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1  |  INTRODUCTION

Affective dysfunction is common across psychiatric dis-
orders, and fMRI studies of emotional processing, al-
though expensive, promise to elucidate the contributing 
neural correlates. Recent studies, however, have ques-
tioned the clinical utility of functional brain imaging 
data of emotional processing, citing low replicability. 
For example, Turner et al. (2018) analyzed data from a 

face- matching task (Hariri et al., 2005; included in the 
Human Connectome Project), in which functional ac-
tivity when matching emotional facial expressions to 
a target was compared to matching simple geometric 
shapes. Overall, emotional enhancement showed poor 
replicability for typical sample sizes in fMRI studies 
(e.g., N = 16 to 36), with much larger samples (N > 100 
and higher) required to obtain somewhat replicable 
effects.
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Abstract
Recent findings have questioned the replicability of functional magnetic reso-
nance imaging (fMRI) in the study of affective processing, reporting low repli-
cability of emotional enhancement during a face- matching task. However, poor 
replicability may instead reflect a lack of emotional engagement for face match-
ing. In the current study, replicability of emotional enhancement was tested 
in a large (N = 160) sample when emotional engagement was assessed during 
pleasant, neutral, and unpleasant picture viewing, which reliably engages affec-
tive reactions in both the brain and the body. Replicability was computed using 
a subsampling technique, in which random sets of subjects of different sample 
sizes (N = 20, 40, 60, 80) were selected from the entire dataset, and replicability 
of emotional enhancement for peaks, clusters, and voxels were averaged across 
500 permutations for each sample size. Consistent with previous findings, fMRI 
replicability increased with increasing sample size. On the other hand, even with 
relatively small samples, fMRI replicability for peaks, clusters, and voxels during 
emotional, compared to neutral, scene viewing was good to excellent. Importantly, 
replicability varied in different brain regions, with excellent replicability at both 
the cluster and peak level with an N of 40, at the most conservative threshold 
(p < .001), in the amygdala and the visual cortex. The data argue against general 
recommendations regarding sample size in fMRI studies of emotion, suggesting 
instead that degree of replicability depends on successful emotional engagement 
in task- related brain regions.
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Although discriminating affective expressions may be 
important for social communication, numerous studies 
have reported low affective engagement in neural, phys-
iological, and subjective reactions when viewing facial 
expressions of emotion, compared to when viewing natu-
ralistic emotional scenes (e.g., Bradley et al., 2003; Britton 
et al., 2006; Wangelin et al., 2012), suggesting that poor 
replicability during face- matching may reflect a lack of 
emotional engagement. In the current study, following 
the methods of Turner et al. (2018), Turner et al. (2019) 
and Nee (2019), replicability of emotional processing in a 
large sample (n = 160) was assessed when emotional en-
gagement was induced by viewing pleasant, neutral, and 
unpleasant pictures.

Multiple studies concur that viewing emotional (pleas-
ant or unpleasant), compared to neutral, scenes prompt 
enhanced blood- oxygen- level- dependent (BOLD) activity 
in a variety of brain regions, including the amygdala, thal-
amus, inferotemporal cortex (ventral visual cortex), dorsal 
visual cortex, parietal cortex, inferior frontal gyrus (in-
cluding part of the insula), lateral orbitofrontal cortex, and 
medial prefrontal cortex (e.g., Frank & Sabatinelli, 2014; 
Sabatinelli et al., 2011; Sambuco, Bradley, Herring, & 
Lang, 2020; Sambuco, Bradley, Herring, Hillbrandt, et al., 
2020). Effects in these emotion perception regions are 
similar when pictures are presented rapidly (e.g., 167 ms; 
Junghöfer et al., 2006), or presented in an emotional (re-
ward, threat of shock) or a neutral context (Padmala et al., 
2017, 2019; Sambuco, Costa, et al., 2020; Somerville et al., 
2013). Moreover, viewing emotional, compared to neu-
tral, pictures elicits larger skin conductance responses, 
greater pupil dilation, more pronounced cardiac deceler-
ation, greater alpha EEG reduction, and a larger late pos-
itive potential (LPP), compared to viewing neutral scenes 
(Bradley et al., 2001, 2017; Cuthbert et al., 2000; De Cesarei 
& Codispoti, 2011; Weinberg & Hajcak, 2010), with simi-
lar LPP modulation found when scenes are presented as 
briefly as 25- ms (unmasked) or repeated up to 60 times 
(Codispoti et al., 2006, 2009). Taken together, affective 
scene viewing reliably elicits a broad range of emotional 
reactions in both the brain and body.

