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Effect size estimation is crucial for power analyses and experimental design, but poses
unique challenges in fMRI research due to the complexity of the data and analysis
techniques. Here, we introduce an interactive web application for exploring fMRI effect
maps (neuroprismlab.shinyapps.io/BrainEffeX). We utilized large fMRI datasets to obtain

precise voxel-wise and multivariate effect size estimates from “typical” fMRI study
designs: brain-behavior correlation, task vs. rest, and between-group analyses of
functional connectivity and task-based activation maps. The app is intentionally designed
as a growing resource, and we welcome contributions of large (n > 400) datasets.

INTRODUCTION

Estimating effect size is critical in power analyses and can
provide valuable insight throughout the experimental de-
sign process.!-3 Various tools have been developed to facil-
itate power calculation for functional magnetic resonance
imaging (fMRI),3-6 requiring users to provide effect size es-
timates. However, establishing effect sizes for study plan-
ning can be challenging for fMRI researchers. Estimates ob-
tained from pilot studies can be highly imprecise due to
small sample sizes. Further, it is difficult to obtain effect
estimates from the literature because they are often either
not reported at all or not reported across the whole brain,
and may be inflated due to publication bias. These chal-
lenges may lead researchers to abandon the use of effect
size estimates or guidelines when planning their studies,
which contributes to low rates of reproducible findings in
the field.

To address this gap, we introduce BrainEffeX (the Brain
Effect size eXplorer), a web app that is designed to facilitate

the sharing and exploration of “typical” effect sizes for
fMRI studies. Leveraging large (n > 400), publicly available
datasets, we conducted brain-behavior correlations (r), task
vs. rest contrasts (t), and between-group (t2) analyses with
various common tasks and phenotypes for both functional
connectivity (FC) and task-based activation maps. In light
of the recent traction of multivariate methods,”8 we in-
cluded multivariate versions of all analyses, and we also
provided results from pooling across edges or voxels prior
to analysis. While the term multivariate often refers to pre-
diction, here it is used purely for explanatory purposes. We
transformed all results to both Cohen’s d and R? estimates
of effect size and calculated simultaneous confidence inter-
vals.

The present manuscript is intended as user-, contribu-
tor-, and developer-oriented documentation for using, con-
tributing to, and understanding the BrainEffeX web app.
A separate manuscript in preparation discusses further de-
tails about the statistical methodology, results from the
analyses, and open questions.
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Figure 1. BrainEffeX interactive web app for estimating effect sizes of typical fMRI study designs.

Users can filter (1; yellow), visualize (2; green), and download (3; blue) available effect size data.

SECTION 1. FOR USERS

APP OVERVIEW

BrainEffeX (accessible at neuroprismlab.shinyapps.io/

BrainEffeX) enables the interactive exploration of neu-
roimaging-based effect sizes in a variety of ways (Figure 1).
Users can explore and visualize the effect sizes resulting
from different univariate and multivariate analyses of large
fMRI datasets. This will help researchers answer questions
such as “What effect sizes can I expect for the association
between functional connectivity in network X and pheno-
type Y?”, “What type of brain-behavior correlations show
the largest effect sizes?”, and “Which brain regions show
the largest effect sizes during a given task?”.

The app is organized into three main pages. Effect maps
from various studies can be found on the main tab (Ex-
plorer). Results from meta-analyses across study categories
can be found on the meta-analysis tab. More information
about each study, including sample size, details about the
task conducted, details about the measure or phenotype in-
volved, and preprocessing information can be found on the
“Study Info” tab.

FILTER STUDIES (FIGURE 1.1)

Users can filter the available studies by dataset, map type
(FC or activation), task, test type, and measure. Of the
available studies, users can specify methods of motion cor-
rection (none, motion regression, or thresholding), pooling

(none or network-level pooling), and effect size estimation
(Cohen’s d or R2). See Figure 2 for a snapshot summary of
currently available data at the time of publication.

