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Quality Assurance = QA
Quality Control = QC



Main sources for this talk
The art and science of using quality control to understand and improve fMRI data

Teves, Gonzalez-Castillo, Holness, Spurney, Bandettini, Handwerker
Front. Neurosci. (2023) https://doi.org/10.3389/fnins.2023.1100544

Preliminary results presented at OHBM 2026, poster #1442
Hippocampus involvement in a dual-retrocue working memory task

Walsh, Smith, Gonzalez-Castillo, Handwerker, Morgan, Bandettini
https://fim.nimh.nih.gov/assets/presentations/walsh_ohbm_2026.pdf



Take home messages
Part 1

• Reproducible & relevant science requires knowing your data
• Pipelines & sample size don’t matter if your data is not good
• “What is good data” varies with context & application

• Quality assurance protocols are central to knowing your data

• Automation is great, but insufficient

• Training on how to do QA needs more attention

• QA is an active area of research & should be more active



Why focus on quality control?
Significant transitions in the field
• Good: Large N studies and shared data!

• Neutral: Different people design, collect, preprocess, and 
analyze data

• Less good: 
• People make assumptions about data quality from previous 

phases
• Teaching assessment of data quality is often hands-on

• With more people using data from others, fewer people get this 
hands-on training



Arbitrary volunteer from the original Human Connectome Project

A (mildly provocative) case study

TR=2.5sec
In-slice accel=3
~3mm3 voxels

TR=0.72sec
Multi-slice accel=8
2mm3 voxels

Arbitrary volunteer from ABIDE

There is no such thing as ”gold standard data”
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Context and applications matter
• Successful Research using HCP data

• ROIs that average across multiple small voxels
• Correlation or task studies that summarize data across time
• Averages across the large population

• HCP weaknesses
• Studies that fully take advantage of the short TR and smallish voxel size
• Brain-wide association studies (BWAS) that require robust signal in individuals’ data

• Note: This is a broad & not completely fair generalization.
• Take home message

• Great data for one application, might not be great for all applications
• Identify and view data quality metrics relevant to your application



Approaching QA
• Will these data have the potential to accurately and 

effectively answer my scientific question?
• …and future questions others might ask? 

• Identify & log data anomalies or unexpected variations that 
might skew or hide key results 
• Reduce problems through processing or removal.

• All datasets have problems
• Not checking → Incorrect or misleading interpretations of results

• Checking → Fewer unknown problems

• Wang and Strong 1996:
 QC has both intrinsic and contextual measures



Questions for a QA Protocol

Appendix of: Teves et al “The art and science of using quality control to understand and 
improve fMRI data” Front. Neurosci. (2023) https://doi.org/10.3389/fnins.2023.1100544

Priority Context & Examples
General

Which voxels have usable data? Voxel-wise data quality & coverage*

Are locations of voxels accurately defined? Distortion & alignment to anatomy & templates*

Define context Scientific questions & study priorities affect what is or 
is not good quality data

During study planning
QC measures to support study goals Particularly for study-specific QC priorities, this is a 

good time to seek expert advice

Operation procedures to decrease 
acquisition errors

Good procedures are critical for making sure data are 
accessible and consistently documented

Additional measures to collect Experimenter notes, behavior logs, respiratory & 
cardiac traces

Organization & sharing QC measures Inaccessible information is not useful
Piloting acquisition & processing Evaluate and improve a QC protocol as part of study 

piloting

During Acquisition
Real-time monitoring of severe image 
distortions, head motion, task non-
compliance

Observing problems during acquisition can give time 
to recollect data or fix problems for the current or 
future scans

Monitor peripheral measures Respiration, cardiac, eye tracking
Soon after acquisition or download

Expected data are all present and properly 
documented

Missing, duplicated, or corrupted files, incomplete 
runs.* For MRI data, behavioral logs, and peripheral 
measurements

Data consistency & documented 
parameters match data

Consistent MRI field of view, contrast, orientation, 
number of runs, & run lengths match documentation*+

Documentation on QC during acquisition or 
pre-sharing exists

No documentation means there are undocumented 
problems

Data plausibly useful for study goals Regions of interest should have full coverage. No 
substantive temporal artifacts that affect connectivity 
measures

Atypical brain structures, acquisition 
artifacts, drop out, and distortion

May still be fine`, but might require altered 
processing. AFNI’s instacorr can be useful for 
assessment

