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Running head: Examining attentional boost in the Stroop task

Abstract

Numerous studies investigating the effects of a given laboratory or field intervention
on attentional selectivity have evidenced their (positive) findings with improved performance
in the Stroop task. In contrast to conclusions drawn in these studies, the present paper argues
that the extent to which this improvement actually reflects an attentional/inhibitory boost is
still relatively unknown. To evidence this claim, this paper first delimited conditions under
which Stroop performance indicators can directly measure selective attention and its changes.
It then assessed the use of these indicators in a specific and exemplary body of translational
research investigating the link (correlational or causal) between physical activity/exercise and
attentional selectivity with a result that only nine past studies (out of 52) actually used
relevant indicators of physical activity/exercise-related changes in selective attention. The
narrative review of these nine studies highlighted a substantial gap between what this body of
research shows and the conclusions it draws. To mitigate this gap that is likely to concern all
types of research aimed at boosting attentional selectivity, the paper also provided practical
guidelines to allow future studies employing the Stroop task to draw more theoretically and
empirically grounded inferences about the effects of any intervention on attentional

selectivity.
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Introduction

Current societal changes — including population ageing, post-pandemic adoption of
work-from-home policies and excessive exposure to screen time — raise concerns about
individuals’ cognitive abilities and their preservation and replenishment. Therefore,
unsurprisingly, there is a growing body of research aimed at identifying lifestyles or practices
that are associated with enhanced cognitive abilities (e.g., level of physical fitness, amounts of
daily mindfulness meditation practices). Additionally, interventions that effectively preserve
or even boost individuals’ cognitive functioning — either immediately (e.g., a short exposure
to nature) or after a longer period of time (e.g., several weeks of a cognitive training program)
have been investigated.

Regardless of both the type of intervention under scrutiny (e.g., physical activity,
mindfulness meditation, exposure to nature, cognitive training etc.) and the nature of its link
to cognitive abilities (i.e., correlational vs. causal), this type of translational research
frequently involves the use of selective attention tasks such as the Stroop task (Stroop, 1935).
The Stroop task is sometimes included in a larger battery of cognitive tests or supplemented
by other standardized or standard cognitive tasks (see e.g., Cremen & Carson, 2017 for a
discussion), but frequently, the efficiency of the key components of cognitive functioning
such as “interference control”, “selective attention and/or the inhibition it entails” or
“executive functions” (i.e., a supraordinate family of cognitive processes that encompasses
attentional control and inhibition it entails) are assessed by the means of the Stroop task alone
(see e.g., Buck et al., 2008; Ishihara et al., 2018; and Best et al., 2014 for examples of these
respective endeavors). This is not surprising since the standard (i.e., color-word) Stroop task
is generally considered the “gold standard of attention measures” (MacLeod, 1992) as well as

“a prototypical inhibition task” (Miyake et al., 2000, p. 57). But at the risk of stating the
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obvious, it is important to remember that the deployment of this task itself, does not guarantee
that this gold standard is met.

To provide further and hopefully more explicit grounds for the necessity of this
reminder, the present paper first attempts to delimit conditions that are the most favorable for
measuring selective attention (section “Measuring attentional selectivity in the Stroop task™)
and its changes (section “Assessing the link between any given intervention and attentional
selectivity measured in the Stroop task’). Building on Furley and colleagues (2023 in this
journal), the paper then assesses the extent to which these specific measurement conditions
are met in research examining the link between physical activity/exercise and attentional
abilities (see Table 1 and Tables 1S and 2S in Supplementary Materials for all assessed
studies). As a result of this endeavor, this section (“Assessing the link between physical
activity and attentional selectivity measured in the Stroop task™) argues that there is a
substantial gap between what this specific body of research shows and the conclusions it
draws about the attentional benefits of physical activity/exercise. But because this gap is not
limited to this particular body of research, and rather concerns all types of translational
research aimed at boosting selective attention and/or the inhibition it entails, the paper then
provides practical guidelines designed to mitigate this gap (section “Practical guidelines for a
more direct measure of selective attention in the Stroop task™). Indeed, Furley and colleagues
(2023 in in this journal) have argued that in addition to adopting a more mechanistic approach
(see also e.g., Diamond, 2020; Smid et al., 2020), this mitigation largely requires progress in
conceptualization and measurement of indicators used to appraise intervention-related
changes in cognitive abilities (see also e.g., Cremen & Carson, 2017). In line with this latter
idea — echoing directly an ongoing debate in the Stroop literature (e.g., Algom et al., 2022;
Chajut & Algom, 2019; Parris et al., 2022; Parris et al., 2023) —, the most important goal of

this paper is to help future studies using the Stroop task to make more theoretically and
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empirically grounded inferences about the effects of any given intervention on attentional

selectivity and the inhibition it entails.

Measuring attentional selectivity in the Stroop task

Given the number of studies that have employed the Stroop task since its inception in
1935 by John Ridley Stroop (1897-1973), it is no surprise that many different variants of the
original task have been employed. Still, whether it is administered in a paper/pencil (i.e., list)
or in a computerized (i.e., item-by-item) form, the standard (i.e., color-word) Stroop task
(Stroop, 1935) requires individuals to identify — as quickly and as accurately possible — the
color of the font in which a word is presented whilst ignoring the meaning of the word itself.
Despite these instructions, individuals experience difficulties identifying the ink color of a
word when it denotes a different color (e.g., “BLUE” presented in red ink, hereafter BLUErcq).
This is because “The 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 (Spieler et al., 1996, p. 461; italics added).”.
Consequently, color-identification of incongruent trials is substantially longer and more prone
to errors compared to a relevant baseline. It is this difference — called the Stroop effect or the
Stroop interference effect — that is used to assess the efficiency of selective attention with a
larger magnitude of Stroop interference being equated with lower attentional selectivity and
lower interference control it entails (e.g., Chajut & Algom, 2019; MacLeod, 1998; Parris et
al., 2022).

But before elaborating further on conceptual difficulties surrounding this measure of
selective attention, it seems important to recall some basic methodological principles, starting
with the fact that both speed (typically measured by RTs) and accuracy (typically measured

by errors-rates), need to be considered simultaneously to understand performance in the
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Stroop task (Heitz, 2014; Vandierendonck, 2021), unless the time to complete a given list of
items is kept constant'. Indeed, when only one of these two indicators is considered (i.e.,
measured, analyzed and/or reported; see Table 2S in Supplementary Materials for examples
of this selective consideration in sport and exercise research using the Stroop task), it is
impossible to exclude the possibility that the reported speed is not traded for accuracy, nor
inversely, that the reported accuracy is not traded for speed. Simply put, while the elimination
of this tradeoff is important for the interpretation of processes driving the Stroop effect itself,
and/or its changes (see here below), simultaneous consideration of both indicators allows the
verification that the task instructions — emphasizing both accuracy and speed (see above) —
were followed.

Another basic, yet important methodological aspect to bear in mind is that the
observed levels of speed and accuracy must be assessed with respect to a relevant baseline
(again see Table 2S in SM for examples of sport and exercise research where this type of
comparison is clearly missing). Now, selecting an appropriate baseline in the Stroop task is
itself non-trivial (see Parris et al., 2022 for discussion; see Figure 1 for a diagrammatic
representation of the complexity of baseline selection). For example, color-congruent trials
(e.g., BLUEpi), first introduced by Dalrymple-Alford and Budayr (1966, Exp. 2), have
become a popular baseline condition against which performance on color-incongruent (i.e.,
conflict or interference) trials is compared (see Table 1S in SM for examples of this type of
baseline in sport and exercise research). But it is necessary to understand that the ink color of
color-congruent items is identified reliably faster than that of color-neutral trials (e.g., non-
color word “DEAL” presented in red ink, DEAL:cq, Dalrymple-Alford & Budayr, 1966, for
the first demonstration) — leading to an effect later termed as facilitation (Dalrymple-Alford,

1972).

! This the case in some paper/pencil (i.e., list) versions of the Stroop task where the time to complete a given list
is restricted to 45 sec for instance (see e.g., Tables 1) for examples of such versions of the Stroop).
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Consequently, without the inclusion of color-neutral trials, the measure of the Stroop
effect as a difference between color-incongruent and color-congruent trials
(e.g., BLUEq— BLUEp1.¢) — sometimes referred to as the Stroop congruency effect or the
overall Stroop effect — confounds the interfering effect experienced on color-incongruent
trials with the opposing effect of facilitation on color-congruent trials. It represents therefore
“(...) the sum of facilitation and interference, each in unknown amounts” (MacLeod, 1991,
p-168). Moreover, when including a color-neutral baseline, it is clear that their magnitudes are
often asymmetrical (with facilitation being generally smaller than interference, MacLeod &
MacDonald, 2000, see also e.g., Smith & Ulrich, 2023 for a more general discussion of this
“violation of the midpoint assumption” in several other conflict or interference tasks).

Furthermore, facilitation on color-congruent trials is known to increase when
experimental setups encourage contingent associative learning between words and responses,
or words and colors, as is the case when using equal proportions of color-congruent and color-
incongruent items (see Hasshim & Parris, 2021; Schmidt, 2013 and see Table 1 and Tables 1S
and 28 in Supplementary Materials, SM for examples of sport and exercise research using this
equal proportion). Since the numbers of incongruent and congruent stimuli are equal, the
word e.g., red more commonly predicts the response red than any other color. This is because
there are only four possible congruent stimuli (assuming four response colors). If congruent
trials are as numerous as incongruent trials (e.g., 72 of each trial type), each congruent
stimulus must be repeated more times than each incongruent stimulus. This contingency
between the word and response leads to faster responses for the contingent congruent trials.

To sum up, the magnitude (or amount) of interference produced by color-incongruent
trials — considered as prime indicator of attentional abilities — cannot be reliably assessed

when using color-congruent trials as a unique comparison baseline (see Figure 1, and see
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Algom et al., 2022; Algom & Chajut, 2019; MacLeod, 1991; Parris et al., 2022; Quétard et

al., 2023, for discussions of this issue).

Insert Figure I near here
Figure 1. Contribution of facilitation, lexicality cost and interference effects to the overall
Stroop/congruency effect.
Note. Original figure based on data from Augustinova et al. (2019) reported with Verbal

(Panel A) and Manual (Panel B) response modality.

In order to measure interference on color-incongruent trials independently of
facilitation on color-congruent trials, some studies used either color-patches or colored dots,
as well as rows of signs or letters (e.g., colored Xs) as a comparison baseline (see Table 1 for
examples). As an anecdote, to derive interference — central in his work — J.R. Stroop himself,
used rows of colored Sanskrit swastikas as a comparison baseline (Stroop, 1935, Exp.3, see
also Exp.2 for the use of full squares). However, even with these different choices, the
magnitude of interference is still potentially overestimated (see Brown, 2011 for an ample
demonstration), since a row of letters (e.g., “XXXX”), is not a word which, unlike “DEAL”
for instance, has a meaning. As a result, color identification of color-neutral non-word items
(e.g., XXXXreq) is faster than that of color-neutral word items (e.g., DEALrq). This effect,
known as lexicality cost or neutral word interference (e.g., Brown, 2011), is of substantially
greater magnitude (i.e., conflates magnitude of Stroop interference even more) when the
Stroop task administered with vocal as opposed to manual responses (see Figure 1).

Therefore, when the magnitude of interference produced by color-incongruent trials
(i.e., the prime indicator of attentional abilities) is under scrutiny, a color-neutral baseline

consisting of non-color words (e.g., DEALpie) seems to be the most appropriate baseline. This
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is because the lexicality cost of non-color related words is identical to that observed on color-
incongruent words, and as mentioned above, they also allow the derivation of interference
independently of facilitation. In conclusion, non-color words (as opposed to other types of
color-neutral baseline items) permits the most accurate estimation of interference produced by
color-incongruent items.

Despite the more ideal nature of the non-color word baseline, it is still seldom used
and not just in research examining the link between physical activity/exercise and attentional
abilities considered below. In light of Cremen and Carson’s (2017) argument that in
intervention studies standardized tests are de rigueur, perhaps the most striking example is the
fact that the standardized Stroop tests used in clinical practice (e.g., Bayard et al., 2011;
Troyer et al., 2006) do not currently use non-color word baseline to derive interference?.
Consequently, in what follows, the Stroop interference effect is defined more loosely as the
difference in speed and accuracy between color-incongruent and any kind of color-neutral
trial (e.g., BLUEa— DEAL/XXXX/MEEM, ). In contrast, a difference between color-
incongruent and color-congruent trials (e.g., BLUE.a— BLUEpi) — confounding interference
and facilitation — will be referred to as the overall Stroop effect. Finally, whenever both are

being evoked, the umbrella term of Stroop effect will be used.

Assessing the link between any given intervention and attentional selectivity measured

in the Stroop task

2 In these tests, non-color words are in fact included, but color-naming on these trials is compared to that on non-
word trials (e.g., colored dots for instance). This latter measure of “low interference” is different from “high
interference” condition (i.e., performance difference between color-incongruent words and dots). As explained
above, significant “low interference” constitutes indeed an empirical demonstration of lexicality cost or neutral
word interference (e.g., Brown, 2011) discussed above. Most importantly, the “genuine” interference (i.e.,
performance difference between color-incongruent words and non-color words that is free of lexicality cost) is
not computed.
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As already mentioned, to test the merits of any given intervention — including physical
activity/exercise — one can assess the extent to which this intervention is either associated
with attentional abilities or causes their improvement. In the former case, the test is
correlational and requires that both the levels of Stroop performance and of a given
intervention or practice (e.g., level of physical fitness) are measured. In order to claim that
higher physical fitness for instance is associated with better attentional selectivity, it is the
magnitude of Stroop interference (preferably measured with color-neutral words trials as
baseline) that needs to be negatively correlated with physical fitness (see section above). Said
differently, in light of the conceptual and methodological issues raised in the previous section,
negative correlation between levels of physical fitness and the overall Stroop effect (or simply
RTs and/or errors observed for incongruent items etc., see Table 2S in SM for examples of
these other types of measures) is simply not enough. Indeed, because the overall Stroop effect
confounds both interference and facilitation, it is impossible to conclude whether a given
intervention or practice (e.g., level of physical fitness or measured levels of daily physical
activity) is associated with lower interference, greater facilitation, or both.

