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SUPPLEMENTAL ONLINE MATERIALS  
 
for Tamminen, Payne, Stickgold, Wamsley, & Gaskell: Sleep spindle activity is associated 
with the integration of new memories and existing knowledge. 
 
 
Analysis of behavioral data using change scores as the dependent measure 

In the recall and recognition tests we additionally analyzed change in performance during the 

retention intervals (S1-S2 and S2-S3) by calculating difference scores for both groups (by 

deducting scores in S1 from scores in S2, and deducting scores in S2 from S3). In free recall, 

an ANOVA with participant group (sleep or wake) and retention interval (S1-S2 and S2-S3) 

was used to analyze the difference scores. An interaction between group and interval was 

found, F(1,55)=21.71, p<.001, with planned comparisons showing that between S1 and S2 

the sleep group improved significantly more than the wake group, F(1,59)=14.92, p<.001, 

while between S2 and S3 the wake group improved significantly more than the sleep group, 

F(1,59)=13.49, p=.001. 

 An identical analysis was carried out on the cued recall data. Here the ANOVA 

showed a main effect of retention interval, F(1,52)=14.91, p<.001, reflecting a larger change 

occurring during the second interval compared to the first, when averaged across groups. A 

main effect of group was also found, F(1,52)=5.29, p=.03, as well as an interaction between 

the two factors, F(1,52)=34.82, p<.001. Planned comparisons showed a significant difference 

in the S1-S2 change between the two groups, F(1,52)=48.41, p<.001, as well as in the S2-S3 

contrast, F(1,52)=11.60, p=.001.   

 In analysis of the old-new categorization performance, the ANOVA only showed a 

significant interaction, F(1,56)=7.14, p=.01. Planned comparisons showed a marginally 

significant difference between the groups in the S1-S2 change, F(1,56)=3.75, p=.058, and a 

significant difference in the S2-S3 change, F(1,56)=6.51, p=.01. 
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 A similar analysis was carried out in the lexical competition task, by calculating the 

magnitude of the competition effect for each participant at each time point, and then 

calculating the change in this effect over the retention intervals. As in the main analysis, no 

interaction was found between group and retention interval, suggesting that both groups 

showed similar effect at each time of testing. A main effect of retention interval showed that 

the change scores, averaged over groups, were larger in the S1-S2 contrast than in the S2-S3 

contrast, F(1,56)=9.06, p=.004. 

 
 
NREM sleep spindle analysis using spindle density as the dependent measure 
 
Spindle density was calculated by dividing the number of spindles with total time spent in 

stage 2 and slow-wave sleep. No statistically significant correlations between density and the 

recall or recognition tasks were found. Spindle density did correlate with overnight change in 

the magnitude of the lexical competition effect, r=0.62, p=.001 (uncorrected p<.001), and 

with the magnitude of the competition effect in S1, r=-0.57, p=.004 (uncorrected p=.001). As 

in the main analysis, we calculated the partial correlation between spindle density and 

competition change overnight while holding the S1 facilitation effect constant (NREM sleep 

duration was not held constant here as the spindle density measure already takes sleep time 

into account). This analysis showed a marginally significant correlation, r=0.35, p=.065 

(uncorrected). A partial correlation looking at the relationship between spindle density and S1 

facilitation while holding overnight change constant on the other hand showed no significant 

correlation (p=.31). Again following the main analysis, a multiple regression on spindle 

density was carried out using overnight change in all tests as regressors. Only lexical 

competition was associated with spindle density, β=0.66, p<.001. Inspection of tolerance 

statistics indicated no problems regarding multicollinearity. 
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Sleep spindle analysis broken down to stage 2 and SWS spindles 

No significant correlations involving either stage 2 or SWS spindles were found in the 

recall/recognition tasks. Overnight change in the magnitude of the lexical competition effect 

was significantly correlated with number of stage 2 spindles, r=0.55, p=.004 (uncorrected 

p=.001), and marginally with SWS spindles, r=0.44, p=.064 (uncorrected p=.016). The 

correlation between the magnitude of the competition effect in S1 and stage 2 spindle counts 

was marginally significant, r=-0.44, p=.06 (uncorrected p=.015), with a slightly stronger 

correlation with SWS spindles, r=-0.46, p=.044 (uncorrected p=.011). A partial correlation 

between stage 2 spindle count and competition change overnight while holding the S1 

facilitation effect and stage 2 sleep duration constant showed a significant correlation, r=0.38, 

p=.04 (uncorrected). A partial correlation looking at the relationship between stage 2 spindle 

count and S1 facilitation while holding overnight change and stage 2 sleep duration constant 

showed no significant correlation. Equivalent analyses using SWS spindles showed an 

identical pattern, with r=0.37, p=.052 (uncorrected) for the former partial correlation, and no 

significant correlation in the latter partial correlation. As in the main analysis, a multiple 

regression identified only overnight lexical competition change associated with stage 2 

spindle activity, β=0.58, p=.001, or SWS spindle activity β=0.62, p<.001. Tolerance statistics 

indicated no problems regarding multicollinearity. 
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Table S1. Correlation coefficients for association between duration of sleep stages and 
behavioral task performance. Statistically significant coefficients (p<.05) are in bold (after 
correction for multiple comparisons). 
 

    Stage 2 REM SWS 

Lexical 

competition 

     

 Change overnight r -0.051 0.108 -0.193 

 Immediate test r 0.117 0.000 0.190 

 Delayed test r 0.062 0.166 -0.07 

 Follow up test r -0.084 -0.143 0.057 

Free recall      

 Change overnight r 0.262 0.096 -0.273 

 Immediate test r -0.153 -0.241 0.12 

 Delayed test r 0.053 -0.143 -0.076 

 Follow up test r -0.146 -0.289 -0.03 

Cued recall      

 Change overnight r -0.022 -0.009 0.140 

 Immediate test r 0.039 -0.400 -0.021 

 Delayed test r 0.03 -0.353 0.064 

 Follow up test r -0.082 -0.372 -0.042 

Old-new      

categorization Change overnight r -0.423 0.003 0.519 

 Immediate test r -0.346 0.093 0.249 

 Delayed test r -0.078 0.147 -0.189 

 Follow up test r -0.087 0.143 0.012 
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Table S2. Correlation coefficients for association between NREM sleep spindle count and 
behavioral task performance. Statistically significant coefficients (p<.05) are in bold (after 
correction for multiple comparisons). 
 

Lexical 

competition 

   

 Change overnight r 0.587 

 Immediate test r -0.495 

 Delayed test r 0.313 

 Follow up test r 0.167 

Free recall    

 Change overnight r -0.111 

 Immediate test r -0.294 

 Delayed test r -0.294 

 Follow up test r -0.337 

Cued recall    

 Change overnight r -0.043 

 Immediate test r -0.278 

 Delayed test r -0.265 

 Follow up test r -0.240 

Old-new    

categorization Change overnight r -0.194 

 Immediate test r -0.041 

 Delayed test r 0.155 

 Follow up test r 0.221 

 
 


