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Objectives. The present study examined the role of enactment in source memory in a cognitively impaired population. 
As seen in healthy older adults, it was predicted that source memory in people with mild cognitive impairment due to 
Alzheimer’s disease (MCI-AD) would benefit from the self-reference aspect of enactment.

Method. Seventeen participants with MCI-AD and 18 controls worked in small groups to pack a picnic basket and 
suitcase and were later tested for their source memory for each item.

Results. For item memory, self-referencing improved corrected recognition scores for both MCI-AD and control par-
ticipants. The MCI-AD group did not demonstrate the same benefit as controls in correct source memory for self-related 
items. However, those with MCI-AD were relatively less likely to misattribute new items to the self and more likely to 
misattribute new items to others when committing errors, compared with controls.

Discussion. The enactment effect and self-referencing did not enhance accurate source memory more than other refer-
encing for patients with MCI-AD. However, people with MCI-AD benefited in item memory and source memory, being 
less likely to falsely claim new items as their own, indicating some self-reference benefit occurs for people with MCI-AD.

Key Words: Alzheimer’s disease—Enactment effect—Mild cognitive impairment—Self-reference—Source memory.

SOURCE monitoring, the ability to distinguish in 
memory who said or did something (Johnson, 

Hashtroudi, & Lindsay, 1993), can be challenging for 
healthy older adults. Consistent with the widespread 
memory impairment in people who are experiencing 
mild cognitive impairment suggestive of the early signs 
of the Alzheimer’s disease (AD) pathophysiologic pro-
cess (MCI-AD; Budson & Solomon, 2012), people with 
MCI-AD demonstrate greater source memory impairment 
than healthy controls (Dodson et  al., 2011; Multhaup 
& Balota, 1997; Pierce, Sullivan, Schacter, & Budson, 
2005; Schacter, Harbluk, & McLachlan, 1984). However, 
despite the memory loss associated with MCI-AD, it is 
possible that source memory may be enhanced in some 
conditions (Goldman, Winograd, Goldstein, O’Jile, & 
Green, 1994), such as when information is related to the 
self. For example, people with more severe memory loss 
associated with dementia due to AD have demonstrated a 
generation effect, better memory for self-generated items 
(Multhaup & Balota, 1997). Self-performed tasks (SPT) 
can improve memory compared with strictly verbal tasks 
for older and younger adults (Cohen, 1989; Engelkamp 
& Cohen, 1991). However, research on this enactment 
effect in people with dementia has yielded mixed results, 
with some finding benefits (Herlitz, Adolfsson, Bäckman, 
& Nilsson, 1991; Karlsson et  al., 1989; Lekeu, Van der 

Linden, Moonen, & Salmon, 2002; Masumoto, Takai, 
Tsuneto, & Kashiwagi, 2004) and others finding no ben-
efits (Dick, Kean, & Sands, 1989; Mack, Eberle, Frölich, 
& Knopf, 2005). These differing findings may reflect dif-
ferences in study design with benefits emerging in more 
structured tasks that require more goal-directed action, (as 
in Hutton, Sheppard, Rusted, & Ratner, 1996). The goal-
directed nature of the tasks may have allowed for deeper 
encoding, facilitating memory. Therefore, SPT could 
improve source memory in both healthy and cognitively 
impaired older adults due to involvement of the self.

The self-referencing effect, better memory for informa-
tion connected to the self, may contribute to the enactment 
effect through the role of the self in performing actions. 
Recent work has shown that people with MCI-AD ben-
efit from memory strategies (Hutchens et  al., 2013) such 
as self-reference (Kalenzaga, Bugaïska, & Clarys, 2013; 
Kalenzaga & Clarys, 2013; Lalanne, Grolleau, & Piolino, 
2010), as do younger and older adults (Glisky & Marquine, 
2009; Gutchess, Kensinger, Yoon, Schacter, 2007; Mueller, 
Wonderlich, & Dugan, 1986) despite potential for increases 
in false alarms for self-related information (Rosa & 
Gutchess, 2013). Memory for self-relevant information 
also improves for people with other types of severe mem-
ory impairments (Heatherton, Krendl, Macrae, & Kelley, 
2007) when utilizing self-imagination (Grilli & Glisky, 
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2010, 2011; Grilli & McFarland, 2011). The present project 
extended these findings to assess whether enacting actions 
oneself benefits memory in people with MCI-AD.