During and after processing
Scripts ran properly Expected logs, QC metrics, & outputs created*

Appropriate voxels retained or removed Voxels with good SNR in brain are within mask and 
voxels outside of brain are removed.*

Voxels lost to dropout or field of view Check that similar voxels are retained across the 
population+

Consistent measures of temporal signal-to-
noise and intrinsic spatial smoothness 
across population

Sessions with non-trivially lower TSNR or different 
smoothness can be a warning sign of other problems*

Automatically removed data Number of censored volumed and DOF lost from 
noise regression, temporal filtering, & censoring*

Artifacts like ghosting, phase wrapping, or 
leakage

Instacorr is useful for checking if the temporal signal 
from an article is folding over into other brain regions

Partially-thresholded activation maps Are areas with the largest model fits in anatomically 
plausible patterns inside the brain?*

Task correlated head motion or breathing Not commonly checked and can bias results.* (AFNI 
automatically checks motion, but not breathing.)

Skull properly masked for anatomical & 
functional data

Can cause problems with alignment. Part of report 
from AFNI’s SSwarper

Intensity inhomogeneity Brighter signal on the surface can be expected, but 
can cause problems with masking and alignment*

Good anatomical to functional alignment & 
alignment across days/runs

Can be a serious hidden problem if one just looks at 
group maps.+

Left & right hemispheres flipped between 
anatomical & functional data

More common than it should be & requires excluding 
data unless the true left/right can be determined*

Good anatomical to anatomical alignment 
across participants

Often correctable and causes problems if not 
corrected+

Group coverage across population A summation of aligned functional masks highlights 
brain areas missing in part of the population+

Processed peripheral data are good Plausible behavioral timing files, good peak detection 
in respiratory & cardiac traces

Questions
Not a 

checklist

• General
• Study planning
• (Hardware QC)
• During acquisition
• Soon after acquisition
• During processing

Phases interact



Study planning

• What QC measures matter for my study?
• Brain coverage? Distortion? TSNR?
• Stable connectivity maps? 
• Avoiding problematic artifacts?

• Operating procedures: 
• Documentation and real-time checks
• Data & meta-data to store. What and how

• Piloting
• Testing QC measures
• Testing operating procedures

Coverage



Study planning
Operation procedures to decrease acquisition errors

Lists or checklists can be useful
Procedures should include how to log info during acquisitionCatherine Walsh’s study



Study planning
Piloting showed fMRI to structural alignment failures

fMRI image inhomogeneity & bright skull

Initial alignment 
options did not 

work

Was solvable 
with changing 
options rather 

than needing to 
alter acqusitions

Catherine Walsh’s study



Study planning
Piloting: Realized wrong run was being loaded in analysis script

Also gives a QA benchmark for what good runs should look like
Catherine Walsh’s study



Study planning & soon after acquisition

Look for fMRI distortions and dropout that might affect 
anatomical localization and alignment

HCP data



Data acquisition

• Check outputs as soon as 
possible!
• Neuroimaging, peripheral 

measures, and behavior
• Document anything atypical 

or different from acquisition 
plan
• Altered run order or bad runs, 

faulty response recording
• Volunteer sleepiness/non-

compliance
• Obvious artifacts or atypical 

brain structures

AFNI real time interface Image from  Vinai Roopchansingh



Data acquisition
Real time monitoring – task working the way it’s supposed to

Run 1 – all is good Run 3 – extra triggers before block padding started

Catherine Walsh’s study

Time  Category   Description Time     Category   Description

Example log of PsychoPy stimulus presentation software
Note: Need to make sure info you care about is logged



Data Acquisition
Real time monitoring – task compliance 

+

+
--

+

Catherine Walsh’s study

• Volunteer X misunderstood task
• Identified from button presses at 

wrong times
• Recollected data
• Added task practice phase for 

future volunteers



Data acquisition
Real time monitoring – logging & motion 

Catherine Walsh’s study

Notes taken by hand and then typed



Data Acquisition
Real time monitoring – severe image distortions

Catherine Walsh’s study Rebooted scanner & problem resolved

Localizer scan



Data acquisition
Real time monitoring – peripheral measures

Catherine Walsh’s study
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Bad traces can sometimes be fixed if noticed during the scan

