
+

How Does Attentional State Influence Temporal Organization of  Memory?
Chinmayi Balusu, Manasi Jayakumar, Mariam Aly

Psychology Department, Columbia University

Background

References
1. Esterman M, Noonan SK, Rosenberg M, Degutis J (2013). In the zone or zoning out? Tracking behavioral and neural fluctuations during sustained attention. Cerebral Cortex. 23(11): 2712-2723.
2. Riley E, Esterman M, Fortenbaugh FC, DeGutis Joseph (2017). Time-of-day variation in sustained attentional control. Chronobiology International. 34(7): 993-1001.
3. Wyble B, Potter MC, Bowman H, Nieuwenstein M (2011). Attentional Episodes in Visual Perception. Journal of Experimental Psychology: General. 140(3): 488-505
4. Esterman M, Rosenberg MD, Noonan SK (2014). Intrinsic fluctuations in sustained attention and distractor processing. The Journal of Neuroscience. 34(5): 1724-1730.
5. Chun MM, Golomb JD, Turk-Browne NB (2011). A taxonomy of external and internal attention. Annual Review of Psychology. 62: 73-101
6. Fortenbaugh FC, DeGutis J, Esterman M (2017). Recent theoretical, neural, and clinical advances in sustained attention research: Sustained attention. Annals of the New York Academy of Sciences. 
7. Robertson IH, Manly T, Andrade J, Baddeley BT, Yiend J (1997). ‘Oops!’: Performance correlates of everyday attentional failures in traumatic brain injured and normal subjects. Neuropsychologia. 35(6): 747-758.
8. Rosenberg M, Noonan S, DeGutis J, Esterman M (2013). Sustaining visual attention in the face of distraction: a novel gradual-onset continuous performance task. Attention, Perception, & Psychophysics. 75(3): 426-439.
9. Aly M, Turk-Browne NB (2017). How Hippocampal Memory Shapes, and Is Shaped by, Attention. The Hippocampus from Cells to Systems. 369-403.

10. Chun MM, Turk-Browne NB (2007). Interactions between attention and memory. Current Opinion in Neurobiology. 17(2):177-1784.
11. Hollingworth A (2006). Scene and position specificity in visual memory for objects. Journal of Experimental Psychology: Learning, Memory, and Cognition. 32(1): 58-69.
12. Chun MM, Jiang Y (1998). Contextual Cueing: Implicit Learning and Memory of Visual Context Guides Spatial Attention. Cognitive Psychology. 36(1): 28-71.
13. Fernandes MA, Morris M (2000). Divided attention and memory: Evidence of substantial interference effects at retrieval and encoding. Journal of Experimental Psychology: General. 129(2): 155-176.
14. Solway A, Murdock BB, Kahana MJ (2012). Positional and temporal clustering in serial order memory. Memory & Cognition. 40(2): 177-190.
15. Kahana, MJ, Howard MW, Polyn SM (2008). Associative retrieval processes in episodic memory. Cognitive psychology of memory. Vol. 2, Learning and memory: A comprehensive reference. Vol. 4, Oxford: Elsevier.
16. Howard MW, Kahana MJ (2002). A distributed representation of temporal context. Journal of Mathematical Psychology. 46(3): 269-299.
17. Polyn SM, Kahana MJ (2007). Memory Search and the Neural Representation of Context. Trends in Cognitive Sciences. 12(1): 24-30.
18. Howard MW (2004). Scaling behavior in the temporal context model. Journal of Mathematical Psychology. 48(4): 230-238.
19. Heusser AC, Ezzyat Y, Shiff I, Davachi L (2018). Perceptual boundaries cause mnemonic trade-offs between local boundary processing and across-trial associative binding. Journal of Experimental Psychology: Learning, Memory, and 

Cognition. 44(7): 1075-1090.
20. van den Brink RL, Murphy PR, Nieuwenhuis S (2016). Pupil Diameter Tracks Lapses of Attention. PLOS One. 11(10): e0165274.
21. Vaurio RG, Simmonds DJ, Mostofsky SH (2009). Increased intra-individual reaction time variability in attention-deficit/hyperactivity disorder across response inhibition tasks with different cognitive demands. 47(12): 2389-2396.
22. Loken WJ, Thornton AE, Otto RL, Long CJ (1995). Sustained attention after severe closed head injury. Neuropsychology. 9(4): 592-598

Hypothesis
We hypothesize that attentional fluctuations will 
create event boundaries, and therefore influence 

the temporal organization of  memory.