The current study assesses the replicability of BOLD 
enhancement during emotional scene viewing by combin-
ing data from two recently published studies (Sambuco, 
Bradley, Herring, & Lang, 2020; Sambuco, Bradley, 
Herring, Hillbrandt, et al., 2020), in which a total of 
160  subjects viewed emotional (pleasant or unpleasant) 
and neutral scenes. Replicability was computed using 
a subsampling technique, in which random sets of sub-
jects of different sample sizes (N  = 20, 40, 60, 80) were 
selected from the entire data set. Standard metrics of rep-
licability utilized in previous fMRI studies (Nee, 2019; 
Turner et al., 2018) assessed functional activation when 

viewing emotional, compared to neutral, scenes for peaks, 
clusters, and voxels, averaged across 500  subsampling 
permutations for each sample size. Regions of interest 
were derived from meta- analytic findings from previous 
emotional perception studies identify reporting reliable 
BOLD enhancement in the amygdala and visual cor-
tex (Sabatinelli et al., 2011), and additional cortical and 
subcortical regions in the occipital, temporal, and frontal 
lobes (Pessoa & Adolphs, 2010). Following recent stud-
ies (Bossier et al., 2020; Turner et al., 2018, 2019), mean 
replicability is computed across regions of interest and is 
expected to increase as the sample size increases. An im-
plicit assumption underlying cross- region replicability is 
that replicability of BOLD activity is equivalent in differ-
ent neural regions, and this was explicitly assessed here by 
additionally computing within- region replicability effects, 
with the amygdala and visual cortex expected to have the 
highest replicability among the regions activated during 
emotional scene viewing.

2  |  METHOD

2.1 | Participants

A final sample of 160 participants (97 female; M age = 
29.4, SD = 12.9) included 61  healthy adults (Sambuco, 
Bradley, Herring, Hillbrandt, et al., 2020), of whom 30 
were students in Introductory Psychology courses at 
the University of Florida and 31 were participants from 
the community recruited from flyers and ads, together 
with 99 patients diagnosed with internalizing disorders 
(Sambuco, Bradley, Herring, & Lang, 2020).

Patients were selected from 162 individuals who were part 
of a larger investigation of affective dysfunction across the 
internalizing spectrum, which recruited men and women 
between the ages of 18 and 65 years subsequently diagnosed 
with a range of different internalizing disorders (Table S1). 
For all patients, a structured interview (Anxiety Disorder 
Interview Schedule IV; Brown et al., 1994) was adminis-
tered by a licensed clinician to establish DSM- IV primary 
and comorbid diagnoses. Findings from previous analyses 
indicate that patients reporting severe psychopathology 
showed dampened emotional reactivity in the amygdala 
(Sambuco, Bradley, Herring, Hillbrandt, et al., 2020), and 
these patients were not included in the current replicability 
analyses. Instead, patients showing normal affective modu-
lation in the amygdala were selected for inclusion (N = 99, 
Table S1; quintiles 3, 4, and 5 in Sambuco, Bradley, Herring, 
Hillbrandt, et al., 2020). Table S2 demonstrates that patients 
and healthy controls in the current sample showed similar 
emotional engagement in the amygdala and other func-
tional regions included in the replicability analyses.
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2.2 | Emotional visual processing: Rapid 
serial visual presentation

Pictures were 108  grayscale pictures that included 36 
pleasant, 36 neutral, and 36 unpleasant pictures selected 
from the International Affective Picture System (IAPS; 
Lang et al., 2008), presented using rapid serial visual pres-
entation (RSVP) in which 18 pictures of the same hedonic 
content (e.g., pleasant) were presented in a 6- s interval at 
the rate of 3 per second (i.e., 333 ms each). Each set of 
18 scenes was presented three times, with all exemplars 
presented before the next repetition. A variable ITI (in-
tertrial interval) of 9 or 12 s resulted in a total scan time of 
approximately five minutes. Twelve different orders were 
constructed that varied the serial position in which the 
pictures were presented across the study and the order 
of specific scenes within each 6- s stream. Additional de-
tails, including the IAPS catalog numbers, are described 
in Sambuco, Bradley, Herring, and Lang (2020).

