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A B S T R A C T

Age-related differences in the reduction of Stroop interference were explored by comparing the

performance of 18 younger (of mean age: 30.0 � 3.9 years) and 18 older healthy adults (of mean age:

75 � 7.2 years) in a color-word Stroop task. The aim of this study was to determine whether a decrease in the

efficiency of inhibitory mechanisms associated with aging could account for age-related differences in the

ability to suppress a pre-potent response. Participants performed a Stroop task to assess Stroop interference

and NP suppression concurrently. Results showed a greater Stroop interference in older than in young adults.

On the other hand, the NP effect was only reliable in the younger group, the older group not showing NP

suppression. These findings suggest that the slowing hypothesis alone cannot explain this pattern of results

and that the age-related differences must also involve an inhibitory breakdown during aging.

� 2010 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

The performances of younger and older adults have been
compared in many tasks providing information about the kind of
processing that is affected by normal aging. Although there is a
great debate about the processes involved in many cognitive tasks,
the bulk of evidence shows that older adults are impaired in
cognitive processes that involve control or top-down mechanisms,
but not in those that can be considered more automatic (e.g.,
Amieva et al., 2002; Conway and Fthenaki, 2003; Andrés et al.,
2008; Collette et al., 2009).

One task widely used to study age-related changes in controlled
processing is the Stroop (1935) task. In this task, participants are
presented with colored words that refer to colors, and are asked to
respond to the stimulus color. The meaning of the word is the task-
irrelevant dimension of the stimulus, and the color in which the
stimulus is presented is the task-relevant dimension. In the
congruent condition, both dimensions coincide (e.g., the word RED
is printed in red), whereas in the incongruent condition they do not
(e.g., the word RED is printed in blue). Participants usually respond
more slowly in the incongruent than in the congruent condition,
and also in a control condition in which the stimuli are not words
(e.g., a string of colored Xs, or a set of non-color words). The Stroop
interference effect reflects the extra time needed to resolve the
conflict generated by the irrelevant but pre-potent dimension of
the stimulus, i.e. the word meaning, in the incongruent condition.
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This conflict is produced by activation of the irrelevant but pre-
potent word-reading response which is greater than that of the
relevant but weaker color-naming response (e.g., McLeod, 1991;
Spieler et al., 1996). Although there are different interpretations
about how the conflict is resolved (McLeod, 1991; Aron, 2007, for
reviews), one widely accepted view is that suppression processes
relying on frontal lobe executive control mechanisms are engaged
in preventing the irrelevant dimension from taking control of the
response (Kane et al., 2007).

Reviewing the literature on age-related changes in the Stroop
task, we found that older adults do not always show impaired
performance, as measured by a greater Stroop interference effect,
compared to younger adults. Age-related differences seem to
depend on the task format used and/or whether overall speed has
been controlled for or not. For instance, when the traditional card
version of the Stroop test is used (Stroop, 1935), older adults clearly
show greater interference effects than younger adults (Dulaney
and Rogers, 1994; Spieler et al., 1996; Davidson et al., 2003;
Belleville et al., 2006; Andrés et al., 2008; Ludwig et al., 2009).
However, when an item-by-item version is used, in which stimuli
are randomly presented on the computer screen, findings vary.
Some authors have found greater Stroop effects in older than
younger participants (e.g., Hartley, 1993; West and Bell, 1997;
West and Alain, 2000; Davidson et al., 2003; Rush et al., 2006),
whereas others have found either small or non-significant age-
related differences (Basak and Verhaeghen, 2003; Langley et al.,
2005; Borella et al., 2009; Ludwig et al., 2009). These divergent
results might depend on whether the authors controlled for overall
speed. When transformed scores are used to control for speed,
similar Stroop effects have been reported in younger and older
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Table 1
Screening scores for the two groups of participants, mean� S.D.

