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Abstract
Both the locus and processes underlying the age-related differences in Stroop interference are usually inferred from changes in
magnitudes of standard (i.e., overall) Stroop interference. Therefore, this study addressed these still-open issues directly. To this
end, a sample of younger (18–26 years old) and healthy older (72–97 years old) was administered the semantic Stroop paradigm
(that assesses the relative contribution of semantic compared to response conflict both of which contribute to overall Stroop
interference) combinedwith a single-letter coloring and cuing (SLCC) procedure. Independently of an increased attentional focus
on the relevant color dimension of Stroop words induced by SLCC (as compared to all letters colored and cued, ALCC), greater
magnitudes of standard Stroop interference were observed in older (as compared to younger) adults. These differences were due
to greater magnitudes of response conflict whereas magnitudes of semantic conflict remained significant and unchanged by
healthy aging and SLCC. Thus, this direct evidence places the locus of age-related differences in Stroop interference at the level
of response conflict (as opposed to semantic and/or both conflicts). In terms of processes underlying these differences, the
reported evidence shows that both age-groups are equally (in)efficient in (a) focusing on the relevant color dimension and (b)
suppressing the meaning of the irrelevant word-dimension of Stroop words. Healthy older adults are simply less efficient in
suppressing the (pre-)response activity primed by the fully processed meaning of the irrelevant word-dimension. Standard
interpretations of age-related differences in Stroop interference and a more general issue of how attentional selectivity actually
operates in the Stroop task are therefore reconsidered in this paper.

Keywords Aging . Attentional selectivity . Semantic conflict . Single-letter coloring and cueing . Stroop interference . Response
conflict

Introduction

The Stroop task (Stroop, 1935) requires individuals to identi-
fy, as quickly and accurately as possible, the font color of
written characters without reading them. Despite this require-
ment, the typical result is that individuals’ identification times
are longer and more error-prone for color-incongruent Stroop
words (e.g., BBLUE^ displayed in green ink; hereafter
BLUEgreen), than for color-neutral words (e.g., BDEAL^
displayed in green ink, hereafter DEALgreen).

Although the magnitude of this latter difference – called
Stroop interference (e.g., BLUEgreen–DEALgreen)– remains
constant across middle adulthood, it begins to increase at the
age of 65 years (e.g., Comalli,Wapner, &Werner, 1962 for the
first empirical demonstration). Indeed, significantly greater
magnitudes of Stroop interference are habitually observed in
healthy older adults as compared to their young counterparts
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(e.g., Jackson & Balota, 2013; Li & Bosman, 1996, Spieler,
Balota, & Faust, 1996).

The fact that greater magnitudes of Stroop interference per-
sist in healthy older adults even after controlling for general
slowing (e.g., Jackson & Balota, 2013; Li & Bosman, 1996) is
taken as evidence that their selective attention declines with
aging. Indeed, BThe conflict between the relevant (color of the
word) and irrelevant (name of the word) dimensions of the
stimulus on incongruent trials presents a particularly difficult
task for the selective attentional system. A system that effi-
ciently suppresses the irrelevant dimension (i.e., the word)
should exhibit faster color naming than a system in which
impaired suppression of the word dimension allows greater
competition between the word-name and the color name for
response output.^ (Spieler et al., 1996, p. 461).

It should be noted that this rather consensual conceptuali-
zation of both the locus and processes underlying the age-
related differences in Stroop interference remains inferred
from changes in magnitudes of standard (i.e., overall) Stroop
interference depicted above. Consequently, this paper at-
tempts to shed a more direct light on just these issues.

Locus of age-related differences in Stroop
interference

As mentioned above, greater magnitudes of Stroop interfer-
ence observed in healthy older (as compared to younger)
adults are usually attributed to less efficient suppressing of
the word-dimension that leads in turn to greater magnitudes
of response conflict (Spieler et al., 1996).

