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Ageing, remembering, and executive function

David Clarys, Aurelia Bugaiska, Géraldine Tapia, and Alexia Baudouin

Université François-Rabelais de Tours, France

This study was designed to investigate the relationship between executive functions and the age-related
decline in episodic memory through the states-of-awareness approach. Following the presentation of a
word list, a group of younger adults and a group of older adults undertook a recognition test in which
they classified their responses according to the Remember-Know-Guess procedure (Gardiner &
Richardson-Klavehn, 2000). In order to operationalise the executive function hypothesis, we investigated
three specific executive functions (updating, shifting, and inhibition of a prepotent response) described in
Miyake et al.’s (2000) theoretical model, and a complex executive task. The results revealed that fewer
‘‘R’’ responses were made during the recognition test by the older than the younger group, whereas there
was no difference between the groups in the number of ‘‘K’’ responses. In addition, correlations indicated
that remembering depended on executive function measures, whereas knowing did not. The hierarchical
regression analyses showed that controlling for executive function, and particularly for the 2-back test,
largely removed the age-related variance in remembering. These findings support the notion that
executive dysfunction, and specifically updating decline, plays a central role in age-related memory loss.

Keywords: Ageing; Memory; States of Awareness; Executive Function.

Tulving (1983, 1985) suggested that a defining
property of episodic and semantic memory sys-
tems is the phenomenological subjective experi-
ence that accompanies retrieval from them, and
proposed a distinction between two kinds of
consciousness: autonoetic and noetic. He showed
that participants could readily understand the
distinction between the two kinds of awareness,
and could report them using Remember and
Know responses. He used the term ‘‘remember-
ing’’ to refer to the expression of autonoetic
consciousness, which corresponds to episodic
memory, and ‘‘knowing’’ to refer to the expres-
sion of noetic awareness, which corresponds to
semantic memory. Remembering is characterised
by recognition accompanied by the recollection of
the mental representation constructed at encod-
ing. Knowing is characterised by recognition

achieved without access to information about
the learning context.

Tulving (1985) and Gardiner and his associates
(Gardiner, 2001; Gardiner & Richardson-Kla-
vehn, 2000) operationalised these two states of
awareness with the R/K paradigm. This has been
applied particularly in recognition tasks and
consists of asking participants to state the nature
of their recollective experience at the time of
recognition. The participants have to classify each
recognised item into one of two categories:
‘‘Remember’’ (R) or ‘‘Know’’ (K). An ‘‘R’’
response involves the participant’s recollection
of specific, previously encountered contextual
details, while a ‘‘K’’ response indicates that the
participant is sure that the item is a target but
without any specific contextual recollection of the
previously presented item. Gardiner and Conway

# 2008 Psychology Press, an imprint of the Taylor & Francis Group, an Informa business
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(1999) suggested adding another category of
response, ‘‘Guess’’ (G), when participants are
not sure whether they saw the item during the
learning task or not. This category avoids the
possibility of participants choosing the ‘‘K’’
response when they are not sure that they have
studied the item. Numerous experimental manip-
ulations have strengthened this distinction, show-
ing differential effects on ‘‘R’’ and ‘‘K’’ responses
(for reviews, see Clarys, 2001; Gardiner, 2001).

Several studies have assessed the effects of
ageing using the R/K paradigm, and a particularly
compelling distinction between ‘‘R’’ and ‘‘K’’
responses has been observed. As a whole, two
patterns of results emerge. Some studies have
found that age is only associated with a decrease
in Remember responses (Bugaiska et al., 2007;
Bunce, 2003; Clarys, Isingrini, & Gana, 2002;
Comblain, D’Argembeau, Van der Linden, &
Aldenhoff, 2004; Fell, 1992; Lövden, Rönnlund,
& Nilson, 2002; Perfect & Dasgupta, 1997), while
others have also found an increase in the number
of ‘‘K’’ responses (Bastin, Van der Linden,
Michel, & Friedman, 2004; Bunce & Macready,
2005; Parkin & Walter, 1992; Perfect, Williams, &
Anderton-Brown 1995; Piolino et al., 2006; Prull,
Dawes, Martin, Rosenberg, & Light, 2006). Older
adults are less likely to report recollective experi-
ence accompanying their recognition responses
and more likely to report noetic consciousness. In
a close approach, the studies that used the
process-dissociation procedure (Jacoby, 1991,
1998) have shown a similar pattern of results.
Indeed they observed no age-related differences
in familiarity but an age-related decrease on
recollection when process estimates were derived
from the inclusion/exclusion method (for review,
see Light, Prull, Lavoie, & Healy, 2000). It would
thus be of interest to find an explanation for this
decrease in autonoetic consciousness and high-
light the factors involved.

One possible explanation for the differences in
the proportion of R responses between younger
and older people concerns executive functioning.
Executive control is a multi-component construct
that consists of a range of different processes that
are involved in the planning, organisation, co-
ordination, implementation, and evaluation of
many of our non-routine activities (Glisky,
2007). The executive decline hypothesis for age-
related decrease in cognitive performance (West,
1996), and particularly for memory, has received
considerable empirical support (for reviews, see
Moscovitch & Winocur, 1992; Parkin, 1997). This

hypothesis is based on neurobiological and neu-
ropsychological evidence. It suggests that age-
related declines in memory may be due to a
selective decline in executive functions, tradition-
ally thought to be associated with the functioning
of the frontal lobes, which seem to be the area of
the brain that is the earliest and most extensively
affected by ageing (Raz, 2000; West, 1996).
Further evidence for the role of executive func-
tioning comes from studies showing that older
participants perform less well than younger ones
in tasks in which patients with frontal lobe
damage also show impaired performance, such
as control of interference (Dempster, 1992),
memory for temporal order (Fabiani & Friedman,
1997; Parkin, Walter, & Hunkin, 1995), meta-
memory (Souchay, Isingrini, & Espagnet, 2000),
and conscious awareness (Bunce, 2003; Parkin &
Walter, 1992). Both groups are also impaired in
source memory tasks (Craik, Morris, Morris, &
Loewen, 1990; Glisky, Polster, & Routhieux,
1995), which can be considered as a deficit in
the ability to encode the spatial and temporal
context associated with an event (Parkin &
Walter, 1992). All these observations have led to
the hypothesis that age-related memory deficit
may be due to a decline in executive functions.

The few studies that have investigated this
possibility through the Remember/Know para-
digm have produced conflicting results. One study
showed correlations between measures of execu-
tive functioning and the amount of reported
recollective experience in the oldest group of
participants (Parkin & Walter, 1992), while other
studies found weak (Bunce & Macready, 2005;
Perfect & Dasgupta, 1997) or no evidence (Per-
fect et al., 1995). Parkin and Walter (1992) found
that higher levels of ‘‘R’’ responding by the older
adults were reliably correlated with better per-
formance on the Wisconsin Card Sorting Test
(WCST-Modified, Nelson, 1976). These data
suggest that contextually based recognition
(‘‘R’’ responses) decreases as executive function
declines. Bunce and Macready (2005) manipu-
lated the time available for encoding operations
and also recorded independent measures of
executive functions and processing speed. They
showed that processing speed, but not executive
functioning, accounted for age-related variance in
both remembering and knowing under the longer
encoding condition. However, as the authors
acknowledged, this result could be explained by
the fact that the frontal tasks chosen (such as the
FAS Word Fluency Test) did not assess the
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executive processes involved in elaborative re-
hearsal and structuring with sufficient rigour. In a
recent study, Bugaiska et al. (2007) investigated
the relationships between the age-related decline
in remembering, processing speed, and executive
function. This function was assessed using a single
complex executive task, the Wisconsin Card
Sorting Test. The results showed that the effect
of age in recollection experience is determined by
executive function and not by diminution of
processing speed.

As observed by the above authors, the associa-
tion of the R/K paradigm and the executive
decline hypothesis (West, 1996) provides some
interesting avenues for future research. So the
present study was conducted not to oppose again
the executive-ageing hypothesis and the speed
mediation hypothesis, but to better understand
the role of executive function. More specifically
we studied the precise nature and organisation of
executive functions involved in the age-related
decrease in remembering, using the recent theo-
retical model of executive control proposed by
Miyake et al. (2000). This model suggested that
there are three specific executive functions: shift-
ing between tasks or mental sets, updating, and
inhibition of prepotent responses. Shifting ability
involves the disengagement of an irrelevant task
set and the active engagement of a relevant task
set, as well as the capacity to perform a new
operation when faced with proactive interference
or negative priming. Updating is the capacity to
control and code incoming information according
to its relevance to the task. This ability enables
old, non-relevant information in working memory
to be replaced by new, more relevant information.
Inhibition of prepotent responses refers to the
ability to deliberately inhibit dominant or auto-
matic irrelevant responses. Miyake et al. (2000)
showed that these three specific functions are
clearly distinguishable but not completely inde-
pendent, seeming to possess some underlying
commonalities.

The few previous studies that have examined
executive functioning in the age-related deficit in
remembering used only complex executive tasks
and produced inconsistent results. Furthermore,
none refers to an executive function model, and
the tests used in these studies were not suffi-
ciently specific. The main objective of the present
study was to clarify these conflicting results and to
better understand the role of executive function,
highlighting the nature of the executive process
involved. The originality of our research is to test

the executive hypothesis through the recent
theoretical model of executive functioning pro-
posed by Miyake et al. (2000). We combined the
executive hypothesis and the two-states-of-aware-
ness approach (Gardiner, 2001; Tulving, 1985) to
investigate the role of the three specific and
complex executive functions in age-related decre-
ments in recollective experience. To date, no
study has been conducted to examine Miyake
et al.’s (2000) model in the context of state of
awareness. The first objective of this study was to
confirm the age-related difference in R responses.
For K responses the predicted pattern of results is
less clear because some authors have found an
age-related difference while others have not. The
second objective was to test the hypothesis that
remembering is dependent on executive functions
and that knowing is not. If this were true,
‘‘Remember’’ responses would be related to
specific and complex executive functions but
‘‘Know’’ responses would not. The third and
main objective was to examine the hypothesis
that age-related declines in executive functions
explain the observed decline in ‘‘Remember’’
responses during ageing. We hypothesised that
specific executive functions, rather than a global
decline in such functions, will account for the
effect of age on ‘‘Remember’’ responses.

METHOD

Participants

A total of 88 adults living in a medium-sized
metropolitan area participated in the study and
were divided into two age groups. The first
consisted of 44 younger adults (age range 18�33
years) and the second of 44 older adults (age
range 61�85 years). All the participants came
from the general community and lived in their
own homes. They were screened for possible
dementia with the Mini Mental States Examina-
tion (MMSE, Folstein, Folstein, & McHugh,
1975) and for depression with the Geriatric
Depression Scale (GDS; Yesavage et al., 1983).
Only participants who obtained a score above the
cut-off of 27 points on the MMSE and a score
below the cut-off of 10 points on the GDS were
included in the study.

The characteristics of the two groups are
summarised in Table 1. The younger adults had
more years of education than the older ones, but
the older adults tended to perform better (p�.07)
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on the Mill Hill Vocabulary Test (Deltour, 1993), a
multiple-choice synonym vocabulary test.

Materials and procedure

Participants performed a recognition memory test
using the Remember/Know/Guess method, and
tests of executive function (Wisconsin Card Sort-
ing Test, Number�letter task, 2-back test, and
Stroop Colour-Word Test). All participants were
tested individually and were informed that the
experiment involved memory measures.

Remember Know/Guess measures

For the R/K/G paradigm, the material was the
same as that used by Clarys et al. (2002) and
consisted of two alternate study sets of 36
taxonomically unrelated concrete words. For
each set, two different random orders were
created. The sets were generated in such a way
that the two lists were matched for word fre-
quency and the number of letters per word. One
set was presented at encoding and these words
were used as target items in the following
recognition test, while the other set provided
the lures. Half the participants were presented
with one set and half with the other, and they
were not told how many items they had pre-
viously seen. The two sets of stimuli were counter-
balanced across the two age groups. For the study
phase, the words were presented on a computer
screen at the rate of 5 s/word using Microsoft
Power Point. The participants were told to read
the words aloud and to remember them for a later
test. The test phase was introduced following a
retention interval of 5 minutes. The Stroop
Colour-Word test (SCWT; Stroop, 1935) was
administered during this interval and is described
in the executive function section below.

For the recognition test, the complete set of 72
words (36 targets and 36 fillers) was presented in

random order on the computer screen using

Microsoft Power Point. For each word, the

participants were asked if they recognised it

from the earlier list. In addition, for each recog-

nised word they had to indicate if their response

was based on Remembering (R), Knowing (K), or

Guessing (G). They were instructed to indicate an

‘‘R’’ response when the recognised word evoked

some specific recollection from the learning

sequence; for example, remembering a word

because it brought to mind a particular associa-

tion, image, or some other personal experience, or

because something about its appearance or posi-

tion could be recalled. ‘‘K’’ responses were to be

given for the words that they felt confident about

recognising but without any specific conscious

recollection from the learning sequence. ‘‘G’’

responses were for words that they did not feel

confident about recognising, and was used to

avoid participants indicating a ‘‘K’’ response if

they were not absolutely sure that they had seen

the word in the study list. After the recognition

phase, participants were asked to explain at least

two of their Remember and two Know judge-

ments to ensure that they had used the two types

of response correctly: for R responses they had to

give episodic details associated with the word

encoding, and for K responses they had to show

that they recognised the word but could not

remember any specific detail about studying it.