Experimental studies (i.e., studies in which a given intervention is considered as a
potential cause of changes in attentional abilities and is therefore manipulated) face this same
issue. Indeed, if effective, any given intervention that aims to improve attention/inhibition
should reduce Stroop interference specifically. Again, the distinction between interference
and facilitation is important because some interventions (but also a mere repetition of
measures in pre- vs. post-intervention designs, see below) might also, or perhaps even
exclusively, boost facilitation and/or contingent responding discussed in the previous section
(see e.g., Algom et al., 2022; Algom & Chajut, 2019; Schmidt, 2019, 2023 for discussion of

these issues in research on processes driving cognitive control).

10
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Additionally, to evidence an attentional boost unambiguously, the aforementioned
post-interventional reduction of Stroop interference needs to specifically result from
shortened RTs to color-incongruent trials (i.e., increase in speed that is not traded for
accuracy, see previous section and see Palfi et al., 2022 for an example of this). Still, because
many interventions — including physical activity for instance — simultaneously influence
response speed (and not just attentional selectivity), a post-intervention reduction of RTs to
color-neutral baseline items will often occur in tandem with a reduction in RTs to incongruent
items.

This is a known and long-lasting issue in Stroop research. Because the magnitude of
Stroop interference is known to increase proportionally to the slow-down in response speed
(see e.g., Martinon et al., 2024; Roelofs, 2010, see also Faust et al., 1999; Spieler et al., 1996),
it has been argued that the age-related differences in this magnitude can be entirely explained
by the older adults’ general slowing and not alterations in their attentional selectivity per se
(e.g., Verhaeghen & De Meersman, 1998; see also Verhaeghen, 2000, 2015). This
consequently prompted more recent research addressing the effect of healthy and/or
pathological ageing on selective attention to better control for concomitant changes in
response speed of older adults (e.g., Bugg et al., 2007; Burca et al., 2022). As suggested
below, a similar approach is needed to isolate the effect of any given intervention on selective
attention/inhibition from its (simultaneous and positive) effect on processing speed.

It is however also important to underline that any experimental intervention that
results in performance improvements has to be further isolated from the effects of practice
that comes in to play whenever pre- and -post invention measurements of Stroop interference
are not sufficiently separated. Therefore, these practice-related changes in response speed also

need to be closely monitored when assessing the benefits of a given intervention.

11
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To conclude these opening sections, it seems important recall that the Stroop task is
often evoked to illustrate the so-called task-impurity problem (MacLeod, 2003; Myiake &
Friedman, 2012). This notion refers specifically to the fact that any Stroop performance
indicator necessarily includes variance that is attributable to processes other than selective
attention and the interference control it entails, like the aforementioned speed of processing
(see also e.g., Diamond, 2020; Furley et al., 2023; Smidt et al., 2020 for more general
discussions of this issue). Still, the vast majority of methodological and conceptual difficulties
discussed above are not related to this task-impurity problem. Rather, these difficulties stem
from the design of a given study and/or the type of analyses performed as they consistently
fail to isolate interference induced by color-incongruent items (i.e., prime indicator of
attentional selectivity and interference control it entails) from other processes observed in the
Stroop or other conflict tasks (facilitation, contingent responding etc.). To illustrate this issue,
the following section scrutinized these latter aspects in studies assessing the link between

physical activity/exercise and attentional abilities.

Assessing the link between physical activity and attentional selectivity measured in the
Stroop task

In line with long-lasting research on processes involved in the Stroop task (e.g.,
Chajut & Algom, 2019; MacLeod, 1998; Parris et al., 2022), it was argued above that the
most direct measure of interference induced by color-incongruent trials is derived by
comparing RTs and errors observed with these latter items, against those observed with color-
neutral items consisting preferably of non-color words (e.g., DEALrq). Therefore, the first
question that the present section attempts to answer concerns the extent to which this specific

comparison is used in research investigating the link (correlational or causal) between fitness,

12
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304  physical activity (both endurance and resistance) or exercise (put together under the umbrella
305 term physical activity) and attentional selectivity (and control and/inhibition it entails).

306 To this end, we conducted a bibliographic search on Google Scholar, Psychlnfo,

307  Pubmed, Scopus and Web of Science using the following keywords: Stroop task OR Stroop
308 effect OR Stroop interference AND Physical fitness OR physical activity OR physical

309  exercise. This search focused on healthy participants only. The identification, screening, and
310 inclusion/exclusion steps are presented in Figure 1S (see SM). Initially, 55 records of studies
311  — published between 2006-2021 — were identified as carrying out this type of investigation
312 employing the Stroop task (either exclusively or in addition to other cognitive tasks). One
313 record was discarded because, the reported study only used the Stroop task as a stressor. The
314  remaining 54 records — all journal articles — were retrieved and screened. As a results of the
315  first screening for eligibility, three articles were considered as ineligible and therefore

316  excluded (see Figure 1S in SM for further exclusion details).

317 Indicators of Stroop performance used in 51 remaining journal articles were then

318  systematically scrutinized. As a result of this scrutiny, only 9 studies (17,3%) were found to
319  have compared RTs and errors on color-incongruent to some kind of color-neutral baseline
320  (i.e., measured magnitudes of Stroop interference). However, none of them employed non-
321  color words (e.g., DEALq) as baseline. 9 other studies (17,3%) measured the magnitude of
322  the overall Stroop effect (i.e., BLUEa— BLUEbie, see Table 1S in SM) and the 34 (65,4%)
323 remaining studies used other indicators of Stroop performance (e.g., RT and/or errors to

324  color-incongruent trials only — see Table 2S in Supplementary Materials). Although results
325  and conclusions of these latter studies were closely scrutinized (see Tables 1S and 2S in

326  Supplementary Materials for summary), in line with methodological and conceptual

3 One journal article reported two separate experiments; these are presented as two separate entries in Table 2S

13
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considerations outlined in the two previous sections, they were no longer considered in what
follows (see Figure 1S in SM).

Our next goal was to assess the extent to which physical activity is indeed associated
with an increased efficiency and/or a boost in attentional selectivity. Given the paucity of
studies measuring Stroop interference (and its reduction) directly (see 9 studies depicted in
Table 1), their methodological differences and their remaining shortcomings (see last column
of Tables), this issue was assessed via a critical narrative review rather than a systematic
review or a metanalysis.

Three out of nine included studies were correlational. Buck et al. (2008) found a
positive association between aerobic fitness and percentages of correct responses in each list
of the card- / list-version of the Stroop task, however, no association was found between
aerobic fitness and the magnitude of Stroop interference (e.g., BLUEa— XXXXreq) in RTs.
Despite the absence of this latter (i.e., crucial) association, the study concluded that cognition
and notably executive control (interference control) in preadolescent children benefits from
fitness. Ishihara et al. (2018) found a negative association between physical fitness and
magnitudes of Stroop interference (e.g., BLUEa— XXXXreq) in 9-year-old tennis players
showing that the more physically fit children experienced smaller magnitudes of Stroop
interference. Although the study concluded that there was a benefit of fitness on inhibitory
control, no such association was found when Stroop interference was correlated with daily
physical activity or tennis experience. Finally, van der Niet et al. (2015) found a small
negative association between time spent in sedentary behavior and magnitudes of Stroop
interference. In line with its correlational nature, the study concluded that the more time
children spent in sedentary behavior, the worse is their performance.

Six remaining studies were experimental. Two of them suggest a positive effect of

acute aerobic and/or resistance exercise on attentional selectivity of middle-aged participants

14
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(Alves et al., 2012, 2014). Indeed, in Alves et al. (2014) for instance, the reduced magnitudes
of Stroop interference (due to reduced RTs to color-incongruent items only) were observed
after a cycling but not stretching (i.e., control) exercise that were administered seven days
apart (see Alves et al., 2012 for benefits of 30-min of either walking or strength exercise
compared to stretching in middle-aged women).

The four remaining experimental studies involved a long-term training intervention
(i.e., at least 22-weeks up to 12 months). Indeed, after 22-weeks of a 30-min long physical
training program during lunch time (twice a week), primary school children displayed a
reduced magnitude of Stroop interference, compared to children that kept the same lunch
routine (van der Niet et al., 2016). The authors consequently argued that physical activity
benefits executive functioning (notably inhibition) in primary school children. In older
women, Best et al. (2014) found a similar benefit after 12 months of 60-min classes (whether
these were completed once or twice a week) but also after a balance, toning and relaxation
program (i.e., active control program) of the same length. Also, and importantly, a post-
intervention reduction in magnitudes of Stroop interference positively predicted adherence to
physical activity during the follow-up period (13 to 25 months). While using very similar
program in both content and length and administered to a similar population of older women
(although possibly significantly older than those recruited in Best et al., 2014), Liu-Ambrose
et al. (2010) found no post-intervention reduction of Stroop interference in the active control
toning and relaxation program. Sipil4 et al. (2021) showed that when coupled with a cognitive
training program (i.e.,15-20 minutes computer training of executive functions 3-4 times a
week), the selective attention ability of older women benefited from a 12-month physical
training program even more than a group of women following a physical training-only
program— as evidenced by a greater post-interventional reduction of Stroop interference in the

former as compared to a latter group.
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To sum up, 8 out of 9 studies reviewed above suggest either an association between
the level of exercise/fitness and attentional selectivity (although only in young children) or a
positive change in individuals’ attentional selectivity following an acute bout of activity, or
long-term physical activity (although only in young children or middle-aged or older adults,
mostly women, see also Table 1, column entitled “Main findings on Stroop performance
only” for further details). Nevertheless, these results need to be interpreted with caution (see
also Table 1, column entitled “Main conclusions drawn in the study” for proposed
interpretations, and column “Observations and Issues” for elements potentially precluding the
proposed interpretation).

As discussed above, none of these studies measured the magnitude of Stroop
interference using a non-color word baseline (e.g., DEALr.q). Since almost all of them
employed a vocal response modality (see column “Item presentation; Response modality;
Number of colors”), the derived magnitude of interference is likely to confound interference
on color-incongruent words with faster identification of baseline non-word items (due the
absence of lexicality cost, see Figure 1 for a magnitude of this potential confound). This
confound might be shown to be problematic when the reduction of interference is scrutinized
(i.e., in the case of experimental studies depicted above).

Additionally, not all of these studies effectively controlled for changes in processing
speed. This is even more important in studies outlined above, since the effect of physical
activity and/or of fitness has been extensively studied in populations presenting high intra-
and inter-individual variability in RTs (i.e., children, older adults) that might also evolve
rapidly (e.g., between the beginning and the end of 12-months intervention) as function of
individual developmental trajectory (Ferrand et al., 2020; Faust et al., 1999).

In light of current research standards, several studies reviewed above might also be

underpowered. This is not exclusively due to the high number of observations that
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correlational studies require or to the high-power requirements for between-groups
comparisons that this type of experimental research often entails. Indeed, Brysbaert and
Stevens (2018) for instance recommend a minimum of 1,600 observations per condition in
designs with repeated measures (i.e., all designs including measures of the Stroop effect and
of its reduction). Although the number of observations can be divided over participants and
items (e.g., 20 participants and 80 observations, 40 participants and 40 observations, or 80
participants and 20 observations), some of the studies cited above are far from meeting these
standards (see Table 1, column entitled “Stroop task and Item-type (with number of trials if
available” and see the same column in Tables 1S & 2S in Supplementary Materials). In line
with this reasoning, Ciria et al. (2023) recently concluded that randomized control trials on
the effects of physical exercise on cognition indeed suffer from low statistical power.
Despite the fact the Stroop task is often considered as “a prototypical inhibition task™
(Miyake et al., 2000, p. 57, see above), perhaps the most important challenge that the
abovementioned studies face is the interpretation of an increased efficiency and/or a boost in
selective attention in terms of underlying processes, namely inhibition and/or the control that
attentional selectivity entails (see also Table 1, column entitled “Main conclusions drawn in
the study”). Indeed, research from a wide range of conflict tasks suggests that while distractor
inhibition certainly contributes to reducing interference from the irrelevant word-dimension
(i.e., so-called inhibition hypothesis, see Egner & Hirsch, 2005; Wyatt & Machado, 2013),
different interventions are also likely to enhance processing of the target (i.e., the ink-color to
be identified). In line with this target amplification hypothesis, it remains plausible that
physical activity actually enhances focus on the relevant color-dimension of the Stroop task
(see also e.g., De Jong et al., 1999 for an increased maintenance of the relevant task-set).
Accordingly, Sibley et al. (2006) reasoned that exercise is likely to improve the maintenance

of goal-oriented processing (i.e., it improves a more consistent focus on the color-dimension
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instead of on the inhibition of the irrelevant word-dimension, see also Table 2S for details of
this study).