2.3 | fMRI: Data 
collection and offline processing

Data were collected in a 3T Philips scanner with a 32-  
channel head coil. The scanning sequence began with 
acquiring a 160- slice sagittal scout set using a standard 
T1- weighted fast- field echo sequence. Functional vol-
umes were 53 3.5- mm coronal slices acquired using a T2*-  
weighted echo- planar imaging sequence with a 3,000 ms 
TR, 30  ms TE, 90- degree flip angle, 72 × 72 acquisition 
matrix, and 180 mm FOV (2.5 × 2.5 in- plane voxel resolu-
tion). Offline, the functional data were slice- time adjusted, 
motion corrected, spatially smoothed (5.0  mm FWHM 
Gaussian kernel), and converted to percent BOLD signal 
using the Analysis of Functional Neuroimages software 
(AFNI, Cox, 1996). Percent BOLD signal change was spa-
tially normalized to a Talairach template and resampled 
to 2.5- mm isotropic voxel size.

For each of the 160 participants, hemodynamic re-
sponses during scene viewing were estimated using a 
multiple regression model in which BOLD amplitude was 
convolved with a canonical gamma function using vari-
ables of emotional content (pleasant, neutral, and unpleas-
ant) and motion (6). The statistical comparison of interest 
contrasted beta coefficients during emotional (pleasant 
and unpleasant), compared to neutral, picture viewing.

2.4 | Regions of interest (ROIs)

Functional regions demonstrating enhanced BOLD 
activity during emotional or pleasant scene viewing 

were determined using the data from the healthy par-
ticipants. As described more completely in Sambuco, 
Bradley, Herring, Hillbrandt, et al. (2020), a whole- 
brain ANOVA, using a false discovery rate (FDR) of p 
< .05 with a minimum cluster size of 19 voxels (300 µl), 
computed using 2.5 mm3 voxels, assessed the difference 
during emotional (pleasant and unpleasant) and neutral 
scene perception. Bilateral clusters (e.g., visual cortex, 
amygdala, inferior frontal gyrus) were averaged to pro-
vide a single estimate for each functional region listed 
in Tables 1 and S2. Figure 1 illustrates regions showing 
emotional enhancement during picture viewing, includ-
ing the amygdala, the visual cortex, the inferior frontal 
gyrus (IFG), the medio- dorsal nucleus of the thalamus, 
and part of the posterior thalamus. The large functional 
cluster in the visual cortex was divided into two subclus-
ters, one ventral (including inferotemporal cortex, infe-
rior occipital cortex, and fusiform gyrus) and one dorsal 
(including mid and superior occipital cortex), to assess 
results from the face- matching paradigm in which only 
the ventral visual cortex demonstrated increased activa-
tion when viewing emotional faces compared to shapes 
(Elliott et al., 2020).

To identify regions showing valence- related activa-
tion, a whole- brain ANOVA, using a false discovery rate 
(FDR) of p < .05 with a minimum cluster size of 19 vox-
els (300 µl), computed using 2.5  mm3 voxels, assessed 
the difference during pleasant and unpleasant scene 
perception (Sambuco, Bradley, Herring, Hillbrandt, 
et al., 2020). Replicating previous studies (Sabatinelli 
et al., 2007; Sescousse et al., 2013), two clusters demon-
strated enhanced BOLD activity when viewing pleasant, 
compared to unpleasant, scenes, including the ventrome-
dial prefrontal cortex (vmPFC) and the ventral striatum 
(Sambuco, Bradley, Herring, Hillbrandt, et al., 2020). 
Replicability analyses for this contrast are reported in the 
Supplementary material. Increased BOLD activity during 
unpleasant, compared to pleasant, scene viewing was not 
found in any region.

2.5 | Replicability analyses

Three separate indices of replicability were computed for 
peaks, clusters, and voxels (Nee, 2019; Turner et al., 2018, 
2019), first averaged across all functional brain regions, 
replicating the methodology used in previous studies (Nee, 
2019; Turner et al., 2018, 2019), and then assessed sepa-
rately for each functional region. Permutation analyses 
randomly split the entire sample into two different inde-
pendent groups of sample size 20, 40, 60, or 80, computing 
a replicability measure indexing emotional enhancement 
effects. Five hundred permutations were conducted for 
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each sample size, with the final replicability index aver-
aged across all 500 permutations. For peak and cluster 
replicability indices, which relied on t- statistics compar-
ing emotional to neutral scene viewing, the threshold 
was additionally varied from lenient to strict (i.e., p < .05, 
p <  .01, p < .001), following recent studies (e.g., Turner 
et al., 2018).

