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Objective of the study:

Task-evoked activity in regions of interest (ROIs) measured with BOLD fMRI is increasingly used
for mapping variability in behavior and risk for mental illness. However, the utility of neuroimaging
phenotypes for the study of individual differences depends on how reliably they can be measured
over time!2, While studies assessing the test-retest reliability of MRI-derived measurements of
many aspects of brain structure have found these to be highly reliable*®, evidence for lower test-
retest reliability of task-based functional measures has begun to accumulate, indicating that these
measures may not be suitable for individual differences research®?.

While most existing studies of test-retest reliability of regional fMRI task activation are limited to just
one or two tasks, usually in a very small number of subjects, here we will leverage test-retest data
from two datasets with a total of 11 tasks. In the Dunedin Longitudinal Study (DLS), 20 participants
were scanned twice (mean test-retest interval of 79 days) while completing a battery of 4 fMRI
paradigms targeting different cognitive domains: emotion / threat, motivation / reward, episodic
memory, and executive control. In the Human Connectome Project (HCP), 45 participants were
scanned twice (mean test-retest interval of approximately 140 days) while completing a battery of 7
fMRI paradigms: emotion / threat, reward / decision making, working memory / executive control,
social cognition, higher order relational processing, language processing, and motor strip mapping®.

A prominent metric used to quantify test-retest reliability in order to inform whether a measure is
suitable for the study of individual differences is the intra-class correlation coefficient® (ICC), where
a value of 1 indicates perfect reliability / stability over time, and values below 0.4 are considered
“poor™®. Of the tasks to be examined here, some have been previously assessed for test-retest
reliability of their target regions using the ICC, with either identical or highly similar variants of the
task: the emotion / threat task (ICCs in the amygdala ranging from -0.02 to 0.7"1112), the reward
tasks (ICCs in the ventral striatum ranging from 0.56 — 0.62"3), the episodic memory task (ICCs in
the hippocampus ranging from 0.59-0.87%%), the executive control task (ICCs in the prefrontal cortex
ranging from 0.42-0.52%), the working memory task (ICCs in the prefrontal cortex ranging from -
0.4-0.77"1%), and several marginally similar variants of the motor task (ICCs in the motor cortex
ranging from 0-0.85°). To our knowledge, test-retest ICCs have not been reported for the social
cognition, relational processing, or language processing tasks.

Here we aim to 1) conduct the most comprehensive (to our knowledge) assessment to date of the
test-retest reliability of regional activation using these 11 tasks and 2) discuss the implications of
observed levels of test-retest reliability on the utility of regional measures of task activation in
individual difference studies.



Data analysis methods:

To assess test-retest reliability of task-evoked activation and its implications in the use of these
measures for the study of individual differences, we will conduct the following analyses for each of
the 11 tasks:

1.

2.

Calculate group-level activation for the traditionally used condition of interest and ROI(s) for
the respective task, to confirm engagement of the target region(s) by the task

Quantify the between-session reliability of the subject-level mean activation within the target
ROI(s) using the intra-class correlation coefficient (ICC)

In order to further inform our interpretation of the reliabilities observed within the target
ROI(s), quantify global reliability of activation using the whole-brain ICC, which has been
suggested to be the strictest and most valuable measure of test-retest reliability®

To compare regional reliabilities for the given task, also calculate ICCs for the target ROls
from the other tasks, as well as for control regions in the visual cortex.

To provide further context and a comparison standard for evaluating the resulting task
activation-related ICCs, calculate test-retest ICCs for structural measures including cortical
thickness, cortical surface area, and sub-cortical volume.

Assess the relationship between reliability, sample size, and ability to detect effects of
varying sizes at a given statistical power level.

Variables needed at which ages:

DLS Age 45 variables:

- Neuroimaging:

o fMRI time course for the emotion / “Matching” task (targeting the amygdala)

o fMRI time course for the executive control / “Colours” task (targeting the
dorsolateral prefrontal cortex and the dorsal anterior cingulate cortex)

o fMRI time course for the reward / “Quick-Strike” task (targeting the ventral
striatum)

o fMRI time course for the episodic memory / “Face-name” task (targeting the
hippocampus)

HCP variables:

o fMRI time course for the emotion task (targeting the amygdala)

fMRI time course for the reward task (targeting the ventral striatum)

o fMRI time course for the working memory task (targeting the dorsolateral
prefrontal cortex)

o fMRI time course for the social / theory-of-mind task (targeting the lateral fusiform
gyrus, superior temporal sulcus, and other “social-network” regions?!’)

o fMRI time course for the relational task (targeting the rostrolateral prefrontal
cortex*®)

o fMRI time course for the language task (targeting the anterior temporal lobe!®)

o fMRI time course for the motor task (targeting the motor cortex)

o

Significance of the Study (for theory, research methods or clinical practice):

This study will provide the most comprehensive assessment to date of test-rest reliability of fMRI
regional activation, positioning it to serve as a widely applicable reference for understanding the
place of task fMRI in the study of individual differences.
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