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Introduction & Conclusion

• Researchers often regress out confounds by including 
regressors that code only for the main effects of confounds.

• This leaves unmodeled interactions involving confounds.

• If a regressor of interest is correlated with such unmodeled
interactions, it may “steal” variance due to those interactions.

• This could lead to a significant beta value that reflects 
confounds, rather than (or in addition to) the effect of interest.
– Thus, it’s best to avoid confounds in the experimental design if possible!



Two intuitive examples from a 
hypothetical sleep-deprivation study

1. A confound that DOESN’T interact with an 
effect of interest

2. A confound that DOES interact with an effect 
of interest



Ex. 1: A confound that doesn’t interact
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Residuals from Regression
Without Interaction term
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Ex. 2: A confound that DOES interact
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Residuals from Regression
Without Interaction term



How do we know whether there is 
significant unmodeled variance?

• Conduct a Lack of Fit Test (Faraway, 2004)

– Fit a regression model for each subject

– Conduct a one-way (M)ANOVA on the group residuals

– If the residuals deviate significantly from a flat line, 
then there is systematic, unmodeled variance.



What if there are more regressors?
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Now we need to model 14 additional effects to ensure no 
unmodeled variance:  3 main effects, 6 two-way interactions, 
4 three-way interactions, and 1 four-way interaction!!!!!



Two potential obstacles

1. Some of the interactions may not be observed 
in a study (e.g., our subject was never in a 
great mood when sleep-deprived).

2. The model may run out of degrees of freedom 
(i.e., become saturated) before we add all of 
the additional effects, especially if some 
interactions are not observed in the real data.



Real-world examples

1. Cognitive neuroscience

2. Cognitive Psychology



Cognitive Neuroscience
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Limitations of Motion Regressors

• Some functional connectivity can be explained by unmodeled
interactions involving motion and resting-state functional 
connectivity (Lemiuex et al., 2007; Satterhwaite et al., 2012).

• These interactions are not completely “regressed out” with 
linear “main effect” motion regressors (Power et al., 2014). 

• In addition, the nature of such interactions is not always clear.

• Therefore, researchers now often delete time points at which 
motion occurs, rather than trying to model motion confounds. 



Cognitive Psychology

Adapted from Mansouri et al. (2009)
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The congruency sequence effect (CSE)
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Gratton et al. (1992)
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Feature repetition Confounds
(Mayr et al., 2003, Nature Neuroscience)



Notebaert & Verguts (2007) presented a method for 
“regressing out” feature repetition confounds

CSE 





Schmidt, De Schryver, & Weissman (2014)



Systematic unmodeled variance in a lack of fit test 
(One-Way MANOVA)

Experiment 1 Experiment 3

F(6, 9) = 34.846, p < 0.001

Schmidt, De Schryver, & Weissman (2014)

Solution: Create selective attention tasks wherein no features                  
repeat across consecutive trials (Schmidt & Weissman, 
2014; Weissman, Jiang, & Egner, 2014).

Experiment 2

F(6, 9) = 2.982, p = 0.069 F(6, 9) = 6.613, p < 0.01



Empirical evidence that unmodeled
higher-order interactions exist



Conclusion

• Researchers often regress out confounds by including 
regressors that code only for the main effects of confounds.

• This leaves unmodeled interactions involving confounds.

• If a regressor of interest is correlated with such unmodeled
interactions, it may “steal” variance due to those interactions.

• This could lead to a significant beta value that reflects 
confounds, rather than (or in addition to) the effect of interest.
– Thus, it’s best to avoid confounds in the experimental design if possible!


