 76:436-438. 

Deen B, Richardson H, Dilks DD, Takahashi A, Keil B, Wald LL, Kanwisher N, Saxe R (2017) 
Organization of high-level visual cortex in human infants. Nature Communications 8. 

DiNicola LM, Braga, R. M., & Buckner, R. L. (2020) Parallel distributed networks dissociate 
episodic and social functions within the individual. Journal of neurophysiology 
123:1144-1179. 

Epstein, Kanwisher (1998) A cortical representation of the local visual environment. Nature 
392:598-601. 

Fedorenko E, Hsieh PJ, Nieto-Castanon A, Whitfield-Gabrieli S, Kanwisher N (2010) New 
method for fMRI investigations of language: defining ROIs functionally in individual 
subjects. Journal of neurophysiology 104:1177-1194. 

Finn ES, Bandettini, P.A. (2021) Movie-watching outperforms rest for functional connectivity-
based prediction of behavior. NeuroImage 235:117963. 

Golarai G, Liberman A, Yoon JM, Grill-Spector K (2010) Differential development of the 
ventral visual cortex extends through adolescence. Front Hum Neurosci 3:80. 

Golarai G, Ghahremani DG, Whitfield-Gabrieli S, Reiss A, Eberhardt JL, Gabrieli JD, Grill-
Spector K (2007) Differential development of high-level visual cortex correlates with 
category-specific recognition memory. Nature neuroscience 10:512-522. 

Gomez J, Natu V, Jeska B, Barnett M, Grill-Spector K (2018) Development differentially sculpts 
receptive fields across early and high-level human visual cortex. Nature Communications 
9. 

Grill-Spector K, Kushnir T, Hendler T, Edelman S, Itzchak Y, Malach R (1998) A sequence of 
object-processing stages revealed by fMRI in the human occipital lobe. Human brain 
mapping 6:316-328. 

Grill-Spector K, Golarai, G., Gabrieli, J. (2008) Developmental neuroimaging of the human 
ventral visual cortex. Trends in cognitive sciences 12:152-162. 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 30, 2021. ; https://doi.org/10.1101/2021.11.29.469598doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.29.469598
http://creativecommons.org/licenses/by-nc/4.0/


 25 

Guntupalli JS, Hanke, M., Halchenko, Y.O., Connolly, A.C., Ramadge, P.J., Haxby, J.V. (2016) 
A model of representational spaces in human cortex. Cerebral cortex 26:2919-2934. 

Gweon H, Dodell‐Feder, D., Bedny, M. and Saxe, R. (2012) Theory of mind performance in 
children correlates with functional specialization of a brain region for thinking about 
thoughts. Child development 83:1853-1868. 

Hallquist MN, Hwang, K. & Luna, B. (2013) The nuisance of nuisance regression: spectral 
misspecification in a common approach to resting-state fMRI preprocessing reintroduces 
noise and obscures functional connectivity. NeuroImage 82:208-225. 

Hasson U, Nir Y, Levy I, Fuhrmann G, Malach R (2004) Intersubject synchronization of cortical 
activity during natural vision. Science 303:1634-1640. 

Haxby JV, Gobbini, M. I., Nastase, S. A. (2020) Naturalistic stimuli reveal a dominant role for 
agentic action in visual representation. NeuroImage 216:116561. 

Haxby JV, Guntupalli, J.S., Connolly, A.C., Halchenko, Y.O., Conroy, B.R., Gobbini, M.I., 
Hanke, M., Ramadge, P.J. (2011) A common, high-dimensional model of the 
representational space in human ventral temporal cortex. Neuron 72:404-416. 

Jacoby N, Bruneau, E., Koster-Hale, J., Saxe, R. (2016) Localizing Pain Matrix and Theory of 
Mind networks with both verbal and non-verbal stimuli. NeuroImage 126:39-48. 

Jiahui G, Feilong, M., di Oleggio Castello, M.V., Guntupalli, J.S., Chauhan, V., Haxby, J.V. and 
Gobbini, M.I. (2020) Predicting individual face-selective topography using naturalistic 
stimuli. NeuroImage 216. 

Julian JB, Fedorenko E, Webster J, Kanwisher N (2012) An algorithmic method for functionally 
defining regions of interest in the ventral visual pathway. NeuroImage 60:2357-2364. 

Julian JB, Ryan, J., Epstein, R.A. (2017) Coding of Object Size and Object Category in Human 
Visual Cortex. Cerebral cortex 27:3095-3109. 

