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This is a methodological project to improve the reliability of connectivity measurement, 

primarily using data from the Human Connectome Project, but with a small validation analysis  

using the 600 Dunedin Study Members who have been seen to date. Full cohort not needed 

because there are no epidemiological inferences to be made in the paper.  

 

Objective of the study: 

 

Functional magnetic resonance imaging has played a pivotal role in our understanding of the 

functional organization of the human brain1–3. Functional connectivity, often measured using 

resting-state fMRI, has been favored in many studies that aim to measure stable, trait-like 

phenotypes because it does not require task demands, has no practice-effects and is relatively 

easy to collect in children, aging and psychiatric populations4–8. While functional connectivity 

has revealed many insights about average, group level effects in the brain, there has been much 

slower progress in finding reliable links between individual differences in brain function and 

human traits, behaviors or diseases1,3. The low reliability of fMRI measures likely contributes to 

this lack of progress. In general task fMRI and resting state phenotypes have ICCs below .59,10, 

placing them in the poor range of reliability11. In order to build a cumulative neuroscience of 

individual differences and more efficiently discover biomarkers for aging and psychiatric 

disease, the reliability of fMRI must be improved, as reliability fundamentally limits the validity 

of a measure and its ability to predict individual differences. 

Recent work has shown that high levels of reliability are achievable if you collect enough 

fMRI data on individual subjects12. Functional connectivity may simply be a noisy measure of 

stable traits that require aggregating many measurements to accurately estimate9. However, these 

studies suggest that close to an hour of resting state fMRI is needed to achieve high levels of 

stability. Due to the high cost of scan-time and the limited ability of many children and patient 

populations to lie still without falling asleep for an hour, this depth of measurement has been 

unfeasible for many large clinical and population-based studies. Instead, large-scale imaging 

datasets focused on predicting individual differences in health and disease (UK biobank, 1000 

Functional Connectomes, PING) have collected less than 10 minutes of resting-state data, likely 

leading low test-retest reliability and predictive validity.  
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While few datasets collect enough resting-state data to achieve high levels of reliability, 

many datasets have subjects complete multiple task-fMRI scans in addition to resting-state. 

While it has historically been taken for granted that task and resting-state fMRI are two separate 

measure of brain function, to be analyzed independently, a growing body of evidence suggest 

that the intrinsic functional connectivity measured in each may have substantial overlap, sharing 

over 80% of the same variance13,14. Functional connectivity from task-fMRI has even been 

suggested as a method that may more reliably emphasize individual differences15,16. 

If task and resting state fMRI overwhelmingly converge on the same individual differences 

in intrinsic functional connectivity and resting-state has poor reliability because of inadequate 

length of acquisition, then task and resting-state fMRI may be able to be combined to achieve a 

more reliable measure of intrinsic functional connectivity. We propose 3 analyses to test this 

hypothesis.  

 

Data analysis methods: 
1) What are the upper limits of reliability that can be achieved from task, resting-state 

and their combination in their measurement of individual differences of intrinsic 

connectivity? 

 

Analysis will use the publicly available myConnectome datasets that includes hundreds 

of minutes of resting-state and task-fMRI, all collected on a single individual. We will 

recreate the reliability curve in Laumann et al., 201512, by sampling increasing amounts 

of data and testing reliability with a large amount of left out data. We will sample from 

all resting state data, then increasingly amounts task data, to test the feasibility of adding 

task to resting state data in order to boost reliability.  

 

2) Can the effects found above be replicated in a test-retest dataset that represents 

acquisition parameters of a typical large-scale neuroimaging study? 

 

Analysis will calculate ICCs of intrinsic connectivity using the 40 subjects with test retest 

data from the human connectome project. This data set has 1 hour of resting state and 1 

hour of task data in each subject. We will test the reliance of ICCs on the amount of data 

and the type of data by computing correlation matrices from increasing amounts of data 

and an increasing proportion of task data. While aim 1 tested the limits of reliability in a 

single subject, aim 2 will measure the reliability of individual differences across subjects, 

a better measure of performance in studies of individual differences.  

 

3) Is intrinsic connectivity estimated from rest and task together better at predicting 

individual differences than rest alone? 

 

Analysis will test the relationship between behavioral prediction from intrinsic 

connectivity on the reliability of the data. We will predict individual differences 

(intelligence, depression, p-factor) in the Dunedin and HCP study from intrinsic 

connectivity derived from rest alone and compare the effect size to a prediction from rest 

combined with task across a range of scan lengths. 

 

 



Variables needed from the Dunedin Study at which ages: 
 

IQ at 38 and 45 

P factor at 38 and 45 

Depression diagnosis status at each age 

Connectivity measures from MRI scan (to be supplied by Annchen) 

 

 

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

 

The primary significance of this study is for functional connectivity methods in fMRI. If 

functional connectivity is more reliably measured by adding task data to rest, then all researchers 

with access to rest and task data should combining these measures to achieve higher reliability. 

More reliable measurement promises to lead to stronger predictions of psychopathology and 

behavior. In addition, this study will contribute to our understanding of the brain during “resting-

state” and “task-states”. This holds the potential to give researchers practical solutions to 

improving reliability in existing archival data as well as guiding future imaging protocol design.  
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