Insert Table I near here

Practical guidelines for a more direct measure of selective attention in the Stroop task

In line with conclusions that have been reached by inspecting results from other
inhibitory (e.g., Cremen & Carson, 2017) or executive function tasks (e.g., Furley et al.,
2023), the previous section (along with summaries provided in Tables 1, 1S & 2S) pointed to
the fact that there is a substantial gap between what a given body of research shows and the
conclusions it is able to draw (see namely Tables 1S & 2S in Supplementary Materials for
examples of this gap).

However, this gap is not limited to research on the effects of physical activity nor to
translational (or perhaps more applied) research in general. To illustrate, basic research on
cognitive control (see e.g., Egner, 2023 for a review) for instance, is also prone to some of the
shortcomings outlined above. Indeed, in the Stroop task, a boost in cognitive control is
inferred from the reduction of the overall Stroop effect (and not from the reduction of Stroop
interference, exactly like studies presented in Table 1S) and therefore disregards the role
facilitation plays in this reduction (see e.g., Algom & Chajut, 2019, Algom et al., 2022 for a
discussion of this issue). Additionally, only recently controls for contingency issues —
that the use of color-congruent items induces — have been employed (e.g., Braem et al., 2019,
but see also Schmidt, 2019, 2023). Therefore, this section attempts to provide some up-to-date
practical guidelines designed to eliminate issues that detract from the putative conclusion that
an increased efficiency and/or a boost in selective attention in the Stroop task has indeed been

demonstrated (via any type of laboratory and/or field intervention).
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In line with methodological and theoretical arguments outlined above, future
correlational and experimental studies need to measure interference on color-incongruent
items directly (i.e., against a color-neutral baseline that preferably consists of non-color
words, Issue 1). If color-congruent items are used as additional (i.e., not a unique) baseline,
experimental designs need to control for contingency (Issue 2) such that, designs using equal
proportions of color-congruent and color-incongruent items should be avoided. Additionally,
for experimental studies to evidence the post-interventional boost in attentional selectivity
unambiguously, post-interventional reduction of Stroop interference needs to result from
shortened RTs to color-incongruent trials (Issue 3) — an increase in speed that is clearly not
traded for accuracy (as evidenced by simultaneous consideration of both RTs and errors,
Issue 4). Whenever RTs to a relevant baseline decrease along with those to color-incongruent
RTs, it becomes increasingly difficult to assess whether these changes also reflect a boost in
selective attention (or in inhibition and/or control it entails) and to what extent (see Palfi et al.,
2022 for an example of this). Thus, in order to isolate the effect of physical activity on
selective attention per se, future studies need to control for the effect of processing speed
(Issue 5). This is rather effectively done via proportional transformation (e.g., [(RTincongruent —
RThvasetine) / RThaseline]. However, it is important to understand that proportional transformation
might actually create an advantage for individuals presenting slower RTs (e.g., older adults,
children, Hedge et al., 2018). This spurious advantage (compared to populations with faster
RTs, e.g., young adult) is no longer present when the variability is instead taken into account
using z-scores (Faust et al., 1999; Hedge et al., 2018; see also Burca et al. 2022 for a direct
demonstration). To eliminate practice-related changes in response speed (Issue 6), pre- and -
post-interventional measurements of Stroop interference also need to be sufficiently delayed.

As emphasized in the previous section, a reduced magnitude of Stroop interference

does not necessarily result from a reduced interference of the irrelevant word-dimension of
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incongruent trials (Issue 7). It could alternatively and/or in concert result from an enhanced
focus on their relevant color-dimension. To address this issue, several studies on the effects of
physical activity used the amount of negative priming (i.e., RTs to trials in which the ink
color to be named on N-trial corresponds the (word) stimulus that was ignored on N-1 trial) as
an additional indicator of an inhibitory boost (see Table 2S for examples). However, since
negative priming is a notoriously controversial measure of selective inhibition (see e.g.,
Besner, 2001), a combination of several “inhibitory” tasks*, or the use of moderators known
to promote target amplification might constitute venues for addressing this latter issue directly
(e.g., De Jong et al., 1999, argued that shortening an interval between a response and the
presentation of a new stimulus increases a focus on the relevant color-dimension of Stroop
stimulus). Nevertheless, post-interventional reductions of Stroop interference can still be
interpreted simply in terms of a “boost in attentional selectivity” or a “boost in attentional
selectivity and the control it entails” as it is more agnostic with respect to processes actually
underlying the reduction (inhibition vs. target amplification / increased goal maintenance
etc.).

Another important, as yet unaddressed, challenge is to establish whether a
demonstrated boost in attentional selectivity is general or limited to a specific subsystem.
Indeed, in the Stroop task, distractors can cause conflict at multiple stages within the
information-processing system — conflict that may be inhibited by different subsystems
(Parris et al., 2022; see also e.g., Berggren & Derakshan, 2014 who showed anxiety affected
only one subsystem of attentional control; and Augustinova et al., 2018; Burca et al., 2022

and Li & Bosman, 1996 for the same effect of healthy ageing).

4 Still, many (response) inhibition tasks are prone to the same limitations as those discussed above including the
fact that they do not include an appropriate neutral baseline (see e.g., Smith & Ulrich, 2023 for a discussion, see
also e.g., Cremen & Carson, 2017 for a discussion of other issues).
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To address this point, future studies might also consider using Stroop tasks that permit
the measurement of the independent contributions of response, semantic and task conflicts to
the Stroop interference effect (see e.g., Hasshim & Parris, 2014 and see Parris et al., 2022 for
a review; although see Parris et al., 2023 for a critical discussion of task conflict). Indeed, the
ultimate goal of this tutorial section is to help future studies using the Stroop task to make
more theoretically and empirically grounded inferences not only about the effects of any
given intervention on attentional selectivity (and/or different processes it entails) but also

about the levels of processing where these effects take place.

Concluding remarks

In times where sedentary lifestyles are increasingly observed in both children and
adults (World Health Organization, 2022; Magnon et al., 2018), questioning the positive
effect of physical activity and/or of fitness in the Stroop task might seem a bit
counterproductive (although see e.g., Ciria et al., 2023). It needs to be remembered at this
point that several metanalyses still agree on a positive (although modest) exercise-related
benefit on cognition (e.g., Colcombe & Kramer, 2003; Hillman et al., 2008; Barenberg et al.,
2011; Guiney, & Machado, 2013; Gomez-Pinilla & Hillman, 2013; Hotting and Roéder, 2013;
Gajewski & Falkenstein, 2016; Kramer & Colcombe, 2018; Ludyga et al., 2020). Importantly,
these metanalyses also included studies of other cognitive functions and/or studies of attention
using other tasks (not just the standard color-word Stroop task but also or alternatively a
flanker, stop-signal, cuing tasks etc.) — results of which are not considered above (or in Tables
1S and 2S). Although Furley et al. (2023, p.14) convincingly argued “that methodological
flaws and measurement problems have been a great issue in the primary studies that have fed
into (...)” these meta-analyses and the present paper hopefully illustrated in greater details the

type of flaws and measurement problems that occur in the Stroop task specifically, it is still
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essential to insist on the importance of physical activity and fitness. In addition to health
benefits (see e.g. Warburton & Bredin, 2017; Melzer et al., 2004), these activities are also
known to enhance psychological and social health outcomes in younger populations (i.e.,
children and adolescents, Eime et al., 2013), and also in older adults (Knight et al., 2022).
Therefore, by no means does the present section of this paper seek to discourage regular
physical activity and/or of high fitness level, or discourage research into their benefits. Rather,
it seeks to draw attention to the uncertainty of the knowledge we currently have on the link
between physical activity and/or exercise on attentional selectivity (see also Furley et al.,
2023for a similar idea). Indeed, many more carefully designed and powered studies —
conducted in populations covering the entire life-span — are still needed to address the issue of
whether there is a boost in attentional selectivity following physical activity (or any other
intervention) in robust systematic reviews and metanalyses. We only hope that the practical

guidelines outlined above will prove useful in this endeavor.
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A Facilitation, Lexicality cost, Interference effects for Verbal response modality

B Facilitation, Lexicality cost, Interference effects for Manual response modality

Congruent Neutral non-word Neutral Word Incongruent
RED XXXX DEAL BLUE
644 ms 660 ms 665 ms 733 ms
@ *—©@ ®

Facilitation  Lexicality cost Interference
16 ms 5ms 68 ms

Congruent  Neutral non-word Neutral Word Incongruent
XXXX DEAL BLUE
645 ms 651 ms 695 ms 819 ms
o—© A 4 ®
Facilitation Lexicality cost Interference
6 ms 44 ms 124 ms

Figure 1. Contribution of facilitation, lexicality cost and interference effects to the overall Stroop/congruency effect.

Note. Original figure based on data from Augustinova et al. (2019) reported with Verbal (Panel A) and Manual (Panel B) response modality.
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Table 1. Studies measuring the Stroop interference (studies that used color-neutral non-word items as baseline)

and 1 with color-
neutral items
(colored
rectangles)

condition / CR in
the color-neutral
condition =>
higher

Authors (year)  Sample size (N Physical Item Stroop task and Indicators of Study type witha  Main findings on Main Observations
- Journal participants, activity/exercise and presentation; Item-type (with Stroop design Stroop conclusions and Issues
groups) its control if used Response number of trials if performance performance drawn in the
modality; available) only study
Number of
colors
Buck et al. 74 participants Measured level of Paper and 3 lists: % of correct Correlational Positive Benefit of fitness Magnitude of
(2008) — (41 boys, 33 physical fitness (via pencil/list 1 word-reading list  responses (%CR) using aerobic association for cognition and = Stroop interference
Medicine & girls; Mage=9.3) aerobic capacity, presentation; with color-words completed in 45 fitness as predictor between aerobic | notably executive = inflated by the use
Science in muscle fitness, body Vocal; Not items printed in sec for each list of (single measure fitness and %CR control of a non-word
Sports & mass index) mentioned black; 2 color- and magnitudes of of) Stroop in each list, but (interference baseline, creating a
Exercise naming lists: 1 the Stroop performance no such control) in lexicality cost
with color-words interference (= association with preadolescent confound (Issue 1)
items printed in time difference the Stroop children . .
incongruent colors between color- interference NO, dlfe,ct, indicator
and 1 with color- incongruent and of inhibition (Issue
neutral items color-neutral 7
(colored Xs) (non-word)
condition)
Ishihara et al. 68 participants, Measured level of Computerized 2 blocks each %ER, mean RTs Correlational Negative Benefit of fitness Magnitude of
(2018) — all tennis physical fitness (via item-by-item consisting of 64 and magnitudes of using physical association (but not of daily ~ Stroop interference
Developmental players accelerometry) presentation; trials: 1 block with the Stroop fitness as predictor ~ between physical ~ physical activity inflated by the use
Science (Mage=9.6) Manual (keys color-neutral items interference (= of (single measure fitness and or tennis of a non-word
on a computer (colored patches) time difference of) Stroop magnitudes of experience) on baseline, creating a
keyboard); 4 and 1 block with between color- performance interference that inhibitory lexicality cost
(red, yellow, color-words items incongruent and is specifically due control confound (Issue 1)
blue, and green) printed in color-neutral to reduction of . Lo
incongruent colors  (patch) condition) RTs to No dlr'ect. 1r}d1cator
(1-min rest incongruent items of inhibitory
between the two only control (Issue 7)
blocks, 128 trials
in total)
van der Niet et 80 participants Measured level of Paper and 3 lists: Number of CR Correlational Small negative The more time Magnitude of
al. (2015) — (8-12 years old)  physical fitness and pencil/list 1 word-reading list completed in 45 using physical association children spentin  Stroop interference
Journal of time spent in presentation; with color-words sec for each list fitness and time between time sedentary inflated by the use
Science and sedentary behavior Vocal; Not items printed in (not reported) and spent in sedentary spent in behavior, the of a non-word
Medicine in (via accelerometry) mentioned black; 2 color- the magnitudes of behavior as sedentary worse is their baseline, creating a
Sport naming lists: 1 the Stroop predictors of behavior and performance on lexicality cost
with color-words interference (single measure of) interference this inhibition confound (Issue 1)
items printed in ratio (= CR in the Stroop ratios task .
incongruent colors  color-incongruent performance Additional control

for response speed
via interference
ratio
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ratio=better
performance)