Kamps, Lall V, Dilks DD (2016) Occipital place area represents first-person perspective motion 
through scenes. Cortex; a journal devoted to the study of the nervous system and 
behavior 83:17-26. 

Kamps, Pincus JE, Radwan SF, Wahab S, Dilks DD (2020) Late Development of Navigationally 
Relevant Motion Processing in the Occipital Place Area. Curr Biol. 

Kanwisher N, McDermott J, Chun MM (1997) The fusiform face area: a module in human 
extrastriate cortex specialized for face perception. J Neurosci 17:4302-4311. 

Keil B, Alagappan V, Mareyam A, McNab JA, Fujimoto K, Tountcheva V, Triantafyllou C, 
Dilks DD, Kanwisher N, Lin W, Grant PE, Wald LL (2011) Size-optimized 32-channel 
brain arrays for 3 T pediatric imaging. Magn Reson Med 66:1777-1787. 

Kersey AJ, Wakim, K.M., Li, R. and Cantlon, J.F. (2019) Developing, mature, and unique 
functions of the child’s brain in reading and mathematics. Developmental Cognitive 
Neuroscience 39:100684. 

Lee CS, Aly, M., Baldassano, C. (2021) Anticipation of temporally structured events in the 
brain. Elife 10:e64972. 

Leopold DAaP, S.H. (2020) Studying the visual brain in its natural rhythm. NeuroImage 
216:116790. 

Lerner Y, Scherf, S. K., Katkov, M., Hasson, U., Behrmann, M. (2021) Changes in Cortical 
Coherence Supporting Complex Visual and Social Processing in Adolescence. J 
Cognitive Neurosci:1-16. 

Linsley D, MacEvoy SP (2014) Evidence for participation by object-selective visual cortex in 
scene category judgments. Journal of vision 14. 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 30, 2021. ; https://doi.org/10.1101/2021.11.29.469598doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.29.469598
http://creativecommons.org/licenses/by-nc/4.0/


 26 

Lloyd-Fox S, Blasi A, Volein A, Everdell N, Elwell CE, Johnson MH (2009) Social perception 
in infancy: a near infrared spectroscopy study. Child development 80:986-999. 

MacEvoy SP, Yang Z (2012) Joint neuronal tuning for object form and position in the human 
lateral occipital complex. NeuroImage 63:1901-1908. 

McKone E, Crookes K, Jeffery L, Dilks DD (2012) A critical review of the development of face 
recognition: Experience is less important than previously believed. Cogn Neuropsychol 
29:174-212. 

Moraczewski D, Chen, G., Redcay, E. (2018) Inter-subject synchrony as an index of functional 
specialization in early childhood. Scientific Reports 8:1-12. 

Nastase SA, Goldstein, A., Hasson, U. (2020) Keep it real: rethinking the primacy of 
experimental control in cognitive neuroscience. NeuroImage 222:117254. 

Nieto-Castañón A, & Fedorenko, E. (2012) Subject-specific functional localizers increase 
sensitivity and functional resolution of multi-subject analyses. NeuroImage 63:1646-
1669. 

Nishimoto S VA, Naselaris T, Benjamini Y, Yu B, Gallant JL. 2 (2011) Reconstructing visual 
experiences from brain activity evoked by natural movies. Curr Biol 21:1641-1646. 

Nishimura M, Scherf, S. and Behrmann, M. (2009) Development of object recognition in 
humans. F1000 biology reports 1. 

Otsuka Y, Nakato E, Kanazawa S, Yamaguchi MK, Watanabe S, Kakigi R (2007) Neural 
activation to upright and inverted faces in infants measured by near infrared 
spectroscopy. NeuroImage 34:399-406. 

Penny WD, Friston, K.J., Ashburner, J.T., Kiebel, S.J. and Nichols, T.E. eds. (2011) Statistical 
parametric mapping: the analysis of functional brain images. Elsevier. 

Pitcher D, Dilks DD, Saxe RR, Triantafyllou C, Kanwisher N (2011) Differential selectivity for 
dynamic versus static information in face-selective cortical regions. NeuroImage 
56:2356-2363. 

Powell LJ, Deen B, Saxe R (2017) Using individual functional channels of interest to study 
cortical development with fNIRS. Developmental science 21:e12595. 