This reasoning is rooted in so-called single-stage re-
sponse competition accounts (see e.g., Risko, Schmidt,
& Besner, 2006 in this outlet) that consider Stroop inter-
ference as a unitary phenomenon resulting from a single
source of conflict (i.e., response conflict; e.g., MacLeod,
1991). Within this latter view, the efficiency of suppress-
ing of the irrelevant word-dimension determines the
amount of evidence provided toward a response (e.g.,
blue for BLUEgreen or deal for DEALgreen). Given that
for color-incongruent Stroop words (BLUEgreen), this
(incorrect) response is part of the response set, it com-
petes (i.e., interferes) with the one cued by the relevant
color dimension (i.e., green for BLUEgreen).

Even though this latter view still dominates both psycho-
logical research and practice (Augustinova, Silvert, Spatola, &
Ferrand, 2017; Risko et al., 2006), it is now challenged by
multiple lines of research – that have given rise to what is
now termed multi-stage accounts (Risko et al., 2006).
Despite their differences (e.g., see Augustinova et al., 2017
for a review), these accounts share the idea that Stroop inter-
ference is a more complex phenomenon that goes beyond a
single (i.e., response) conflict depicted above.

In line with this reasoning, several studies published in
this journal depart from the idea that the standard (i.e.,
overall) Stroop interference specifically results from two
kinds of conflicts: stimulus conflict (SC) that is semantic
in its nature (hence semantic conflict) and response
conflict (RC). In other words, these studies subscribe to
so-called SC-RC accounts of Stroop interference
(Augustinova et al., 2017 for this terminology; and e.g.,
Augustinova, Flaudias, & Ferrand, 2010; Augustinova,
Silvert, Ferrand, Llorca, & Flaudias, 2015 for examples
of these studies). In order to isolate their specific contri-
bution to standard Stroop interference, these studies used
the so-called semantic Stroop paradigm.

This paradigm supplements Stroop words depicted above
with another kind of color-incongruent words (e.g., SKY
displayed ingreen, hereafter SKYgreen first used by Klein,
1964) that are only associated with a given color (i.e., SKY
with blue). This addition –initially suggested by Neely and
Kahan (2001) and first implemented by Manwell, Roberts,
and Besner (2004) in this outlet– lies on the assumption that
associated color-incongruent words only involve semantic
conflict whereas standard color-incongruent words involve
both semantic and response conflicts.

Indeed, because the meaning activated by the irrelevant
word dimension of both color-incongruent words (e.g.,
BLUEgreenand SKYgreen) corresponds to and/or is closely related
to a color (blue here), it is thought to interfere with processing of
the meaning that is activated by the relevant color dimension
(e.g., green) of these words. This conflict is likely to arise in an
amodal semantic network because Bdelays of processing occur
whenever distinct semantic codes are simultaneously activated,
and that these delays become acute when the conflicting codes
are values on a single dimension or closely related dimensions.^
(Seymour, 1977, p. 263; see also e.g., Augustinova et al., 2015
for corresponding N400-like evidence).

Additionally, once the irrelevant word dimension of
standard color-incongruent words (e.g., BLUEgreen) has
been adequately processed, it primes a corresponding
(pre-)response tendency that shares the same response set
(hence interferes with) that the one primed by the meaning
of the relevant color dimension (i.e., generates the re-
sponse conflict as depicted above). Inversely, because
the word dimension of associated color-incongruent
words (e.g., SKYgreen) does not activate (pre-)response ten-
dencies linked to the associated color (e.g., press a blue
button on seeing SKY; see Schmidt & Cheesman, 2005 for
a direct demonstration), their response set does not overlap
with that activated by the color dimension. Consequently,
associated color-incongruent words (e.g., SKYgreen) are,
exactly like color-neutral ones (DEALgreen), free of re-
sponse conflict (but see e.g., Hasshim & Parris, 2014;
Klein, 1964 for a different view). This latter kind of items
is also free of semantic conflict.
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In line with these different assumptions, these studies con-
sistently observed the delay in processing (i.e., interference)
for both types of color-incongruent words (BLUEgreen and
SKYgreen) compared to color-neutral ones (PUTgreen) with the
magnitude of standard Stroop interference (BLUEgreen–
PUTgreen) being significantly greater than the one of semantic
Stroop interference (SKYgreen–PUTgreen). Thus these different
studies successfully demonstrated that both semantic and re-
sponse conflicts jointly contribute to the standard (i.e., overall)
Stroop interference (Augustinova et al., 2010, 2015; Manwell
et al., 2004; see also e.g., White, Risko, & Besner, 2016).