VISUALIZE EFFECT SIZES (FIGURE 1.2)

SIMULTANEOUS CONFIDENCE INTERVAL PLOTS (FIGURE 1.2A)

Each plot in this panel represents a different “study”. The
study shown is described by the heading at the top of each
plot. The heading includes the test type (1, t, or t2), the
two components of the test (i.e., “r: rest, age” means a cor-
relation between resting-state data and participant age),
the dataset name, the map type (FC or activation), and the
sample size. All edges/voxels of the study are ranked from
smallest to largest effect size and plotted in ascending or-
der along the x-axis. The simultaneous confidence inter-
vals (corrected for multiple comparisons) are plotted for
each effect size, creating a ribbon between upper and lower
bounds. The maximum conservative effect size - the largest
of the absolute values of the simultaneous confidence in-
terval bound closest to zero (lower bound for positive val-
ues, upper bound for negative values) across all edges/vox-
els - is displayed beneath each plot.

MATRICES (FIGURE 1.2B)

For FC studies, effect sizes are also shown in the form
of matrices with nodes organized into networks when ap-
plicable. A single effect size matrix is shown for each FC
study and is updated to reflect different user selections
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such as effect size estimate or pooling. Since the parcel-
lation scheme is selected by data contributors during pre-
processing before data is provided to us, the parcellation
scheme of these matrices can vary across datasets or stud-
ies.

ACTIVATION MAPS (FIGURE 1.2B)

For activation studies (i.e., task vs. rest), axial, coronal, and
sagittal slices of effect maps are displayed (x = 30, y = 30, z
= 30). To view the whole activation map for a given study,
users may download the data.

META-ANALYSES

Results from meta-analyses of effect sizes across test types
(1, t, t2) and categories (age, biometric, psychiatric, cogni-
tive, cognitive task, sex) can be found on the meta-analysis
tab of the app. For each meta-analysis, simultaneous confi-
dence interval plots and spatial maps are displayed.

DOWNLOAD (FIGURE 1.3)

DATA

Users have the option to download the data by selecting
‘Download Data’ (Figure 1.3). This redirects the user to the
data file available on Open Science Framework. The data
file contains study information, binary brain masks (repre-
senting either the FC triangle or brain voxel mask for each
study), effect maps for each study, and meta-analysis effect
maps. See Figure 5 for more information on these data for-
mats.

VISUALIZATIONS

Users can download individual plots from the GitHub
repository in the figures directory or take a screenshot of
the whole page with the ‘Take a screenshot’ button below
the filters.

EXAMPLE WORKFLOWS

EXAMPLE 1: ESTIMATING EFFECT SIZES FOR A
STANDARD POWER CALCULATION

MOTIVATION

Performing a power calculation is a critical step in study
planning. By specifying the estimated effect size a study
is designed to detect, we can calculate how many partici-
pants (or units of measurement) will be required to detect
that effect if it is truly present (i.e., the null hypothesis
is rejected). Larger effects generally require fewer subjects
to detect compared to smaller effects. This can be thought
of intuitively: every measurement contains some aspect of
noise, and as we obtain more measurements, we can esti-
mate the true effect in the data with greater precision. If
the size of the effect is much smaller than the amount of
noise in the data, then many measurements are required
to combat such noise and detect the small effect. Alter-
natively, if the effect is much larger than the noise, fewer
measurements will be required to detect the effect. As such,

an ‘underpowered’ study would not include enough mea-
surements to detect the effect even if it is present. For fMRI
studies, conducting underpowered studies can be especially
costly since data collection is expensive.?10 Many studies
unknowingly use small sample sizes to detect a small effect,
which can lead to false negatives that discourage further in-
vestigation. Our tool can support these situations by speci-
fying the sample size needed to detect the effect of interest,
such that future research of null result studies is possible.

Therefore, a power analysis is a critical step in study
planning. In fact, many funding agencies require a power
analysis to justify the expected sample size for the pro-
posed project. While BrainEffeX is not designed to perform
power calculations, it can provide effect size estimates that
may be utilized to provide guidelines for sample size calcu-
lations. The following section provides instructions for this
application of BrainEffeX.

STEP-BY-STEP

1. Filter the studies to fit the study design of interest
as closely as possible. BrainEffeX will likely not have
an exact match for your study design, but you should
select parameters that you expect to produce similar
effect sizes. For example, if you are designing a study
relating FC to grade point average, you could explore
studies of similar attributes such as IQ or fluid in-
telligence since grade point average is not currently
included in BrainEffeX. We are not suggesting that
grade point average is the same as IQ or fluid in-
telligence, but by exploring phenotypes that you ex-
pect to have similar effect sizes as your phenotype of
interest, you may obtain refined estimates of effect
size for study design. This process is akin to the more
common method of obtaining effect size estimates by
searching the literature for studies that are similar
enough to inform study design.