Parameters Younger adults Older adults

Education 17.5�3.1 15.22�3.91

MMSE 29.44� 0.70 29.44�0.70

GDS 1� 0 1�0

BS* 0� 0 0.3�0.3

Yesavage 1.3�1.29 1.6�1.5

CDT 9� 0 9�0

Naming Barcelona 14� 0 13.83�0.5

Superimpose pictures Barcelona 6� 0 5.8�0.32

Comprehension Barcelona 8� 0 8�0

Vocabulary WAIS 63.22�4.45 65.44�3.5

* p<0.05, t-test for independent samples.
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adults (Verhaeghen and De Meersman, 1998; Little and Hartley,
2000; Langley et al., 2005; Ludwig et al., 2009).

Different processes might therefore be involved in different task
formats, with some processes being more affected by aging than
others. For instance, interference effects in the Stroop card version
might be affected by contextual processing, proactive interference,
stimulus distinctiveness, and eye movements (Ludwig et al., 2009,
for a more detailed discussion). These factors are not, or only
minimally, involved in the item-by-item version. Since age-related
changes in Stroop interference are mainly observed with the card
version, it is possible that the suppression of irrelevant informa-
tion, which is the most widely accepted interpretation of Stroop
interference in the item-by-item computerized version, is not
compromised in normal aging.

In the present study we investigated aged-related inhibition
processing, aiming to avoid the above-mentioned issues that might
compromise an inhibition interpretation of the differences in
Stroop interference between younger and older adults. First, we
used an item-by-item computerized task to measure how the
conflict arising from suppression of the task-irrelevant dimension
of the Stroop stimuli is resolved (McLeod, 1991; Salo et al., 2001;
Ludwig et al., 2009). The first objective of the present experiment
was, therefore, to validate the appropriateness of our procedure to
observe aged-related changes in Stroop interference. We also
computed ratio scores to control for general slowing as an
explanation of age-related differences in the size of Stroop
interference.

However, the main contribution of the present study was that
NP, a measure of distractor inhibition, and the standard Stroop
effect were measured in the same experiment. In the standard NP
procedure, participants are presented with pairs of prime and
probe displays containing two stimuli, the to-be-responded target,
and the to-be-ignored distractor. In the critical trials, participants
had to respond to a target that had served as a distractor in the
previous prime display (the ignored repetition condition). The
common finding is that reaction times (RTs) to targets in the
ignored repetition condition are slower than in the control
condition, in which the distractor in the prime display is not
repeated as the target in the probe display (Tipper, 1985, 2001;
Fox, 1995; May et al., 1995; Mayr and Buchner, 2007, for reviews).
The approach, nonetheless, is not new. For example, Andrés et al.
(2008) recently measured Stroop and NP in a single experiment.
Their results showed age-related differences in Stroop but not in
NP. They interpreted these findings as evidence of age-related
changes in controlled inhibition as indexed by the Stroop effect,
but not in automatic inhibition indexed by NP. Other authors (Vakil
et al., 1996) used a similar blocked procedure to the one used by
Andrés et al. (2008) and found age-related differences in Stroop
and NP effects. However, both studies used the card version of the
Stroop task in a blocked design, and therefore their results could be
due to factors other than inhibition processing, as mentioned
above.

Although NP can be the result of episodic retrieval, distractor
inhibition, or both (see Tipper, 2001, for a review), relevant
procedure manipulations can favor the involvement of either
inhibition- or memory-related processes (Malley and Strayer,
1995; Kane et al., 1997; Catena et al., 2002). Here, we used a
similar task to the one used by Catena et al. (2002) which allowed
us to measure Stroop and NP concurrently in the same paradigm.
As discussed by Catena et al. (2002) (see also Section 4 for more
details), the results can be accounted for better in terms of
inhibition than episodic retrieval. Accordingly, we intermixed
trials in which the to-be-ignored irrelevant colored word in trial n

became the to-be-responded word color in trial n + 1 (the ignored
repetition condition), with trials in which no such relationship
between trials n and n + 1 occurred (the control condition). We
hypothesized that if the previously observed age-related increase
in Stroop interference is mainly due to impaired inhibitory
processing, older adults should show a reduced NP effect compared
with younger participants.