Building on these studies, the first goal of this paper was to
examine the locus of age-related differences in Stroop inter-
ference. More specifically, it was aimed at examining the ex-
tent to which greater magnitudes of Stroop interference in
healthy older adults (as compared to their younger counter-
parts) selectively result from the amplified semantic conflict,
response conflict or whether healthy aging actually amplifies
both conflicts.

If indeed healthy aging causes an impaired suppression of
the word-dimension (see Spieler et al.’s reasoning above),
healthy older adults should produce disproportionately greater
amounts of both semantic and response conflicts. This pattern
of results should be evidenced by respectively greater seman-
tic (SKYgreen–PUTgreen) and standard (BLUEgreen–PUTgreen)
Stroop interference.

This prediction contrasts, however, with a largely
overlooked work of Li and Bosman (1996). Their healthy
older (vs. younger) participants showed significantly greater
magnitudes of standard (BLUEgreen – ****green) but not of
semantic Stroop interference (SKYgreen – ****green) that
remained significant and of the samemagnitude in both young
and healthy older participants. This pattern of results suggests
that age-related differences in Stroop interference result from
differences in response conflict but not in sematic conflict.

However, this latter conclusion –implying that healthy
older adults are not less efficient in suppressing the word-
dimension of Stroop words– remains tentative because mag-
nitudes of both semantic and standard interference were arti-
ficially inflated by the use of a non-word color-neutral base-
line (i.e.,****green). Therefore, the experiment reported below
was aimed at replicating these latter results (or alternatively
those in line with Spieler et al., 1996) while using the afore-
mentioned semantic Stroop paradigm that uses color-neutral
words as a baseline.

Processes underlying age-related differences
in Stroop interference

As mentioned above, the possibility that the locus of age-
related differences in Stroop interference is specifically situat-
ed at the level of response and not at the level of semantic

conflict (Li & Bosman, 1996) has important implications for
our current understanding of processes underlying age-related
differences in Stroop interference.

Indeed, this result would directly demonstrate that there is
no age-related deficit in suppression of the irrelevant word-
meaning. This latter idea remains in line with the fact that
processes involved in word-recognition (processing from vi-
sual features up to semantics) in healthy older adults are at
least as efficient as in younger adults (e.g., Lien et al., 2006 for
more efficiency in older adults).

Consequently, greater magnitudes of Stroop interference in
healthy older adults (as compared to their younger counter-
parts) would result from less efficient suppression of an irrel-
evant (pre-)response activity that is activated by the word-
dimension of Stroop words (i.e., response conflict). But also,
and/or alternatively, these differences may result from greater
difficulty of healthy older adults to focus their attention on the
relevant color-dimension of Stroop words.

Jackson and Balota (2013) were the first to raise just this
issue. To this end, they manipulated the time that elapses be-
tween the individual’s response and the presentation of a new
stimulus on a computer-screen (i.e., response-stimulus inter-
val, hereafter RSI). In line with the idea that short RSI induces
a more consistent focus on the relevant color dimension (e.g.,
De Jong, Berendsen, & Cools, 1999; Parris, 2014), the mag-
nitude of the Stroop effect (e.g., BLUEgreen–BLUEblue) was
reduced at the short RSI compared with the long RSI in both
younger and older adults (resulting in Congruency × RSI in-
teraction). Said differently, older adults still displayed signif-
icantly greater Stroop effect than younger adults (resulting in
Congruency × Age-group interaction), but there was no evi-
dence of an interaction between RSI and Age-group (such that
the overall Congruency × RSI × Age-group interactions also
remained non-significant).

This pattern of results led Jackson and Balota to con-
clude that the decline in ability to maintain consistent focus
on the relevant color dimension is not the primary mecha-
nism underlying age-related differences in Stroop interfer-
ence. As can be seen, this conclusion remains silent with
respect to the exact role of an age-related deficit in sup-
pressing the word-dimension of Stroop words (suppression
of their meaning vs. response primed by the fully proc-
essed meaning, see above). Indeed, any such reasoning
would be tentative given that Stroop effect (e.g.,
BLUEgreen–BLUEblue) measured in this study confounds
both interference (resulting from both semantic and re-
sponse conflicts) and facilitation (MacLeod, 1991).
Therefore, the second goal of this paper was to examine
this yet unanswered issue of processes underlying age-
related differences in Stroop interference directly.