2. Explore the expected effect sizes of the studies
that match the provided filters. Inspect the simul-
taneous confidence interval plots to note whether
there are any edges/voxels with effect sizes that may
not be zero. If so, visualize the location of the edges
with larger effect sizes with the effect size matrix,
and/or the voxels with larger effect sizes on the brain
images. If you are interested in a particular region or
network, you can download the effect maps with the
“Download data” button and then apply a mask to
isolate the effect sizes to these regions.

3. Decide how you want to power your study. For ex-
ample, you could power your study to detect the max-
imum conservative effect size (the largest absolute
value of the lower bounds of the confidence intervals)
or to detect an estimated effect size in a region of in-
terest.

4. Use the chosen estimated effect size in the power
calculation. Choose the power (often selected to be
0.8) and alpha (often 0.05). Using the effect size,
power level, and alpha, compute the required sample
size using a formula specific to your test of interest
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in a standard power calculation tool (e.g., the pwr R
packagell).

EXAMPLE 2: EXPLORING EFFECT SIZES ACROSS
ANALYTIC CHOICES

MOTIVATION

Study design involves many analytic choices. Comparing
the expected effect sizes across different design choices
may help optimize the statistical power of a given study.
For example, you may be interested in exploring the differ-
ences in expected effect sizes from within-subject and be-
tween-subject designs, functional connectivity and activa-
tion analyses, or across different tasks and phenotypes.

STEP-BY-STEP

1. Filter the available studies by the parameters that
you would like to keep fixed. For example, you
could select brain-behavior correlation as the test
type, and rest as the task.

2. Vary the parameters that you would like to com-
pare and visualize the results. For example, you
could compare the effect sizes that are obtained from
using fluid intelligence vs. processing speed as cog-
nitive measures. At this point, it may be helpful to
group the studies by statistical test or phenotype cat-
egory, depending on your question. Grouping by phe-
notype category, for example, would allow you to
compare expected effect sizes for brain-behavior cor-
relations with biometric or cognitive measures. It
may also be helpful to visualize the spatial distrib-
ution of effects from different parameter selections.
However, users are encouraged to be cautious when
making inferences from visual inspection alone.

3. Explore meta-analysis results across different test
types and categories. The meta-analysis tab of
BrainEffeX contains results from meta-analyses that
may provide insight into the influences of different
experimental design choices on effect sizes.

SECTION 2. CURRENT DATASETS

A BRIEF OVERVIEW OF INCLUDED DATA AS OF AUGUST
2025

Currently, BrainEffeX includes 58 studies from five
datasets: the Adolescent Brain Cognitive Development
study (ABCD), the Human Connectome Project (HCP), the
Philadelphia Neurodevelopmental Cohort (PNC), the
Healthy Brain Network (HBN), the Southwest University
Longitudinal Imaging Multimodal Brain Data Repository
(SLIM), and the UK Biobank (UKB).12-16 Details about these
datasets and currently available studies are available in
Supplementary Table 2. These studies were selected in con-
sultation with current contributors to provide balanced
coverage of as many typical studies as possible in the field
in a controlled contribution setting. We also conducted
meta-analyses of the effect sizes across test categories (age,
biometric, psychiatric, cognitive, cognitive task, sex).

A brief overview of the preprocessing and first-level
analysis used for each study is provided in the Supplemen-
tary Methods. More detailed information regarding pro-
cessing and analysis for each study included as of April
2025 will be presented in Noble et al. (manuscript in prepa-
ration), which will also provide more information about the
effect size estimation, statistical methods, and interpreta-
tion of results.

ETHICAL CONSIDERATIONS

All data were obtained from publicly available datasets,
which received IRB approval at the corresponding data col-
lection sites. We only request sharing subject-level statis-
tical maps for data contributions, which are generally con-
sidered to be de-identified. Contributors must not provide
a set of predictors that are considered to be identifiable in
combination, as per standard data sharing regulations.