2. Subjects and methods

2.1. Participants

Two groups of adults participated in this study. The participants
in the young group were 18 undergraduate psychology students (7
males and 11 females; aged 18–35, mean age: 30 � 3.9 years), from
UNED University (Madrid) who received course credit for their
participation. The other group comprised 18 healthy older adult
volunteers (7 males and 11 females, aged 65–81, mean age: 75 � 7.2
years), living in the community in the Madrid area. All participants
had normal or corrected-to-normal vision and normal color vision.
One older subject was excluded due to the large number of outlier
trials (more than 20%).

Before the experimental session started, all the participants
performed a series of screening tests; the results are shown in
Table 1. Some tests were used to rule out possible cognitive
impairment or dementia, including the mini-mental state exami-
nation (MMSE) (Folstein et al., 1975), the global deterioration scale
(GDS) (Reisberg et al., 1988), the blessed scale (BS) (Blessed et al.,
1968) and the clock-drawing test (CDT) (Shulman, 2000). The
Yesavage depression scale (Martı́nez de la Iglesia et al., 2002) was
used to identify any subjects suffering from depression, as it is
well-known that depressive states can affect cognitive perfor-
mance. Finally, participants completed some subtests from the
Barcelona battery (Peña-Casanova, 1991) and the vocabulary test
of the WAIS battery (Whechsler, 1988) to compare the cognitive
functions of the two groups. A t-test for independent samples
revealed no significant differences between the two groups (all
p > 0.05) except in the BS, because the elderly tended to remember
the past more than the younger adults.

This study was approved by the UNED ethics committee and
was therefore in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki. All the participants gave their
informed consent before participating in the study.

2.2. Stimuli and apparatus

Four basic color words were used as stimuli (red, green, blue
and yellow). Each word was displayed in one of the four different
colors (red, green, blue or yellow). The stimuli were presented on a
Toshiba M 40-285 laptop with a 15.400 color monitor and a Centrino
processor, 120-GB hard drive, and 1024-MB RAM. E-Prime
software 1.11 (Schneider et al., 2002) was used to display the
stimuli, control the timing and record the participants’ responses.
Participants responded orally through the microphone interfaced
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with an external response box (Cibertec Software). The experi-
menter recorded the participants’ responses manually by pressing
the appropriate key in the computer keyboard.

2.3. Procedure

Participants sat comfortably at the computer at a distance of
approximately 50 cm. They were tested individually in a dimly lit
room. Each trial started with a black fixation cross displayed on a
light gray background in the center of the screen. After 1000 ms,
one of the four color words appeared in the center of the screen
(Times New Roman, 25, corresponding to a visual angle of
1.14 � 3.43 degrees). Stimuli were pseudo-randomly presented
so that neither the same color nor the same word was presented in
two consecutive trials; they remained on the screen until the
participant responded (Fig. 1).

Participants were instructed to name the color of the stimulus
word while ignoring its semantic meaning. They had to respond as
quickly as possible making as few errors as possible. The
experiment consisted of a block of 32 practice trials and five
blocks of 48 experimental trials each. The total number of trials
was 240. After completing the experimental task, the participants
were told that the target in some trials could have been the
distractor in the previous trial. No participants reported having
been aware of this critical manipulation.

2.4. Experimental design

The Stroop design consisted of a between-participants factor,
Group (younger and older adults), and a within-participants factor,
Congruency (congruent or incongruent). Responses for the Stroop
analysis were coded as a function of the congruency between the
color and the meaning of the stimulus. Congruent trials were those
in which the color of the word coincided with the color in which it
was presented. Incongruent trials were those in which the color
word did not coincide with the color in which it was displayed.
Trials were also coded according to the congruency of the previous
trial (N � 1) in order to compute the NP effect for each trial.