We predicted that although healthy older adults would 
demonstrate better overall item and source memory than 
people with MCI-AD, self-performing actions would 
reduce memory impairments such that MCI-AD patients 
would perform more like controls. This decrease in impair-
ment may occur because the self condition should ben-
efit item and source memory in people with MCI-AD, as 
found previously for healthy older adults, relative to other 
performed actions (Rosa & Gutchess, 2011). Finally, there 
should be more source errors among non-self conditions, 
particularly for participants with MCI-AD, whereas “self” 
should be associated with more accurate attributions and 
fewer misattributions.

Method

Participants
Forty participants were recruited through the Center for 

Translational Cognitive Neuroscience, Veterans Affairs 
Boston Healthcare System, and Brandeis University. 
Twenty participants with a clinical diagnosis of MCI due to 
the AD pathophysiologic process (Albert et al., 2011) and 
20 healthy older adults were tested in their homes or the 
lab. Three participants were excluded from analyses due to 
Mini-Mental Status Exam (Folstein, Folstein, & McHugh, 
1975) scores that indicated moderate AD rather than mild 
cognitive impairment (<20; Reisberg et  al., 2010). Two 
controls were also excluded from analyses due to age 
(<60 years, and thus not age-matched), leaving 18 control 
(6 males/12 females) and 17 MCI-AD (9 males/8 females) 

participants. Participants provided written informed con-
sent and were compensated for participation.

Procedure
Participants took part in the study with a close other 

(e.g., a spouse or friend) and with a confederate who was 
unknown to the participants. As a group, participants simu-
lated two everyday activities: packing a picnic basket and 
packing a suitcase. Items were based on a previous study 
(e.g., tablecloth, utensils, clothing, personal care items; 
Rosa & Gutchess, 2011), were counterbalanced across old 
(items used during the experiment) and new (items not used 
during the experiment) conditions, and were presented in 
one of four predetermined orders.

In each scenario, participants, seated around a table, 
took turns placing items into the picnic basket and suitcase 
(Hashtroudi, Johnson, & Chrosniak, 1990). Rotating around 
the table, the experimenter named the item aloud, displayed 
the item name on a printed notecard, and handed the item to 
the participant to place into the basket or suitcase. Each partic-
ipant placed 16 items and observed the placement of 32 items.

Following a 10-min retention interval during which 
participants completed the Shipley Vocabulary inventory 
(Shipley, 1986), there was a surprise, self-paced source 
recognition test. The memory test included the 48 items 
placed in the suitcase/picnic basket as well as 16 new plau-
sible lure items. Participants were asked to indicate the 
source of each item by circling one of four listed sources 
(self, close other, unknown other, new). Finally, partici-
pants completed the cognitive battery (see Table 1; Adjutant 
General’s Office, 1944; Balota et al., 1999; Baumeister & 
Leary, 1995; Buckner, 2004; Mack, Freed, Williams, & 
Henderson, 1992; Monsch et al., 1992; Morris et al., 1989).

Table 1. Demographic Information by Patient Status

Control MCI-AD

p value Cohen’s dMean sD Mean sD

Age 77.50 4.13 79.71 6.22 ns 0.42
Education* 16.19 2.78 14.12 2.47 .03 0.79
Years close other known 50.50 19.60 54.06 16.05 ns 0.20
Inclusion of close other in self (out of 7) 6.17 1.30 5.76 1.72 ns 0.27
Shipley (out of 40) 35.17 4.74 32.06 5.18 ns 0.63
MMSE (out of 30)*** 28.89 1.18 26.47 2.32 .001 1.31
CERAD
 Immediate (out of 30)** 16.67 3.58 13.18 2.98 .004 1.06
 Delayed (out of 10)* 5.22 2.49 3.56 1.97 .04 0.74
 Recognition (out of 10)** 9.67 0.59 8.38 1.50 .004 1.13
Word fluency
 FAS* 48.61 15.57 37.94 14.77 .05 0.70
 CAT** 45.50 9.46 33.18 12.67 .003 1.10
Boston naming (out of 15)** 14.11 1.32 12.12 2.50 .007 0.99
 Trails A 41.12 15.35 51.25 27.45 ns 0.46
 Trails B** 76.24 22.63 129.67 68.62 .01 1.05

Notes. CAT = categories; CERAD = Consortium to Establish a Registry for Alzheimer’s Disease; MCI-AD = mild cognitive impairment due to Alzheimer’s 
disease; MMSE = Mini-Mental State Examination.

*Significant difference at p ≤ .05. **Significant difference at p ≤ .01. ***Siginificant difference at p ≤ .001.
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Results

Participant Characteristics
There were no significant differences between controls 

and MCI-AD on age, vocabulary (Shipley, 1986), or num-
ber of years participants knew their close other, but the 
groups differed on most cognitive tests as well as on years 
of education (see Table 1).

