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Figure 2. Five Distinct Levels of Mnemonic Interference in Each Task

Note. Left to right: MD-S (Reagh et al., 2014), MST (Stark et al., 2013).

Spatial Discrimination (Figure 3)

• Control group was better in identifying identical

locations, t(52) = 1.95, p < .05

• Assumption of sphericity was failed (W = .59, p

< .01), and thus ANOVA results are reported

with the Huynh-Feldt correction

• Main effect of Lure, F(3.42,177.74) = 125.14,

p < .001, ηp
2 = .71

• No main effect of Group, F(1,52) = .65, p = .42,

or interaction effect Lure*Group, F(3.42,

177.74) = 1.61, p = .18

• Most post-hoc pairwise comparisons were

significant, p < .001, except for lures 3 & 4 (did

not elicit significantly different scores in either

group), and 4 & 5 (no difference within the

control group).

To accurately encode episodic memories, the brain must discriminate between highly similar

stimuli. Functional neuroimaging has localised this process of pattern separation in the dentate

gyrus (DG) of the hippocampus (Yassa & Stark, 2011). Utilising distinct pathways for spatial and

object information, the DG allows forming distinct neural representations of convergent sensory

input (Reagh & Yassa, 2014). Pattern separation is known to be impaired in several pathologies and

conditions affecting the hippocampus, such as post-traumatic stress disorder, Alzheimer's disease,

and ageing (Lange et al., 2017; Reagh et al., 2014; Stark et al., 2013)

Sleep deprivation has emerged as an important predictor of deficits in the medial temporal lobe

(Mander et al., 2016). One night of restricted sleep is enough to hinder the neuronal connectivity of

DG in mice (Raven et al., 2019) and humans (Saletin et al., 2016).While mice are known to display

impaired pattern separation after half a night of extended wakefulness (Heckman et al., 2020), the

novel aim of this study was to translate this finding to humans. It was hypothesised that the

participants undergoing partial sleep deprivation for one night would obtain lower scores in

spatial and object pattern separation tasks than the control group sleeping normally.

Healthy adults (18-46 years, M = 22.79, SD = 4.42) of

both genders (21 males, 37 females) were randomly

assigned to a control group choosing their own bedtime, or

sleep deprivation group. Those unlikely to fall asleep

before midnight due to their chronotype, identified as

scoring <42 in the Morningness-Eveningness Scale (Horne

& Östberg, 1976) were excluded. The experimental design

is detailed in Figure 1.

Pattern separation capacity was tested with the spatial

mnemonic discrimination task, and the object-based

mnemonic similarity task (Figure 2).

2 x 5 ANOVAs were used to compare the groups and

within-subject differences at each level of mnemonic

interference. Bonferroni corrected t-tests were used for

post-hoc analyses.
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The hypothesis was partly supported, as sleep deprived individuals scored significantly

lower in the object discrimination task. Similar conclusions cannot be made of spatial

pattern separation, since the trend for inferior performance after sleep deprivation was

not significant. Distinct levels of mnemonic interference were found to account for

55‒71% of variation in scores. This validates pattern separation as a continuum (Yassa

& Stark, 2011), where exceedingly similar stimuli are more likely to be combined into

the same neural representation (pattern completion), whereas sufficiently different

stimuli can be separated (pattern separation).

Performance deficits in the partially sleep deprived group allude to sleep loss disrupting

the functioning of the medial temporal lobe. However, since the deficits were mostly

visible in the object-based task, it is possible that the lateral entorhinal pathway used

for object-based information is specifically vulnerable to sleep loss. Previous research

on older adults provides evidence for such selective vulnerability, as object pattern

separation (Reagh et al., 2016) and its neural correlates (Reagh et al., 2018) have been

found more vulnerable to age-related decline than spatial pattern separation.

Future research should examine the specific neurological consequences of sleep

deprivation using neuroimaging. Furthermore, it will be important to employ longer

sleep deprivation paradigms with intermediate measurements to track the how the

deficits may develop over time, along with within-subject comparisons to diminish the

effect of individual differences.

Partial sleep deprivation is a concerningly prevalent public health problem in today’s

society, and thus uncovering its neurocognitive consequences is crucial. Our study

reproduces recent rodent findings into observations about human behaviour, suggesting

that even one night of insufficient sleep may cause deficiencies in creating distinct

neural representations of similar stimuli, endangering accurate encoding of episodic

memories.

Figure 3. Spatial Pattern Separation Performance in Each Group.

Results

Figure 1. The Timing of the Experimental Protocol.

Figure 4. Object Pattern Separation Performance in Each Group.
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Object Discrimination (Figure 4)

• Main effect of Lure, F(4, 176) = 54.52, p < .001,

ηp
2 = .55, and Group, F(1, 44)= 4.69, p < .05, ηp

2

= .096, but no interaction effect Lure*Group, F(4,

176) = 2.34, p = . 06.

• Pairwise post-hoc comparisons were mostly

significant, p< .001, with the exception of lures 4

& 5 (p < .05), 2 & 3 (did not elicit significantly

different scores in either group), and 3 & 4 (no

difference within the experimental group).

• The control group was found to perform better

than the experimental group on lures 2, 4 and 5

(p < .05).
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