SECTION 3. FOR CONTRIBUTORS: DATA
STRUCTURE AND SHARING

To support BrainEffeX as a growing resource, we welcome
contributions of large publicly available fMRI datasets (n >
400). The minimum sample size of 400 subjects was cho-
sen to reflect a balance between large sample size recom-
mendations? and feasibility. Data should be provided at
the subject level, after preprocessing and computation of
functional connectivity and/or task-based activation statis-
tical maps. Specifically, a .mat file containing three structs
should be provided, with fields listed in Figure 3. Note
that for contributors who do not have access to MATLAB
or prefer other languages, .mat files can be prepared with
Scipy!? for Python or R.Matlab!8 for R. Template .mat files
with the proper structure for each test type may be down-
loaded from https://github.com/neuroprismlab/BrainEffeX/
tree/main/for_contributors/templates to facilitate the orga-

nization of the data files. All fields are required, except
where explicitly noted (i.e., allowing NaN). See
https://github.com/neuroprismlab/BrainEffeX/tree/main/
for_contributors/README.md for more details on format-
ting dataset contributions. If contributors do not have fa-
miliarity with, or access to, MATLAB, they should submit an
issue on GitHub or contact the authors by email for assis-
tance.

Once the data is properly formatted, please follow the
instructions at https://github.com/neuroprismlab/BrainEf-
feX/blob/main/for_contributors/README.md to upload the
data to brainlife.io and create an issue on GitHub (neuro-
prismlab/BrainEffeX). The issue template specifies details
required from the contributor, including the collection of
preprocessing information from the contributor.

For examples of contributed data, please refer to Section
2. For any questions about data contributions that are not
addressed in the present manuscript, please submit an is-
sue on the GitHub repository (neuroprismlab/BrainEffeX).
Some elements of the app have been currently built for cer-
tain idiosyncratic data types (e.g., Shen atlas!? or UKB com-
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Figure 2. A snapshot of currently available studies as of August 2025, classified by dataset, sample size, map

type, test type, and the category of the outcome variable.

Each color represents a different dataset. From left to right, the studies from each dataset flow into the appropriate classifications for sample size, map type, test type, and category.
Act = activation, FC = functional connectivity, PNC = Philadelphia Neurodevelopmental Cohort, HBN = Healthy Brain Network, SLIM = Southwest University Longitudinal Imaging
Multimodal, HCP = Human Connectome Project, ABCD = Adolescent Brain Cognitive Development, UKB = UK Biobank, r = correlation, t2 = two-sample t-test, t = one-sample t-test.

ponent!4 matrix visualization), but future development will
accommodate additional common use cases.

SECTION 4. FOR DEVELOPERS: ARCHITECTURE
AND TECHNICAL DETAILS

For the Shiny app, built-in or custom functions were used
for all of the aforementioned procedures except as follows.
The Shiny R package?0 was used to build the app, and
neurobase?! and oro.nifti?2 R packages were used for ma-
nipulation and plotting of NIfTI files. The following pack-
ages were utilized for user interface (UI) components:
shinythemes,23 shinycssloaders,24 shinyjs,25 shinyBS,26
bslib,27 and DT.28 The gridExtra,2? shinyscreenshot,30 gg-
plot2,31 reshape32 and fields33 packages were used in the
server script. We created an R package called BrainEf-
feX utils34 (https://github.com/neuroprismlab/BrainEf-
feX utils) containing custom R functions relevant to the
app, including functions to recreate the visualizations in
the app. Instructions to download the package can be found
in the README.md file of the GitHub repository.

INFORMATION FLOW

Our pipeline produces effect size maps from contributor
datasets (Figure 4). This section will focus on the imple-
mentation of the pipeline. For each section of the pipeline,
we have included notebook files that demonstrate how to
run the pipeline. We also provide a brief overview of the
group-level analysis and effect size estimation in the sup-

plementary methods. More detailed information regarding
statistical methods used for effect size estimation and ra-
tionale is forthcoming (Noble et al., manuscript in prepara-
tion).