No participant was excluded on the basis of their

explanations.
The dependent measures studied here were the

proportion of overall correct recognitions (hits/

targets) and false alarms (false alarms/lures), the

proportion of correct recognitions and false

alarms for ‘‘R’’, ‘‘K’’, and ‘‘G’’ responses, and

the proportions of hits minus false alarms for

overall recognition and for ‘‘R’’ and ‘‘K’’ re-

sponses. Data for correct and false Guess re-

sponses are presented in the tables but they were

not analysed because they were only used to

TABLE 1

Means and standard deviations of participants’ characteristics for the two age groups

Young (n�44) Old (n�44)

M SD M SD F(1, 86)

Age (years) 24.07 3.45 70.75 6.54

Education (years) 12.14 2.20 10.55 3.72 5.97*

Mill Hill 30.14 6.19 32.57 6.30 3.34§

§p�.07; *pB.05.

AGEING, REMEMBERING, EXECUTIVE FUNCTION 161

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
M
o
n
t
r
e
a
l
]
 
A
t
:
 
1
6
:
2
7
 
1
0
 
D
e
c
e
m
b
e
r
 
2
0
0
9



enhance the quality of K responses, and the
number of responses was deemed to be too low.

Executive functioning tests

As in Miyake et al.’s study (2000), executive
functioning was assessed using two kinds of
executive test: complex executive tasks tapping
various executive functions, and relatively simple
executive tasks predominantly tapping each of
the following specific executive functions: shift-
ing, updating, and inhibition. The specific tasks
were selected on the basis of proposals formu-
lated by Miyake et al. (2000).

Wisconsin Card Sorting Test. The Wisconsin
Card Sorting Test (WCST, modified by Nelson,
1976) is a standardised test designed to measure
set formation and attentional shift, and as such is
thought to assess complex executive functioning.
It was administered and scored using standard
procedures. This test requires participants to sort
cards with geometric drawings varying in colour
(yellow, green, red, or blue), shape (star, circle,
cross, or square), and number (1, 2, 3, or 4), based
on information provided by the examiner. The
sorting rule changes throughout the test, thereby
assessing the participant’s ability to shift cognitive
set. The WCST provides several scores and the
specific measure given here is the number of
perseverative errors, which are those most af-
fected by age and the most representative of the
executive function factor (Bryan, Luszcz, &
Pointer, 1999).

Number�letter task. This task (Rogers & Mon-
sell, 1995) was used to measure the shifting
executive component. A number�letter pair
(e.g., 5A) was presented in one of four boxes of
a table. Participants were instructed to indicate
whether the number was odd or even when the
number�letter pair was presented in one of
the top two boxes (number task), and whether
the letter was a vowel or a consonant when the
number�letter pair was presented in one of the
bottom two boxes (letter task). The number�
letter pair was presented only in the top two
boxes for the first list of 32 target trials, only in
the bottom two boxes for the second list of 32
target trials, and randomly in all four boxes for
the third list of 32 target trials (switch trials).
Thus, the trials with the first two lists required no
task switching, whereas the third list required
participants to shift between these two types of
categorisation operations. In all trials, participants

responded by ticking one answer from a choice of
four: ‘‘Odd’’, ‘‘Even’’, ‘‘Consonant’’, ‘‘Vowel’’.
They were instructed to complete each list
quickly and accurately, and completion times
were measured. The cost of shifting between the
two types of categorisation operations was calcu-
lated as the difference between the time to
complete the third list, which required a mental
shift, and the average of the times to complete the
first two lists in which no shift was necessary. This
shift cost served as the dependent variable.

2-back test. The 2-back letter task (Gevins &
Cutillo, 1993) is hypothesised to tap the updating
executive component. In this test the participant
listens to a continuous sequence of letters and
must decide and say whether each letter matches
the one presented two back in the sequence. The
letter list was composed of 30 items and the score
was the number of correct responses.