Conclusion about
inhibition not
supported by the
results (Issue 7)

group)

with color-words
items printed in
incongruent colors
and 1 with color-
neutral items

the color-neutral
condition =>
higher
ratio=better
performance)

control group
(*children group
assignment based
on parental
consent)

children

Alves et al. 22 participants 10x1-min cycling Paper and 3 color-naming % of correct Experimental Reduced Results suggest Low N participants
(2014) — (Mage=53.7) bouts interspersed by pencil/list lists each responses (%CR) comparing Stroop magnitudes of the  that acute aerobic .
Perceptual & 1 min. active (acute presentation consisting of 24 and completion performance Stroop exercise improves Magpltude of
Motor Skills: aerobic exercise) vs (Stroop colored items: 1 times (in sec) in collected after interference selective Stroop interference
Learning & 10 min instruction Victoria); with color-neutral each list and acute aerobic after exercise attention and inflated by the use
Memory about the benefits of Vocal; 3 items (colored magnitudes of the  exercise AND after (but not after susceptibility to ofg non-wo'rd
regular exercise dots), 1 with color- Stroop control activity control) activity interference basellpe, f:reatlng a
followed by 15 min neutral words interference (= (administered in due to reduced from conflicting lexicality cost
of stretching items, and 1 with time difference counter-balanced RTs to color- stimuli confound (Issue 1)
(active control color-words items between color- order 7 days apart) incongruent Possible practice
activity) printed in incongruent and items only effect (Issue 6)
incongruent colors color-neutral dot
(non-word) No significant
condition) change in %CR
Alves et al. 42 female 30 min walking Paper and 3 color-naming % of correct Experimental Reduced Both types of Magnitude of
(2012) — Journal participants (acute aerobic pencil/list lists each responses (%CR) comparing Stroop completion times  exercises improve  Stroop interference
of Sport and (Mage=52) exercise) vs 2 sets of presentation consisting of 24 and completion performance to color-neutral selective inflated by the use
Exercise 15 repetitions for 6 (Stroop colored items: 1 times (in sec) in collected after and incongruent attention and of a non-word
Psychology exercises of the lower Victoria); with color-neutral each list and aerobic exercise items and susceptibility to  baseline, creating a
and upper limbs Vocal; 4 items (colored magnitudes of AND strength reduced interference lexicality cost
(acute resistance dots), 1 with color-  two ratios: color- exercise AND interference from conflicting ~ confound (Issue 1)
exercise) vs10-min neutral words neutral control activity ratios stimuli.
instruction about the items, and 1 with words/dot and (administered in after both Computation of
benefits of regular color-words items incongruent counter-balanced aerobic and Both types of ratios to account
exercise followed by printed in word/color- order 7 days apart)  strength exercise exercises are for change in
a 15 min of incongruent colors neutral word (but not after beneficial for response speed
stretching control) activity executive
(active control functioning Possible practice
activity) No significant effect (Issue 6)
change in % CR
van der Niet et 105 participants 22-weeks physical Paper and 3 lists (no Number of CR Experimental* Post-intervention Benefit of Magnitude of
al. (2016) — (8-12 years training program pencil/list information about completed in 45 analyzing pre- vs. reduction of physical activity ~ Stroop interference
Pedriatric old): assigned during lunch time presentation; the contingencies): sec for each list post-intervention interference program on inflated by the use
Exercise to physical (30-min sessions, Vocal; Not 1 word-reading list  (not reported) and Stroop ratio in the PT executive of a non-word
Science training (PT, twice a week) in the mentioned with color-words interference performance (vs. control) functioning baseline, creating a
N=53) vs. PT group vs. the items printed in ratio (= CR in the (collected 22 group (notably lexicality cost
control group same lunch routine black; 2 color- color-incongruent weeks apart) as a inhibition) in confound (Issue 1)
(N=52) (passive control naming lists: 1 condition / CR in function of PT vs. primary school

Additional control
for response speed
via interference
ratios
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(colored
rectangles)

No direct indicator
of inhibition (Issue
7)

vs. Control

group
(N=42)

group)

with color-words
items printed in
incongruent colors
and 1 with color-
neutral items
(colored Xs)

between color-
incongruent and
color-neutral
(non-word)
condition)

week exercise
group vs active
control

and twice-
weekly training
program (but not
after control
activity)

resolution in
senior women

Best et al. 125 female 12-month high- Paper and 3 lists each Completion times Experimental Reduced Improving Magnitude of
(2014) — participants intensity resistance pencil/list consisting of 80 (in sec) in each analyzing pre- and magnitudes the executive Stroop interference
Frontiers in (Mage=69.5) training program presentation; items: list and post-intervention Stroop functions (in inflated by the use

Human assigned to (60-min classes) Vocal; Not 1 word-reading list ~ magnitudes of the Stroop interference after particular, of a non-word
Neurosciences Once-(N=44) once vs twice a week mentioned with color-words Stroop performance intervention as inhibition of baseline, creating a

vs. Twice- vs balance, toning items printed in interference (= (collected 12 compared to prepotent lexicality cost
weekly training and relaxation black; 2 color- time difference months apart) as a before in all responses) plays confound (Issue 1)

group (N=45) program (active naming lists: 1 between color- function of once groups (including  an important role
vs. Control control group) with color-words incongruent and vs. twice a week control) in whether older No result; about
group items printed in color-neutral exercise group vs positively related women maintain changes in the
(N=36) incongruent colors (non-word) active control to adherence to higher levels of 1r}c'ongruent'
and 1 with color- condition). And a physical activity physical activity condition (possibly
neutral items A between Stroop during the follow- following Issue 3)
(colored Xs) interference at up period exercise training No
month 12 and (months 13 to 25) measure/analysis
month 0 of errors (possibly
Issue 4)
Lack of control for
changes in

response speed
(possibly Issue 5)
No direct indicator
of inhibition (Issue

7)

Liu-Ambrose 135 female 12-month high- Paper and 3 lists each Completion times Experimental Reduced Benefit of Magnitude of
et al. (2010) — participants intensity resistance pencil/list consisting of 80 (in sec) in each analyzing pre- vs. magnitudes the resistance Stroop interference
Archives of (Mage=82.2) training (60-min presentation; items: list (not reported midterm vs. post- Stroop training on inflated by the use

Internal assigned to classes) once vs Vocal; Not 1 word-reading list in the MS) and intervention Stroop  interference after executive of a non-word
Medicine Once-(N=47) twice a week vs mentioned with color-words magnitudes of the performance intervention as functioning of baseline, creating a

vs. Twice- balance, toning and items printed in Stroop (collected 6 months compared to selective lexicality cost
weekly training relaxation program black; 2 color- interference (= apart) as a function  before following attention and confound (Issue 1)

group (N=46) (active control naming lists: 1 time difference of once vs. twice a both the once- conflict

No results about
changes in the
incongruent
condition (possibly
Issue 3)

No
measure/analysis
of errors (possibly
Issue 4)
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No direct indicator
of inhibition (Issue
7)

Sipili et al.
(2021) —
Scandinavian
Journal of
Medicine and
Science in
Sports

314 participants
(Mage=74.5)
assigned to
Physical and

Cognitive
training group

(PTCT, N=155)
vs Physical

training (PT,
N=159) group

12-month PT
(aerobic, balance,
resistance exercise,
2-3 sessions/week) vs
12-month PTCT
(PT with additional
computer training of
executive functions
(3-4 sessions/week);
no active or passive
control group

Paper and
pencil/list
presentation;
Vocal; Not
mentioned

3 lists each
consisting of 72
items:

1 word-reading list
with color-words
items printed in
black; 2 color-
naming lists: 1
with color-words
items printed in
incongruent colors
and 1 with color-
neutral items
(colored Xs)
(referred to as
congruent)

Completion times
(in sec) in each
list (not reported
in the MS) and
magnitudes of the
Stroop
interference (=
time difference
between color-
incongruent and
color-neutral
(non-word)
condition)

Experimental
analyzing pre- vs.
midterm vs. post-

intervention Stroop
performance

(collected 6 months

apart) as a function

of training type
(physical +
cognitive vs.
physical training
only)

Post-intervention
reduction of
interference in
both training
groups but
greater in the
PTCT than the PT

group

Greater benefit
of combined
physical and

cognitive training
on response
inhibition than
that of physical
training alone

Magnitude of
Stroop interference
inflated by the use

of a non-word
baseline, creating a

lexicality cost
confound (Issue 1)

No results about
changes in the
incongruent
condition (possibly
Issue 3)

No
measure/analysis
of errors (possibly
Issue 4)

Lack of control for
changes in
response speed
(possibly Issue 5)

No direct indicator
of inhibition (Issue
7)

Note. Light gray background indicates an “overinterpretation” of reported results and dark gray indicates a clear mismatch between empirical
results and their interpretation.
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[ Identification and selection of studies included in a review

[ Identification

Screening

)

Included

Records retrieved from:
Google Scholar, Psychlnfo,
Pubmed, Scopus and Web of
Science

(n=55)

Records removed before
screening:
m=0)

!

Records screened
(n=155)

Records excluded
Reported study used the Stroop task
as a stressor only (n =1)

\4

Reports sought for retrieval
(n =54, all journal articles)

Journal articles not retrieved
(n=0)

!

Journal articles assessed for
eligibility
(n=54)

Journal articles excluded:
Reported study used a non-standard
version of the Stroop task (n =1)
No reported results on Stroop
performance (n = 2)

)

Journal articles screened for their
measure of attentional selectivity
via Stroop interference
(n=151)

Journal articles excluded:
No use of a colour-neutral
comparison baseline
(n =29, see Table 1S for details)
Reported studies used other
indicators of attentional selectivity
(n =33, see Table 28 for details)

!

Studies included in a review
(n =9, see Table 1 in the main MS
for details)

Figure 18S. Flowchart (adapted from Page et al., 2021) depicting the selection process of the
included studies. The results of the included studies are discussed in the main text of the
manuscript, while the results of excluded studies are displayed in the supplementary tables 1S
and 28 in the Supplementary Materials.
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Table 18S. Studies measuring the overall Stroop effect (studies that used congruent baseline items as baseline)

Authors (year) Sample size (N Physical Item Stroop task and Indicators of Study type with a Main findings Main conclusions Observations
- Journal participants, activity/exercise and presentation; Item-type (with Stroop design on Stroop drawn in the and issues
groups) its control if used Response number of trials if performance performance study
modality; available) only
Number of
colors
Bento-Torres 48 participants Measured level of Computerized A single block %ER, RTs (in Correlational No association No conclusions Magnitude of
et al. (2019) — (Mage=24.6) cardiorespiratory item-by-item consisting of 54 ms), SD using physical between with respect to Stroop
Journal of fitness (CRF) (via a presentation; color-words items (indicator of fitness and CRF as  physical activity ~ Stroop performance interference
Sport and field test) and Manual printed in inter-individual  predictors of (single and IV for inflated by the
Health Science physical activity (via  (Pressingakey  congruent color,48  variability, IIV) measure of) Stroop either Stroop use of a color-
accelerometry) on a standard words items and the Stroop performance condition and congruent
keyboard with printed in effect ratio (= Stroop effect baseline (despite
the index, incongruent color, (RTs to color- ratios the use of a
middle, and ring and 63 color- incongruent color-neutral
fingers of the neutral words trials - color- No other words
right hand); Not items printed in congruent trials) associations condition),
mentioned color, presented / RTs to color- with Stroop creating a
randomly (165 congruent trials)) performance are facilitation
trials in total) reported confound (Issue
1)
No control of the
color-congruent
items
contingency
(Issue 2)
Computation of
ratios to account
for change in
response speed
Li et al. (2021) 180 participants Measured level of Computerized 2 blocks each %ER, RTs (in Correlational Negative A higher level of Magnitude of
— Brain (Mage=20.2) physical activity item-by-item consisting of 8 ms), and using physical association physical activity is Stroop
Sciences (PA) (via the presentation; color-words items magnitudes of activity as predictor between linked to better interference
International Physical Manual (color- printed in the Stroop effect  of (single measure physical activity | inhibitory control inflated by the
Activity coded keys on a congruent color (= RTs to color- of) Stroop and the in young adults use of a color-
and 24 color-words incongruent performance magnitude of the congruent
Stroop effect. baseline, creating

computer
keyboard); 4
(blue, green,
red, and green)

Questionnaire, IPAQ)

items printed in
incongruent color,

presented

randomly (64 trials

in total)

trials — color-
congruent trials)

No significant
association
between
physical activity
level and RTs to
congruent and

a facilitation
confound (Issue

1

No specific
correlation with
RTs on
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incongruent
conditions.

incongruent
items (Issue 3)

No significant No direct
changes in the indicator of
%ER inhibitory
control (Issue 7)
Peven et al. 96 participants Measured level of Computerized 54 color-words %ER (reported, Correlational Hierarchical Physical activity Magnitude of
(2018) — (Mage=65.8) physical activity item-by-item items printed in but integrated using physical linear regression level is associated Stroop
Journal of (PA, via presentation; not  congruent color, 63 into the activity and number ~ models revealed with better interference
Cognitive accelerometry) mentioned; not color-neutral statistical of <10 or > 10 min that higher executive function inflated by the
Enhancement resulting in the mentioned words items analyses), RTs bouts of activity as  levels of PA and (inhibitory use of a color-
identification of two printed in color (in ms) and predictors of (single  more bouts of > function) congruent
categories of activity and 48 color-words magnitudes the measure of) Stroop 10 min were baseline (despite
bouts duration (< 10 items printed in Stroop effect (= performance associated with the use of a
or > 10 min) incongruent color, RTs to color- smaller color-neutral
presented incongruent magnitude of the words
randomly (165 trials - color- Stroop effect condition),
trials in total, no congruent trials) and lower RTs creating a
information about to incongruent facilitation
the number of items confound (Issue
block and item 1)
randomization)
No control of the
color-congruent
items
contingency
(Issue 2)
No analysis of
errors (possibly
Issue 4)
No direct
indicator of
inhibitory
control (Issue 7)
Stillman et al. 41 participants Measured level of Computerized A single block %ER, RTs (in Correlational Negative Higher physical Magnitude of
(2016) — PloS (Mage=23.9) cardiorespiratory item-by-item; consisting of 40 ms, not reported using PA as association activity levels are Stroop
ONE fitness (CRF) (via Manual color-words items  in the results), no  predictor of (single between associated with interference
exercise test) and of (response printed in errors (due to measure of) Stroop  physical activity better executive inflated by the
physical activity glove); Not congruent color, 40  “high accuracy”) performance and the functioning use of a color-
(PA) (via mentioned color-neutral and magnitudes (no analyses of magnitude of the congruent
accelerometry) words items of and Stroop CRF reported) Stroop effect baseline (despite
printed in color effect ratios (= ratio. No the use of a
and 40 color-words (RTs to color- analyses of RTs color-neutral
items printed in incongruent and %ER words
incongruent color, trials - color- condition),
presented congruent trials) creating a
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randomly (120
trials in total)