The first section of the pipeline, accessible at
http://github.com/neuroprismlab/calculate_effeX/tree
main/group_level/, takes subject-level datasets from con-
tributors (see Figure 3 for format) and performs group-
level analyses in MATLAB version 9.6.0.3% Since MATLAB is
proprietary, this dependency may limit the availability of
this section of the pipeline for readers without a license;
however, the efficiency of MATLAB was favored for such
large datasets and computationally heavy analyses. Future
work will focus on facilitating contributions in a more gen-
eral format. The function do_group_level loops through each
dataset, and each test within each dataset, to perform the
appropriate test. The type of test to perform (1, t, or t2) is
inferred based on the content of the outcome variable by in-
fer test type. The tests are performed by the run_test func-
tion for all available combinations of motion accounting,
pooling, and dimensionality (univariate or multivariate).
For each study, a resulting MATLAB struct file is saved con-
taining the results of each version of the test. Each ver-
sion contains the test statistic (t-test or correlation), p-val-
ues, sample sizes, standard deviations (of both the brain
data and the outcome variables), and details of the pooling
and motion correction techniques. Thus, do_group_level cre-
ates a group-level results file for each study from each
dataset. A few custom functions were created for fast sta-
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H reference_condition

Contributors provide a MATLAB struct file containing three fields: brain data, outcome data, and study information. There are differences in organization for functional connectivity
(A) and activation (B) map types. The contents of the structs depend on the type of test that will be run with the data provided (1, t, or t2). Template .mat structs can be downloaded

from https://github.com/neuroprismlab/BrainEffeX/tree/main/for_contributors/templates.

tistical analysis, notably the Regression_faster mass_univ_y
function, which was based on the regression_fast toolbox.3¢
The second section of the pipeline, accessible at
http://github.com/neuroprismlab/calculate_effeX/tree/
main/effect_size/, takes these group-level study results and
produces group-level effect maps and meta-analysis effect
maps.37 The function master locates all group-level results
and reads them into clean_data to combine the data into
a list of statistical maps, a data frame containing study
details, and a list of brain masks. This data is then fed
into calc_d, which transforms the statistical maps to effect
size maps and computes simultaneous confidence intervals
for each effect size estimate. Details regarding the effect
size conversions are discussed in Noble et al. (manuscript
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in preparation). The dimensions of the effect maps are
checked with checker before computing meta-analyses with
the meta_analysis function from BrainEffeX utils. The final
output is saved as an RData file at the end of master. The
output file is organized as a list with the following compo-
nents: a data frame that includes details of each study, a list
of brain masks, and a list of effect maps (Figure 5). Meta-
analysis results are saved in the same format as a list named
meta_category.

Finally, all plots are created by the generate_figures func-
tion accessible at http://github.com/neuroprismlab/calcu-
late_effeX/tree/main/create_figures/. Simultaneous confi-
dence interval plots and spatial plots are created for each
combination of parameters for each study, which are then
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Figure 4. Flow of information from subject-level contributor datasets to figures for BrainEffeX.

Group-level analyses are performed on contributor datasets with the do_group_level function to create a statistical map for each study in the dataset with the help of the infer _test_type
function and the run_test function. Statistical maps are transformed to effect maps by the master function, with the help of the clean_data, calc_d, checker functions, and meta-analy-
ses are conducted with the meta_analysis function. These effect maps are fed into the generate_figures function in the Calculate_EffeX repository to generate all of the figures that are

then fed into the app.

loaded into BrainEffeX as necessary to match user selec-
tions.

WEB APP ARCHITECTURE

The BrainEffeX app was built with the R Shiny package.20
This framework facilitates the development of interactive
web applications, with a specialized focus on data visual-
ization and exploration.

Essentially, the app requires an app.R file, a figures di-
rectory, a data directory, and a modals.R file. All code for
the app is available at https://github.com/neuroprismlab/
BrainEffeX. The app.R file sources a Ul file called ui.R and
a Server file called server.R. The Ul file contains code that
describes how the user interface of the app should appear
(i.e., the layout of the app, the user inputs that will be
available). The Server file contains code that creates the dy-
namic content that fills the Ul components (i.e., filtering
the data in response to user input, loading the relevant fig-
ures). The figures directory contains all plots for each study
with every combination of analysis parameters. Initial ver-
sions of the app plotted the effect size data live as the user
filtered the studies; however, as the number of studies (the
amount of data) grew larger, this approach became prohib-
itively slow. Therefore, the current version of the app loads
pre-plotted figures. Many helper functions created specif-
ically for this project are available as an R package3* at

https://github.com/neuroprismlab/BrainEffeX utils.

USER INTERFACE (UI)

The UI code creates elements of the app that are filled ac-
cording to the server code. At the larger scale, the Ul creates
the overall layout of the app: the header with the name of
the app and the link to instructions at the top of the page,
the leftmost column of filtering options (Table 1), the mid-
dle column of simultaneous confidence interval plots, and
the right column of spatial visualizations of effect maps.
Finer-grained elements are also defined in the UI code, such
as instructions and “Download Data” buttons.

The Shiny framework offers various preset elements that
capture user input, such as the selectInput function that
creates a drop-down element identified by a variable name
(e.g., “dataset”). All user inputs are stored in a list variable
called input that updates when user selections are made.
For example, when a user selects the ABCD dataset, the
value of the input$dataset variable becomes “ABCD”.

SERVER

The server code describes the way that the Ul elements
should be filled. Variables in the server code that must be
altered in response to changing inputs are called reactive
elements. For BrainEffeX, a list of available studies that
match the current user inputs is stored as a reactive vari-
able that is updated each time the user changes an input
variable. For example, when the user selects a different
dataset, the variable is filtered based on the new dataset se-
lection.
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A. Study (dataframe)

Name Dataset | Map | Stat | Test Test Category Ref
component 1 component 2
abed_fc_r_rest_bmi_z abcd fo r rest bmi_z biometric shen_268
hcp_act_t_emotion_rest | hcp act t emotion rest cognitive voxel
pnc_fc_t2_rest_sex pnc fc 12 rest sex demographic | shen_268

B. Data (nested list) | e | | o |
| abed_fc_r_rest bmi_z |
E N |
—| pooling.none.motion.none.mv.none If
| d | | r_sq_sim_ci_lb |
—| pooling.none.motion.regression.mv.none |
| sim_ci_lb | | r_sqg_sim_ci_ub |
4| pooling.none.motion.threshold.mv.none |
—| pooling.net.motion.none.mv.none |

ooling.net.motion.threshold. mv.multi.r . o
4 i C. Brain Masks (nested list)

| hcp_act_t_emotion_rest |
|_ abcd_fc_r_rest bmi_z — mask
hecp_act_t_emotion_rest | mask

I pnc_fc_t2_rest_sex |
L pnc_fc_t2_rest sex —{ mask

Figure 5. The structure of the results data that is available for download on the Open Science Framework, with
three example studies.

Details about each study are stored in a data frame (A). Ref is the reference space for the study. The data for each study is stored in a nested list (B). Each study contains a list of com-
binations of pooling, motion correction, and dimensionality. Each combination contains a list of: the statistic value, p-value, sample size (n), and both the Cohen’s d and R? estimates
and their respective simultaneous confidence interval bounds for each edge or voxel. For each study, a brain mask is stored in a nested list with dimensions matching those of the
original data (matrix for FC, three-dimensional for activation) (C). This structure is repeated for the meta-analysis results.

app.R figures/ data/ modals.R

Study information
ul server Effect map plots table(s),
parcellations

Intro walk-through
and instructions

Figure 6. The structure of BrainEffeX as a Shiny R app.

The app directory contains an app.R file that references the UI and server scripts, a figures directory, a data directory, and a modals.R script. The figures directory contains all effect
map plots. The data directory contains extra study information for the Study Info tab of the app, as well as parcellations for plotting. The modals.R script contains code to create the
pop-up app instructions.

This reactive list of matching studies is then used to side of the app with the generate_plots function and func-
fetch the figures to plot in the app (stored in the figures di- tions from the BrainEffeX utils package (see Table 2) to
rectory of the app). All possible figures are generated out- improve the speed of the app. Simultaneous confidence in-
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Table 1. Ul input options for filtering the effect maps.

Filtering Variable Name Options (at the time of publication)

Parameters

Dataset input$dataset ABCD, HCP, HBN, PNC, SLIM, UKB

Map type input$map_type Functional connectivity, activation

Task input$task Rest, monetary incentive delay (MID), n-back, stop-signal task (SST), emotion, gambling,
relational, social, working memory (WM)

Test type input$test_type Brain-behavior correlation (r), one-sample t-test (t), two-sample t-test (t2)

Measure input$measure Age; body mass index (BMI); multiple child behavior checklist (CBCL) scores and follow-up
scores; NIH toolbox fluid composition score; Wechsler Intelligence Score for Children 5th
Edition (WISC-V) matrix reasoning; sex; dimensional change card sort; flanker; list sorting
working memory; pattern comparison process; social responsiveness scale; diagnosis;
positive and negative syndrome scale scores; fluid intelligence; processing speed; gender;
attention deficit disorder (ADD), depression, eating disorder, mania, obsessive-compulsive
disorder (OCD), panic disorder, psychosis, and prodromal scores

Motion input$motion None, regression, threshold 0.1mm, threshold 0.2mm

method

Pooling input$pooling None, network-level

Effect size input$estimate Cohen’s d, Pearson’s r

measure

For each parameter included in the app (e.g., dataset), the name of the variable in the app code is provided (e.g., input$dataset), as well as the available selections for that variable at

the time of publication (e.g., ABCD, HCP, HBN, PNC, SLIM, UKB).

terval plots are produced with plot_sim_ci, effect size matri-
ces are produced with plot mat and activation effect maps
are produced with plot_brain. Activation effect maps utilize
the create_nifti function, which combines a template NIfTI
file (empty NIfTI with header information), the effect map,
and the brain mask of the study, to create a NIfTI file for
plotting.

A unique plotting step for data using the UKB atlas war-
rants further explanation. To facilitate spatial interpreta-
tion of the UKB ICA component maps, a mapping was es-
timated from the UKB to the Shen-10 network atlas!? as
follows. The UKB spatial component maps!4 were scraped
from https://www.fmrib.ox.ac.uk/datasets/ukbiobank
group_means/rfMRI_ICA_d100_good_nodes.html. We calcu-
lated the similarity between each component and each net-
work by computing the mean scores of each component
within each network. In other words, for each component
and each network, we averaged the values of the voxels of
the component map that are in the network. Each compo-
nent was ‘matched” with the network with the highest re-
sulting score. These network assignments were used to sort
the 55 ICA components on the axes of the UKB effect size
matrices. Within each network, components were sorted by
the ratio of the value of the match to the value of the sec-
ond-best match, representing how close the second most
aligned network was for the component.

BRAINEFFEX UTILS R PACKAGE

Functions developed for BrainEffeX have been made into
an R package called BrainEffeX utils,3* available at
https://github.com/neuroprismlab/BrainEffeX utils/. This
package is used for Shiny plotting and may also be used as
a standalone package (e.g., to batch create visualizations).

The main plotting function is generate_plots, which utilizes
key functions described in Table 2.

HOSTING

The app is currently hosted on Shinyapps.io (by Posit),
which largely facilitates the deployment of Shiny apps.
However, as the number of studies in the app continues to
grow, it may outgrow the affordable tiers of Shinyapps.io.
In the future, we will migrate the app to a more permanent
hosting solution, such as AWS (perhaps through the AWS
Public Sector Cloud Credit for Research Program) or Google
Cloud.

LIMITATIONS AND FUTURE DIRECTIONS

While this tool is the first, to our knowledge, to enable
users to interactively explore a wide range of “standard” ef-
fect sizes in functional neuroimaging, it is a growing re-
source that is far from comprehensive. We aim to continue
to incorporate new data as they become available, but users
may nevertheless struggle to find similar studies to their
own planned design - especially when proposing particu-
larly novel paradigms, analyses, or tasks. For these situa-
tions, the utility of our app can be more limited if similar
phenotypes cannot be found in our available studies. Re-
searchers may need to rely on traditional methods (e.g., lit-
erature reviews, meta-analyses) to obtain estimated effect
sizes in these cases. However, given the paucity of exist-
ing resources, we believe this is a first step for many re-
searchers for whom the study types in the present app are
applicable.

Further limitations stem from the fact that the data in
BrainEffeX is provided by contributors after preprocessing.
Therefore, data are limited by the contributor’s prepro-

Aperture Neuro 9


https://www.fmrib.ox.ac.uk/datasets/ukbiobank/group_means/rfMRI_ICA_d100_good_nodes.html
https://www.fmrib.ox.ac.uk/datasets/ukbiobank/group_means/rfMRI_ICA_d100_good_nodes.html
https://github.com/neuroprismlab/BrainEffeX_utils/
http://shinyapps.io/
http://shinyapps.io/

BrainEffeX: A web app for exploring fMRI effect sizes

Table 2. Key functions used by generate_plots currently available in the BrainEffeX Utils R package.

Function Name Brief Description

meta_analysis

Runs a meta-analysis to group data by a specified grouping variable.

prep_data_for_plot,
prep_data_for_spatial_plot

Converts data from a given study or meta-analysis into a compact form for plotting. If prepping for
standard (not spatial) plots, will sort and downsample.

create_plots
panel.

Creates a plot object for a panel from prepped data. If given a list, will create overlapping plots in a

plot_density_panel,
plot_simci_panel,
plot_activation_panel,
plot_connectivity_panel

Create density plots, simultaneous confidence interval plots, volumetric task-based activation plots,
and functional connectivity matrix plots.

add_plot_description

Add summary details and labels to a plot object.

These functions are utilized in the generate_plots function for creating the plots for BrainEffeX, but can also be used as a standalone package.

cessing choices (e.g., parcellations, nuisance regression ap-
proach). While adapting a wider range of possible prepro-
cessing choices would be optimal, it is overly demanding to
request contributors to run their preprocessing in multiple
ways. However, users may utilize the Network Correspon-
dence Toolbox38 or CAROT3? to compare effect maps from
BrainEffeX across different parcellations.

Additionally, each dataset may contain specific issues
that may limit the generalizability of the findings. For ex-
ample, the ABCD dataset has known scanner harmoniza-
tion errors between vendors,%0:4! model specification and
timing inaccuracies in certain event files,*2 and possible
fieldmap errors.*344 In HCP, the default task modeling
strategies may produce construct contamination or differ
substantially from typical approaches in the literature, par-
ticularly for tasks like the gambling paradigm.45 These rep-
resent only several known issues in the datasets that may
bias effect size estimation in either direction, and there are
likely a number of undocumented issues as well in these
and other datasets (e.g., assessment strategies and limita-
tions, acquisition issues, etc.). Overall, we strongly encour-
age users to consider limitations to the generalizability of
these findings when interpreting their results. With that
in mind, we still believe the results presented here repre-
sent a valuable starting place in benchmarking effect sizes
in functional neuroimaging. They are expected to represent
the best available estimates by using some of the largest
and most comprehensive datasets currently available, and
we anticipate effect estimates to be revised over time to be-
come increasingly accurate.

It is also important to note that this tool does not fully
address the immense need for an empirical power calcu-
lator tool for fMRI. BrainEffeX can provide estimates that
may be utilized for power calculations, which serves as a
necessary first step in developing an empirical fMRI power
calculator.

To grow this resource, we will incorporate more data as
they become available. This will enable sophisticated meta-
analyses to provide insight into fMRI effect sizes beyond
those that are provided by any individual study. In addition
to datasets, future directions for this project also include
the inclusion of additional metadata (such as cohort age,
preprocessing choices, or sample size) for filtering and cat-
egorizing data.

CONCLUSION

In summary, BrainEffeX is an interactive web app that is
designed to enable researchers to estimate typical effect
sizes for fMRI studies and produce user-relevant summaries
of effect size data. The architecture of the app facilitates
flexible integration of contributor’s data, allowing this tool
to grow and accommodate the evolution of analyses, data,
and demands in the field of neuroimaging. Additionally,
the open-source nature of this resource allows for commu-
nity contributions to the functionality of BrainEffeX, while
also providing a template and model for similar future en-
deavors that will undoubtedly emerge as large amounts of
neuroimaging data continue to be shared openly. Finally,
BrainEffeX will facilitate the ongoing development of an
empirical power calculator for fMRI studies that will sup-
port more robust and reproducible neuroimaging research.
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each dataset. All code for the app (https://github.com/neu-
roprismlab/BrainEffeX), the analyses (https://github.com,
neuroprismlab/calculate_effeX), and the accompanying R
package (https://github.com/neuroprismlab/BrainEf-
feX_utils), are available on GitHub. The current version
(v1.6.1) of BrainEffeX has been archived with Zenodo at the
following DOI: 10.5281/zenodo.16915132. The most recent
version of BrainEffeX can be accessed long-term with the
following concept DOI: 10.5281/zenodo.16882652.
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