Ratan Murty NA, Bashivan, P., Abate, A., DiCarlo, J. J., Kanwisher, N. (in press) Computational 
models of category-selective brain regions enable high-throughput tests of seletivity. Nat 
Commun. 

Redcay E, Moraczewski, D. (2020) Social cognition in context: A naturalistic imaging approach. 
NeuroImage 216:116392. 

Reher K, & Sohn, P. (2009) Partly Cloudy. In. 
Richardson H (2018) Development of brain networks for social functions: Confirmatory analyses 

in a large open source dataset. Dev Cogn Neurosci. 
Richardson H, Lisandrelli G, Riobueno-Naylor A, Saxe R (2018) Development of the social 

brain from age three to twelve years. Nature Communications 9. 
Richardson H, Taylor, J., Kane-Grade, F., Powell, L., Bosquet Enlow, M., Nelson, C.A. (2021) 

Preferential responses to faces in superior temporal and medial prefrontal cortex in three-
year-old children. Developmental Cognitive Neuroscience 50:100984. 

Richardson HaS, R. (2020) Development of predictive responses in theory of mind brain regions. 
Developmental science 23:e12863. 

Ross PD, de Gelder, B., Crabbe, F. and Grosbras, M.H. (2014) Body-selective areas in the visual 
cortex are less active in children than in adults. Front Hum Neurosci 8:941. 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 30, 2021. ; https://doi.org/10.1101/2021.11.29.469598doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.29.469598
http://creativecommons.org/licenses/by-nc/4.0/


 27 

Saxe R, Brett M, Kanwisher N (2006) Divide and conquer: a defense of functional localizers. 
NeuroImage 30:1088-1096; discussion 1097-1089. 

Saxe RR, Whitfield-Gabrieli S, Scholz J, Pelphrey KA (2009) Brain regions for perceiving and 
reasoning about other people in school-aged children. Child development 80:1197-1209. 

Saxe RR, Whitfield‐Gabrieli, S., Scholz, J. and Pelphrey, K.A. (2009) Brain regions for 
perceiving and reasoning about other people in school‐aged children. Child 
development 80:1197-1209. 

Scherf KS, Behrmann M, Humphreys K, Luna B (2007) Visual category-selectivity for faces, 
places and objects emerges along different developmental trajectories. Developmental 
science 10:F15-30. 

Scherf KS, Luna B, Avidan G, Behrmann M (2011) "What" Precedes "Which": Developmental 
Neural Tuning in Face- and Place-Related Cortex. Cerebral cortex 21:1963-1980. 

Thesen S, Heid, O., Mueller, E. & Schad, L. R. (2000) Prospective acquisition correction for 
head motion with image‐based tracking for real‐time fMRI. Magn Reson Med 44:457-
465. 

Vanderwal T, Eilbott, J., Finn, E., Craddock, R.C., Turnbull, A., Castellanos, F.X. (2017) 
Individual differences in functional connectivity during naturalistic viewing conditions. 
NeuroImage 157:521-530. 

Vanderwal T, Kelly, C., Eilbott, J., Mayes, L. C., & Castellanos, F. X. (2015) Inscapes: A movie 
paradigm to improve compliance in functional magnetic resonance imaging. . 
NeuroImage 122:222-232. 

Walbrin J, Mihai, I., Landsiedel, J., Koldewyn, K. (2020) Developmental changes in visual 
responses to social interactions. Developmental Cognitive Neuroscience 42:100774. 

Wen H, Shi, J., Zhang, Y., Lu, K.H., Cao, J., Liu, Z. (2018) Neural Encoding and Decoding with 
Deep Learning for Dynamic Natural Vision. Cerebral cortex 28:4136-4160. 

Whitfield-Gabrieli S, Nieto-Castanon, A. and Ghosh, S. (2011) Artifact detection tools (ART). 
In. Cambridge, MA. 

Wiesmann CG, Schreiber, J., Singer, T., Steinbeis, N. & Friederici, A.D. (2017) White matter 
maturation is associated with the emergence of Theory of Mind in early childhood. Nat 
Commun 8. 

Yates TS, Ellis, C.T. and Turk-Browne, N.B. (2021) Emergence and organization of adult brain 
function throughout child development. NeuroImage 226:117606. 

 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 30, 2021. ; https://doi.org/10.1101/2021.11.29.469598doi: bioRxiv preprint 

https://doi.org/10.1101/2021.11.29.469598
http://creativecommons.org/licenses/by-nc/4.0/

