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The Day/Night Stroop is a widely used measure of inhibitory
control with preschoolers that requires them to respond ‘day’ to
a picture of a moon and ‘night’ to a picture of a sun (Gerstadt,
Hong, & Diamond, 1994). However, we argue that the nature of
the relation between the stimuli and required responses requires
more than inhibitory control. In the present study we compared
51 three- to five-year-olds’ performance on the Day/Night and
the Black/White Stroop alongside other measures of Executive
Function and language. As predicted, we found that children
make inhibitory errors on the Black/White, while they make both
inhibitory and memory errors on the Day/Night. As a result, the
Day/Night Stroop underestimates the inhibitory control abilities
of some children. Further, we also found that performance on the
Black/White task was strongly related to performance on another
inhibitory control task, while performance on the Day/Night was
not. Copyright © 2015 John Wiley & Sons, Ltd.
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Children between the ages of 3 and 5years demonstrate significant improvements
in their ability to control and direct their attention and behavior (e.g. Anderson &
Reidy, 2012; Carlson, 2005; Diamond, 2002; Wiebe, Sheffield, & Espy, 2012;
Zelazo & Müller, 2002). One of the primary skills driving this development
is inhibitory control, the ability to inhibit a prepotent response in favour of a
more contextually appropriate one (e.g. Frye, Zelazo, & Palfai, 1995). We have
chosen the term inhibitory control for this ability given that it is the predomi-
nant term used in the literature we review here. However, this construct has
been described using many different names (see Best & Miller, 2010, for a
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588 C. Vendetti et al.
discussion), such as executive control (e.g. Espy, Bull, Martin, & Stroup, 2006);
interference control (e.g. Montgomery & Koeltzow, 2010); response-conflict
Executive Function (e.g. Benson & Sabbagh, 2010); and so on. When we refer
to inhibitory control in this paper, we refer to the ability to replace a dominant
(prepotent) response with a less dominant and conflicting one (e.g. Benson &
Sabbagh, 2010; Best & Miller, 2010; Carlson, Moses, & Hix, 1998; Diamond,
Carlson, & Beck, 2005; Simpson & Riggs, 2009).

Inhibitory control develops in tandem with other skills, collectively known as
Executive Function (EF), related to the conscious control of thought and action.
Most definitions of EF include the constructs of inhibitory control (or another term
for the ability to resolve response-conflict), working memory (the ability to hold
and manipulate information in mind; e.g. Baddeley, 1990), and cognitive flexibility
(the ability to flexibly switch between two aspects of some stimulus or task; e.g.
Jacques & Zelazo, 2005). The development of inhibitory control has recently
received a great deal of attention (e.g. Zelazo & Carlson, 2012), since it relates to
many important cognitive achievements in the preschool period. For instance,
there is evidence that inhibitory control predicts representational understanding
(e.g. Astle, Kamawar, Vendetti, & Podjarny, 2013; Sabbagh, Moses, & Shiverick,
2006) and theory of mind development (see Perner & Lang, 1999, and Benson &
Sabbagh, 2010, for reviews).

The Day/Night Stroop is a widely used measure of inhibitory control for
children aged 3 to 7 years (for a review, see Montgomery & Koeltzow, 2010).
This task is loosely modelled on the colour/word Stroop task in which partic-
ipants are shown colour names printed in various ink colours and asked to
name the ink colour, and not read the written word (Stroop, 1935). When
the two are in conflict (e.g. ‘blue’ written in red ink), participants need to
inhibit the automatic response to read and replace it with the conflicting
response (naming ink colours). Adults’ longer reaction time in conflicting cases
is an observable index of the increased cognitive demand imposed by having
to inhibit the prepotent response. Because the traditional Stroop task cannot
be used with young children, for whom reading is not a prepotent response,
Gerstadt, Hong, and Diamond (1994) developed the Day/Night Stroop task.
This is currently the most widely used Stroop-like task for children (Montgomery
& Koeltzow, 2010).

In the Day/Night task children are presented with cards depicting either a
moon with stars or a sun, and are required to verbally label each card with a
conflicting response instead of the corresponding one. When presented with
the picture of the moon with stars, children are told to label the card ‘day’ and
when presented with the picture of the sun they are told to respond ‘night’.
The authors argue that because these labels conflict with the images on the cards,
inhibitory control is required for success. Preschool-aged children are typically
scored on the number of correct responses they provide over a set number of test
trials (though reaction times are sometimes used with preschoolers, as is typical
with older children and adults). Typically, performance increases dramatically
between 3 and 5years of age: very few 3-year-olds are able to reliably produce
correct responses, whereas most 5-year-olds perform near ceiling (e.g. Carlson
& Moses, 2001; Gerstadt et al., 1994). Many features of the Day/Night Stroop
task make it particularly useful for developmental research: the task is quick
and easy to administer, it produces variability in scores, and children are
engaged by the stimuli and instructions. We will argue, however, that specific
features of the Day/Night task place extraneous demands on children’s memory
thereby weakening its measurement of inhibitory control and underestimating
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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the inhibitory abilities of some children. Specifically, we predict that children
will make two kinds of errors on the Day/Night task: inhibitory control errors
(as the task is designed to tap), and also memory errors (due to extraneous
memory demands of the task). As a result, we expect the task to underestimate
the inhibitory control of some children, and to relate differently to other mea-
sures of inhibitory control and memory than another version of the task, the
Black/White Stroop. Although both Stroop tasks necessarily require children
to remember the task instructions and the rules of the game, as is the case
for virtually all EF tasks, we will argue that the Day/Night Stroop makes
additional, extraneous memory demands on young children that are easily
eliminated by the Black/White Stroop.