To this end, the aforementioned semantic Stroop paradigm
was combined with a single-letter coloring and spatial cueing
(SLCC) procedure. This procedure –first introduced by
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Manwell et al. (2004)– consists of using the small arrows to
spatially pre-cue the position(s) that will be subsequently oc-
cupied by the target letter(s) – the color of which is to be
named. This single letter (in SLCC, as opposed to all letters)
is then presented in an incongruent color (e.g., green BE^ in
the word BBLUE^ with BB^, BL^ and BU^ presented in anoth-
er incongruent color from the response set).

SLCC (as opposed to all letters colored and cued, hereafter
ALCC) is likely to improve selection-for-action by separating
perceptually the two dimensions of color-incongruent Stroop
words (e.g., Augustinova et al., 2010; Augustinova et al.,
2015; Manwell et al., 2004’s Account 2). Indeed, the addition-
al (i.e., unpublished) evidence fromAugustinova et al. (2015),
suggests that independently of Stroop words’ color-
incongruency, SLCC elicited greater negativity (from 185 to
245 ms) at occipito-parietal sites than ALCC. Even though
this ERP evidence cannot be readily equated with cognitive
processes, it is consistent with the idea that SLCC produces an
early shift in attentional focus toward the relevant color di-
mension (e.g., Besner & Stolz, 1999).1

It is thus not surprising that this procedure is known to
significantly reduce Stroop interference (e.g., see Küper &
Heil, 2012 for a review). For instance, in the aforementioned
study of Augustinova et al. (2015), SLCC (vs.ALCC) reduced
standard but not semantic Stroop interference as evidenced by
speeded latencies on standard color-incongruent items.
Therefore, SLCC (vs. ALCC) reduced standard (i.e., overall)
Stroop interference via reduction of the response but not of
semantic conflict. Independently of coloring and cuing, se-
mantic conflict remained significant and of the same magni-
tude (as also evidenced by corresponding amplitudes of
N400-like).

A joint consideration of these behavioral data along with
ERP evidence mentioned above suggests that the benefit in
(late) response processing (i.e., reduced response conflict) is
still associated with changes in early processing (from 185 to
245 ms). Therefore, this manipulation was expected to shed
some additional light on processes underlying greater magni-
tudes of Stroop interference in older (as compared to younger)
adults. Building on Jackson and Balota, we do not a priori
expect greater Stroop interference in older adults to result
specifically from the difficulty to focus their attention on the
relevant color dimension of Stroop words. Therefore, as in
their study, Coloring × Age-Group interaction should remain
non-significant and the a priori expected Interference-Type ×
Coloring along with Interference-Type × Age-group interac-
tions should not be included in the overall Interference-Type ×
Coloring × Age-Group interaction.

To sum up, the study reported below was aimed at exam-
ining both the locus and processes underlying age-related dif-
ferences in Stroop interference. To this end, the semantic
Stroop paradigm combined with a single-letter coloring and
spatial cueing (SLCC) procedure was administered to a sam-
ple of younger (18–26 years old) and healthy older (72–97
years old) adults. Given that some predictions tested in this
study imply null effects, the usual frequentist statistical ap-
proach was extended to include a Bayesian approach which
makes it possible to quantify the evidence in favor of the
alternative and of the null hypotheses (e.g., Robidoux &
Besner, 2015).

Method

Participants

Twenty-nine younger (17 females and 12 males; Mage=20.92)
and 29 healthy older (22 females and 7 males; Mage=79.07)
native French-speakers reporting normal or corrected-to-
normal vision volunteered to take part in this experiment
(see Table 1A in Supplementary Materials for further
demographic and psychometric information).

