
Correlated changes in brain functioning 
and cognitive performance are marked by 
individual differences

IEEE Data Bank Challenge 2017

Taylor Curley1

Benjamin Bauchwitz2

1) taylor.curley@gatech.edu
School of Psychology
Georgia Institute of Technology

2) bbauchwitz@cra.com
Charles River Analytics, Inc.



Hypotheses

1. Individual differences exist in cognitive performance
• Jaeggi, Buschkeuhl, Shah, & Jonides (2014)

2. Individual differences exist in brain functioning
• Raz et al. (2005)

3. These changes are correlated in this study
• Kane & Engle (2002)
• Raz et al. (2010)
• Kanai & Rees (2011)
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OVERVIEW

Presenter
Presentation Notes
0) The goal for this analysis was simple: allow the data to “speak for itself” and to guide the ensuing tests based on a single a priori hypothesis.Our overall hypothesis is that individual differences underlie the differences between subjects in this particular sample.Specifically, we first hypothesize that individual differences exist at the level of the cognitive scores. Secondly, we hypothesize that  individual differences also exist at the level of brain functioning. Finally, we hypothesize that individual differences in cognitive scores and brain functioning are correlated with each other. We will use data simulations and structured statistical analyses to determine the extent to which they are correlated.
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INITIAL ANALYSES

REAL DATA SIMULATED DATA

Presenter
Presentation Notes
1) The most glaring, yet curious observation in this study is that T1 and T2 scores on the LSAT Reasoning and Figure Series tests are not significantly different from each other. Even when we simulate 500 cases based on the distributional characteristics of the 25 participants’ data, the significance is nowhere close to our alpha.2) If you look at the observed data, however, you can see large differences in T1 vs T2 changes between subjects. This is our first indication that cognitive scores are marked by individual differences.
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TRAINING CURVES

Presenter
Presentation Notes
Data from the training sessions also yield insight about the role of individual differences. Progression through the sessions is similar between individuals and can be summarized with a small number of parameters – the logarithmic curve coefficients; however, there are still some significant apparent differences in terms of how certain individuals performed in training.
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PRINCIPLE COMPONENTS

First 7 PCs explain over 93% 
of variance

1. Latent recognition speed

2. Latent ability to recognize 
unfamiliar objects/symbols

3. Speed of progression through 
the test battery

4. Age related improvements in 
object recognition

5. Trade-offs in effort for one 
test vs. another

6. Specialization for visual vs. 
verbal processing

7. Age related declines in 
processing ability

Presenter
Presentation Notes
The battery of tests administered prior to training also reveal important individual differences. When we perform principle components analysis on these test results, we see that much of the variability is explained by a few key parameters such as individual’s latent recognition speed, ability to recognize unfamiliar objects, and trade-offs between visual and verbal processing.



6

SAMPLE SPLIT

Figure Series LSAT Reasoning
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Presenter
Presentation Notes
In order to get a better understanding of how these variables differ between individuals, we examined regressions along the T1 and T2 cognitive scores and chose 7 participants who exhibited greater potential for improvement. These 7 scored above the loess regression lines in both tasks shown here.



7

FA – PRE vs POST

Pre-Intervention FA
(t-test, sample split)

Post-Intervention FA
(t-test, sample split)

Via FSLeyes

α < 0.1

α < 0.1

Presenter
Presentation Notes
When you compare the DTI measures of these 7 participants against all other participants, you can see that white matter connectivity is significantly greater for participants who have greater scores at T1. The changes are most concentrated at the cingulate cortex. After the training measures, however, these differences disappear.



α < 0.1

CINGULATE CORTEX

Regression using FA - caudal anterior & posterior cingulate cortices

Pre Post
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Presenter
Presentation Notes
A multivariate mixed-effects regression can help us understand the interaction between individual differences, training, and changes in structural connectivity. We narrowed our analysis of structural connectivity to 125 vectors with the most positive or negative magnitude of change, the most or least varied changes, or the largest ratio of change magnitude to variance. We further narrowed these to 33 connections which could plausibly be related to the phenomena studied in the dataset. We performed a series of tests regressing post test scores on pre-test scores, connectivity changes in the hypothesized pairs of brain regions, individual differences, and interactions of those parameters. We identified several tests with significant results, several of which implicated the cingulate cortex which we had previously (and independently) identified as potentially having a role in training-related task improvement. For instance, we see that while pre-test scores is the strongest predictor of post-test scores, latent recognition speed and age-related recognition ability also help performance. However, training-related changes in structural connectivity for this pair of brain regions mitigates the advantage that certain individuals may have.
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LCSMs – Fig Series & LSAT

Latent Change Model (COG)1 Correlated Latent Change Model (COG)2

1 Significant negative beta: Lower T1 COG scores = greater 
positive change in COG scores

2 Significant positive rho: changes in both LSAT and Figure Series 
are correlated with each other (when controlling for all other 
variables)

Presenter
Presentation Notes
The previous analyses show that there are individual differences that underlie task performance and neural measures. Our final analysis uses latent change score models to determine the extent to which individual differences at the cognitive and neural levels correlated with each other.The first model you see on the left shows latent change in the LSAT and Figure Series scores when they are loaded onto one latent variable. The right figure determines the extent to which changes are correlated in the two cognitive variables.The beta value to the left, shown in the red box, is significant and indicates that greater increases in both cognitive variables is dependent on T1 scores. Our previous analyses indicated this.The rho value to the right, shown in the green box, is also significant and indicates that positive changes in the LSAT and Figure Series scores are correlated with each other. Thus, the cognitive measures change at a similar rate, but are dependent on T1 scores. 
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LCSMs – COG & NEURO

Separate Measures1a,b Combined Measures2

2 Significant positive rho: Correlated changes between 
cognitive and neuro latent variables

2 Significant cross-couplings (gamma): Changes in both 
cognitive and neuro latent variables are dependent upon T1 
neuro and cognitive scores, respectively

Presenter
Presentation Notes
Finally, we submitted all cognitive and DTI data to one latent change model in order to understand how changes in cognitive scores are related to changes in brain connectivity. Looking at the combined measures model on the right, the positive rho value (which is shown in red) is significant. This means that changes in white matter structure are significantly correlated with changes in cognitive scores. In other words, the greater the changes in cognitive scores, the greater the change in brain connectivity.We can further qualify this through the significant cross-couplings, which are shown in the green boxes. These indicate that changes in both cognitive and neural measures are significantly correlated with T1 scores. In other words, changes in both cognitive and DTI measures are dependent on an individual’s measurements before training.To conclude, we have shown that individual differences in cognitive and neural measures drive performance changes. Changes in both types of measure are correlated with each other and are dependent upon an individual’s initial performance. 



QUESTIONS
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