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Abstract

Background: The aim of the present study was to examine whether patients with Dementia of Alzheimer’s Type (DAT) show a

working memory emotional enhancement effect.

Methods: We used an affective version of the working memory operation span test that included negative and positive words as

well as neutral ones (as in the classical version).

Results: Results showed that while healthy older adults performed better with emotional compared to neutral words, emotional

effects were nullified in DAT patients.

Conclusions: Altogether, results indicate that DAT patients do not benefit from emotional cues when maintenance and

manipulation of information in working memory are required.
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Introduction

Working Memory (WM) can be described as a memory system
that temporarily maintains and manipulates different types of
information during a task at hand [1] and many experimental
tasks have been developed to study its functions. Recently,
attention has shifted to the role that emotions may have in
modulating WM functions and different laboratory studies
are focused on emotional effects in WM performance of older
adults [2,3]. These studies have shown that, despite the well-
documented age-related decline in general resources and in
WM [4,5], age-related differences in WM may be attenuated
when tasks include valenced words. It is, however, important
to note that, in general, the tasks used to assess age-related
differences in WM capacity for emotional stimuli differ with
respect to the classical requests of a WM task. In fact, in a typical
WM span tasks [6,7], participants are required to process (read
and judge) a series of sentences, words or operations, maintain
and remember final words/digits in their correct serial order.
These tasks have been shown to entail concurrent processing
and short-term storage demands coupled with an attentional
control component to limit interference between processing
and storage. On the contrary, most studies on emotion effects
adopted more passive forms of WM tasks in which participants
are basically required to remember affective information, words
or pictures, without processing other information.

Therefore, whether there are emotion modulation effects
in a classical WM span task and whether affective information
can reduce age-related differences between young and older
adults in a more active type of WM task are still open questions.
Recently, a study by Mammarella and colleagues [2] showed
that age-related differences were nullified when participants

engaged in a modified version of the operation WM span test
in which positive and negative valence words as well as neutral
ones (as in the classical working memory task) are presented.

Moreover, the question of whether Dementia of Alzheimer’s
Type (DAT) patients differ from healthy older adults in terms of
their ability to maintain and manipulate emotional information
in an affective version of a classical WM task still needs to be
clarified. In fact, a series of previous studies with DAT patients
has yielded mixed results. For example, Kensinger and colleagues
[8] in a sentence generation task and with verbal descriptions
[9] found no emotional enhancement effect, while Fleming
etal, [10] in an immediate recall task for emotional words
and Satler and Tomaz [11] who tested DAT patients’ ability to
recognize emotional information in a visuo-spatial WM task
found emotional benefits. Consequently, generalizing WM
emotional enhancement effects in DAT must be taken with
caution and it may be that results depend on the type of WM
task used.

The goal of the present study was thus to assess whether WM
difficulties in patients with Dementia of the Alzheimer’s Type
are reduced when actively manipulating affective information.
To this end, we adopted a classical WM span task in which
participants judged math operations during the processing
phase and then had to actively maintain (maintenance phase)
a set of unrelated positive or negative or neutral -as in the
original task-, words in memory, and ultimately remember
only final target words (affective and neutral ones). In line with
literature [12], we expected to find a general decline in DAT
patients’ performance in the WM task compared to healthy
older adults. Moreover, if DAT patients benefit from affective
information in a task in which they must process information
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Table 1. Means (M) and standard deviations (SD) of demographic
and cognitive variables by age group.

Older (10F/10M) DAT (9F/11M)

M SD M SD
Background
Age 70.70 5.09 76.80  3.24
Years of education  7.65 3.07 6.15 1.23
MMSE 27.9 1.70 194 2.70
Forward digit 4.45 2.06 3.65 230
Backward digit 4.30 1.17 3.70 057
PANAS positive 30.95 3.99 23.55  4.29
PANAS negative 15.2 5.75 16.35 3.44

Note. F= female participants, M=male participants.

while actively maintaining affective information, we expect
these differences to be less pronounced when affective words
are considered.