/ RTs to color-
congruent trials))

facilitation
confound (Issue

1

No control of the
color-congruent
items
contingency
(Issue 2)

No results about
changes in the
incongruent
condition
(possibly Issue
3)

Computation of
ratios to account
for change in
response speed

No direct
indicator of
inhibition (Issue
7)

Low N
participants for a
correlational
study

Peven et al.
(2019) — Brain
Plasticity

50 participants
(Mage=25.2)

Measured level of
cardiorespiratory
fitness (CRF) via
exercise test)
resulting in the

comparison of higher
vs lower CRF group

Computerized
item-by-item;
Manual
(response
glove); Not
mentioned

54 color-words
items printed in
congruent color, 63
color-neutral
words items
printed in color
and 48 color-words
items printed in
incongruent color,
presented
randomly (165
trials in total, no
information about
the number of
block and item
randomization)

RTs (in ms), no
errors (due to
“high accuracy”)
and magnitudes
of and Stroop
effect ratios (=
(RTs to color-
incongruent
trials - color-
congruent trials)
/ RTs to color-
congruent trials)

Experimental*
comparing (single
measure of) Stroop

performance as a
function of higher

or lower CRF
group

*determination of
groups based on the
measured levels of
cardiorespiratory
fitness

Negative
association
between CRF
and RTs to
color-
incongruent
and -neutral
conditions as
compared to
lower CRF. No
such effect
found on color-
congruent items
and Stroop
effect ratio

Cardiorespiratory
fitness is associated
with enhanced
executive
functions and
notably selective
attention

Magnitude of
Stroop
interference
inflated by the
use of a color-
congruent
baseline (despite
the use of a
color-neutral
words
condition),
creating a
facilitation
confound (Issue

1

No control of the
color-congruent
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Brush et al.
(2016) —
Journal of
Sport and
Exercise
Psychology

28 participants
(Mage=20.5)

Acute resistance
exercise of low (40%
10-RM), moderate
(70% 10-RM), high
intensity (100% 10-
RM) vs watching a
45-min instructional
video on how to
perform various
resistance exercises)

Computerized 2 color-naming
item-by-item blocks each
presentation; consisting of 36

color-words items
printed in
congruent color,
and 36 color-words
items printed in
incongruent color,
presented
randomly (144
trials in total)

Not mentioned;
Not mentioned

%ER, RTs (in
ms), and
magnitude of the
Stroop effect (=
RTs/%ER to
color-
incongruent
trials - color-
congruent trials)

Experimental
comparing Stroop
performance
collected 15 and
180mn after acute
resistance exercise
AND after control
activity
(administered in
counter-balanced
order at least 48h
apart)

At 15 min
postexercise:
Post-
intervention
reduction of the
Stroop effect
increased
linearly as a
function training
intensity (but the
effect is not
driven by the
change in RTs to
incongruent
trials)

No effect at 180
min
postexercise

items
contingency
(Issue 2)

Computation of
ratios to account
for change in
response speed

No direct
indicator of
inhibition (Issue

Magnitude of
Stroop
interference
inflated by the
use of a color-
congruent
baseline, creating
a facilitation
confound (Issue

1)

No control of the
color-congruent
items
contingency
(Issue 2)

No specific
correlation with
RTs on
incongruent
items (Issue 3)

Possible practice
issue (Issue 6)

No direct
indicator of
inhibition (Issue
7
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No pre-exercise
measure of
Stroop
performance

Low N
participant for a
within between

interaction
Dimitrova et 58 participants: 20 min of cycling Computerized 2 blocks each %ER, RTs (in Experimental*® Post- The two forms of Magnitude of
al. (2017) — younger with a cognitive item-by-item consisting of 138 ms), and analyzing pre- vs. intervention acute exercise Stroop
Aging Clinical (Mage=23.2, strategy demand presentation; color-words items ~ magnitude of the post-intervention boost in interventions had interference
and N=29) and older (Acute aerobic Manual (color- printed in Stroop effect (=  Stroop performance  response speed generalized inflated by the
Experimental (Mage=70.7, “exergaming” coded keys on a congruent color RTs to color- and of training type in both age- benefits on use of a color-
Research N=29) adults. exercise) vs 20-min computer and 60 color-words incongruent (exergaming vs groups with a cognitive congruent
Participants of exercise on a virtual keyboard); 3 items printed in trials - color- standard physical greater performance, baseline, creating
each age group reality track without (red, blue, incongruent color congruent trials) training only) magnitude in especially on speed a facilitation
were randomly cognitive stimulation green) (198 trials in total) older adults. of processing in confound (Issue
assigned to (standard physical *Comparison of 2 older adults 1)
exergaming vs exercise serving as age groups No significant
standard physical active control) changes in No control for
exercise magnitudes of the color-
the Stroop effect congruent items
contingency,
leading to a
facilitation issue
due to contingent
responding
(Issue 2)
Lack of control
for changes in
response speed
(possibly Issue
5)
Possible practice
effect (Issue 6)
but greater
benefit in older
adults argues
against simple
practice effect
Low N
participants in
the 4 groups
Hsieh et al. 44 participants: 20-min of moderate Computerized 6 blocks each %ER, RTs (in Experimental*® Post- Acute aerobic Magnitude of
(2018) — young (Mage=24, intensity aerobic item-by-item

consisting of 42

ms), and

analyzing pre- vs

intervention

exercise is

Stroop
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magnitudes of

post-intervention

reduction of the

Journal of N=24) and older  exercise at 60-70% of presentation; color-words items
Clinical (Mage=70, N=20) HRR (Acute aerobic Manual (color- printed in the Stroop effect  Stroop performance  Stroop effect in
Medicine adults, all exercise) vs 20-min coded keys on a congruent color (= RTs/%ER to collected for both the exercise
assigned to both of sitting quietly and computer and 18 color-words color- acute exercise and compared to
aerobic exercise watch a video related keyboard); 3 items printed in incongruent control conditions control
and control to sport science (red, blue, incongruent color trials - color- (counterbalanced condition
activity (passive control green) (360 trials in total) ~ congruent trials) ~ and administered at ~ (however due to
activity) least 96h apart) shorter RTs to
incongruent
*Comparison of 2 trials)
age groups
Konijnenberg 1173 participants 12-month physical Computerized A single block %ER, RTs (in Experimental Post-
and (AGE=7-12) training program item-by-item consisting of 84 ms), and analyzing pre- vs. intervention
Fredriksen assigned to (45 min of moderate presentation; trials including magnitudes of post-intervention reduction of the
(2018) — physical training to high (25-30% of Manual (color- color-words items  the Stroop effect  Stroop performance  Stroop effect in
Scandinavian (PT, N=793) vs. the time) intensity coded keys on a printed in (= RTs/%ER to as function of both the exercise
Journal of control group. physical activity a computer congruent color, color- physical training and control
Public Health Only the 9-12 day) vs. keeping the keyboard); 4 color-words items incongruent vs. control groups (due to
years olds same routine printed in the overall

The physical
activity
intervention
program had no
positive effect on
children’s
executive control

interference
inflated by the
use of a color-
congruent
baseline, creating
a facilitation
confound (Issue

1)

No control for
the color-
congruent items
contingency,
leading to a
facilitation issue
due to contingent
responding
(Issue 2)

Lack of control

for changes in

response speed

(possibly Issue
5)

Possible practice
effect (Issue 6)
although
differences in
interventions
suggest more
than that

No direct
indicator of
inhibition (Issue
7

Low N
participants in
both age groups
Magnitude of
Stroop
interference
inflated by the
use of a color-
congruent
baseline, creating

a facilitation
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performed the (pseudo-passive (blue, green, incongruent color trials — color- reduction of RTs confound (Issue
Stroop task, the control) red, and black) and color-neutral congruent trials) to all items) 1)
7-8 years olds items (colored
performed the squares) Possible
Flanker task (no (contingencies not contingency
information mentioned), issue (Issue 2)
about the presented
contingencies in randomly Improvement
these age groups) consistent with a
normal
developmental
trajectory;

Lack of control

for changes in

response speed

(possibly Issue
5)

No direct
indicator of
inhibition (Issue
7)

Note. Light gray background indicates an “overinterpretation” of reported results and dark grey indicates a clear mismatch between empirical

results and their interpretation.
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Table 2S. Studies using other (perhaps less conclusive) performance indicators of attentional selectivity

Authors, year - Sample size Physical Item Stroop task and Indicators of Study type with Main findings on Main conclusions Observations
Journal N activity/exercise and  presentation; Item-type (with Stroop a design Stroop drawn in the study and Issues
participants, its control if used Response number of trials if performance performance only
groups) modality; available)
Number of
colors
Aadland et al. 697 Measured level of Paper and 3 lists: Number of Correlational No association Physical activity (as No
(2014) — Mental participants physical activity, pencil/list 1 word-reading list correct using physical between physical opposed to motor comparison to
Health and (357 girls and sedentary time, presentation; with color-words responses in 45 activity activity and Stroop skills) is not a way to a non-color
Physical Activity 340 boys, aerobic fitness and Vocal; 3 (red, items printed in seconds in the sedentary time, performance, improve executive words neutral
Mage= 10.2) motor skills blue, green) black; 2 color- incongruent aerobic fitness Positive functions, especially baseline (Issue
naming lists: 1 with color-naming and motor skills associations inhibition 1)
color-words items list only (no levels as between motor
printed in use of baseline) predictors of skills sedentary, No direct
incongruent colors (single measure time, aerobic fitness indicator of
and 1 with color- of) Stroop and Stroop inhibition
neutral items performance performance (Issue 7)
(colored Xs)
Bixby et al. 120 Measured level of Not 3 lists: Number of Correlational Positive association Higher physical Word-reading
(2007) — participants physical activity (via mentioned, 1 word-reading list correct using physical between physical activity levels are condition as
Medicine & (Mage=78.9) the Yale Physical Vocal; 3 (red, with color-words responses in 45 activity as activity and beneficial to inhibitory baseline; No
Science in Sports Activity Survey, green, blue) items printed in seconds for predictor of performance in the executive function in comparison to
& Exercise YPAS) black; 2 color- each condition; (single measure incongruent items older adults a non-color

naming lists: 1 with  Calculation of a of) Stroop and the words neutral
color-words items “predicted performance “interference baseline (Issue
printed in color-word score” 1)
incongruent colors score”: word
and 1 with color- reading score No association No direct
neutral items score*neutral between physical indicator of
(colored Xs) score / word activity and inhibition
reading score + performance in the (Issue 7)
neutral score); word-reading and
Calculation of neutral items
an
“interference
score”:
Incongruent
score —
predicted color
score (A higher
score reflecting
more resistance
to interference)
Prakash et al. 70 participants Measured level of Computerized; A single block RTs (in ms) Correlational Negative Higher levels of fitness No
(2011) — Frontiers (Mage=65) cardiorespiratory Manual consisting of 36 and error rates using CRF as associations are associated with comparison to
in Psychology (keyboard non-color words predictor of between CFR and a non-color

12
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fitness (CRF via a
field test)

with three
colored
buttons); 3
(green, purple,
red)

items printed in
color, 36 color-
words items printed
in congruent color,
36 eligible color-
words items printed
in incongruent
color, 36 ineligible
color-words items
printed in
incongruent color
presented in a
counterbalanced
order (144 trials in
total)

for each
condition

(single measure
of) Stroop
performance

both RTs and error
rates to the
incongruent-eligible
condition

better attentional
control

words neutral
baseline (Issue

1

No control of
the color-
congruent

items
contingency
(Issue 2)

Ramnath et al.
(2018) — PLoS
ONE

70 participants

(Mage=71)

Measured level of
physical activity (via
the Yale Physical
Activity Survey,
YPAS) and measured
level of fitness and
functional
performance (via a
field test battery
assessing grip
strength, functional
reach, and balance)

Computerized;
Manual
(color-coded
response
button); 4
(red, blue,
green, yellow)

2 blocks consisting
of a word-reading
condition (color
words printed in
gray ink), and a
color-naming
conditions with
color-words items
printed in
incongruent colors
(no information
about the
contingencies)

Mean RTs and
accuracy for
the incongruent
condition
(correct
responses,
errors, missed
responses)

Correlational
using physical
activity,
physical fitness
and functional
performance as
predictors of
(single measure
of) Stroop
performance

Positive association
between functional
performance
and the number of
correct responses to
the incongruent
items.