Stroop Colour-Word test. The SCWT (Stroop,
1935) was used to measure the inhibition execu-
tive component. This task involves three subtests
each displaying 100 stimuli. In the first (word
reading), the participant is required to read words
printed in black ink representing names of some
basic colours. In the second subtest (colour
naming), participants have to name the colour
of crosses (XXX). In the last subtest (colour-word
interference), they have to name the colour of the
colour-word printed in incongruously coloured
ink (e.g., the word ‘‘red’’ is written in green). In
each subtest participants were required to name
the colours aloud as quickly as possible for 45
seconds, and the number of correct responses was
recorded. An interference score was computed as
follows: colour-word interference score � [(word
reading score�colour naming score)/(word read-
ing score�colour naming score)].

RESULTS

Remembering, Knowing, and Executive
measures

The means and standard deviations of hits, false
alarms, and hits minus false alarms for overall
recognition, ‘‘R’’, ‘‘K’’, and ‘‘G’’ responses, and
the scores for executive measures are presented
in Table 2. Separate analyses of variance (AN-
OVA) with age as a between-participants factor
were performed on these measures. The analyses
of hits revealed a significant age-related effect on
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overall recognition and on ‘‘R’’ responses, but no

such effect on ‘‘K’’ responses. For the false alarms

the separate analyses of variance showed a

significant age-related increase in overall recogni-

tion and in ‘‘R’’ responses, but not in ‘‘K’’

responses. For hits minus false alarms an age-

related decrease was observed for overall recog-

nition and for ‘‘R’’ responses. For ‘‘K’’ responses

there was no age-related effect. In this way, the

older participants demonstrated a decrease in

recognition, and more specifically in ‘‘R’’ re-

sponses. Thus, in line with our hypothesis, recog-

nition associated with conscious recollection

(‘‘R’’ responses) declined with age, whereas

recognition without conscious recollection (‘‘K’’

responses) did not. However, we conducted a

power analysis for the null findings of age and

‘‘K’’ responses. Our sample size (n�88) provides

a power of 0.22 at an alpha level of 0.05. There-

fore our sample size does not have sufficient

statistical power to detect a potential effect of age

on ‘‘K’’ responses. From this sample size one

cannot conclude that there is no age-related

difference in ‘‘K’’ responses.
For executive tasks, as predicted, separate

analyses of variance indicated a significant age

effect on all of these measures. Thus, our study

demonstrated an age-related decrease in execu-
tive functioning.

Correlations between executive
functioning and Remember/Know
measures (hits minus false alarms)

Correlations were performed to determine
whether there was any relationship between ex-
ecutive measures and the two states of awareness.
For ‘‘R’’ and ‘‘K’’ responses the measure used was
hits minus false alarms. They were computed for
each age group separately, and for the two age
groups combined after age group had been par-
tialled out. As recommended by Bryan and Luszcz
(1996), the age group variable was used rather than
individual age in the correlations and regression
analyses. As participants were selected from two
age groups, age was not normally distributed in this
study, and correlations involving this type of
distribution tend to be inflated due to overestima-
tion of the range of scores. Therefore, age was
coded as a qualitative variable (young�1, old�2).
The correlation matrix within each age group
separately (the younger below and the old above
the diagonal) is presented in Table 3. Table 4
presents these correlations for all the participants

TABLE 2

Means and standard deviations for hits, false alarms, hits minus false alarms, and executive tasks as a function of age group

Young (n�44) Old (n�44)

M SD M SD F(1, 86)