Study Design

Future Directions and Implications

30 objects per block transition from one into another.

Phase 2: Math Block Phase 3: Recall Block

Intrinsic Fluctuations in Attention

Attention and Memory Interactions

Temporal Organization of Memory

gradCPT with distractor present 
(withhold response for female faces); 

faces transition each 1,200 ms 
(Adapted from Rosenberg et al. 2013) 

1 s 5 s 1 s

Practice round follow
ed by 5

 repetitions

Attentional fluctuations are natural. 
They can occur during longer time 
frames (e.g., length of full day) or 

shorter time frames (e.g., during class 
period). [1-4]

“in the zone” “out of  the zone”

External attention: 
sensory info (e.g., seeing diagram 

on whiteboard) [5]

Internal attention: 
working memory, long-term memory 

(e.g., remembering name) [5]

● Continuous performance tasks (CPTs)
constantly presented with 
short-interval stimuli (<1 s); respond 
to rare targets [8]

● Sustained attention -- actively engaging with task over long time [6]

● Sustained Attention to Response Task (SART) -- Respond to “frequently 
presented non-targets”; withhold response to “occasional targets” [7]

● gradual-onset continuous performance task (gradCPT) 
gradual transitions between images; withhold response 
to rare images [4,8]
○ More lapses & omission errors when in worse 

attentional state

● Temporal context model (TCM) 
states that memory is organized 
temporally [14-18]

○ Items that are encoded 
together are likely to be 
remembered together [16]

○ This temporal clustering is 
typically seen in free-recall 
studies [14]

RT variability assessed using within-subject variance time course (VTC) 
analysis [1,8]

● “In the zone” -- less variability (close to the mean RT)

● “Out of the zone” -- more variability (very slow/fast RT)

Phase 1: Study Block

E.g., “ornament, 
watch, …”

Eye tracking/pupillometry -- smaller pupil diameter associated 
with attentional lapses; slower, more variable RT [20]

Traumatic brain injury (TBI) -- patients show increased RT variability 
on SART (indicating an increase in attentional fluctuations) [22]

Attention-deficit/hyperactivity disorder (ADHD) -- children show 
increases in RT moment-to-moment variability (could be switching 
between “in-the-zone” and “out-of-the-zone” more frequently) [21]

Temporal Context

Adapted from Polyn and Kahan 2007

Igloo Elephant Deer Cake
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Whether “in-” or “out-of-the-zone”, attention can be 
subdivided into:

Event boundaries

● Context shifts, or 
“boundaries,” are breaks in a 
continuous experience 

● Event boundaries influence 
the organization of memory

● Temporal memory is better 
for within events than across 
boundaries [19]

Typically, attention is studied through manipulations in lab settings, 
where the focus is on one attention subdivision or the other.

Within-event trials

Across-event trials

Non-boundary color test trial

Boundary color test trial

Adapted from Heusser et al. 2018

● Attention and memory are closely related where attention influences mnemonic 
processes and memory also guides attention [9]

● Episodic memory can guide attentional allocation in visual search [12,13]

○ Faster target detection for repeated/familiar over novel objects

● Attentional state during an experience affects memory of that experience

○ Memory is better for experiences that we attend to [5,10]

● Divided attention at encoding associated with large “hippocampally-mediated” 
memory impairments [11]

Better 
Temporal 
Clustering

Worse 
Temporal 
Clustering

Predictions

“In-the-zone” attentional state will be associated with better temporal 
organization of recall compared to the “out-of-the-zone” attentional state 

(illustrated by lag-CRP curves). [16]

In-the-Zone Out-of -the-Zone