Methods

Participants

Twenty older adults (age range: 65-82 years) and twenty DAT
patients (age range: 70-82 years) voluntarily took part in
the experiment. In particular, healthy community-dwelling
older adults were recruited from the Pescara-Chieti area. All
healthy older adults reported being in good health, with
no history of stroke, heart disease, primary degenerative
neurological disorder or psychiatric disease. They had normal,
or corrected to normal, vision and hearing (for inclusion
criteria see Crook and colleagues [13]. The DAT patients,
instead, met the criteria of AD described in the Diagnostic
and Statistical Manual of Mental Disorders (Ed. 4™) by the
American Psychiatric Association in 1994. Participants were
recruited from local medical centers in the Abruzzo region
and were examined by a neurologist and a geriatrician. A
clinical diagnosis of AD was determined for each patient.
The severity of AD ranged from mild to moderate (scores
1 or 2) according to the Clinical Dementia Rating Scale. All
DAT patients had normal or corrected-to-normal vision and
hearing. All participants were excluded if characterized by
clinically significant depression or alcohol or drug use as
assessed with a structured clinical interview, and if they
had a cerebrovascular disease, or traumatic brain damage.
Written informed consent was obtained from all participants
and/or their caregivers (where appropriate). The study was
approved by the Department of Psychological Sciences ethical
committee (University of Chieti). All DAT patients were treated
with reversible acetylcholinesterase inhibitors.

In addition to the experimental task, all participants took
the Mini Mental State Exam [14] and performed the forward
and backward version of the digit span (maximum score 8)
[15]. The two groups differed significantly in MMSE scores
(27.9 vs. 19.4, p<.001) but did not differ in terms of years
of education and general cognitive abilities (forward and

backward digit span) F<1. Moreover, no age-differences
were found for the PANAS negative, while older adults were
slightly more positive than DAT patients [16], (see Table 1 for
descriptive statistics). None of the participants was paid for
their participation.

Material and procedure

Operation working memory span (Ospan) test for emotional
words (adapted from Turner and Engle [7]). The Ospan requires
participants to solve a series of math operations (processing
phase) while trying to remember a set of unrelated words
(maintenance phase). Participants see one math operation/
word string at a time, centered on a computer monitor. For
each trial, they read the math problem aloud, decide whether
the given solution is true or false and then read the word
aloud. Immediately after the participant reads the word, the
next operation-word string is presented. The operation-word
strings were presented in sets of three to six items. Following
each complete set, participants were cued to recall target
words in the correct order of presentation (eg., a three item
set: (2+5)-2=5, T/F? JOY; (7-2)+3=6, T/F? LOVE; (6-4)+7=7,T/F?
PEACE; Recall: JOY, LOVE, PEACE). Sets of 2 different lengths
(from 3 to 6) were constructed for each affective valence
(positive, negative and neutral). Two trials for each set size
were presented, with the order of set size varying randomly,
so that participants cannot predict the number of items.
Additionally, in order to ensure that participants are not
trading off between solving the operations and remembering
the words, an 85% accuracy criterion on the math operations
is required for all participants. The experimenter transcribes
accuracy for math operations on a dedicated protocol. Two
training trials precede the task. Stimuli items for the operation
span task consisted in 36 arithmetic operations and 36
target words. Words were selected from an affective word
database of 200 words developed in our lab and judged by
an independent group of 100 students in terms of valence
and arousal on a 9-point scale. The 12 positive words had a
mean valence of 7.8 (1.5) and a mean arousal level of 5.9 (2.8),
the 12 negative words had a mean valence of 2.4 (1.8) and a
mean arousal level of 5.9 (2.7). Finally the 12 neutral words
had a mean valence of 5.5 (1.9) and a mean arousal level of
2.7 (2.3). All valenced sets were presented to participants,
that is, all span levels were administered. The order of the
valenced set was counterbalanced across participants. We
considered the proportion of the correctly recalled words in
the correct serial position by type of stimuli (neutral, positive
and negative). For a detailed description and psychometric
properties of this task see previous works [2,20].