Following Turner et al. (2018), peak replicability as-
sesses the extent to which the peak voxel activated during 

emotional, compared to neutral, scene viewing in one map 
(highest positive t- statistic) is active (above threshold, but 
not necessarily the identical peak) in the comparison map. 
For each permutation, a value of 1 is assigned if the peak 
location in each map is above threshold in the comparison 
map, a value of 0 is assigned if the peak location in each 
map is not above threshold in the comparison map, and a 
value of 0.5 is assigned if the peak location in one of the 
maps is above threshold in the comparison map.

Region

Cluster size Voxel- wise intensity (Pearson r)

#Voxels Sample size (N)

Regions 20 40 60 80

Ventral visual ctx. 1587 0.38 0.55 0.65 0.71

Dorsal visual ctx. 1359 0.34 0.51 0.61 0.68

Parietal ctx. 746 0.19 0.33 0.44 0.51

Cerebellum C8 51 0.04 0.07 0.10 0.15

Supramarginal gyrus 142 0.21 0.34 0.45 0.54

Thalamus (posterior) 47 0.29 0.50 0.64 0.72

Temporal Pole 73 −0.01 0.01 0.07 0.11

Precentral gyr. 28 0.04 0.11 0.18 0.24

Amygdala 197 0.36 0.53 0.63 0.69

Thalamus 
(Dorsomedial)

160 0.14 0.24 0.34 0.43

Inferior frontal gyrus 2305 0.14 0.27 0.35 0.42

Pre- SMA 67 0.10 0.14 0.16 0.13

Mid cingulate cortex 184 0.03 0.07 0.09 0.11

Frontal pole 37 0.32 0.52 0.66 0.72

T A B L E  1  Voxel- wise replicability, 
indexed by Person correlations of t- 
statistics (emotional vs. neutral scene 
viewing), for each functional region as a 
function of sample size (N = 20, 40, 60, 
80) during emotional scene- viewing

F I G U R E  1  Regions showing enhanced functional brain activity when viewing emotional (pleasant or unpleasant), compared to neutral, 
scenes. Gyr, gyrus; MDN, medio- dorsal nucleus of the thalamus
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   | 5 of 9SAMBUCO

Cluster replicability is computed on binarized active/
inactive maps (based on the t- statistic comparing emo-
tional to neutral scene viewing) with the Jaccard statis-
tic computed for each pair of maps. Cluster replicability 
computes the level of overlap between the pairs of thresh-
olded maps (within each ROI) identified at each replica-
tion, with the Jaccard index representing the ratio of the 
intersection of maps (which corresponds to the number of 
overlapping voxels in a conjunction map) divided by their 
union (representing the extent of activation of two maps 
outside the conjunction), and ranges from 0 (no overlap) 
to 1 (perfect overlap).

Voxel replicability computes the correlation between 
the t- statistics for each pair of maps at the individual voxel 
level. Following Turner et al. (2018), both positive and 
negative t- statistics are included in the computation, with 
the resulting Pearson correlation coefficient ranging from 
−1 (opposite t- statistics in comparison maps) to 1 (identi-
cal t- statistics in comparison maps).

The degree of replicability is reported using criteria for 
describing the goodness of the intraclass correlation coef-
ficient (ICC; Cicchetti & Sparrow, 1981) with descriptors 
of poor (<0.4), fair (between 0.4 and 0.6), good (between 
0.6 and 0.75), and excellent (>0.75) replicability.

3  |  RESULTS

3.1 | Peak replicability

As expected, when averaged across all functional re-
gions, peak replicability of emotional enhancement 
during scene- viewing increased with increasing sam-
ple size (Figure 2, top left). Overall, replicability of 
BOLD activity when viewing emotional, compared to 
neutral, scenes was higher for lenient (p < .05), com-
pared to more conservative thresholds (p  <  .01 and 
p < .001), with excellent replicability (0.80) even with 
a relatively small sample (N = 40). Figure 2 (top right) 
illustrates that peak replicability varied across regions, 
with excellent replicability for emotional enhance-
ment (close to 100%) in the amygdala, inferotemporal 
cortex, and dorsal visual cortex, even with a relatively 
small sample size of 20 at thresholds of either p < .05 
or p < .01. For more conservative thresholds, replica-
bility of peak activation reaches excellent levels (above 
0.90) in the amygdala and visual cortex with a sam-
ple size of 40, while for other regions (e.g., thalamus, 
parietal cortex) good to excellent levels are reached 
at a sample size of 40 at the more lenient thresholds 
(p < .05, p < .01), with a somewhat larger sample size 
(N = 60 or 80) needed for fair to good replicability at a 
threshold of p < .001.