Design and stimuli

The data were collected using a 3 (Stimulus-Type: incongru-
ent vs. color-associated vs. neutral) × 2 (Coloring: ALCC vs.
SLCC) × 2 (Age-Group: younger vs. older adults) design,
with the first two factors being used as within-participants
factors. There were 30 trials in each condition of these latter
factors.

The stimuli (presented in lowercase Courier font, size 18,
on a black background subtending an average visual angle of
0.9° high × 3.0° wide) consisted of four color words: rouge
[red], jaune [yellow], bleu [blue], and vert [green]; four color-
associated words: tomate [tomato],maïs [corn], ciel [sky], and
salade [salad]; and four color-neutral words: balcon [balco-
ny], robe [dress], pont [bridge] and chien [dog]. In each con-
dition, all the stimuli were similar in length and frequency. In
half the trials (i.e., ALCC-condition), the entire letter string
appeared in incongruent target colors. In the other half of the
trials (i.e., SLCC-condition), a single letter appeared in one
incongruent target color, with the remaining letters appearing
in another incongruent color from the response set.

Apparatus and procedure

The participants first completed the computerized version of
the Stroop task described above. DMDX software (Forster &
Forster, 2003) running on a portable PC (Dell Precision) was
used for stimulus presentation and data collection. The

1 Note that this pattern of ERP results is also consistent with the idea that
spatial attention is a necessary preliminary to lexical processing of words
(e.g., see Besner et al., 2016 for a review).
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participants were seated approximately 50 cm from a 17-in.
screen. They were asked to name the color of a letter indicated
by small arrows as quickly and accurately as possible while
ignoring everything else in the display. To this end, and as in
Augustinova et al. (2010, Experiment 2), the participants were
instructed to concentrate on the fixation cross (B+^) that ap-
peared for 500 ms in the center of the screen at the beginning
of each trial. This was then replaced by small arrows (height of
1.2° of visual angle) displayed 0.6° above and below the po-
sition previously occupied by the fixation cross and subse-
quently occupied by the target letter. The arrows (i.e., spatial
cues) remained on screen for 150 ms, after which the stimulus
was displayed. In order to control for the letter-position effects
in SLCC (e.g., Parris, Sharma, &Weekes, 2007), the spatially
pre-cued letter was randomly located at the initial, middle,
final, or the optimal viewing position. Because of this latter
variation, the stimuli shifted horizontally from trial to trial in
such a way that the spatially pre-cued letter always appeared
in the same location as the preceding central fixation cue. The
stimulus continued to be displayed until the participant
responded or until 2,000 ms had elapsed. The participants’
responses were recorded via a Koss 70-dB microphone head-
set and stored on the hard drive.

After completing 32 practice trials consisting of strings of
asterisks (presented in the four colors described above), the
participants performed the experimental task, which consisted
of a single block of 180 experimental trials (see above). After
a break, they completed a psychometric test battery designed
to assess various aspects of psychological functioning (see
Table 1A in Supplementary Material).

Results and discussion

Latencies greater than 3 SDs above or below each participant’s
mean latency for each condition (1.24% of the total data) were
excluded from the analyses. Given the important general
slowing in older (compared to younger) adults, the analyses
of mean correct latencies (see Tables 1 and 2 and
Supplementary Materials) cannot be meaningfully interpreted
(e.g., Faust, Balota, Spieler, & Ferraro, 1999). To control for
this issue, these latencies were transformed into percentages of
standard ([(Mstandard color-incongruent RT–Mcolor-neutral RT)/
Mcolor-neutral RT]*100) and semantic Stroop interference
([(Mcolor-associated incongruent RT–Mcolor-neutral RT)/Mcolor-neutral

RT]*100) as in Li and Bosman's data (1996). These percent-
ages of standard and semantic Stroop interference observed in
both Coloring conditions were subsequently analyzed using
both traditional frequentist and Bayesian analyses.

The Bayes factor (BF) corresponding to the Bayesian prob-
ability of occurrence of a hypothesis (H1) and the null hypoth-
esis (H0) was calculated in JASP (JASP Team, 2017). All
Bayesian analyses were conducted on a BF10 comparison

(i.e., H1 was compared with H0). All priors were equal. The
BF for each parameter was estimated as a ratio of the likeli-
hood of the model including the parameter and the likelihood
of the model excluding it, and Jeffreys' (1961) classification
was used to interpret the ensuing results as representing anec-
dotal, moderate or strong evidence.