Hits

Overall recognition .68 .13 .58 .18 8.11**

Remember .30 .13 .23 .16 4.95*

Know .30 .14 .28 .17 0.47 ns

Guess .08 .05 .07 .07 �

False alarms

Overall recognition .15 .13 .22 .17 5.05*

Remember .02 .04 .06 .11 4.64*

Know .07 .07 .09 .07 1.35 ns

Guess .06 .06 .07 .08 �

Hits minus False alarms

Overall recognition .53 .16 .36 .15 25.67***

Remember .28 .13 .17 .11 17.62***

Know .23 .14 .19 .15 1.67 ns

Executive function

WCST 0.57 1.37 4.43 5.31 21.83***

2-back test 23.09 2.14 20.30 2.97 18.89***

Number�letter test 25.23 10.90 39.79 17.58 25.63***

SCWT 3.80 7.94 �7.93 13.62 24.36***

WCST: Wisconsin Card Sorting Test; SCWT: Stroop Colour-Word Test; *pB.05; **pB.01; ***pB.001; ns: non-significant.
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after age group was partialled out. For younger
participants ‘‘R’’ responses only correlated signifi-
cantly to the 2-back test whereas there was no
significant correlation between ‘‘K’’ responses and
executive function tasks. For older participants all
executive measures correlated with ‘‘R’’ responses
but not with ‘‘K’’ responses. The correlation
between ‘‘R’’ responses and the 2-back test was
very strong (.71) and was significantly greater in
the older group than in the younger one (.31).
When the two groups were combined and age
group partialled out (Table 4), the analysis re-
vealed that ‘‘R’’ responses correlated with the 2-
back test and tended to correlate (p�.08) with the
number�letter test. Conversely, there was no sig-
nificant correlation with ‘‘K’’ responses. Thus, a
correlational dissociation between ‘‘R’’ and ‘‘K’’
responses was observed, indicating that ‘‘R’’ re-
sponses correlated with executive tasks, whereas
‘‘K’’ responses did not correlate with any measure.

Hierarchical regression analyses

The role of the executive function tasks in the
remembering variance was assessed using hier-

archical multiple regression analyses. As shown
by the correlations matrix there was a strong
correlation between ‘‘R’’ responses and the 2-
back test. To exclude the possibility that this
measure, which has the greatest first-order corre-
lation with ‘‘R’’ responses, can alone account for
the greatest proportion of variance in ‘‘R’’, three
separate hierarchical regression analyses were
conducted in order to test alternative models
(order of entry). For ‘‘R’’ responses the measure
used was hits minus false alarms. The results of
these analyses are shown in Table 5. In the first
analysis (Analysis 1) we entered first the three
executive tasks least correlated with R responses:
the number�letter test, the WCST, and the
SCWT. Then we added the age group to examine
whether prior entry of these three variables
reduced the contribution of age group to a non-
significant amount. Finally we entered the 2-back
test to see whether this test accounted for a
significant proportion of variance in R responses
once age group was partialled out. The same
procedure was repeated for Analysis 2, with the
2-back test entered before age group to examine
whether prior entry of this test reduced the
contribution of age group to a non-significant

TABLE 3

Pearson correlations: Younger and older groups

Older

Younger

1

WCST

2

2-back test

3

Number�letter test

4

SCWT

5

Remember

6

Know

1. WCST � �.25§ .29* �.14 �.27’ �.22

2. 2-back test .31* � �.35* �.35* .71***s �.16

3. Number�letter test �.06 �.17 � �.23 �.35* �.04

4. SCWT .00 �.05 �.25 � .30* .07

5. Remember .03 .31*s .00s �.07 � �.33*

6. Know �.04 �.01 �.14 .14 �.52*** �

Pearson correlations between Remember, Know responses, and executive function measures for the younger (below the

diagonal; n�44) and for the older group (above the diagonal; n�44).

WCST: Wisconsin Card Sorting Test; SCWT: Stroop Colour-Word Test; §p�.10; ’p�.08; *pB.05; **pB.01; ***pB.001;

s: significant difference between younger and older group correlations.

TABLE 4

Pearson correlations: All participants

WCST 2-back test Number�letter test SCWT Remember

2-back test �.15

Number�letter test .23* �.30**

SCWT �.10 .23* �.24*

Remember �.16 .52*** �.19§ .15

Know �.17 �.10 �.08 .09 �.42***

Pearson correlations between Remember, Know responses, and executive function measures for all the participants (n�88) after

age group was partialled out.

WCST: Wisconsin Card Sorting Test; SCWT: Stroop Colour-Word Test; §p�.08; *pB.05; **pB.01; ***pB.001.
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amount. Finally, in the third analysis (Analysis 3),
the 2-back test was entered first to see whether
the other executive tasks and age group ac-
counted for a significant proportion of variance
in R responses after this measure was partialled
out.

