
Controlling Unwanted Memories
& Adaptive Forgetting

Xiaoqing Hu 胡晓晴

Dec 14, 2022 PolyU CBS-RCLCN 

Department of Psychology, 

The State Key Laboratory of Brain and Cognitive Sciences

The University of Hong Kong 



Memory: Formation, change and loss 



The Gone Engrams

Ryan & Frankland, 2022, Nat. Rev. Neurosci.



Successful 

Regulating emotion

Preserving self-image

Facilitating forgiveness

Unsuccessful

PTSD

Depression

Anxiety

Insomnia rumination, excessive worries,

flashbacks, intrusive thoughts

Adaptive Forgetting and Memory Editing

Hu et al., 2017. Current Directions in Psy Sci

Blessed are the forgetful: 

for they get the better even for their blunders.

---- Friedrich Nietzsche



Adaptive Forgetting and Memory Editing

Mary et al., 2020, Science; Ramirez et al., 2015, Nature



Memory Editing: Timepoints

Memory: The Restless Engram 
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Phelps & Hoffman, 2019. Nature



Memory Editing: Wake
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Hu et al., 2015; Hu et al., 2017; Xie et al., 2020; Xie et al., 2022; Yao et al., 2021; 



Motivated Forgetting

How likely will you get cancer 

when you reach 60?

Good news! Bad news! 

30%

The actual probability is

15%
45%

Yao et al. 2021, Soc Cogn Affect Neurosci.

YAO Ziqing
姚子青

Optimistic Amnesia



Motivated Forgetting

How likely will you get cancer when you reach 60?

Good news! Bad news! 

15%

45%

35%
15%

30%
vs. vs.

5% 15%vs.

Optimistic Bias in Belief Updating

Yao et al. 2021, Soc Cogn Affect Neurosci.



Motivated Forgetting

Optimistic 

Belief Updating

Yao et al. 2021, Soc Cogn Affect Neurosci.

People are more likely to update their 

beliefs for desirable feedback

People are more likely to forget 

undesirable feedbacks

Optimistic Amnesia



Motivated Forgetting

Shallower encoding depth of undesirable feedback
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Memory Editing: Wake

Memory: The Restless Engram 
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Hu et al., 2015; Hu et al., 2017; Xie et al., 2020; Xie et al., 2022; Yao et al., 2021; 



Xie et al., 2020 Memory

rTMS over right DLPFC

impair voluntary forgetting 

Offline low 
frequency (1HZ) rTMS
over the right DLPFC

Directed forgetting task 

(item-method)

Memory tests

1. Word completion (implicit) 

2. Recognition

Word: negative vs. neutral
Cue: * Remember  * Forget 

Highlighting the critical role of right DLPFC in voluntary forgetting

Memory Editing: Encoding

XIE Hui 谢慧 ZHANG Dandan

张丹丹教授



Memory Editing: From Wake to Sleep

Memory: The Restless Engram 
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Hu et al., 2015; Hu et al., 2017; Xie et al., 2020; Xie et al., 2022; Yao et al., 2021; 



Memory Editing: Sleep

Memory: The Restless Engram 
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Hu et al., 2015; Hu et al., 2020; Zeng et al., 2021; Zeng, Lin et al., 2021;

Xia et al., 2022; Xia et al., 2023



Memory Editing: Techniques

Phelps & Hoffman, 2019. Nature



Memory Editing: Wake and Sleep

Phelps & Hoffman, 2019. Nature



From Science Fiction to Lab



Employing sensory cues to guide covert 

memory reactivation during sleep 

Targeted Memory Reactivation TMR

Targeted Memory Reactivation

Rasch et al., 2007, Science; Rudoy et al., 2009, Science; 

Hu et al., 2015, Science; Hu et al., 2020, Psychol Bull 



TMR promotes Spatial Learning

Targeted Memory Reactivation

Rudoy et al. 2009, Science















Targeted Memory Reactivation



Targeted Memory Reactivation

Rasch et al., 2007, Science; Rudoy et al., 2009, Science; 

Hu et al., 2015, Science; Hu et al., 2020, Psychol Bull 



Antony et al., 2012, Nat Neurosci.

TMR improves Skill Learning



TMR induces Fear Extinction

Hauner et al., 2013, Nat Neurosci.



TMR induces Fear Extinction

He et al., 2015, SLEEP



math

Gender Bias

Counter-Bias Training + TMR

Racial Bias

sunshine

Hu et al., 2015, Science

TMR induced Forgetting



TMR: A Meta

Hu et al., 2020, Psychol Bull 



TMR: A Meta

Hu et al., 2020, Psychol Bull 

Cueing stages Learning tasks

Focal Analyses



TMR: from lab to real-world

Feld & Diekelmann, 2020, Curr Dir Psychol Sci.

Paller 2017, Curr Dir Psychol Sci.

Paller et al., 2021, Annu Rev Psychol



TMR: from lab to real-world

Schwartz et al., 2022, Curr Biol.



TMR: Mechanisms

Born & Wilhelm, 2012, Psychol. Res.

Cross-regional, hierarchical coupling between 

Slow oscillations (<1.5 Hz, frontal cortex)

Spindles (12-16Hz, thalamus)

Ripples (>100 Hz, hippocampus)



TMR: Mechanisms

Xia et al., 2023 Psychophysiology

SO phases

Cueing is most effective when 

delivered during SO up-phases, and 

elicited stronger Delta/Theta power

1-4 Hz Delta Power

XIA Tao夏濤



TMR: Mechanisms

Lewis & Bendor, 2019, Curr Biol.



TMR: Mechanisms

“hope

”

“hope

”

“walk

”

Within-item 
similarity (WI)

Between-item 
similarity (BI)

VS.

Item-specific Representations during Sleep is 

temporally orchestrated via 

slow oscillations  

LIU Jing劉婧

Liu et al., in prepraration



Self-evaluations Voluntary Forgetting

Affective Updating Social Norms Learning

車禍

死亡

*Car Accidence

*Death

車禍

死亡

*Car Accidence

*Death

Forget

Remember

mheet

*Pseudoword

mheethappy

TMR

TMR and Memory Editing during Sleep

Chen Danni

Lin Xuanyi
Yao Ziqing

Xia Tao



Memory Editing

Memory: The Restless Engram 
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Hu et al., 2015; Hu et al., 2017; Xie et al., 2020; Xie et al., 2022; Yao et al., 2021; 
Hu et al., 2015; Hu et al., 2020; Zeng et al., 2021; Zeng, Lin et al., 2021; Xia et al., 2022



Sleep: Mechanisms to Behavior to Health

WHY WE SLEEP 2021 Science
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