3.2 | Cluster replicability

When averaged across all functional regions, replicabil-
ity of emotional enhancement for clusters increased with 
sample size, as illustrated in Figure 2 (bottom panel, left) 
and was higher at the most lenient threshold (p < .05) com-
pared to more conservative thresholds (p < .01, p < .001). 
Overall, replicability was excellent with a sample size of 
40, regardless of statistical threshold, in the amygdala, 
inferotemporal cortex, and dorsal visual cortex, and was 
also excellent with a sample size of 20 for p < .05. Other 
regions demonstrated more variability, with replicability 
varying from poor to good based on the sample size and 
the threshold.

3.3 | Voxel replicability

Across all functional regions, replicability of emotional 
enhancement for voxel- wise statistics increased with sam-
ple size, with voxel replicability (Pearson correlation coef-
ficients) of 0.42, 0.60, 0.69, and 0.74, for N’s of 20, 40, 60, 
and 80, respectively. Voxel- wise replicability of emotional 
enhancement was highest in the amygdala, the inferotem-
poral cortex, dorsal visual cortex, posterior thalamus, and 
the frontal pole (Table 1), in which a sample size of 40 
was sufficient to explain about 25% of the variance in the 
paired maps. In the remaining regions, a larger sample 
size was needed to achieve fair levels of replicability.

4  |  DISCUSSION

Consistent with previous fMRI studies (Bossier et al., 
2020; Nee, 2019; Turner et al., 2018, 2019), replicability 
of functional differences in BOLD activity increased with 
increasing sample size. However, rather than finding 
poor replicability of emotional enhancement, fMRI rep-
licability of emotional enhancement during scene view-
ing was good (between 0.60 to 0.75) to excellent (above 
0.75) for peaks, clusters, and voxels, even with relatively 
small samples (N of 40). Importantly, replicability varied 
in different brain regions, with those previously identi-
fied in meta- analyses as more reliably activated during 
emotional scene- viewing, including the amygdala and 
the visual cortex (Sabatinelli et al., 2011), prompting bet-
ter fMRI replicability. Taken together, the data indicate 
that fMRI replicability of emotional engagement during 
affective picture- viewing is quite good, compared to the 
face- matching task, and confirm that fMRI replicability 
can vary with specific brain regions.

The selected threshold for assessing emotional, 
compared to neutral, BOLD effects somewhat affected 
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replicability, with better replicability for peaks and clus-
ters using more lenient (p  <  .05) compared to more 
stringent thresholds (p  <  .01, p  <  .001). This, and simi-
lar findings in previous replicability studies (Nee, 2019; 
Turner et al., 2018, 2019), may be surprising as more lib-
eral thresholds are typically expected to inflate false pos-
itives (Eklund et al., 2016; Woo et al., 2014) and decrease 
replicability. However, if analyses are restricted to regions 
reliably activated during a specific task (e.g., during emo-
tional, compared neutral, scene viewing), the likelihood of 
false positives is greatly reduced. Lenient thresholds may 
be more deleterious for replicability in analyses assessing 
activation across the entire brain (particularly with small 
sample sizes) but, as demonstrated here and elsewhere, 
better replicability can result if critical functional regions 
are targeted (Cremers et al., 2017; Thirion et al., 2007).