Interference-Type × Coloring × Age-Group mixed
ANOVA revealed main effects of Interference-Type
[F ( 1 , 56 )=128 . 01 ; p< . 001 , η p

2= .70 ] , Co l o r i ng
[F(1,56)=29.00; p<.001, ηp

2=.34] and Age-Group
[F(1,56)=8.46; p<.001, ηp

2=.13]. It further revealed a signifi-
cant Interference-Type × Coloring [F(1,56)=27.25; p<.001,
ηp

2=.33] interaction and a marginally significant
Interference-Type × Age-Group [F(1,56)=3.78; p=.057,
ηp

2=.06] interaction. The Coloring × Age-Group
[F(1,56)=1.85; p=.179, ηp

2=.03] and the overal l
Interference-Type × Coloring × Age-Group interactions were
not significant [F(1,56)=.70; p=.407, ηp

2=.01].
As indicated by a marginally significant Interference-

Type × Age-Group interaction (see Table 1) on percent-
ages of interference, age-related differences in the pro-
cessing of Stroop words persisted even after controlling
for general slowing.

The decomposition of this latter interaction showed that the
simple main effect of Age-Group was significant for the mag-
nitude of standard Stroop interference [F(1,56)=9.45; p=.003,
ηp

2=.14]. It was significantly greater in the older (M=12.08;
SD=.90; CI[10.29, 13.87]) than in the younger adults
(M=8.18; SD=.90; CI[6.38, 9.97]). Conversely, the simple
main effect of Age-Group did not reach the conventional level
of significance for the magnitude of semantic Stroop interfer-
ence [F(1,56)=1.80; p=.185, ηp

2=.03]. It was of a similar mag-
nitude in both the older (M=3.08; SD=.67; CI[1.72, 4.42]) and
younger (M=1.82; SD=.67; CI[.48, 3.15]) participants. As far
as the magnitude of standard Stroop interference is concerned,
Bayes factor (hereafter BF) providedmoderate (between 3 and
10) evidence for the Age-Group effect hypothesis
(BF10=3.384). Additionally, BF10=0.439 provided anecdotal
(between 1/3-1) evidence for the null hypothesis of no Age-
Group effect on semantic Stroop interference.

In line with Li and Bosman's past findings (1996), the
aforementioned results seem to place the locus of the well-
established age-related differences in Stroop interference at
the level of response conflict and not at the level of semantic
conflict (or at level of both conflicts, Spieler et al., 1996).

To address further processes underlying these age-related
differences, a significant Interference-Type × Coloring inter-
action (see Table 2) was first decomposed.

This decomposition revealed that the simple main effect of
Coloring was significant for the magnitude of standard Stroop
interference [F(1,56)=45.66; p<.001, ηp

2=.45]. It was consid-
erably reduced by SLCC (M=6.26; SD=.62; CI[5.01, 7.51]) as
compared to ALCC (i.e., standard coloring condition;
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M=13.99; SD=1.04; CI[11.92, 16.06]). SLCC-procedure left
the semantic Stroop interference unaffected [F(1,56)=.71;
p=.402, ηp

2=.01] – it was comparable in both the ALCC
(M=2.83; SD=.59; CI[1.65, 4.02]) and SLCC (M=2.07;
SD=.71; CI[.64, 3.50]) conditions. Additionally, BF10>300
provided decisive evidence for the Coloring-effect hypothesis
on standard Stroop interference and BF10=0.293 moderate
evidence (i.e., between 1/10-1/3) for the null hypothesis of
no Coloring-effect on semantic Stroop interference.

The absence of Coloring × Age-Group and Interference-
Type × Coloring × Age-Group interactions suggests that the
age-related differences in response conflict reported above
remain constant under both ALCC and SLCC. Yet, the results

of further planned comparisons of the Age-Group effects on
the standard Stroop interference nuance this latter idea.
Indeed, the age-related differences in standard Stroop interfer-
ence were significant in the ALCC-condition [F(1,56)=7.15;
p=.010, ηp

2 =.11] but – due to the SLCC benefit described
above – only marginally significant in the SLCC-condition
[F(1,56)=3.31; p=.074, ηp

2=.056]. The BF evidence for the
Age-effect hypothesis on standard Stroop interference was
moderate in ALCC (BF10=4.801) but anecdotal in SLCC
(BF10=1.045).