Item Memory
In order to compare effects to previous reports in the lit-

erature, we first assessed item memory for self and other. 
Corrected item recognition for self was calculated by sub-
tracting the proportion of new items assigned “self” from the 
proportion of old self items recognized as being old (called 
“self,” “close other,” or “unknown other”). Corrected item rec-
ognition for close and unknown other were calculated in the 
same manner. Using education as a covariate, we conducted 
a 2 × 3 analysis of variance (ANOVA) with group (MCI-AD/
controls) as the between subjects variable and the encoding 
condition (self/close other/unknown other) as the within sub-
ject variable. This analysis revealed a main effect of encod-
ing condition, F(2,64) = 5.17, p = .01, η2

p
 = .14, with items 

in the self condition (M = .88, sD = 0.10, 95% confidence 
interval [CI] [0.85, 0.91]) leading to better memory than 
items in the close other (M = 0.75, sD = 0.15, 95% CI [0.70, 
0.80]; F(1,33) = 33.22, p < .001, η2

p
 = .50) or unknown other 

(M = 0.72, sD = 0.18, 95% CI [0.66, 0.78]; F(1,33) = 34.39, 
p < .001, η2

p
 = .51) conditions. There was no main effect of 

group (p = .09) and no interaction across conditions (p > .10), 
with MCI-AD and controls demonstrating similar patterns of 
performance across the three conditions (see Figure 1A).

Correct source Recognition
Source recognition scores equal the number of sources 

correctly remembered in each condition (e.g., self items 
correctly recognized as “self”) divided by the total number 
of items in the condition (i.e., 16). To assess the effect of 
self-referencing on source memory, a 2 (MCI-AD/controls) 
× 4 (self/close other/unknown other/new) mixed design 
ANOVA with group as the between subject variable and 
encoding condition as the within subject variable using 
education as a covariate indicated a main effect of group, 
F(1,32) = 7.37, p = .01, η2

p
 = .19, with controls performing 

better (M = 0.73, sD = 0.22, 95% CI [0.65, 0.80]) than MCI-
ADs (M = 0.58, sD = 0.22, 95% CI [0.50, 0.65]). There was 
also a significant interaction between condition and group, 
F(3,96) = 3.10, p = .03, η2

p
 = .09. For controls, planned com-

parisons indicate that self items were remembered signifi-
cantly better than close (F(1,17) = 6.06, p = .03, η2

p
 = .26, 

95% CI [0.01, 0.15]) and unknown other referenced items, 
(F(1,17) = 7.81, p = 0.01, η2

p
 = .32, 95% CI [0.04, 0.26]), 

as seen in Figure  1B. There was also a marginal differ-
ence between memory for close and unknown other items, 

F(1,17) = 4.21, p = .06, η2
p
 = .20, 95% CI (−0.002, −0.13). 

For MCI-AD, there were no significant differences between 
self, close, or unknown other, p’s > .10.

source Memory errors
Previous work revealed higher rates of source confu-

sion between close and unknown others (Rosa & Gutchess, 
2011); we predicted that the MCI-AD group would have 
more pronounced error rates in these conditions, rela-
tive to the self. Errors are based on the proportion of old 
items attributed to an incorrect source (e.g., self items 
called “close other”). A 2 (MCI-AD/controls) × 6 (type of 
memory error) mixed design ANOVA controlling for edu-
cation indicated a main effect of group, F(1,32)  =  8.02, 
p = .008, η2

p
 = .20, with MCI-ADs committing more errors 

(M = 0.15, sD = 0.09, 95% CI [0.12, 0.19]) than controls 
(M = 0.09, sD = 0.09, 95% CI [0.06, 0.12]). There was no 
effect of condition and no interaction, p’s > .10.

To test the prediction that MCI-AD would be more suscep-
tible to false alarms, misattributing new items to an incorrect 
source (thus endorsing it as previously seen), we conducted 
a 2 (MCI-AD/controls) × 3 (self/close other/unknown other) 
mixed design ANOVA controlling for education with group 
as the between subjects variable and error type as the within 
subject variable. This analysis indicated a main effect of 
group, F(1,32) = 9.84, p = .004, η2

p
 = .24, with MCI-ADs 

committing more false alarms (M = 0.13, sD = 0.11, 95% 
CI [0.09, 0.16]) than controls (M = 0.04, sD = 0.11, 95% CI 
[0.01, 0.08]), and a main effect of error type, F(2,64) = 3.68, 
p  =  .03, η2

p
  =  .10, with more new items called “close” 