Analysis 1 shows that the number�letter task,
the WCST, and the SCWT predicted 18% of the
variance in remembering when entered first and
that, after controlling for these measures, age
group added a significant 4% to the variance.
Analysis 1 indicates that the 2-back test, after
controlling for the other executive tasks and age
group, added a significant 18% to the variance in
R responses. Analysis 2 shows that after control-
ling for the number�letter task, the WCST and the
SCWT, the 2-back test added 21% to the variance
in remembering. Age group no longer predicted
‘‘R’’ responses once executive functioning had
been controlled. Finally, Analysis 3 indicates that
the 2-back test predicted 37% of the variance in
remembering when entered first. The other ex-
ecutive tasks and age group no longer predicted R
responses after the 2-back test had been entered.
These analyses indicate that the 2-back test is the
main measure explaining variance in ‘‘R’’ re-
sponses, and more specifically, the age-related
decline in remembering.

DISCUSSION

The aim of this study was to examine the precise
nature and organisation of executive functions
involved in the age-related decline in remember-
ing, through a recent executive functions model
(Miyake et al., 2000). First, we evaluated the
effects of age in the two states of awareness. In
line with our hypothesis, an age-related difference
in the nature of awareness during recognition was
observed. In accordance with previous studies
(Bastin et al., 2004; Bugaiska et al., 2007; Bunce,
2003; Bunce & Macready, 2005; Clarys et al.,
2002; Comblain et al., 2004; Fell, 1992; Lovden et
al., 2002; Parkin & Walter, 1992; Perfect &
Dasgupta, 1997; Perfect et al., 1995; Piolino et
al., 2006; Prull et al., 2006), recognition with
conscious recollection (R) was found to be
impaired in ageing, whereas Know responses
were not. Thus, the age-related decrease observed
in overall recognition could be explained by the
selective decline of responses associated with
recollective experience, older adults failing to
recollect specific contextual details that they had
previously encountered. However, the power
analysis indicated that this sample size is not
sufficient to draw conclusions regarding the age-
related difference in ‘‘K’’ responses.

The main objective of this study was to
investigate the relationships between ageing,
specific executive functions, and states of aware-
ness. In line with the executive decline hypothesis
(West, 1996) we found that older participants
showed a marked decline in both complex and
specific executive tasks. The results also indicated
that the ‘‘R’’ responses were correlated with all
the executive measures in the older group and
only with the 2-back test in the younger group.
When all the participants were included and the
age group partialled out, ‘‘R’’ responses still
correlated significantly with the 2-back test and
there was a trend towards significance for the
number�letter test. By contrast, there was no
significant correlation between ‘‘K’’ responses
and executive measures. It therefore appears
that remembering is related to executive function,
and particularly to the 2-back test, which is
frequently used as a measure of the updating
process. Our results, showing a correlational
dissociation between ‘‘R’’ and ‘‘K’’ responses,
are consistent with previous studies demonstrat-
ing that remembering and knowing can be

TABLE 5

Hierarchical regression analyses predicting ‘‘R’’ responses

(hits minus false alarms) from age group and executive

measures

Analyses Variable R2 R2 modified

Analysis 1 Number�letter task .11 .11**

WCST .15 .04*

SCWT .18 .03

Age group .22 .04*

2-back .40 .18***

Analysis 2 Number�letter task .11 .11**

WCST .15 .04*

SCWT .18 .03

2-back .39 .21***

Age group .40 .01

Analysis 3 2-back .37 .37***

Number�letter task .38 .01

WCST .39 .01

SCWT .39 .00

Age group .40 .01

n�88.

WCST: Wisconsin Card Sorting Test; SCWT: Stroop

Colour-Word Test; *pB.05; **pB.01; ***pB.001.
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dissociated by manipulating different variables
(Clarys, 2001; Gardiner, 2001). These findings
support the hypothesis of a functional dissocia-
tion between Remember and Know responses
and provide data regarding their nature, indicat-
ing that ‘‘R’’, but not ‘‘K’’, responses depend on
executive functions that correspond to strategic
processes.

