
• Following a traumatic event, individuals might experience fragmented
recall of the event and distressing intrusive images, as seen in
posttraumatic stress disorder1.

• Memory for events are bound together as single representations
supported by the hippocampus2, with recognition of a partial cue
proposed to trigger holistic retrieval of all elements via pattern
completion3.

• A general facilitation4 account proposes that appearance of a negative
event will up-regulate all aspects of memory, explaining the appearance
of intrusions.

• A dual representation5 account predicts that negative events enhance
memory for the negative content via amygdala up-regulation but impair
hippocampal-dependent associative binding and coherence, with
intrusions developing due to this imbalance.

• We examined associative binding and memory coherence of negative and
neutral naturalistic events and their relationship with intrusive
memories.

Background

Experimental design

(A) During encoding, participants watched 18 
neutral and 18 negative short video clips.

Associative Memory Results 
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Coherence for temporal 
order was reduced for 
negative compared to 
neutral clips (data minus 
independent model).
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Memory Coherence Results

Encoding

B

Coherence Analysis

Associative and 
temporal 
coherence were 
assessed by 
looking at the 
dependency 
across multiple 
retrievals from 
the same clip.

Scene A Scene B Scene C

(B) To test memory, 3 temporally distinct scenes were taken from each clip 
and all associations between scenes were tested in both directions. 

After a week, participants completed a memory test assessing (C) scene 
recognition, (D) associative accuracy and (E) temporal order.

Contingency tables were created for (i) retrieving two scenes when
cued with the remaining scene (ABAC) and (ii) for retrieving one scene
when cued with the two remaining scenes (BACA).

Data for correct and incorrect retrievals from each clip were compared
to a predicted independent model.

Associations presented as a function of the retrieval image at test. 

Memory coherence for  
associations between 
scenes was reduced for 
negative events (data 
minus independent model).
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Figure 15. Correlation between the difference of performance for the coherence of temporal order 
for negative relative to neutral clips and the number of clips that intruded during the week of break. 
 

Subjective ratings 

To assess changes in mood elicited by the encoding task, data from the mood and anxiety 

questionnaires were analysed. Analysis showed that there was a significant increase in anxiety from 

before to after watching the clips (t[25]=5.28, p<0.001). In addition, positive mood was found to 

decrease (t[25]=4.30, p<0.001) whereas negative mood to increase significantly (t[25]=4.85, 

p<0.001; measured with PANAS) after the encoding task. These results suggest that the watch of 

the clips has an impact on the current mood and level of anxiety of the participants, demonstrating 

that the clips were experienced as a negative event.  
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Figure 11. Mean associative memory performance for each retrieval-type between neutral and 
negative clips. Error bars represent standard error; **p<0.01***p<0.001 
 

Temporal order judgments 

To assess performance on temporal order judgments, similar analyses to associative accuracy were 

performed across cue-type and retrieval-type. Proportion of temporal order accuracy was calculated 

relative to the performance of recognition memory. Analysis of performance across cue-type using 

a 2x3 repeated measures ANOVA (emotion, cue-type) did not show a significant effect of emotion 

(F[1,28]=0.23, p=0.64; see Figure 12), nor a significant effect of cue-type (F[2,56]=1.57, p=0.22). 

However, there was a significant effect emotion x cue-type interaction (F[2,56]=3.27, p=0.04). 

Further examination of this interaction showed that, for negative events, temporal order memory 

was better when cued with scene A compared to both scene B (t[28]=2.62, p=0.01) and scene C 

(t[28]=2.18, p=0.037). However, no difference was found when comparing scene B and C 

Proportion 
of correct

Participants then were asked to record 
their intrusive memories about the clips 
for the following week.
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domains. It suggests that memory coherence is reduced for negative compared to neutral clips, even 

when memory performance is assessed 1 week after the encoding. 

       

  

Figure 14. Dependency in the observed data was compared to the independent model (observed 
data minus data of the independent model) across neutral and negative events for associative 
accuracy (left) and temporal order judgments (right). *p<0.05***p<0.001 
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Memory Test

DC

Which scene 
happened first?

E

Correct
Incorrect

Retrieval of Scene 3 
Retrieval of Scene 2 

Correct     Incorrect

19                  4
5                   8

Example of contingency table of four
combinations for correct and incorrect retrieval
of scene 2 and 3 when cued with scene 1.

Cue with Scene 1
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• Disruptions in memory coherence were observed across associative
and temporal domains for negative events. The lack of temporal
coherence correlated with the number of intrusions.

• Results support a dual representation account in that hippocampal-
dependent associative binding and coherence were impaired for
negative events.

• Findings support the dual representation theory in that traumatic
events might lead to fragmented representations that could
contribute to intrusive memory development.