In addition, the replicability crisis in fMRI is some-
times attributed to the over- inclusion of small clusters in 
fMRI analyses, with the assumption that larger clusters 

will have better replicability. In the current study, how-
ever, differences in replicability were found that did not 
covary with region size. For example, good to excellent 
replicability was observed in both large (e.g., dorsal and 
ventral visual cortex, 1587 or 1359 voxels, respectively) 
and small regions (e.g., amygdala, ~200 voxels), whereas 
poorer replicability was observed in the larger inferior 
frontal gyrus (2305 voxels). Taken together, these findings 
demonstrate that fMRI replicability is not simply a func-
tion of region size. Instead, replicability of BOLD effects 
was best in regions identified in a classic model of emo-
tional visual processing, developed in non- human pri-
mates (Amaral & Price, 1984; Amaral et al., 1992; Freese & 
Amaral, 2005; Spiegler & Mishkin, 1981) and validated in 
humans (Frank et al., 2019; Morris et al., 1998; Sabatinelli 
et al., 2005, 2009, 2014; Vuilleumier et al., 2004) which 
involves recurrent activation between the amygdala and 
inferotemporal (part of the ventral visual cortex). Because 
functional activity in the amygdala is transdiagnostically 

F I G U R E  2  Top panel. Replicability of peak activation during emotional, compared to neutral, scene viewing, averaged across functional 
regions (left) and for specific regions thresholded at p < .05, .01 or .001. Bottom Panel. Replicability of cluster activation during emotional, 
compared to neutral, scene- viewing, averaged across functional regions (left) and for specific regions thresholded at p < .05, .01 or .001. 
cereb, cerebellum C8; thal.post, posterior thalamus; dors.vis, dorsal visual cortex; front.pole, frontal pole; IFG, inferior frontal gyrus 
(includes a portion of the anterior insula); inferotem, interotemporal cortex (IT); mid.cing, mid cingulate cortex; precentral, precentral gyrus; 
SPL, superior parietal lobule; supramar, supramarginal gyrus; tem.pole, temporal pole; thal.DMN, medio- dorsal nucleus of the thalamus

 14698986, 2022, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/psyp.14000 by U

niversity O
f South C

arolina, W
iley O

nline L
ibrary on [12/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



   | 7 of 9SAMBUCO

modulated in psychopathology (McTeague et al., 2020), 
the current study suggests that fMRI studies of emotional 
scene viewing could be useful in investigating emotional 
dysfunction across the diagnostic spectrum.

While peak and cluster level indices of replicability 
greatly exceeded the poor to fair levels of replicability re-
ported when matching facial expressions of emotion, voxel 
replicability was somewhat more similar to that reported 
by Turner et al. (2018). Voxel level replicability, which as-
sesses the covariation between t- statistics in each voxel of 
different maps, is the least informative index, however, as 
functional data are typically reported by peak location and 
cluster size. For these two replicability indices (i.e., peaks 
and clusters), replicability of emotional scene perception 
was far superior to face- matching, with the least informa-
tive index (voxel level) more equivalent.

In the current study, data from healthy individuals 
were combined with data from a set of anxiety patients se-
lected to show equivalent enhanced functional activity in 
the amygdala (Sambuco, Bradley, Herring, & Lang, 2020). 
One possibility is that mixing the two samples might neg-
atively impact replicability due to participant variability. 
Nonetheless, excellent levels of replicability were found 
for emotional (vs. neutral) scene viewing in the amygdala 
and visual cortex even with a sample size of 40 at the most 
conservative threshold (p < .001), which, if anything, may 
be underestimated here.

Large scale analyses with hundreds or even thou-
sands of participants, such as those using data from the 
Human Connectome Project, the IAGEN consortium, the 
Adolescent Brain Cognitive Development (ABCD) proj-
ect, or UK Biobank Brain Imaging, provide a unique op-
portunity to investigate the neural correlates of emotion, 
cognition, and mental health. The current data, however, 
suggest that fMRI replicability will also depend, to a large 
extent, on the specific emotional (or cognitive) tasks in-
cluded in existing databases. Whereas fMRI replicability 
when matching facial expressions of emotion was very 
poor even with large samples, emotional scene- viewing 
produced excellent replicability with fairly small samples 
sizes.

More generally, rather than determining paradigm- free 
parameters dictating ideal sample sizes (or other parame-
ters, such as trial number), fMRI replicability is probably 
best determined based on empirical tests (i.e., replicabil-
ity analyses) in the context of specific tasks, which in-
clude assessment of different functionally relevant brain 
regions. The current data demonstrate that during rapid 
serial visual presentation of emotional scenes, a brief scan 
time (~5 min) is sufficient to produce excellent replicabil-
ity of emotional, compared to neutral, BOLD differences 
for peaks, clusters, and voxels, even with relatively small 
sample sizes (i.e., 20 to 40), suggesting that, in the study 

of emotion, replicability depends on successful emotional 
engagement that can vary in different task- related brain 
regions.
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