No association
between physical
activity levels and all
Stroop Task
variables

Individuals with higher
functional performance
have better executive
functions

No
comparison to
a non-color
words neutral
baseline (Issue

1

Possible
contingency
issue (Issue 2)

No direct
indicator of
inhibition
(Issue 7)

Salas-Gomez et
al. (2020) —
Forntiers in

Human
Neuroscience

206
participants
(university

students,
Mage=19.6)

Measured level of
physical activity (PA,
via the International
Physical Activity
Questionnaire Short
Version, IPAQ-SF)

Paper and
pencil; Vocal;
3 (red, blue,
green)

3 lists (no
information about
the contingencies):
1 word-reading list
with color-words
items printed in
black; 2 color-
naming lists: 1 with
color-words items
printed in
incongruent colors
and 1 with color-
neutral items
(colored Xs)

Number of CR
completed in
45 sec for each
list

Correlational
using PA as
predictor of

(single measure

of) Stroop
performance

Positive association
between PA level
and the number of
CR in each Stroop

condition

Beneficial relationship
between PA and
cognition in young
adults.
Physical activity might
improve aspects of
executive function
such as the ability to
inhibit stimuli that
trigger automatic
responses, cognitive
control ability, and
mental flexibility in
university student

No
comparison to
a non-color
words neutral
baseline (Issue

1

No direct
indicator of
inhibition
(Issue 7)

Aly and Kojima
(2020) —
Psychophysiology

30 participants

(Mage-21)

Measured level of
physical activity (via
International Physical

Activity
Questionnaire, IPAQ)

Computerized
item-by-item
presentation;
Manual
(Response box

A single block
consisting of 60
color-words items
printed in
congruent color and

%ER, mean
RTs (in msec)
and
intraindividual
variability (as

Experimental*

comparing

(single measure

of) Stroop

performance as a

General decrease in
response speed (i.c.,
shortened RTs in
each condition and
item-type) and

Physical activity is
associated with lower
distractibility and
better inhibition in the
Stroop task

No
comparison to
a non-color
words neutral

13
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congruent colors 1
with color-words
items printed in
incongruent colors,
1 with color-neutral

sport group

*determination
of groups based
on sport practice

resulting in with 4 60 color-words reflected by function of Reduced variability baseline (Issue
comparison of more response keys items printed in mean SDs) more or less in more active vs. 1)
(N=15) vs. less labeled (in incongruent color, observed active group less group
(N=15) active group Kanji- requiring either separately for No significant No control of
characters) as color or word each condition *determination differences in errors the color-
red, green, meaning and item-type of groups based congruent
blue and identification (cued on measured items
yellow) by a square vs. levels of PA contingency
diamond flanker), (Issue 2)
presented
randomly (240 No direct
items in total) indicator of
inhibition
(Issue 7)
Boucard et al. 123 Median split applied Paper and 3 lists: %CR Experimental*® Reduced Effect of physical Word-reading
(2012) — Journal participants: to measured level of pencil/list 1 word-reading list completed in comparing magnitudes of the activity on specific condition as
of Sport and Young physical fitness (via presentation; with color-words 45 sec for each (single measure “interference” in executive functions, baseline; No
Exercise (Age=18-28, accelerometry) Vocal; 3 (red, items printed in list and of) Stroop active as compared especially inhibition. comparison to
Psychology N=63), young- resulting in green, blue) black; 2 color- magnitudes of performance as non-active group - a non-color
old (60-70 comparison of active naming lists: 1 with  “interference” function of age effect Positive link between words neutral
years old, and non-active color-words items computed as and active vs mediated by the level physical activity, baseline (Issue
N=30), and old subgroups printed in [(word reading non-active of cardiovascular cardiovascular 1)
(71-81 years incongruent colors score x neutral group fitness fitness, and inhibition
old, N=30) and 1 with color- score) / (word in aging Calculation of
adults. Each neutral items reading score + Additional the
age group (colored Xs) neutral score)] analyses of interference
subdivided into ratio. mediation not based on
active and Conversion of the
non-active the raw scores *determination incongruent
subgroups into Z-scores of groups based condition
on measured
levels of No direct
physical fitness indicator of
inhibition
(Issue 7)
Chang et al. 60 participants Measured levels of Paper and S lists each Completion Experimental* No effect of No positive No
(2017) — Journal (Mage=21.1): physical fitness pencil/list consisting of 50 times for each comparing physical fitness on relationship between  computation of
of Sport and Endurance (cardiovascular presentation; trials: 1 word- condition (single measure any Stroop sport expertise and the Stroop
Health Science (N=20), fitness, muscular Vocal; Not reading list with of) Stroop condition general cognitive interference
martial arts endurance and mentioned color-words items performance as abilities (notably despite the use
(N=20), and flexibility, agility and printed in black; 4 function of perceptual speed and of a color-
recreational power of motor color-naming lists1 Endurance vs executive function as neutral words
(N=20) fitness) (via field with color-words martial arts vs measured by the Stroop condition
athletes tests) items printed in recreational task)

No control of
the color-
congruent

items
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word items printed
in color and 1 with
color-neutral items
(colored squares)

contingency
(Issue 2)

No analysis of
errors
(possibly Issue
4)

Gajewski and 40 participants Measured level of Computerized 2 blocks each Error rate, Experimental*® Higher error rates These results question ~ Word-reading
Falkenstein (Mage=73.2): physical activity version, item- consisting of 52 mean RTs, and comparing in the color-naming the assumption that condition as
(2015) — Brain (assessed via the by-item trials: 26 color- individual SDs.  (single measure block and physical activity baseline; No
and Cognition Liidenscheid Activity = presentation +  words items printed ~ An interference of) Stroop incongruent items enhances inhibitory comparison to
Questionnaire), and Paper and in congruent colors index was performance as for the low-active processing; rather, a non-color
measured level of pencil/list incongruent and 26 calculated only function of group physical activity is words neutral
physical fitness presentation; color-words items in the paper highly active vs ~ No group difference associated with lower  baseline (Issue
(assessed via a teston  Manual for the printed in and pencil low active in the RTs distractibility in 1)
a bicycle ergometer), computerized  incongruent colors, version by group Higher interference Stroop interference
resulting in the version with presented subtracting the index for the low No control of
identification of a buttons randomly. The first  time to perform *determination active group in the color-
“highly active” group  corresponding  block was a word- the word- of groups based comparison to their congruent
(N=20) and a “low to each of the reading condition reading on measured active counterparts items
active” group (N=20) four colors; and the second condition levels of contingency
The groups were Not block was a color- (block 1) to the  physical activity (Issue 2)
matched regarding mentioned for naming condition time to perform
gender, age, and the paper and (color-words in the color- Possible
education pencil version; colored ink) (104 naming practice effect
4 (red, green, trials in total) condition (issue 6) due
yellow, blue) These two blocks (block 2) to the
were performed in completion of
both the paper and both
pencil and computerized
computerized and paper
versions of the task version
No direct
indicator of
inhibition
(Issue 7)
Gajewski et al. 246 Measured level of Computerized 3 blocks: Error rate, Experimental* High performing Old high performing Word-reading
(2020) — participants: physical activity in version + 1 word-reading mean RTs, and comparing old adults did not adults display condition as
Neurolmage young the past two years Paper and block consisting of  individual SDs.  (single measure differ from middle executive function baseline; No
(Mage=25.1, (assessed with the pencil/list 52 trials: 26 color-  An interference of) Stroop aged-adults in RTs levels that are comparison to
N=36), Liidenscheid Activity presentation; words items printed index was performance as to incongruent items comparable to middle- a non-color
middle-aged Questionnaire), and Manual for the  in congruent colors  calculated only function of and interference aged adults words neutral
(Mage=46.5, measured level of computerized  incongruent and 26 in the paper young vs index baseline (Issue
N=58), older physical fitness version with color-words items and pencil middle-aged vs 1)
(Mage=70.6, (assessed with a test buttons printed in version by older-low
N=152) adults on a bicycle corresponding  incongruent colors, subtracting the performing vs No control of
ergometer), resulting to each of the presented time to perform older-mid the color-
in the identification of four colors; randomly; the word- performing vs congruent
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low-, mid- and high-
performing
subgroups in old
adults

Not
mentioned for
the paper and
pencil version;
4 (red, green,
yellow, blue)

1 color-naming
block consisting of
146 trails: 26 color-
words items printed
in congruent colors
incongruent and 26

color-words items
printed in
incongruent colors;
1 switching block
consisting of 146
trials including
word-reading and
color-naming items
in function of a cue
on the screen (146
items). The two
first blocks were
also performed in
the paper and
pencil version

reading
condition to the
time to perform
the color-
naming
condition

older-high
performing
adults group

*determination
of groups based
on age and
measured levels
of physical
activity

items
contingency
(Issue 2)

Possible
practice effect
(issue 6) due
to the
completion of
both
computerized
and paper
version

No control of
the color-
congruent

items
contingency
(Issue 2)

No direct
indicator of
inhibition
(Issue 7)

(2020) —
International
Journal of
Environmental
Research and
Public Health

Goenarjo et al.

56 male
participants
(Mage=22.1)

Measured level of
physical activity (via
the Global Physical
Activity
Questionnaire,
GPAQ), and
Measured level of
cardiorespiratory
fitness (CRF) (via a
graded maximal

exercise test) resulting

in the identification of
an “active” (N=26)
and “inactive”
(N=30) groups

Computerized;
Manual
(color-coded
keys on a
computer
keyboard); 4
(red, blue,
green, yellow)

3 blocks each
consisting of 60
trials: 1 with color-
words items printed
in congruent colors,
1 with color-words
items printed in
incongruent colors
and 1 switching
block with color-
words items printed
in incongruent
color,
requiring either
color or word
meaning in
function of a cue on
the screen

% of correct
responses
(%CR) and
mean RTs for
each condition

Experimental*
comparing
(single measure
of) Stroop
performance as
function of
active vs
inactive group

*determination
of groups based
on measured
levels of
physical activity

Reduced RTs to the
switching items for
the active group in
comparison to the
inactive group

No other group
difference in RTs in
the other conditions

and in accuracy

Physical activity levels
are beneficial to
executive functioning,
especially switching
but not inhibition (as
reflected by the
absence of group effect
in the incongruent
condition)

No
comparison to
a non-color
words neutral
baseline (Issue
1)

No control of
the color-
congruent

items
contingency
(Issue 2)

No direct
indicator of
inhibition
(Issue 7)

Change in
switching
performance
difficult to
interpret in the
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absence of
change in the
incongruent
items
Goenarjo et al. 24 male Measured level of Computerized; 3 blocks each % of correct Experimental*  Reduced RTs to the Positive association No
(2021) - participants cardiorespiratory Manual consisting of 60 responses comparing switching items for between comparison to
Physiology & (Mage=60.4), 2 fitness (CRF) (viaa (color-coded trials: 1 with color- (%CR) and (single measure  the higher-fit 61-69 cardiorespiratory a non-color
Behavior age groups: graded maximal keys on a words items printed ~ mean RTs for of) Stroop years old in fitness and executive words neutral
55-60 years exercise test) resulting computer in congruent colors,  each condition performance as  comparison to lower- functions in older baseline (Issue
old (N=14) and  in the identification of = keyboard); 4 1 with color-words function of fit group adults 1)
61-69 years a “higher-fit” and (red, blue, items printed in higher-fit vs
old (N=10) “lower-fit” subgroups  green, yellow)  incongruent colors lower-fit group No other group No control of
for each age groups and 1 switching difference in RTs in the color-
block with color- *determination the other conditions congruent
words items printed of groups based and in accuracy items
in incongruent on measured contingency
color, levels of (Issue 2)
requiring either cardiorespiratory
color or word fitness and age Change in
meaning in switching
function of a cue on performance
the screen difficult to
interpret in the
absence of
change in the
incongruent
items
Low N
participants
O’Brien et al. 35 participants Measured level of Computerized, 3 blocks each Mean RTs (in Experimental* Reduced RTs to Older active adults had No
(2021) - physical activity item-by-items consisting of 60 ms) in each comparing switching items for superior cognitive comparison to
GeroScience (PA) (assessed via a presentation; trials: 1 with color- condition, (single measure the active group in flexibility than their a non-color
step-count device), Manual words items printed accuracy (not of) Stroop comparison to the inactive peers; habitual words neutral
Measured level of (color-coded in congruent colors,  reported in the performance as inactive group physical activity is an baseline (Issue
cardiorespiratory keys on a 1 with color-words  results because function of important contributor 1)
fitness (CRF) (via a computer items printed in of high Inactive vs Negative to executive functions
graded maximal keyboard); 4 incongruent colors accuracy) Active group associations between in cognitively healthy No control of
exercise test) resulting (red, blue, and 1 switching levels of physical older adults the color-
in the identification of  green, yellow) block with color- *determination  activity and CRF and congruent
an Inactive group words items printed of groups based ~ RTs to the switching items
(N=16, Mage=68) and in incongruent on measured condition contingency
Active group (N=19, color, levels of PA and (Issue 2)
Mage=066) requiring either CRF
color or word Change in
meaning switching
performance
difficult to

interpret in the

17



Running head: Examining attentional boost in the Stroop task

absence of
change in the
incongruent
items

Low N
participants

Aguirre-Loaiza
et al. (2019) -
Frontiers in
Psychology,
Experiment 1*

54 physically
active
participants
(Mage = 20.7)
assigned to the
exercise
(N=25) vs.
control (N=29)
group

45-min session of
indoor cycling at 75-
85% HRmax (acute
aerobic exercise) vs
rest (passive control
group)

Paper and
pencil/list
presentation;
Vocal; Not
mentioned

2 lists each
consisting of 84
trials: 1 word-
reading list with
switch to color-
naming for
highlighted items
(Stroop A) and 1
word-reading list
with switch to
color-naming on
the experiment’s
signal (Stroop B).
No information
about the word
color congruency
of the items

% of correct
responses
(%CR) and
completion
times (in sec)
in each list

Experimental
analyzing pre-
and post-test
Stroop
performance as a
function of acute
aerobic exercise
vs. control group

Post-test
improvement in
% CR on Stroop A
list in both groups;
Post-test
improvement in
completion time on
Stroop B list in
control group

Results reflect a

cognitive reserve in

young active
participants; the
exercise intensity

turned out detrimental
to inhibitory control

No
comparison to
a non-color
words neutral
baseline (Issue

)

Possible
contingency
issue (Issue 2)

Performance
of the control
group suggests
a practice
effect (Issue
6)

No direct
indicator of
inhibition
(Issue 7)

Aguirre-Loaiza
et al. (2019) -
Frontiers in
Psychology,
Experiment 2*

36 physically
inactive
participants
(Mage = 21.6)
assigned to the
exercise
(N=10) vs
control (N=
26) group

30-min session of
indoor cycling at 75-
85% HRmax (acute
aerobic exercise) vs
rest (passive control

group)

Paper and
pencil/list
presentation;
Vocal; Not
mentioned

2 lists each
consisting of 84
trials: 1 word-
reading list with
switch to color-
naming for
highlighted items
(Stroop A) and 1
word-reading list
with switch to
color-naming on
the experiment’s
signal (Stroop B).
No information
about the word
color congruency
of the items

% of correct
responses
(%CR) and
completion
times (in sec)
in each list

Experimental
analyzing pre-
and post-test
Stroop

performance as a

function of
acute aerobic

exercise vs
control group

Post-test
improvement in
% CR on Stroop A
list in exercise
group;
Post-test
improvement in
%CR on Stroop B
list in control group

Acute physical exercise

tends improve

inhibitory control in
physically inactive

participants,

No
comparison to
a non-color
words neutral
baseline (Issue

)

Possible
contingency
issue (Issue 2)

Performance
of the control
group suggests
a practice
effect (Issue
6)

No direct
indicator of
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inhibition
(Issue 7)
Barella et al. 40 participants 20 min of walkingon  Computerized; 1 block consisting Mean RTs per Experimental Immediate effects: Acute exercise has No
(2010) — Journal (Mage=69.5) a treadmill (Acute Vocal (RTs of 20 color-neutral condition and analyzing pre- Reduced RTs to the short-term benefits comparison to
of Aging and assigned to an aerobic exercise were recorded items (colored Os) per block vs immediately neutral, for speed of a non-color
Physical Activity Aerobic group) vs sitting with a sound and 20 color-words after vs 12 times incongruent, and processing but does words neutral
exercise quietly and having a detection items printed in post- negative priming not affect other types baseline (Issue
(N=20) vs general conversation program); 4 incongruent color, intervention* items immediately of cognitive 1)
Control with the investigator (red, green, presented randomly Stroop after exercise in functioning such as
(N=20) during 25 min blue, yellow) 1 “negative performance as a comparison to executive function No analysis of
group (passive control priming” block function of acute control activity and inhibition in errors
group) consisting of 20 aerobic exercise healthy older adults; (possibly Issue
color-words items vs. control Delayed effects: the absence of 4)
printed in activity Reduced RTs to the  difference between the
incongruent color neutral, exercise and control Lack of
(the ink color of *the time incongruent, and conditions in the control for
each word was the intervals were: negative priming delayed effects changes in
same as the color immediately items after both suggests a practice response speed
word stimulus on after and 5, 10, exercise and control effect (possibly Issue
the previously 15, 20, 30, 45, activity 5)
presented item) (60 60, 75, 90, 105,
items in total) and 120 min Performance
post-exercise of the control
group in the
delayed effects
suggests a
practice effect
(Issue 6)
No direct
indicator of
inhibition
(Issue 7)
Chang et al. 30 participants 20-min steady-state Computerized; 6 color-naming Mean RTs and Experimental Reduced Moderate intensity No
(2017) - (Mage=22.7): exercise performed at Manual blocks each accuracy for comparing completion times acute exercise results in  comparison to
Psychophysiology  all performed 60-70% of HRR (color-coded consisting of 38 each condition Stroop for congruent and a generalized rather a non-color
aerobic (acute aerobic buttons on a color-words items performance incongruent items than selective (i.c., words neutral
exercise and exercise) vs reading response printed in collected after after the aerobic executive) baseline (Issue
control physical activity pane); 3 (red,  congruent color and aerobic exercise exercise activity improvement in 1)
sessions related books for blue, green) 22 color-words AND control compared to control cognition
approximately 30 min items printed in activity No control of
(passive control incongruent color (administered in No change in the color-
session) (360 trials in total) counter- accuracy congruent
balanced order items
72 hours apart) contingency
(Issue 2)
No direct

indicator of
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intensity
(N=16), 100%
intensity
(N=17) vs
Control
(N=16) group

experimental groups,
40%, 70%, and 100%)
vs watching a video
on resistance exercise
training (passive
control group)

mistake, the
examiner said
“incorrect”,
pointed to the
stimulus that
resulted in the
mistake and
the participant
was instructed
correct his/her
mistake and
then to
continue; Not
mentioned

color-naming lists:
1 with color-words
items printed in
incongruent colors
and 1 with color-
neutral items
(colored rectangles)

function of acute
resistance
exercise vs.
control group

compared to control
and reduced
completion times
for the incongruent
items list after the
moderate (70%)
intensity exercise

executive
function due to
the lack of
relevant
comparisons
(Issue 7)
Chang and 41 participants 2 sets of 10 Not 3 lists (no Completion Experimental Reduced Acute resistance No
Etnier (2009a) — (Mage=49.1 repetitions for 6 mentioned; information about times for each analyzing pre- completion times exercise benefits speed  comparison to
Psychology of assigned to a exercises (acute Vocal; Not the contingencies): condition and post-test for the word- of processing but not a non-color
Sport and Resistance resistance exercise, mentioned 1 word-reading list Stroop reading and neutral inhibition words neutral
Exercise exercise 45 min) vs reading a with color-words performance asa  items lists after the baseline (Issue
(N=22) vs pamphlet related to items printed in function of acute resistance exercise 1)
Control resistance exercise black; 2 color- resistance activity compared to
(N=19) group (passive control) naming lists: 1 with exercise vs. control No analysis of
session color-words items control group errors
printed in (possibly Issue
incongruent colors 4)
and 1 with color-
neutral items Lack of
(colored rectangles) control for
changes in
response speed
(possibly Issue
5)
Chang and 65 participants 2 sets of 10 Paper and 3 lists (50 trials Completion Experimental Reduced There is a dose- No
Etnier (2009b) — (Mage=25.9) repetitions for each of pencil/list each): 1 word- times for each analyzing pre- completion times response relationship comparison to
Journal of Sport assigned to a six muscle groups presentation; reading list with condition and post-test for the neutral items between the intensity a non-color
and Exercise 40% intensity (Acute resistance Vocal — In color-words items Stroop lists after all of resistance exercise words neutral
Psychology (N=16), 70% exercise, 3 separate case of printed in black; 2 performance asa  exercise conditions and cognitive baseline (Issue

performance: high-
intensity exercise
benefits speed of
processing, but
moderate intensity
exercise is most
beneficial for
executive function (as
assessed by the
incongruent condition)

1

No control of
the color-
congruent

items
contingency
(Issue 2)

No analysis of
errors
(possibly Issue
4)

No direct
indicator of
executive
function due to
the lack of
relevant
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comparisons

control) session

with color-words
items printed in
congruent colors, 1
with color-words
items printed in
incongruent colors,
1 with color-neutral
word items printed
in color and 1 with
color-neutral items
(colored squares)

(administered in
counter-
balanced order
48 hours apart)

RT and post-test RT
as a function of
exercise for
the incongruent
condition

(Issue 7)
Chang et al. 30 participants 2 sets of 7 resistance Paper and 5 lists each Completion Experimental Reduced Acute resistance No
(2014) — Journal (Mage=58.1): exercises (Acute pencil/list consisting of 50 times for each comparing completion times exercise facilitates computation of
of Science and All performed resistance exercise) presentation; trials: 1 word- condition Stroop for all Stroop lists general cognition but the Stroop
Medicine in Sport Resistance vs reading materials Vocal; Not reading list with performance after the exercise has a more beneficial interference
exercise and related to physical mentioned color-words items collected after session compared to effect on processes despite the use
Control activity and mental printed in black; 4 resistance the control session; involving executive of a color-
sessions health (passive color-naming lists1 exercise AND largest difference control neutral words
control activity between pre-test condition

No control of
the color-
congruent

items
contingency
(Issue 2)

No analysis of
errors
(possibly Issue
4)

No direct
indicator of
executive
function due to
the lack of
relevant
comparisons
(Issue 7)

31 participants
(Mage=71.7)
assigned to the
Aerobic group
(N=17) vs
Resistance
group (N=14)

Johnson et al.
(2016) — Journal
of Aging and
Physical Activity

Intense cycling
session on an
ergometer (acute
aerobic exercise) vs 5
strength exercises on
machines (acute
resistance exercise):
No control group

Each group performed
10- min and 30-min
duration sessions one
week apart

Computerized;
Vocal (RTs
were recorded
with a sound
detection
program); 4
(red, blue,
green, yellow)

3 blocks each
consisting of 20
trials: 1 with color-
words items printed
in incongruent
colors, 1 with
color-neutral items
(colored Xs), and 1
with two successive
similar color-word
items printed in
incongruent colors
(negative priming
list)

Mean RTs per
condition and
per block

Experimental
comparing
Stroop
performance
collected
immediately, 30
minutes, and 60
minutes after
10min duration
AND 30min
duration acute
aerobic exercise
vs 10min
duration AND
30min duration
resistance
exercise

Reduced RTs to the
negative priming
condition
immediately post-
exercise,
independently of the
group (aerobic or
resistance)
or exercise bout
duration
At 60 min post-
exercise, reduced
RTs to the neutral
items after the 10
min exercise bout

The improved
performance in the
negative priming

condition suggests that

an acute bout of

exercise can improve

cognitive performance,
and in particular, the

more complex
executive functioning
(i.e., inhibition) in
older adults

No
comparison to
a non-color
words neutral
baseline (Issue

)

No control of
the color-
congruent

items
contingency
(Issue 2)

No analysis of
errors
(possibly Issue
4)
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Possible
practice effect
(Issue 6)

Change in
negative
priming

difficult to

interpret in the
absence of
change in the
incongruent
items

Low N
participants

Sibley et al.
(2006) — Journal
of Sport and
Exercise
Psychology

79 participants
(Mage=22.5)

20 min of self-paced
moderate-intensity
exercise on a
treadmill (Acute
aerobic exercise) vs
sitting quietly and
reading material
(passive control
activity)

Computerized
(Stimuli were
presented in
list format);
Vocal; 4 (red,
blue, green,
yellow)

3 color-naming lists
each consisting of
30 items: 1 with
color-neutral items
(colored Xs), 1
with color-words
items printed in
incongruent colors,
and 1 with two
successive similar
color-word items
printed in
incongruent colors
(negative priming
list)

Completion
times (in sec)
in each list,
errors (not
reported
because of high
accuracy)

Experimental
comparing
Stroop
performance
collected after
acute aerobic
exercise AND
after control
activity
(administered in
counter-
balanced order 7
days apart)

Reduced
completion times in
the incongruent list

after exercise.
Significant
order*session
interaction for all
Stroop conditions
showing that
participants had
faster responses in
the second session;
No significant
change in the two
other lists

The session effect
suggests a learning or
practice effect.

Acute exercise leads to

an improvement in

executive functioning
related to maintenance

of goal-oriented

processing, but not in

processing speed and
inhibition

No
comparison to
a non-color
words neutral
baseline (Issue

1

Practice effect
(Issue 6)

No analyses of
pre-session
RTs

Sugimoto et al.
(2020) —
Physiological
Reports

20 participants
(Mage=21); all
performed
Repeated
exercise bout
and Single
exercise bout
sessions

2 20-min bouts,
separated by a 20-min
sitting rest (Repeated
Exercise, R-EX)) vs 1

40-min bout (Single
Exercise bout, S-EX)
(Acute moderate
intensity aerobic
exercise); no control
group

Computerized,
item-by-item
presentation;

Manual
(color-labeled
keypad); 4
(red, blue,
green, yellow)

3 lists each
consisting of 24
trials: 1 word-
reading list with
color-words items
printed in black; 2
color-naming lists:
1 with color-words
items printed in
congruent colors
and 1 with color-
words items printed
in incongruent
colors

Reaction times
and response
accuracy,
Calculation of
the “reverse-
Stroop
interference”
score:
(RTincongruent
— RTword
reading) /
RTword
reading x 100

Experimental
comparing
Stroop
performance
collected before,
immediately
after, 10 min
after vs 30 min
after the
Repeated AND
Single exercise
(administered in
counter-
balanced order
72 hours apart)

Reduced RTs to the
word-reading and
congruent list
immediately post
exercise; this
reduction remained
after until 10min
post-exercise