Three hierarchical regression analyses were
also conducted to examine which executive task
accounted for a significant proportion of R
response variance, and whether the prior entry
of these measures reduced the contribution of age
group to a non-significant amount. The analyses
indicated that the most important executive
measure was the 2-back test, considered to
evaluate the updating capacity. This measure
appeared to be the best predictor of the variance
in R responses and of the effects of age in
remembering. The other executive tasks studied
here seemed to be less involved in the Remember
responses. The notion that executive deficit
mediates the age-related decline in remembering
has produced conflicting results in the literature.
Our finding is consistent with two previous
studies (Bugaiska et al., 2007; Parkin & Walter,
1992) but conflicts with others (Bunce & Mac-
ready, 2005; Perfect & Dasgupta, 1997; Perfect
et al., 1995). These discrepant findings may be
attributed to multiple confounds between parti-
cipants, stimuli, timing, and various other impor-
tant factors as the different tests used. For
example, Bunce and Macready (2005) showed
that processing speed but not executive function-
ing explained age-related variance in remember-
ing. They used the digit-symbol substitution test
(DSST) of the WAIS-R (Wechsler, 1981) as a
speed test, but Parkin and Java (1999) showed
that the DSST attenuated age-related differences
in executive function in contrast to the digit
cancellation task, which is a speed task requiring
virtually no memory load, minimal attentional
demands, and only a small motor component.
Thus one can suggest that the DSST assessed
executive functioning more than processing speed
(Baudouin, Clarys, Vanneste, Isingrini, 2008).
Therefore, while Bunce and Macready’s (2005)
study did not provide evidence that executive
functioning is involved in the age-related differ-
ence in remembering, this could be because they
used the DSST, which is based on high-level
processing.

These executive functions may be involved at
different stages of the initiation and control of

memory processes. The updating process assumed
to be evaluated by the 2-back test may be strongly
involved in the elaboration and control of mental
representation in memory during presentation of
the material and during the recognition stage.
This function could allow suitable strategies to be
used at encoding and recognition to improve the
memory trace, and may improve the learning and
retrieval of information and the associated con-
textual details needed for recognition based on
conscious recollection. This supports the notion
that frontal lobe dysfunction does not produce a
decrease in the storage capacity of memory but
modifies the strategic processes accompanying
mnemonic activities, such as initiation, execution,
and the control of strategies occurring during
information encoding and retrieval (Moscovitch,
1992). For example, during the encoding stage the
updating process may help initiate encoding
strategies, and during retrieval it may help initiate
a strategic retrieval search and check that infor-
mation has been correctly recalled. Older parti-
cipants are thus less likely to initiate the elaborate
rehearsal and structured encoding strategies that
may aid conscious recollection and therefore
produce fewer Remember responses.

The results of the present study support the
hypothesis that updating is an important function
involved in the age-related decrease in remember-
ing. Executive functioning was assessed using two
kinds of executive test: complex executive tasks
tapping various executive functions, and relatively
simple executive tasks predominantly tapping
shifting, updating, and inhibition. However, the
construct validities of complex executive tasks
have not been completely established (Phillips,
1997; Rabbitt, 1997), despite their broad accep-
tance as measures of executive functioning. Many
popular executive tasks seem to have been vali-
dated only on the criterion of being somewhat
sensitive to frontal lobe damage, and the precise
nature of the executive processes involved in the
performance of these tasks is underspecified
(Miyake et al., 2000). These tasks are not specific
enough, and could involve both executive and
non-executive processes. For these reasons, in
contrast to specific executive measures, complex
executive tasks do not appear to be able to explain
the links between remembering responses and
executive functioning. Our study therefore exam-
ined more specifically the precise nature and
organisation of the executive functions involved
in the age-related decline in remembering, includ-
ing three specific tasks supposed to evaluate three
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relatively circumscribed lower level functions.
However, each executive function was measured
with only one indicator. Because of the potential
for measurement error and for overlapping pro-
cesses, it is not really possible to attribute any one
task (2-back task) to a single process (updating).
Another difficulty with the assessment of the
updating function is that the 2-back test could
involve processes of recognition memory similar
to those involved in remembering. However the 2-
back test is a short-term auditory memory task,
whereas the episodic memory task involves long-
term visual memory. To address these issues and
confirm our results, further studies need to be
conducted with at least three indicators for each of
the specific executive functions.

In summary, the results of the present study
support the hypothesis that specific executive
deficits account for the age-related decline in
memory performance. Miyake et al.’s theoretical
model (2000) studied here seems to offer a useful
approach for understanding executive functioning
in ageing. The regression analysis strongly sug-
gests that age-related differences in remembering
can be accounted for by individual differences in
executive measures and particularly in the 2-back
test, which is supposed to tap the updating
function. Conversely, ‘‘Knowing’’ was found not
to depend on executive function and so was
unaffected by ageing. The association of the
two-states-of-awareness theory and the executive
decline hypothesis, through the executive func-
tioning model of Miyake et al. (2000), seems to
provide some interesting results that need to be
supported by further research investigating more
specifically the close link between executive
function and conscious awareness with more
executive tasks for each specific executive com-
ponent.
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