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A selective deterioration of working memory functions has been
suggested as an explanation of the cognitive decay occurring in nor-
mal ageing as well as in Alzheimer-type dementia. Recent studies
have highlighted that elderly people’s limitations in working mem-
ory functions may be better interpreted when analysing the specific
characteristics of the cognitive process (i.e., passive storage or ac-
tive manipulation of information). In the present study, we have
adapted a procedure used to investigate age-related memory modi-
fications, involving both verbal and visuo-spatial material in tasks
tapping passive and active processes, to investigate the deterioration
associated with Alzheimer’s disease. A group of Alzheimer patients
in the early stages of the disease were matched to a control group
of healthy elderly. Results show that Alzheimer patients performed
less accurately than the control group in all tasks. However, the
deficit was maximised in the case of active processes, regardless
of the type of material used (verbal or visuo-spatial). These data
highlight the importance of considering the amount of active pro-
cessing as the key variable when interpreting the decay in cognitive
functions in the early stages of Alzheimer’s disease.
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1. Introduction

The working memory system [3] is characterised by
the integration of both storage and processing compo-
nents in a unique cognitive structure. However, em-
pirical studies devoted to investigating the architec-
ture of this system have been mainly directed at dis-
tinguishing between components of the system asso-
ciated with the specific type of material that could be
processed. The functional dissociation between verbal
and visuo-spatial components (e.g., [11, 23]) or be-
tween visual and spatial components (e.g., [8, 13]) has
been repeatedly confirmed. However, little attention
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has been paid to analyse working memory processes
in terms of the specific amount of storage or process-
ing requirements and, consequently, to propose a dis-
tinction between passive storage and active process-
ing components within the working memory system.
Within such a framework, each task could be identi-
fied by a proportion of storage and processing func-
tions. Storage refers to the maintenance of informa-
tion in the same format as it was previously encoded,
and processing refers to the modification, integration,
or transformation which may be required by the task
(see [24]).

The deterioration of working memory in Alzheimer-
type dementia (DAT) has been observed repeatedly
(e.g., [21]) and studies carried out using a dual task
paradigm have shown a selective deterioration of the
Alzheimer group under these conditions [4]. This has
led to a deficit in the central executive component of the
working memory system being proposed. The effect of
dual task procedures has been confirmed by the same
authors in a successive study [2], also allowing them
to exclude possible artefacts due to task complexity.

Several empirical investigations have addressed the
possibility that central executive processes can be char-
acterised in terms of shifting of attention or, more in
general, in terms of an amalgam of control mecha-
nisms underlying WM functions (e.g., [15]). These
processes are implicated in the concurrent execution
of more than one task at the same time and DAT
patients are clearly impaired in dual-task procedures
(e.g., [10, 12, 14, 16]). Within this theoretical frame-
work, the WM central executive component can be
considered as an external attentional mechanisms (see
[19]) that does not play a direct role in the actual exe-
cution of the task. Patients’ impairments is then asso-
ciated to a dysfunction in these control structures.

Another way of characterising central executive
functions is to refer to the specific nature of each single
task, in terms of amount of integration/transformation
of information that is required. In particular, the
passive-active distinction could be important in inter-
preting WM functions and in assessing DAT patients.
This distinction has demonstrated to be relevant in ex-
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plaining specific pattern of WM functions in a num-
ber of individual differences studies. However, the re-
lationship between passive and active processes can-
not be easily interpreted within a traditional working
memory framework. In fact, both passive and active
processes are involved, to different extents, in the exe-
cution of the various tasks. Recent neuroimaging find-
ings have clearly demonstrated the existence of sepa-
rate neural mechanisms for storing or processing in-
formation (see [20]). However, it has also been sug-
gested that, from a theoretical point of view, passive
and active processing structures could be interpreted
along a continuum reflecting the extent to which active
processes are required by each task. This theoretical
interpretation seems to better represent the functioning
of the WM system by clarifying the continuum dimen-
sion between modality specific and process-specific
structures (see [7]). The need for a theoretical frame-
work that specify the relationship between passive and
active functions does not exclude that, in principle, the
two opposite pole of the continuum could be associated
with the existence of pure passive or active tasks. In
particular, there has been recently a strong effort to de-
velop specific tools to measure active processing while
minimising passive storage [26], and empirical results
do support the independence of active manipulation
processes. In other words, active processes are not
necessarily associated with passive storage, but could
be based on perceptual stimuli only, thus minimally
depending on short-term maintenance of information.