The design for the NP-effect consisted of a between-
participants factor, Group (younger and older adults), and a
[()TD$FIG]

Fig. 1. Sequence of events for 2 consecutive trials. The first trial consists in an

incongruent trial where word ‘‘red’’ and ink ‘‘green’’ do not match. The second trial

is an ignored repetition trial in where the dimension ignored of the previous trial

(the word ‘‘red’’) is the actual dimension of respond (color ‘‘red’’). Stimuli are not

scaled to size. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of the article.)
within-participants factor, Repetition (ignored repetition and
control). Responses for NP analyses were coded as a function of
the relationship between the color of the current target word
and the color denoted by the word in the previous trial
(distractor). Different types of trial were coded: ignored
repetition trials were those in which the word in the preceding
trial denoted the color of the word color of the current stimulus.
Control trials were those in which both the target (color) and the
distractor (word) in the current trial were different from the
target and distractor in the previous trial. The ignored repetition
condition was always an incongruent trial preceded by an
incongruent trial.

3. Results

Separate mixed analyses of variance (ANOVAs) were conducted
for the Stroop and NP effects. The first trial of each block was
eliminated from all the analyses. Trials with either incorrect or
procedural errors (0.6% and 0.9% for younger and older adults,
respectively), together with trials with RTs either faster than
200 ms or slower than 2000 ms (0.76% and 4% for younger and
older adults, respectively) were excluded from the RT analyses.
Table 2 shows the mean RTs and the percentage of errors for each
experimental condition.

3.1. Analysis of the Stroop effect

A 2 � 2 (group: young and older adults) (congruency: congru-
ent and incongruent conditions) mixed ANOVA was performed on
the mean RTs. We computed the Stroop interference as the
difference between incongruent–congruent trials.

The results showed a highly significant Stroop effect [F(1,
33) = 65.86, mean square error (MSE) = 4373.11, p < 0.001]. The
congruent condition produced faster RTs (808 ms) than the
incongruent condition (936 ms). Group main effect was also highly
significant [F(1, 33) = 12.25, MSE = 4388.95, p < 0.01]. The older
group was significantly slower (952 ms) than the younger group
(792 ms). More interestingly, the two-way interaction con-
gruency � group was significant [F(1, 33) = 5.43, MSE = 4388.95,
p < 0.05]. The analysis of the interaction showed that the Stroop
effect was greater for the older (165 ms) than for the younger
participants (92 ms). To address the possibility that age-related
differences in the Stroop task were partly due to differences in
generalized slowing, we computed individuals’ Stroop effects as a
percentage of their Incongruent RTs using the following formula:
[(Incongruent RT-Congruent RT)/Incongruent RT� 100)]. The anal-
ysis showed the same pattern of results as with the untransformed
data.

3.2. Analysis of the NP effect

A 2 � 2 (group: young and older adults) (repetition: ignored
repetition and control) mixed ANOVA was performed on the mean
RTs. We computed the NP effect as the difference between ignored
Table 2
Mean RTs (ms) and error percentages (in parentheses) for each experimental

condition for the 2 groups in the STROOP–NP experiment.

Stroop Congruent Incongruent

Young adults 746 (0.06) 838 (0.15)

Older adults 870 (0.04) 1035 (0.20)

NP N�1 Incongruent N�1 Incongruent

Control Ignored repetition

Young adults 823 (0.14) 857 (0.18)

Older adults 1028 (0.17) 1037 (0.19)
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repetition and control conditions. The results showed a main effect
of repetition [F(1,33) = 9.99, MSE = 822.59, p < 0.01], the ignored
repetition condition producing longer RTs (947 ms) than the
control condition (926 ms). The main effect of group was also
significant [F(1, 33) = 12.17, MSE = 53447.9, p < 0.01], the older
adults being slower (1033 ms) than the younger adults (840 ms).
Interestingly, the group � repetition interaction was marginally
significant [F(1, 33) = 3.4, MSE = 822.59, p = 0.07]. Further analyses
of the interaction revealed that younger but not older adults
showed NP effects (the difference between Ignored repetition and
control conditions for older adults was 9 ms while for younger
adults it was 34 ms). We again computed individuals’ NP effects as
a percentage of their ignored repetition RT, in a similar way to the
Stroop analysis [(Ignored Repetition RT � Control RT)/Ignored
Repetition RT � 100)]. The statistical results did not differ.