Since the task’s creation researchers have examined: (i) whether the Day/Night
task primarily taxes inhibitory control or working memory (e.g. Gerstadt et al.,
1994; Simpson & Riggs, 2005a); and, more recently, (ii) what aspect of the
Day/Night Stroop is responsible for the inhibition component of the task
(e.g. Diamond, Kirkham, & Amso, 2002; Simpson & Riggs, 2005b; Simpson
et al., 2012). With reference to the first question, several studies have argued
that the working memory demands of the Day/Night task are relatively small
(e.g. Gerstadt et al., 1994; Simpson & Riggs, 2005a); for example, preschoolers
demonstrate very little difficulty performing memory versions of the task that
require them to respond with verbal labels to unrelated abstract pictures. They
do quite well, for instance, when asked to say ‘day’ to one abstract line draw-
ing and ‘night’ to another (Gerstadt et al., 1994), or to say ‘dog’ to a picture of
horizontal lines and ‘cat’ to a picture of vertical lines (Simpson & Riggs,
2005a). These studies have been cited as good evidence that the Day/Night
task primarily taxes inhibitory control and makes few demands on working
memory, since children can easily hold the rules of the task in mind when
no conflict is involved.

With reference to the second question above, there has been some debate
regarding the specific aspect of the task that requires inhibition. The task’s cre-
ators (Diamond et al., 2002; Gerstadt et al., 1994) proposed that the Day/Night
Stroop requires inhibition because the required responses (‘day’ to the moon
with stars card and ‘night’ to the sun) are related to, but in conflict with,
one another (the semantically-related hypothesis, a term coined by Simpson &
Riggs, 2005b). However, Simpson and Riggs argue that the task requires
inhibition because the required responses (‘day’ and ‘night’) are from the same
response set as the stimuli themselves; in other words, the sun card is ‘day’ and
the moon card is ‘night’ (although we question how well the Day/Night stim-
uli and responses fit this interpretation). Because the stimuli and required
responses of the Day/Night task are both semantically-related and considered
to be from the same response set, early research with this version of the task
could not tease apart these two possibilities.

In a series of more recent experiments (Montgomery, Anderson, & Uhl, 2008;
Simpson & Riggs, 2005b; Simpson et al., 2012), researchers have presented children
with the Day/Night Stroop and various modified versions that allowed them to
disentangle these two accounts by independently examining the effects of re-
sponse set and semantic-relatedness. For example, Simpson et al. (2012) presented
four-year-olds with the standard Day/Night task (semantically-related+ same re-
sponse set) as a baseline condition and four variants of the task: semantically-
unrelated+different response set; semantically unrelated+ same response set;
semantically-related (within-trial) +different response set; and semantically re-
lated (between-trials) +different response set. When they compared children’s
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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performance on these variants to their performance on the standard Day/Night
task (64% accuracy), they found that only the semantically-unrelated+ same
response-set condition displayed the same level of difficulty (69% accuracy). In
this condition, children had to respond ‘book’ to a picture of a car and ‘car’ to a
picture of a book. Children performed significantly better on all other variants
(85 to 90% accuracy), a finding clearly in support of the response-set hypothesis.
Simpson and others concluded that semantic-relatedness has no effect on children’s
inhibitory control, and that inhibition is only required if the stimuli and responses
share the same response set.

We do not question the veracity of the studies that have shown the Day/Night
Stroop to primarily measure inhibition (over working memory), or those that have
shown variants of the task to tax inhibition if the required responses are from the
same response set as the stimuli. What we do argue is that the Day/Night task
poses additional, extraneous memory demands for young children, beyond the
requirement to remember the task rules (which is a requirement of virtually all
EF tasks), and that these demands weaken its sensitivity as a measure of inhibitory
control for young children. Research to date has not addressed this claim. Given
the increased emphasis on teasing apart the different components of EF, and on
the development of simplified tasks that allow for the independent manipulation
of those different components (e.g. Hughes, 2002a), it is important that the
measures we use be as precise as possible.

Recall that in the Day/Night task, children are presented with a card depicting
a sun to which they are told to respond ‘night,’ and a card depicting a moon with
stars to which they are told to respond ‘day’, and that a defining feature of
inhibitory control is the ability to overcome a prepotent response in favour of a
conflicting one. We question whether the Day/Night task is a sensitive measure
of children’s inhibitory control because it is not clear that the responses to be
inhibited in the task are truly prepotent. We argue that the prepotent responses
for the Day/Night stimuli would be to say ‘sun’ to a picture of the sun, and to
say ‘moon’ to a picture of the moon. Although the required responses, ‘day’ and
‘night’ are associated with the stimuli, we do not believe that they are necessarily
prepotent. We are not the first researchers to comment on this aspect of the stimuli
(see Pasalich, Livesey, & Livesey, 2010; Wright, Waterman, Prescott, & Murdoch-
Eaton, 2003), to report associated responses from children (e.g. Montgomery et al.,
2008; Simpson & Riggs, 2005a), or to defer to alternative stimuli to avoid this issue
(e.g. Beck, