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Imagination and memory

“Fancy and memory diﬀer only in this, that memory supposeth time
past and fancy does not.” Thomas Hobbes (Elements of Philosophy)

“Tis evident at first sight that the ideas of memory are much more
lively and strong than those of imagination, and that the former
faculty paints its objects in more distinct colours than any which are
employed by the latter.” David Hume (Treatise of Human Nature)
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FIGURE 1 | Classic evidence for intact unconscious memory following
amnesia. (A) Left: Illustration of the mirror tracing apparatus. The paper and
the participant’s hand are blocked from view, and tracing (within the lines of
the star) is accomplished via the reflection of the image in the mirror. Right:
Performance of patient H.M. on the mirror tracing task as reported by Milner
(1962; see also Milner et al., 1998). The number of tracing errors (i.e., tracing
outside of the boundaries) declined across trials and sessions illustrating
learning and retention of this motor skill. (B) Left: Illustration of the materials
used to examine memory for primed items. Participants are presented with
increasingly complete pictures of objects across trials and are asked to name
the object, even in its degraded form. Right: Performance of amnesic
patients and controls on the picture naming task as reported by Warrington
and Weiskrantz (1968). Both groups made fewer errors (i.e., provided fewer
incorrect names, even for degraded images) when the picture set was

presented repeatedly across several trials and sessions illustrating a
reprocessing or priming effect. (C) Left: Illustration of word triplets used in
the mirror-reading task. Some of these triplets were seen just once,
others were repeated several times during testing. Participants were
to read each triplet as quickly as possible when it was presented. Right:
Performance of amnesics and controls on the mirror reading task
reported by Cohen and Squire (1980). Mean reading times of patients and
controls decreased consistently across several days of testing providing
evidence for intact perceptual skill learning in amnesia. Patients did not
benefit as much as controls from repeated presentations of the same
triplets. [Figure 1A, right, reprinted with permission from Elsevier; Figure 1B,
right, reprinted by permission from Macmillan Publishers Ltd;
http://www.nature.com/; Figure 1C, right, reprinted with permission from
AAAS; http://www.aaas.org/].

orient participants to the stem-completion requirement, the task skill learning tasks were also observed (Cohen and Squire, 1980).
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Memory systems
• Impairment of declarative memory acquisition
• Intact non-declarative memory
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Memory: a storehouse of images?

• “the power to revive again in our minds those ideas, which after imprinting
have disappeared, or have been laid aside out of sight…This is memory,
which is as it were the storehouse of our ideas.” (Locke 1690)
• “Human memory is a system for storing and retrieving information,
information that is, of course, acquired through our senses.” (Baddeley 1997)
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regions making up this core network have been shown to functionally correlate with each other, and in particular,
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the past. Okuda et al. (2003) reported greater activity

region; in fact, they found that three

Measuring autobiographical memory

• Many approaches to measuring AM
• Autobiographical Interview: semi structured interview
• by life epochs
• elicit temporally-specific, personally-experienced event
• probe for specific details about memory (percepts, emotions, etc)
• transcribe
• rate ‘internal’ vs ‘external’ details

Autobiographical amnesia in brain diseases
R.S.Medial
Rosenbaum
et al. / Neuropsychologia
47 (2009) 2181–2187
Temporal
Lobe Amnesia

Rosenbaum et al Neuropsychologia (2009)

Autobiographical amnesia in brain diseases
R.S.Medial
Rosenbaum
et al. / Neuropsychologia
47 (2009) 2181–2187
Temporal
Lobe Amnesia

Rosenbaum et al Neuropsychologia (2009)
D.R. Addis et al. / Neuropsychologia 47 (2009) 2660–2671

ile it increased the estiils from 18.95 to 20.90.
this interaction reflects
(p < .001) but not exterhat including gender and
production of external
tients, making this group
significant group differy the covariates. Overall,
cant deficit in generating
h past and future events
c fluency are accounted

I scores were computed
evel of cognitive decline,
rom all correlations. We
rrelations between past
xternal (r = .64, p < .001)
nd external scores were
ure internal and external

Mild Alzheimer’s disease

Addis et al Neuropsychologia (2009)

Autobiographical amnesia in brain diseases
R.S.Medial
Rosenbaum
et al. / Neuropsychologia
47 (2009) 2181–2187
Temporal
Lobe Amnesia

Rosenbaum et al Neuropsychologia (2009)
D.R. Addis et al. / Neuropsychologia 47 (2009) 2660–2671

I scores were computed
evel of cognitive decline,
rom all correlations. We
rrelations between past
xternal (r = .64, p < .001)
nd external scores were
ure internal and external

Mild Alzheimer’s disease

Transient epileptic amnesia

| Brain 2010: 133; 1368–1379

1374

***

A 90
80

60

B 100

***
***

***

80

**

50
40
30

70
60
50
40
30

20

20

10

10

0

0
Child

Addis et al Neuropsychologia (2009)

*

90
Mean details

70
Mean details

ile it increased the estiils from 18.95 to 20.90.
this interaction reflects
(p < .001) but not exterhat including gender and
production of external
tients, making this group
significant group differy the covariates. Overall,
cant deficit in generating
h past and future events
c fluency are accounted

Youth

Young
adult

Middle age

Recent

Child

Youth

35
30
25

Mid

Time period

Time period

C

Young
adult

D
Milton et al Brain (2012)
***
20

***

* **

**

*

Impairment of narrative construction in amnesia

Impairment of narrative construction in amnesia
Race et al. • Impaired Future Thinking in Amnesia

J. Neurosci., July 13, 2011 • 31(28):10262–10269 • 10265

Figure 3. Representative sample of future event narratives generated by amnesic patient P05 (top) and a control subject (bottom) when instructed to imagine catching a grandchild getting into
trouble 20 years from now.

effect of detail category (F(4,72) ! 117.58, p " 0.001), and
follow-up pairwise analyses indicated that the event category
yielded more details than every other category (t values #
8.10, p values " 0.001). Although the extent of patients’ impairment differed according to category (group $ category
interaction, F(4,18) ! 18.82, p " 0.001), follow-up analyses
indicated that patients produced fewer episodic details than controls
within each category both for past events (t values # 2.55, p values "
0.05) and future events (t values # 2.64, p values " 0.05).
Both controls and patients produced very few repetitions during their past event narratives [mean (SD) ! 1.08 (0.49) and 0.13
(0.16), respectively] and their future event narratives [mean

Figure 4.
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Figure 7. Scatter plots and regression lines showing significant correlations between
future-thinking performance and memory performance (number of episodic details generated
for future events vs number of episodic details generated for past events) for both controls and
patients (A) and nonsignificant correlations between future-thinking performance and picture
narrative performance (number of episodic details generated for future events vs number of
episodic details generated for picture narratives) for both controls and patients (B). Amnesic
patients are represented by circles and controls are represented by squares. The data point
representing the patient whose MTL lesion is restricted to the hippocampus (P05) is indicated by
a light gray fill in both panels. B excludes the patient with outlier performance on the picture
narrative task (P01).

Figure 5. Representative sample of a picture used for the picture narrative condition (A) and
representative sample of picture narratives generated by an amnesic patient (top) and a control
subject (bottom) when instructed to describe a story about what’s going on in the scene (B).

rative construction deficits as the mechanism underlying patients’ deficit in imagining the future.
To examine the relationship between memory, future thinking, and picture narrative performance, correlations between
participants’ performance across tasks were computed. Critically,
future-thinking performance (number of episodic details generated for future events) positively correlated with performance on
the memory task (number of episodic details generated for
pastet al J Neurosci (2011)
Race
events) in both controls (r ! 0.75, p ! 0.005) and patients (r !
0.87, p ! 0.005) (Fig. 7A). A strong positive correlation was also
found when comparing the magnitude of patients’ impairment in
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accurate detail (event, perceptual/description, place, time,
thought/emotion) as the within-subjects variable revealed a main
effect of group [F(1, 25) ¼4.99, p ¼.035, η2 ¼.17] and a main effect
of type of accurate detail [F(2.8, 70.2) ¼135.74, p o. 001, η2 ¼.65].
The group x detail type interaction was marginal [F(2.8, 70.2)¼
2.21, p ¼.099, η2 ¼ .05].
The two patients with MTL þ lesions provided the lowest
number of accurate details. To evaluate whether the impairment
in the amnesic group was due solely to the inclusion of the MTL þ
patients, we performed an additional analysis comparing only
patients with MTL lesions to controls. The main effect of group was
not signiﬁcant [F(1,23) ¼1.86, p ¼.19, η2 ¼.08], but the main effect
of detail type [F(3.1,70.8)¼ 139.22, po .001, η2 ¼.84] was modiﬁed
by a group x detail type interaction [F(3.1,70.8)¼3.0, p ¼.034,
η2 ¼ .02]. Post-hoc comparisons indicated that the MTL patients
were impaired in generating event, place, and time details
[t's 4 1.99, p's o.033, one-tailed, d's 4.99], but not perceptual or

(rho¼ .04). The correlation between semantic ﬂuency and retrieval
of narrative details was also nonsigniﬁcant (r ¼.26, p ¼.57).

3.2.2. Recall and ordering of thematic elements
The amnesic group as a whole recalled fewer thematic elements (mean ¼54.6%) than did controls [mean ¼ 79.2%; t(25) ¼
2.66, p ¼.014, d ¼1.06]. However, this ﬁnding was due to the
performance of the MTL þ patients (see Fig. 3A). The performance
of the MTL patients was not signiﬁcantly different from that of
controls [t(23) ¼1.46, ns, d ¼.61]. Follow-up analyses using a
modiﬁed t-test for single cases (Crawford & Howell, 1998) for
each of the MTL patients indicated that there was no evidence for
reduced recall of thematic elements in any of these patients
[t's o1.59, p's 4 .12, d's o.73]. By contrast, each of the two MTL þ
patients had lower recall of thematic elements than controls
[t's 42.38, p's o .01, d's 41.09].
The order score for the amnesic group was signiﬁcantly higher
than that for the control group [t(25) ¼2.47, p ¼ .021, d¼ .99],
indicative of worse sequential ordering of thematic elements. This
pattern was again due to the performance of the MTL þ patients
(see Fig. 3B). MTL patients as a group scored no differently than
controls (mean ¼.12, to1, d ¼.32). Follow-up analyses using a
modiﬁed t-test for single cases (Crawford & Howell, 1998) indicated that both MTL þ patients had higher (i.e. worse) order scores
than controls [t's 4 3.03, p's o .01, d's 41.54]. Four of the 5 MTL
patients scored no differently than controls (t's o1, d's o .24),
whereas one scored worse5 [t(19) ¼3.19, po .01, d¼ 1.46].

Impairment of narrative construction in amnesia
• 7 amnesic patients: 5 MTL-only damage and 2 MTL+neocortex damage
Table 2
Mean number (and SEM) of accurate details, false details, repetitions, and external
comments generated by controls and amnesic patients.

• retell 5 fairy tales and 4 bible stories: learned long before brain injury
Controls
Amnesics
MTL
MTL þ

Accurate

False

Repetition

Other

40.18 (6.58)
16.32 (3.14)
20.30 (2.50)
6.38

2.34 (.48)
1.64 (.51)
1.50 (.71)
2.00

2.00 (.45)
2.79 (2.22)
3.50 (3.13)
1.00

6.68 (1.13)
7.15 (3.06)
8.82 (4.05)
3.00

• measure i) recall of details ii) recall/order of thematic elements
Note: MTL¼ patients with lesions restricted to the medial temporal lobes;
MTLþ ¼ patients with lesions extending into anterolateral temporal cortex.

3.3. Recognition

Fig. 2. Mean number of accurate details of each type generated by controls (white
bars), the whole amnesic patient group (black bars), amnesic patients with lesions
restricted to the MTL (dark gray bars), and amnesic patients with lesions extending
into anterolateral temporal cortex (MTL þ; light gray bars). P/D ¼perceptual/
description; Th/Em ¼thought/emotion. Error bars indicate SEM.
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Table 3
semantic detail, even for stories acquired
5
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(and SEM)impaired
of targetsorder
(Hits) performance
and false details
(FAs)
by high amnesia,
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Controls
Amnesics

Hits

FAs

Hits–FAs

88.47 (1.94)
86.09 (2.01)

24.00 (3.99)
36.57 (8.92)

64.48 (3.58)
49.52 (7.96)

long before onset of

these ﬁndings, it is
important to rule out a potential alternative explanation of the
impairment in retrieval of semantic details in MTL amnesia.
Namely, could patients’ impairment be due to compromised
strategic retrieval processes mediated by the frontal lobes? Such

Summary
• Remembering and imagining are intimately linked
• Episodic remembering is impaired in hippocampal amnesia
• Associated with reduction of detail in narrative construction/imagination
• Rich visual cues may diminish reliance on episodic memory in narrative
construction
• Testable hypotheses:
1. Memory for text versus film will show a fidelity/flexibility dissociation
2. People with memory complaints will recall text>film