(M = 0.10, sD = 0.12, 95% CI [0.06, 0.14]) and “unknown 
other” (M  =  0.11, sD  =  0.13, 95% CI [0.08, 0.16]) than 
“self” (M = 0.03, sD = .06, 95% CI [0.01, 0.05]). There was 
also a marginal interaction between group and error type, 
F(2,64) = 2.95, p = .06, η2

p
 = .08. Within subject contrasts of 

new items called “self” versus new items called “close other” 
and “unknown other” indicated an interaction between error 
type and group, F(1,32) = 5.98, p = .02, η2

p
 = .16. Looking 

at controls and MCI-ADs separately, specific contrasts indi-
cated that both controls (F(1,17) = 4.85, p = .04, η2

p
 = .22, 

95% CI [−0.06, −0.001]) and MCI-ADs (F(1,16) = 12.48, 
p = 0.003, η2

p
 = .44, 95% CI [−0.21, −0.05]), are more likely 

to falsely call a new item “unknown other” than to call a 
new item “self.” MCI-ADs are more likely to call a new item 
“close other” than “self” (F(1,16) = 9.25, p = .008, η2

p
 = .37, 

95% CI [−0.18, −0.03]) while the same is not true of controls 
(p > .05). Finally, there is no difference in new items called 
“close other” or “unknown other” for controls or MCI-ADs, 
p > .10 (see Figure 1C).

Discussion
The present study extended research demonstrating that 

for healthy younger and older adults, enactment improves 
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memory accuracy and reduces source misattributions to 
the self, as opposed to others (Rosa & Gutchess, 2011). 
As shown in previous work (Kalenzaga et  al., 2013; 
Kalenzaga & Clarys, 2013; Lalanne et al., 2010; Multhaup 
& Balota, 1997), in the present study MCI-AD patients 
demonstrated better item memory, based on corrected 
recognition scores, for items associated with the self, 

much like older adult controls. This result may represent 
an extension of the enactment effect, previously dem-
onstrated to benefit people with dementia (Herlitz et al., 
1991; Karlsson et al., 1989; Lekeu et al., 2002; Masumoto 
et  al., 2004); this study emphasizes the mnemonic ben-
efits to source memory when actions are performed by 
the self, as opposed to others. While healthy older adults 

Figure 1. Pattern of item memory showing corrected recognition is better for self than others for both MCI-AD and controls (A). Correct source recognition for 
controls and MCI-AD illustrates that while controls receive a benefit from self-reference, the performance of the MCI-AD group is flat across all conditions (B). 
Participants are disproportionately more likely to misattribute new items to others rather than the self (C). Error bars represent standard error of the mean. MCI-AD, 
mild cognitive impairment due to Alzheimer’s disease.
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demonstrated better source memory for self compared 
with close and unknown other items (replicating Rosa & 
Gutchess, 2011), enactment did not benefit source memory 
for MCI-AD participants, who did not differ across condi-
tions. Declines in specific memory commonly seen in AD 
(Ally, Gold, & Budson, 2009; Budson, Daffner, Desikan, 
& Schacter, 2000) may have contributed to the MCI-AD 
groups’ poor source memory, and lack of benefits for self-
performed tasks. Therefore, while enactment improved 
item memory in people with MCI-AD, the supports to 
memory (McDonald-Miszczak, Hubley, & Hultsch, 1996) 
were not strong enough to overcome declines in specific 
memory associated with MCI-AD.

The pattern of memory errors was equally of interest 
to accurate memory. As expected, people with MCI-AD 
tended to endorse items as previously seen, committing 
more source memory errors than controls. Although enact-
ment did not provide the expected memory benefit to correct 
source recognition for people with MCI-AD, it did affect 
the pattern of memory errors such that relative to older con-
trols, new items were misattributed disproportionately less 
often to the self than to another person. These data may sug-
gest that when people with MCI-AD lack the source details 
to correctly identify the item’s owner (Hodges & Greene, 
1998), enactment and self-referencing may serve a pro-
tective function in memory, preventing participants from 
misattributing the source of items to the self.

The present project is limited in that participants were 
assigned items and thus did not benefit from a sense of own-
ership over the items. Allowing participants to select their 
own items could increase the accuracy of source memory 
for self-performed tasks. Despite this limitation, our find-
ings illustrate that the enactment effect and self-referenc-
ing benefit item memory and decrease self-related source 
errors. These findings illustrate aspects of memory that 
may be preserved early in the AD pathophysiologic pro-
cess, potentially revealing a promising approach to improve 
memory more broadly in people with MCI-AD.
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