Report and QA interface from AFNI’s physio_calc.py



Soon after acquisition
Visual checks of data

Wrap-around of noise on structural image
This is not a major problem (might affect skull stripping)

but wrap-around or aliasing into the brain can be a major problem



Soon after acquisition
Expected data are all present

Catherine Walsh’s study

Output of script to run on all data to check if unprocessed 
& processed data for participants are present

Not yet collected 
sessions

Not yet processed data

Regions of interest with 
possibly too few 
useable voxels



Soon after acquisition
Anatomical variability

Face vs baseline

Face vs baseline

Useable for within-subject ROI analysis.
Might be unusable for alignment to 
template group analyses

Incidental findings in healthy volunteers are common
This volunteer has good data for a with-subject ROI analysis,

Analyses requiring alignment to a common template might not work



Soon after acquisition
Data collected in critical areas

Catherine Walsh’s study

Particularly with a limited field-of-view, identify voxels in key ROIs 
with good data in FOV at all timepoints.



Soon after acquisition
Successful anatomical segmentation

Catherine Walsh’s study
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Soon after acquisition
• Result quality similar to pilot scans?
• Data useful for study goals:

• Good signal quality in brain regions of interest
• No artifacts that will affect analysis

• Signs of scanner problems
• Warnings to reconsider acquisition protocol
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ANATICOR
Local correlation to white matter

Jo, Comp Bio & Med (2020)

Z.S.S 16/06/13!

Hardware instability 



Soon after acquisition

Potentially concerning, but reduced after preprocessing and results looked reasonable

Catherine Walsh’s study



During processing
Scripts ran appropriately

In addition to afni_proc execution log, a simplified file showing what was run and on what data it was run
Useful for immediate checks and “provenance” info when revisiting data in the future



During Processing
Individual subject coverage map

Freesurfer segmentation missed a lobe
Catherine Walsh’s study



During Processing
Full study coverage map

• Task data Rest data

Coverage differs between studies: Sufficient” coverage is study-specific



During processing
Head motion & censoring

26% of volumes lost
Difficult or impossible to useCatherine Walsh’s study

From afni_proc report



During processing
Statistical maps

• sub-001 (included)

Full F stat map Correlation to white matter ROI

From afni_proc report

Teves et al 2023



sub-016 (excluded)
Task condition, but not control condition mildly correlated to head motion

Full F stat map Correlation to white matter ROI

During processing
Statistical maps

Teves et al 2023



During processing
Manual checks with instacorr

Sub-018: Investigated artifact with “high EPI variance” warning
Time series follows several jumps in motion Sub-002: Investigated hypointensity

Correlations mostly to other CSF 
areas

Teves et al 2023



During processing
More afni_proc report measures

• Expected network plausible?
• Corr to white-matter non-

global?
• Local corrs follow anatomy
• EPI variance for follow-up.

Teves et al 2023



During processing
Alignment

• Anatomical edges over EPI 
volume is useful for both 
checking alignment and viewing if 
there the left & right sides of the 
brain were flipped

Flipped fits better
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Teves et al 2023



Why you should QA your processing pipeline!

Teves et al 2023



QA is also a research area!

• Alignment cost function used to optimize a relative local minimum.
• The raw values within a dataset seem to highlight bad alignments



Recent QA methods
pBOLD with multi-echo fMRI

Gonzalez-Castillo, et al, “A new fMRI quality metric 
using multi-echo information: Theory, validation and 
implications” bioRxiv 2026

pBOLD

TS
N

R
Based on assumptions about network connectivity patterns

Lynch, et al “Objective quality assessment for precision 
functional MRI data” Neuron 2026



Take home messages
Part 1

• Reproducible & relevant science requires knowing your data

• Pipelines & sample size don’t matter if your data is not good

• “What is good data” varies with context & application

• Quality assurance protocols are central to knowing your data

• Automation is great, but insufficient

• Training on how to do QA needs more attention



• Designing a QC process starts with study planning and includes 
every step of a study
• Including & especially for using data collected by others
• Document QC procedures & results particularly for data sharing

• Automated QC must be paired with human observations and 
interpretations
• Where human time is most useful is a growing issue for big N studies

• QC is not just keep vs exclude. It’s “What questions can I answer 
with these data?”

• QC is an active area of research & should be more active

Take home messages
Part 2
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