Procedure
Participants were individually tested. After completing a health
and demographic questionnaire, they were administered the
Ospan test for emotional stimuli.

To limit the influence of sensory variables (sight and hearing)
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Figure 1. Mean Proportional Recall Scores as a function of
Valence and Group.
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on test results, the auditory presentation was adjusted to the
participants’ hearing level. Moreover, for the paper and pencil
tasks, all participants were asked whether they found it easy
to read the stimuli. All tasks were administrated individually.
The order of the tasks within each session was fixed.

Results
Ospan for emotional words
Results are presented in Figure 1. A mixed design 2 x 3
ANOVA was conducted, with Group (older control and DAT)
as between-subject effects, and Valence of stimuli (neutral,
positive and negative) as a repeated measure on the mean
number of words correctly recalled in serial position calculated
as a ratio score. The interaction was decomposed by means
of post-hoc pairwise comparisons (Fisher’s LSD, all <.05).
With respect to the mean number of words recalled in serial
position, results showed main effects of Group, F(1, 38)=22.88,
p<.001, np2= .06, and of Valence, F(2, 76)=3.19, p< .05, r1p2= .02.
The older adults recalled more correct words the DAT adults
(.79 vs .59). Moreover, participants recalled fewer correct
neutral words (.64) than positive (.70) and negative ones (.71).
The interaction Group X Valence was also significant,
F(2,76)=3.39, p< .05, np2= .02. Post-hoc comparisons revealed
that the older adults recalled more correct positive (.81) and
negative words (.85) than neutral ones (.70). Moreover, DAT
patients recalled a comparable number of correct positive
(.59), neutral (.57) and negative (.56) words.

Discussion

Much evidence shows how older adults’memory performance
benefits when presenting complex tasks with affective stimuli
[2,3], but whether DAT patients also show the same benefits
is not clear. In fact, declines in general WM performance in
DAT patients are well documented [12], while their ability to

maintain and manipulate emotional information in WM is
less certain [8-11]. The present study examined DAT patients’
performance in a WM task, the operation span test, in which
affective words were also presented. In line with previous
studies [2,3], healthy older adults showed better performance
than DAT patients. In addition, with respect to the WM task
with emotional stimuli, we replicated the classical emotion
enhancement effectin memory [17], as we found a pervasive
effect of valence that increased recall in the healthy aging
group. In particular, a number of notable findings emerged.

First, we replicated previous findings [2,3] that found a WM
emotion enhancement effect in healthy older adults.

Second, most interestingly, our results suggest that emo-
tional stimuli did not influence DAT patients’ performance.
In fact, valence differences between emotional and neutral
words were no longer significant with DAT patients.

With regards to the latter finding, that is, no effect of
emotion on WM, our data is in line with numerous findings
that reported impaired emotional memory in DAT [8,9]. In
fact, DAT patients may not benefit from emotional content
in their remembering due to amygdala atrophy [18,19]. In
particular, encoding of emotional material may be disrupted
due to a fronto-temporal network dysfunction (amygdala-
hippocampus-prefrontal cortex circuit) that may, in turn,
cause WM deficits for emotional information especially when
verbal information is used.

Conclusion

To summarize, our data point to an emotion modulation of
WM performance of healthy older adults during a task that
required active maintenance of affective to-be-remembered
stimuli in WM. In fact, participants were asked to process a
series of arithmetic operations, ignore them and remember
only final target words (affective and neutral ones). However,
we showed that emotional content does not modulate these
active WM functions nor facilitates recall when DAT patients
were considered. The novelty of this study lays in the fact that
operation span tasks typically better tap our ability to control
irrelevant information coming from the affective domain in
WM. Future studies should employ this version of the task in
order to directly measure WM for emotional material since
the affective Ospan can be considered a WM measure that
offers specific information regarding individual differences in
online emotional information maintenance. This information
may also be relevant in clinical settings [20] and can be used
to develop adequate protocols [21,22].
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