Reduction of the
reverse-Stroop
interference score,
immediately post
exercise

Both repeated exercise

and single exercise
bouts have beneficial
immediate effects on

inhibitory control

Word-reading
condition as
baseline; No

comparison to
a non-color

words neutral
baseline (Issue

1

No control of
the color-
congruent

items
contingency
(Issue 2)
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Possible
practice effect
(Issue 6)
No direct
indicator of
inhibition
(Issue 7)
Tomoo et al. 22 male High-Intensity Computerized, 3 lists each Reaction time Experimental Reduced RTs to all The two resistance Word-reading
(2020) — participants resistance exercise item-by-item consisting of 24 and response comparing lists immediately training interventions condition as
Physiological (Mage=21.2); condition (HRE) presentation; trials: 1 word- accuracy; Stroop post exercise; this have beneficial baseline; No
Reports all performed (70% of 1-RM) vs Not reading list with Calculation of performance reduction remained immediate effects on comparison to
the High- High-Volume low- mentioned; 4 color-words items the “reverse- collected before, after until 10min inhibitory control a non-color
Intensity intensity resistance (red, blue, printed in black; 2 Stroop immediately post-exercise for the words neutral
resistance exercise condition green, yellow)  color-naming lists: interference” after, 10 min, 20 word-reading and baseline (Issue
exercise (HV-LRE) (35 % of 1 with color-words score: min after, after incongruent list and 1)
condition and 1-RM) (Acute items printed in (RTincongruent  vs 30 min after 20min for the
the High- resistance exercise); congruent colors —RTword the High congruent list No control of
Volume low- no control group and 1 with color- reading) / Intensity AND the color-
intensity words items printed RTword Low intensity Reduction of the congruent
resistance in incongruent readingl x 100 exercise reverse-Stroop items
exercise colors (administered in ~ interference score; contingency
counter- this reduction (Issue 2)
balanced order remained after until
72 hours apart) 30 min post-exercise Possible
practice effect
(Issue 6)
No direct
indicator of
inhibition
(Issue 7)
Zimmer et al. 121 Low vs moderate vs Computerized 4 blocks each Mean RTs (in Experimental Reduced RTs to the  Exercise intensity (and ~ Word-reading
(2016) — participants high intensity exercise  item-by-item consisting of 128 ms); medians analyzing pre- word-reading subsequent enhanced condition as
European Journal (Mage=23.8) bouts (acute aerobic presentation; trials per condition:  of RTs at word- Vs post- condition after high- serum 5-HT levels) baseline; No
of Applied assigned to exercise) vs Manual 1 word-reading reading intervention intensity exercise in leads to improved comparison to
Physiology Low intensity supervised low- (keyboard block consisting of baseline and Stroop comparison to low- response inhibition as a non-color
(N=30), intensity myofascial with four color-words naming performance as a intensity exercise reflected by the words neutral
Moderate relaxation training colored presented in baseline function of acute changes in the reading  baseline (Issue
intensity (active control buttons); 4 colored ink; 2 (colored aerobic exercise A non-significant and the reverse Stroop 1)
(N=30), High group) (red, green, color-naming rectangles). A (3 intensities) vs tendency for a RT effect
intensity blue, yellow)  blocks: 1 consisting software control reduction to the No control of
(N=31) vs of colored computes the “Reverse Stroop the color-
control group rectangles and 1 Stroop effect Additional effect” after Low congruent
(N=30) with color-words by subtracting analyses of Intensity in items
items printed in RTnaming serum 5-HT comparison to the contingency
incongruent colors; from median concentrations - oderate intensity (Issue 2)
1 reverse condition RT of each not discussed exercise
Stroop here
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(word-reading
incongruent items).

condition;
Computation of

No analysis of

errors
the “Reverse (possibly Issue
Stroop effect” 4)
as the balance
between Possible
median RT at practice effect
Stroop (Issue 6)
condition and
RT at reading No direct
condition indicator of
inhibition
(Issue 7)
Kim (2015) — 14 participants 8-week Tackwondo Paper and 3 lists: Number of Experimental Post-test The exercise training No
Journal of (Mage=20.6) training program pencil/list 1 word-reading list correct analyzing pre- improvement in intervention improved comparison to
Exercise assigned to the  (85-minute sessions, 5 presentation; with color-words responses in 45 and post-test number of correctly cognitive functions a non-color
Nutrition & Exercise group sessions per week); Vocal; 3 (red, items printed in seconds for Stroop identified items in words neutral
Biochemistry (N=7) vs the No information about green, blue) black; 2 color- each condition  performance as a the word-reading baseline (Issue
Control group the control group naming lists: 1 with function of and neutral lists 1)
(N=7) intervention color-words items training program
printed in vs. control group No significant Lack of
incongruent colors change in the control for
and 1 with color- incongruent changes in
neutral items condition response speed
(colored Xs) (possibly Issue
5)
Low N
participants
Ludyga et al. 35 participants 8-week physical Computerized; 4 blocks each Accuracy rates Experimental Reduced post-test The combined aerobic No
(2019) — Journal (Age=12-15) training program Manual consisting of 36 and RTs (in analyzing pre- RTs to incongruent and coordinative comparison to
of Science and assigned to (20-min exercise (button on a trials including 18 ms) in the vS. post- items in the exercise ~ exercise program led to a non-color
Medicine in Sport Physical sessions, moderate response box); color-words items incongruent intervention group compared to improvements in words neutral
training group intensity aerobic and Not printed in condition Stroop the control group. inhibitory control baseline (Issue
(N=19) vs coordinative mentioned congruent color and performance as No change in 1)
Control group exercise), 5 days a 18 color-words function of accuracy
(N=16) week vs social items printed in physical No control of
interaction with incongruent color training vs the color-
classmates during the presented randomly passive control congruent
intervention groups’ (144 trials in total) items
exercise sessions contingency
(passive control (Issue 2)
group)
Improvement
consistent with
a normal
developmental
trajectory;
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Lack of
control for
changes in

response speed
(possibly Issue
5)

No direct
indicator of
inhibition
(Issue 7)

Low N
participants

Tuliano et al. 80 participants 12-week training Not 3 lists: Number of Experimental No change in Stroop The interventions did Word-reading
(2015) - (Mage=67) program mentioned, 1 word-reading list correct analyzing pre- performance for not lead to condition as
Experimental assigned to the (cardiovascular, Vocal; 3 (red, with color-words responses in 45 and post-test either group significant baseline; No
Gerontology Resistance resistance, postural), 3 green, blue) items printed in seconds for Stroop improvements in comparison to
training group sessions/week vs no black (T1); 2 color-  each condition;  performance as a executive functions a non-color
(N=20), intervention (passive naming lists: 1 with the Stroop function of (and notably selective words neutral
Cardiovascular control group) color-neutral items interference cardiovascular attention, visual baseline (Issue
training group (colored circles) was calculated vs resistance vs attention. and 1)
(N=20), (T2) and 1 with as: (T3-(Tl+  postural training inhibitory control as
Postural color-words items T2))/2; only the programs vs measured by the Stoop No direct
training group printed in interference control task) indicator of
(N=20) vs incongruent colors scores are inhibition
Control group (T3) reported (Issue 7)
(N=20)
Maillot et al. 30 participants 12-week active video Not 4 lists: Number of Experimental Greater change Exergames No
(2012) - (Mage=73.5) game (exergames) mentioned, 1 word-reading list correct analyzing pre- score in both the training is beneficial to  comparison to
Psychology and assigned to training program Vocal; Not with color-words responses in 45 Vvs. post- incongruent and executive functions a non-color
Aging Intervention (one-hour sessions, mentioned items printed in seconds to the intervention (6 flexibility lists words neutral
group (N=15) twice a week) vs no black; 2 color- incongruent months) Stroop after the training baseline (Issue
vs Control intervention (passive naming lists: 1 with and flexibility performance as program than control 1)
group (N=16) control group) color-words items conditions; A function of for both
printed in “change score” physical No direct
incongruent colors was calculated training vs indicator of
and 1 consisting of by subtracting passive control executive
colored Xs; 1 the pretest function due to
switching list score from the the lack of
including word- posttest score relevant
reading and color- for the comparisons
naming incongruent (Issue 7)
incongruent items and flexibility
in function of a cue conditions Low N
participants
Predovan et al. 67 participants 12-week aerobic Paper and 4 lists each Mean RTs and Experimental* Reduced post-test The benefits of an No
(2012) — Journal (Mage=67.9) training program pencil/list consisting 100 accuracy for analyzing pre- RTs and greater aerobic training comparison to
assigned to the (60-min sessions, presentation; trials: 1 word- each condition; Vvs. post- change score in the program occur a non-color
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of Aging
Research

Intervention
group (N=32)
vs Control
group (N=35)

three sessions per
week) vs no training
intervention (passive
control group)

Vocal; 5
(black, red,
blue, green,

yellow)

reading list with
color-words items
printed in black; 2
color-naming lists:
1 with color-words
items printed in
incongruent colors
and 1 with color-
neutral items
(colored
rectangles); 1
switching list with
color-words items
printed in
incongruent color,
requiring either
color or word
meaning
identification (cued
by a square)

For each
Stroop
condition, a
score
measuring the
amount of
change
between the
pre- and post-
test was
computed as
follows: pre-
test minus post-
test score

intervention
Stroop
performance as
function of
physical
training vs
passive control

* determination
of groups based
on participants’
order of
recruitment and
their willingness
to engage in
training program

switching list after
exercise in
comparison to
control

primarily on executive
functions (inhibition
and shifting). The
absence of change in
the incongruent
condition suggests that
the improvement
occurs in the switching
domain

words neutral
baseline (Issue

1

Lack of
control for
changes in

response speed
(possibly Issue
5)

No direct
indicator of
inhibition
(Issue 7)

Castelli et al.
2011) -
Preventive
Medicine

59 participants
(Mage=8.8)

9-month 120-minute
daily school-based
physical training
program
(Participants wore a
heart rate monitor
during the physical
exercise session); no
control group

Not
mentioned;
Vocal; Not
mentioned

3 lists:

1 word-reading list
with color-words
items printed in
black; 2 color-
naming lists: 1 with
color-words items
printed in
incongruent colors
and 1 with color-
neutral items
(colored Xs)

Number of
correct
responses in 45
seconds for
each condition;
Computation of
an interference
score with a
software (Not
reported in the
results; no
details about its
calculation)

Experimental
analyzing pre-
and post-test
Stroop
performance as a
function of
physical training

Post-test
improvement in
correct responses in

all Stroop conditions.

Positive
associations
between the

percentage of time
spent above the
target heart zone
during the training
program and
performance in the
incongruent
condition

The time spent at high
heart rate during
physical activity

sessions (suggesting
vigorous physical
activity) is beneficial to
executive functions

No
comparison to
a non-color
words neutral
baseline (Issue

)

Improvement
consistent with
a normal
developmental
trajectory;
Lack of
control for
changes in
response speed
(possibly Issue
5)

No direct
indicator of
executive
function due to
the lack of
relevant
comparisons
(Issue 7)
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Kvalg et al. 429 10-month school- Not 3 lists: Number of CR Experimental Increased number Increased physical No
(2017) - participants based physical mentioned, 1 word-reading list completed in analyzing pre- of CR to colored activity in school comparison to
Scandinavian (Age=10-11) training program Vocal; Not with color-words 45 sec for each VS post- patches items list in resulted in a non- a non-color
Journal of assigned to (325 minutes of mentioned items printed in list intervention both the physical significant tendency words neutral
Medicine & Physical physical activities per black; 2 color- Stroop training and to benefit children’s baseline (Issue
Science in Sports training group week) vs regular naming lists: 1 with performance as control groups. executive function 1)
(N=217) vs mandatory national color-words items function of No significant
Control group curriculum of 135 printed in physical change in the other Improvement
(N=212) minutes of physical incongruent colors training vs lists. consistent with
activity (active and 1 with color- active control a normal
control group) neutral items Non-significant developmental
(colored patches) tendency for a trajectory;
timexgroup Lack of
interaction in the control for
total number of CR changes in

in the 3 cumulated
lists

response speed
(possibly Issue
5)

No direct
indicator of
executive
function due to
the lack of
relevant
comparisons
(Issue 7)
No

Smiley-Oyen et
al. (2008) —
Annals of
Behavioral
Medicine

57 participants
(Age=65-79)
assigned to a

Cardiovascular

exercise
training group
(N=28) vsa
Flexibility and
Resistance
training group
(N=29)

10-month training
program including
cardiovascular
exercise vs flexibility
and resistance
exercise (no passive
control group)

Computerized;
Manual
(pressing 1, 2,
3 keys
on a computer
keyboard); 3
(red, blue,
green)

3 blocks each

consisting of 100

trials: 1 word-
reading block

consisting of color-
words presented in

colored ink; 2
color-naming
blocks: 1 with

color-words items

printed in

incongruent colors
and 1 with color-

neutral items
(undefined)

Error rates and
mean RTs for
each condition

Experimental
analyzing pre-
vs midpoint vs
post-
intervention
Stroop
performance as
function of
cardiovascular
training vs
flexibility and
resistance
training

Reduced post-test
RTs to incongruent
items in the
cardiovascular
training group
compared to the
flexibility and
resistance group.
No significant
change in the two
other Stroop blocks

Increased error
rates in the
incongruent items
at post intervention
in comparison to
midpoint in the
flexibility and
resistance group.

Cardiovascular
(aerobic) exercise in
older adults has
beneficial effect on
executive control,
especially inhibition

comparison to
a color-neutral
baseline (Issue

1

No direct
indicator of
inhibition
(Issue 7)
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Reduced error
rates in the
incongruent items
at mid-point and post
intervention in
comparison to pre-
intervention in the
cardiovascular
training group

Liu-Ambrose et 52 participants

al. (2008) — (Mage=69.6)
Journal of the assigned to the
American Intervention

Geriatrics Society ~ group (N=28)
vs the Control

group (N=24)

12-month home-based Paper and

balance and strength pencil/list
exercise training presentation;
program vs Vocal; Not
administration of mentioned

clinical care
recommendations
(passive control
group)

A single block of
color-words items
printed in
incongruent colors
(112 trials)

Number of
correct
responses and
the total time to
complete the
task

Experimental
analyzing pre-
vs. midpoint
intervention (6
months) Stroop
performance as
function of
physical
training vs
passive control
(no measure at
post-test)

Increased number
of correctly
identified items at 6
months in
comparison to pre-
intervention after the
training program vs
passive control

The home-based
resistance and balance
training program
improved executive
functioning,
specifically response
inhibition, after 6
months

No

comparison to
a color-neutral
baseline (Issue

1

No direct

indicator of

inhibition
(Issue 7)

Note. Light gray background indicates an “overinterpretation” of reported results and dark grey indicates a clear mismatch between empirical results and their interpretation.
*Same study but two different experiments; the general design of the study is quasi-experimental: participants completed a physical activity questionnaire (IPAQ) to
determine whether participants were physically active (study 1) or physically inactive (study 2).
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