In the present study, we adapted the procedure used
by [24] to investigate age differences in working mem-
ory by comparing a group of DAT patients in an early
stage of the disease with a control group of healthy
elderly. Four tasks were used: Two passive tasks (one
verbal and one visuo-spatial) and two active tasks (one
verbal and one visuo-spatial).

2. Methods

2.1. Participants

Sixteeen AD patients, aged between 63 and 74 years
(mean age = 70.1, sd = 3.4), 8 males and 8 females,
participated in this study. They were recruited through
the Alzheimer Center of the Geriatric Hospital of An-
cona, Italy. All have been diagnosed as affected by
Alzheimer-type dementia on the basis of clinical his-
tory, neurological examination and neuropsychologi-
cal assessment. AD patients met the criteria for di-

agnosis of probable Alzheimer-type dementia (DSM
[1]). Moreover, criterion for inclusion in the experi-
mental group was a score between 21 and 24 for the
Mini Mental State Examination (MMSE [9]), thus in-
dicating a mild cognitive impairment. Sixteen elderly
subjects were selected as control group, matched for
age (aged between 63 and 75 years, mean age = 69.3,
sd = 3.8), gender (8 males and 8 females), and years
of education and type of school. We also excluded
from our samples subjects whose working activities
could have led to a specific advantage for the execu-
tion of the experimental tasks, such as architects or
graphic designers (see [18]). None of the subjects had
either a record of neurological disease or presented
pathologies of the central nervous system, other than
the Alzheimer’s disease in the experimental group.

2.2. Materials and procedure

Four tasks were used: a verbal passive task, a verbal
active task, a visuo-spatial passive task and a visuo-
spatial active task. All tasks were presented in a span
version requiring subjects to solve at least two items at
each level of complexity in order to proceed to the fol-
lowing level. Three span sequences were designed for
each level of complexity. The order of presentation of
the different material (verbal or visuo-spatial), for the
different types of task (passive or active), were coun-
terbalanced across subjects thus obtaining 4 different
orders.

Verbal passive task: Verbal span task. Participants
had to remember lists of bisyllabic words of increas-
ing length. Words were read by the experimenter
at a 2-sec. rate. The Italian version of this test has
been standardized by [22].

Verbal active task: Nonword generation task [25].
Sequences of syllables of increasing length were
read by the experimenter at a 1-sec. rate. For each
sequence, participants had to generate the nonword
resulting by stringing together the first letter of each
syllable. For example a sequence at level 4 could
consist of ‘pu, ite, fu, oto’ and the subject had to
generate the nonword ‘pifo’.

Visuo-spatial passive task: Corsi block tapping task
[22]. Participants had to remember a sequence of
spatial positions previously shown by the experi-
menter in a wooden board comprising nine posi-
tions.

Visuo-spatial active task: Mental pathways. We a-
dapted a procedure used by [25] for a span presenta-
tion. Participants had to imagine matrices of varying
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Fig. 1. Mean performance (i.e., span values) of elderly and DAT subjects in the four tasks.

complexity and then generate a pathway following
a series of directions (i.e., left, right, forward, back-
ward). The starting point was always the square at
the bottom left corner. Directions were read by the
experimenter at a 2-sec. rate. After the instructions,
participants were presented with a blank matrix and
they had to point to the square indicating the final
position of the pathway.

3. Results

For each task, span values were taken as the mean
of the three longest sequences performed correctly.
Performance for each task has been analysed sepa-
rately and four one-way ANOVAs were carried out
with group as between-subject variable (elderly and
DAT patients). In all tasks, elderly subjects performed
better than DAT patients (see Fig. 1), leading to sig-
nificant differences apart from the case of the visuo-
spatial passive task in which the value just approached
significant level: F (1, 30) = 8.44, Mse = 0.62,
p < 0.01 for the verbal passive task; F (1, 30) = 4.06,
Mse = 1.10, p = 0.05 for the visuo-spatial passive
task; F (1, 30) = 32.72, Mse = 5.17, p < 0.001
for the verbal active task; F (1, 30) = 16.92, Mse =
8.69, p < 0.001 for the visuo-spatial active task.