3.3. Analysis of errors

Separate repeated-measures ANOVAs were conducted for
Stroop and NP effects with the percentage of errors as the
dependent variable.

Stroop effect: A 2 (group) � 2 (congruency) mixed ANOVA was
performed on the mean percentage of errors in all the experimen-
tal conditions. Only the main effect of Congruency was significant
[F(1,33) = 17.87 MSE = 0.15, p < 0.001], showing that the percent-
age of errors was higher for Incongruent trials (0.17%) than for
Congruent trials (0.05%). No other main effect or interaction was
significant in this analysis. There was no difference in the
percentage of errors between the two groups (Table 2).

NP effect. No main effect or interaction was significant in this
analysis (p > 0.05) (Table 2).

4. Discussion

The present study was designed to explore whether the
increased Stroop interference reported in many aging studies
implies age-related deficits in controlled inhibitory processing. An
age-related decline has been observed in tasks requiring the
intentional inhibition of information, as occurs in the Stroop task
(e.g., Hartman and Hasher, 1991). Conway and Fthenaki (2003)
proposed that controlled inhibitory processes are modulated by
executive control, which is sensitive to normal aging (Faust and
Balota, 1997; Fuentes, 2004; Langley et al., 2005, for a recent
review). To meet that aim, we first adopted a version of the Stroop
task that avoided the involvement of processes other than
inhibition, which can also be compromised in aging.

The traditional card version that has been widely used in
educational and clinical settings seems to depend on other factors
that are not related to inhibition. The stimuli are presented
simultaneously on sheets of paper and participants have to name
the stimulus colors as quickly as possible. Ludwig et al. (2009)
recently suggested that this version is not really appropriate to
address age-related inhibitory processing deficits and proposed an
item-by-item design instead. However, the item-by-item version
has produced conflicting results. Ludwig et al. (2009) did not find
age-related changes in Stroop interference when they used the
computerized version. In their study, they transformed the Stroop
scores to take into account age-related differences in overall speed;
this procedure has also been used in a number of other item-by-
item studies that also failed to observe increased Stroop
interference in older adults (Verhaeghen and De Meersman,
1998; Langley et al., 2005; Borella et al., 2009). Given that we
found greater Stroop interference in our older adults than in the
younger group with both raw and transformed data, the different
results cannot be attributed to generalized slowing in older
participants. They could therefore be due to differences in the
control condition. Ludwig et al. (2009) used both reading words
and naming the color of rectangular patches as control conditions,
whereas in the present study we computed the Stroop interference
effect as the difference between incongruent and congruent trials.
Ludwig et al. (2009) also included congruent trials in their item-
by-item condition, although they did not use them for computing
the Stroop effect. It is possible that differences in the magnitude of
interference between younger and older adults could have
occurred if the congruent condition had been used as the control
condition (Kieley and Hartley, 1997; Rush et al., 2006). These are
typically referred to as the ‘‘total’’ Stroop effect (Spieler et al.,
1996). This form of Stroop effect may be more likely to reveal
inhibitory deficits due to the fact that a failure to inhibit attention
to the word can lead to slow RTs on incongruent trials, but could
actually speed up performance on congruent trials, leading to a
more pronounced difference in performance between the incon-
gruent and congruent conditions (Barch et al., 1999; Rush et al.,
2006). Some authors have pointed out that non-color related
stimuli might produce certain interference effects in color naming
(McLeod, 1991), which might underestimate the interference
effects. It is also well-known that different ways to compute Stroop
interference may produce different results (Kieley and Hartley,
1997). These authors found aging effects in Stroop interference
when they computed the interference score as the difference
between correct incongruent and congruent trials. On the other
hand, age-equivalence in the Stroop effect was found when
interference was computed as the difference between incongruent
and neutral trials, although older adults were significantly slower
than younger adults in the incongruent trials. In any event, the
present results show that our item-by-item design was appropri-
ate to observe age-related changes in Stroop interference.

