
•Implicit sequence learning occurs when people view stimuli to which they 
respond, but unknowingly learn a pattern embedded within the stimuli

•The Serial Reaction Time (SRT) task is the most widely used measure 
of sequence learning, but often yields at least some explicit knowledge
•The Alternating SRT (ASRT) is a modification of the SRT that contains a 
subtle second-order regularity (Howard and Howard, 1997)

•Sensitive recognition measures indicate a lack of explicit knowledge
•Sequence learning can be assessed continuously, throughout training

•Dual tasks have been used during sequence learning to look at either the 
effects of divided attention or at parallel learning

•Studies have used different variations of the SRT as well as types of dual 
tasks, and have yielded mixed findings of the effects of a dual task on 
learning (Allen, Baddeley & Hitch, 2006; Deroost, Coomand & Soetens, 2009; Jiménez 
& Vázquez, 2005; Rowland and Shanks, 2006)

•Goal of present study:  To determine if holding in mind a concurrent 
memory load influences implicit learning of sequences

•Sequence learning assessed via:  ASRT, which requires continuous 
binding and updating of information during learning
•Dual task: Matrices task from Mitchell, Johnson, Raye & D’Esposito 
(2000), which requires binding
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Results

A Memory Load in the Alternating Serial Reaction Time Task

•Adapted from Mitchell et al. (2000), shown to activate the medial temporal lobe 
(MTL)
•Participants saw 4 matrices, one at a time, for 1500 ms each
•Participants were instructed to “Remember both the letter and the location”
•Memory for the letter and location together were tested – participants 
responded “yes” if a letter and location were exactly as seen previously, and 
“no” if otherwise
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•There was a significant main effect of 
group (p = .016)

• Controls were more accurate than 
Memory Load 

ASRT RT Difference Scores
•Post-hoc tests showed a significant 
difference between groups in Session 2     
(p = .03)

•Participants rated each triplet 
as having been seen with high 
or low frequency

•There was no explicit 
knowledge of the High/Low 
probability triplet pattern

•A simultaneous memory load interfered with sequence learning, 
particularly early in learning, Sessions 1 and 2

•Not due to attention switching demands: both conditions required 
switching between tasks
•Not due to explicit learning: no evidence of explicit knowledge 

•Interference likely because: 
•both the matrix task and the ASRT require associative binding 
•both the matrix task (Mitchell et al., 2000) and early learning in the 
SRT/ASRT engage the MTL

•fMRI data show a role for the hippocampus in sequence learning, 
whether in the form of activation in the SRT (Aizenstein, Butters, Clark, 
Figurski, Stenger, Nebes, et al., 2006) or deactivation in the ASRT (Fletcher, 
Zafaris, Frith, Honey, Corlett, Zilles et al., 2004)
•DTI data show a relation between the hippocampus-DLPFC tract 
integrity and sequence learning in the ASRT (Bennett, Madden, Vaidya, 
Howard & Howard, 2010)

•Although young adults are thought to be proficient at multi-tasking, these 
results suggest that this is not always the case

•Eg: People who perform everyday tasks while using mobile devices 
may be impaired in their ability to become sensitive to subtle regularities 
in the environment
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•The ASRT task is a probabilistic 2nd order 
sequence learning task (Howard and Howard, 1997)

•One event predicts the location of the event two 
trials later, with a randomly determined event 
between them

•Learning occurs within patterns, such as 
1r2r3r4r, where triplets of trials would occur     
with High frequency, 1r2, 2r3, 3r4, 4r1, or                
Low frequency, eg: 1r3 or 2r4

•50 trials/block, 15 blocks/session,                      
3 sessions

ASRT Reaction Time
•There was significant skill-learning, as 
participants got faster over sessions       
(p < .001)
•There was significant sequence learning, 
with a significant triplet type x session 
interaction (p < .001)
•There was a marginally significant triplet 
type x session x condition interaction     
(p = .08)

ASRT Session 1 Reaction Time
•There was significant skill-learning         
(p < .01) and triplet type learning            
(p < .001)

• There was a significant triplet type x 
session x condition interaction (p < .05), 
indicating that the Controls learned more 
than those in the Memory load Condition

Experimental Condition
(Memory Load)
•Participants saw the Matrix Presentation 
and then completed a block of the ASRT, 
at the end of which was the Matrix Test

Control Condition
•Participants saw the Matrix Presentation, 
were given the Matrix Test after a 3s 
delay, and then completed a block of the 
ASRT
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Participants
•Memory Load: 12, age 19.83 ± .63,    
7 females
•Controls: 12, age 20 ± .60, 7 females
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