Though the DAT group performance was lower than
controls in all tasks, it is also evident that their per-
formance was selectively poor in the active tasks (see
Fig. 1). Differences between elderly and DAT par-
ticipants were larger in tasks requiring to manipulate
and actively process experimental stimuli: This is ev-
ident in the analyses of effect sizes that allow a direct
comparison between passive and active tasks in the
two groups of participants (see Table 1). The effect

Table 1
Measures of effect size of the main effect of group in the four tasks.
Values are calculated following Cohen’s method [5] as reported in
[17].

Effect size

Passive tasks
Verbal 1.04
Visuo-spatial 0.71

Active tasks
Verbal 1.82
Visuo-spatial 1.46

sizes of the group effects in the active tasks were ap-
proximately double the correspondent level for passive
tasks, in both verbal and visuo-spatial tasks.

4. Discussion

This study showed that DAT patients at an early
stage of the disease performed significantly lower than
a control group of healthy elderly in the complete set
of working memory tasks that we used. However, their
deficit was maximised in tasks requiring active manip-
ulation of the material. Increasing levels of active pro-
cessing determined a dramatic drop in performance in
the experimental group, regardless of the type of mate-
rial presented: verbal and visuo-spatial tasks produced
a similar pattern of performance.

This active processing effect cannot be considered
as a simple measure of complexity, in that more com-
plex tasks produce more visible deficits. In fact, by
using a span procedure, this variable was equally ma-
nipulated in all tasks: The span level represents the
highest level of complexity that participants were able
to deal with. The mean score of each subject is the
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longest span sequence that he/she was able to correctly
reproduce or elaborate. Thus, within each subject, the
trials that were used to measure performance in the
four experimental tasks do represent an equal level
of complexity, associated with equal levels of experi-
enced difficulty. The capacity limitations of the sys-
tem were reached in all tasks but DAT patients showed
a dramatic limitation in the active tasks. This deficit
indicates a qualitative difference between independent
processes, thus excluding the possibility of interpret-
ing this distinction in terms of a quantitative difference
between more or less complex task.

Although the levels of complexity/difficulty are
clearly matched in the four tasks that we used, this is
obviously a critical point in addressing the distinction
between passive storage and active processing. To ex-
plore this issue in more detail, Vecchi and Richardson
[27] developed an experimental task in which the same
material and scoring procedure are used for both pas-
sive and active tasks, thus allowing a direct compari-
son between the two tasks. Participants are presented
with fragmented pictures of objects in a jumbled con-
figuration: they are required both to recompose the
original picture by imaging to place each fragment in
the correct positions of a response grid, and then to
recall the original jumbled configuration. The tempo-
ral sequencing of this task determined a passive task
that was significantly more complex than the active
one. Since preliminary tests excluded the possibility
to use this procedure with DAT patients, the research
by [27] was carried out with young and elderly par-
ticipants only. Results confirmed that passive storage
and active processes are (a) independent abilities, and
(b) not connected with complexity levels: In fact, el-
derly people did find the active tasks easier but, at the
same time, they were also selectively impaired in these
tasks when compared to the younger groups.

A further confirmation of the hypothesis of a dis-
sociation between passive storage and active process-
ing components of working memory comes from neu-
ropsychological and neuroimaging findings. Cornoldi
and colleagues [6] have described two cases of children
with nonverbal learning difficulties showing a double
dissociation between the ability to store visuo-spatial
information and the ability to manipulate, transform
or integrate visuo-spatial material. While one of child
performed flawlessly in the passive tasks and showed
an impairment in the execution of the active tasks, the
other child presented the opposite pattern. Thus, a pre-
served ability to manipulate and integrate information
could be associated with a specific impairment in the

short-term storage of information. In line with these
data, a review of recent findings showed that different
frontal regions are activated for short-term storage and
for manipulation and transformation of information
[20].

Overall, these data suggest that active tasks are
highly sensitive to the detection of working memory
deficits even at an early stage of DAT, in accordance
with previous research indicating that the amount of
active processing required by a task is a critical vari-
able in predicting performances in working memory
tasks (see [24]). The deterioration in working memory
functions and, more specifically, a reduction in central
processing functions is a diagnostic sign of DAT (e.g.,
[2, 4]).

These findings favour the hypothesis that central
processing functions may be identified by the spe-
cific characteristics of the task (i.e., the amount of ac-
tive processing) rather than interpreted in terms of su-
pervising or controlling mechanisms only. In addi-
tion, this evidence points to the importance of distin-
guishing, within the working memory model, between
modality-specific subsystems (i.e., verbal vs. visuo-
spatial) as well as between process-specific subsys-
tems (i.e., passive vs. active).
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