These additional analyses also suggest that both young
and older participants are equally and highly responsive to
SLCC and if there are any age-related differences in terms

Table 1 Color-naming performance observed as a function of stimulus- or interference-type and age-group

Age group

Younger participants Older participants Age effect (RT) Age effect (%ER)

M (SE) CI %ER M (SE) CI %ER

Standard incongruent
BLUEred

854 (28) [798, 910] .95 1023 (28) [967, 1079] 5.12 +169** +4.18*

Color-associated incongruent
SKYred

804 (25) [754, 854] .41 939 (25) [889, 989] .70 +135** +.29 ns

Color-neutral
PUTred

791 (23) [744, 838] .25 911 (23) [864, 958] .49 +120** +.25 ns

M (SE) CI M (SE) CI Age effect (% interf)

% of standard Stroop interference 8.18 (.90) [6.38, 9.97] < 12.08 (.90) [10.29, 13.87] +3.90**

% of semantic Stroop interference 1.82 (.67) [.48, 3.15] ≈ 3.08 (.67) [1.75, 4.42] +1.26ns

Note. Percentages of interference (controlling for age-related difference in processing speed) were calculated automatically using unrounded response
times
* significant at p < .05
** significant at p < .01

Table 2 Color-naming performance observed as a function of stimulus- or interference-type and coloring

Coloring

All letters colored (ALC) Single letter colored (SLC) SLC effect (RT) SLC effect (ER)

M (SE) CI %ER M (SE) CI %ER

Standard incongruent
BLUEred

963 (23) [917, 1010] 3.82 913 (18) [877, 950] 2.25 -50** -1.58*

Color-associated incongruent
SKYred

866 (18) [830, 903] .46 877 (18) [841, 913] .65 +11ns -.19ns

Color-neutral
PUTred

843 (18) [808, 878] .19 859 (16) [827, 892] .55 +17* -.36ns

M (SE) CI M (SE) CI SLC effect (% interference)

% of standard Stroop interference 13.99 (1.04) [11.92, 16.06] > 6.26 (.62) [5.01, 7.51] -7.73**

% of semantic Stroop interference 2.83 (.59) [1.65, 4.02] ≈ 2.07 (.71) [.64, 3.50] -.77ns

Note. Percentages of interference (controlling for age-related difference in processing speed) were calculated automatically using unrounded response
times (RTs)
* significant at p < .05
** significant at p < .01
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of the benefit from this procedure, then it is the older par-
ticipants who potentially benefit from this procedure more
than younger ones. The results of planned comparisons of
the SLCC-effect on standard Stroop interference seem gen-
erally consistent with this latter idea. Indeed, this effect
was significant in both samples but somewhat smaller in
the younger [F(1,56)=14.22; p<.001, ηp

2=.20] than in the
older adults [F(1,56)=33.48; p<.001, ηp

2=.37] (see
Table 1). Despite this, the BF evidence for the Coloring-
effect hypothesis on standard Stroop interference was de-
cisive in both samples: younger (BF10>300) and older
(BF10>300) adults.

Taken together, these different results are thus in line with
Jackson and Balota (2013) suggesting that greater magnitudes
of standard Stroop interference in older adults are unlikely to
result from an impaired ability to focus their attention on the
relevant color dimension of Stroop words. Thus, planned
comparisons of the Age-Group and Coloring-effects on se-
mantic Stroop interference were conducted to examine further
the extent to which these greater magnitudes can be attributed
to an age-related deficit in ignoring the irrelevant word-
dimension of Stroop words.