A second important aim of the present study was to understand
better the role of inhibitory processes in age-related changes in
Stroop interference. Various theoretical accounts of Stroop
interference have been put forward (Aron, 2007, for a recent
review). A well-documented explanation for conflict resolution,
the process that seems to delay responding in incongruent trials,
refers to executive mechanisms triggering attention-dependent
inhibitory processes to prevent highly automatic activation of
word meaning from taking control of responses (Kane et al., 2007).
One way to investigate the likelihood of inhibition as a determining
factor for the observed increased Stroop effect in aging is to
compute an additional inhibition measure using the same stimuli,
the same sample and the same paradigm. By arranging the
sequence of Stroop trials, we were able to compute Stroop and NP
effects concurrently in the same experiment (Catena et al., 2002).
According to the age-related inhibition deficit hypothesis, older
adults should not show significant NP, which might account for the
greater Stroop effect in older than younger adults. Thus, failure to
suppress distractor information (the word meaning) in the current
trial made the task-irrelevant word a stronger competitor with
color naming, increasing conflict and therefore Stroop interference.
The fact that the younger group showed a positive correlation
(r = 0.33) and the older group a negative correlation (r = �0.14)
between Stroop and NP scores further supports the age-related
inhibition failure account. However, before a stronger case can be
made from this pattern of results, we have to be able to
demonstrate that NP in the present study reflects distractor
inhibition rather than episodic retrieval. Procedural details and
neuroimaging findings could further support the inhibitory nature
of NP.

In the present task we followed a similar procedure to that of
Catena et al. (2002). In that study, the authors presented stimuli
with all the letters colored in primes (trial n) and probes (trial
n + 1), mixed with trials in which only one letter was colored either
in primes, or in probes, or in both. Significantly, they observed both
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a Stroop effect and NP in the all-letter-colored condition, similar to
our study, but also in the all-single letter-colored condition.
According to the episodic retrieval account of NP (Neill and Valdes,
1992; Neill et al., 1994), the retrieval process is facilitated when
primes and probes are similar. This account predicts more NP in
the all–all letter-colored than in the all-single letter-colored
condition. However, Catena et al. (2002) reported a similar
magnitude of NP in the two conditions. They suggested that an
inhibition account of NP accommodated their findings better. This
is also supported by the fact that we used a small set of stimuli
(four-color words) that were repeated frequently throughout the
experiment. This might have led to high activation of the irrelevant
words. According to the NP inhibition model of Malley and Strayer
(1995) as well as Kramer and Strayer (2001), highly activated
distractors are likely to interfere with responding and therefore
have to be suppressed.

The involvement of attention-dependent inhibitory mechanisms
in the NP effect is also supported by both neurophysiological
evidence (Gibbons, 2006; Frings and Groh-Bordin, 2007; Hinojosa et
al., 2009) and neuroimaging data (Vuilleurmier et al., 2005). NP has
been associated with increased activity in the anterior cingulate
cortex and the insula, brain areas associated with inhibitory
processing (Leung et al., 2008). Frings and Groh-Bordin (2007)
found the N2 component associated with cognitive control and
response inhibition located in anterior brain regions (Folstein and
Petten, 2008). Significantly, these anterior areas are also activated
when a Stroop task is used. For instance, Adleman et al. (2002) found
activation in the prefrontal cortex and the anterior cingulate gyrus,
areas also activated in NP. In a recent study, Pardo et al. (2007)
reported that the largest age-related declines occurred particularly
in three medial regions: the anterior cingulate cortex, the subgenual
cingulate cortex, and the dorsomedial thalamus. These findings
suggest an age-related dysfunction in the executive attention
network, in keeping with the present results.

5. Conclusions

Briefly, older adults seem to present a deficit in implementing
attentional control when the task requires dealing with salient
distracting information, such as the words in the Stroop task. The
use of an item-by-item design allowed us to discard factors other
than inhibition as the cause of an age-related increase in Stroop
interference, and the arrangement of trials in the Stroop procedure
proved useful to measure Stroop interference and NP effects
concurrently within a single experiment. NP results helped us to
understand better the age-related inhibition deficit that has been
reported frequently to explain the large Stroop interference usually
observed in the elderly.
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