The planned age-group effects were non-significant in both
the ALCC [F(1,56) = 2.27; p = .137, ηp2 = .039] and SLCC
conditions [F(1,56) = .27; p = .603, ηp2 = .005]. This conclu-
sion is supported by BF evidence that was anecdotal (BF10
=0.685) in ALCC and moderate (BF10 =0.298) in SLCC for
the null hypothesis of no age-effect on semantic interference.
Similarly, planned comparisons of Coloring-effects on this
interference showed no significant reduction either in the
younger [F(1,56)=.04; p=.845, ηp

2=.001] or the older
[F(1,56)=.997; p=.322, ηp

2=.017] participants. BF provided
respectively moderate evidence (BF10=0.272) in younger
and anecdotal evidence (BF10=0.419) in older adults for the
null hypothesis of no Coloring-effect on semantic conflict.

These latter results along with those presented above sug-
gest that greater magnitudes of standard Stroop interference in
older (as compared to younger) adults are solely due to less
efficient suppression of an irrelevant response that is activated
by the word-dimension of Stroop words (i.e., response con-
flict) and not to less efficient suppression of the irrelevant
meaning of these words (i.e., semantic conflict).

General discussion and conclusions

The direct empirical evidence reported in this paper runs coun-
ter to consensually held views on both the locus and processes
underlying age-related differences in Stroop interference that
were inferred from mere changes in magnitudes of standard
(i.e., overall) Stroop effect/interference (e.g., see Li &
Bosman, 1996 for an only exception). Indeed, it clearly places
the locus of these differences at the level of response as

opposed to semantic conflict (Li & Bosman, 1996) or as op-
posed to both conflicts (Spieler et al., 1996).

With respect to processes underlying these age-related
differences, the empirical evidence reported above shows
that both younger and older adults are equally efficient in
their focus on the relevant color dimension (Jackson &
Balota, 2013; e.g., see also Ruthruff & Lien, 2016) and
equally (in)efficient in suppressing the meaning of the
irrelevant word-meaning of Stroop words. Therefore, this
direct evidence also has several important implications for
a more general issue of how selective attention actually
operates in the Stroop task.

Selective attention is Bthe ability to focus on one thing [e.g.,
to attend to and process a relevant color-dimension of Stroop
words] while ignoring other things [e.g., an irrelevant word-
dimension] excluding to-be-ignored information from deeper
processing and control over action.^ (Ruthruff & Lien, 2016,
p.3, text in brackets added, see also Spieler and colleagues’
reasoning in the Introduction section).

The dissociative pattern of both Age- and SLCC-effects on
semantic vs. standard Stroop interference suggests that (1) an
amplitude of response conflict is independent of people’s effi-
ciency insuppressing the word-dimension of Stroop words
mainly because (2) this suppression is itself unlikely. Indeed,
(3) the to-be-ignored information in the Stroop task is never
excluded from deeper processing (as suggested by constantly
significant semantic Stroop interference, themagnitude of which
remained unchanged by Aging and SLCC). Rather, this to-be-
ignored information (4) is more or less efficiently excluded from
control over action (as suggested by standard Stroop interference
involving the response conflict, the magnitude of which varied
as a function of Aging and SLCC). As emphasized by multiple-
stage models of Stroop interference, (5) the exclusion of to-be-
ignored information from deeper processing and its exclusion
from control over action constitute two different classes of pro-
cesses. Historically favored single-stage response accounts –in
which the customary implementations of Stroop inference/effect
(BLUEgreen–DEALgreen/BLUEblue) are rooted– are therefore like-
ly to be obsolete. These two classes of processes (6) are likely to
be different in nature. Those involved in the control of the irrel-
evant semantic information over (response-related) action seem
clearly controllable and thus evolve with aging and are perme-
able to moderators (e.g., SLCC, RSI). Even though we are in-
clined to conclude that processes involved in the semantic (i.e.,
conceptual) processing of Stroopwords are automatic –therefore
preserved in healthy aging and not permeable to moderators
(Augustinova & Ferrand, 2014), this conclusion would still re-
main unwarranted in light of other related studies (e.g.,
Labuschagne & Besner, 2015; see Besner et al., 2016 for a
review). Thus, future research needs to address this issue
directly.

Meanwhile, perhaps the most immediate conclusion to be
drawn from the present study is that the processes involved in
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selective attention as well as their modulation by different
variables might remain unseen and/or be misinterpreted when
observed using the standard Stroop paradigm.
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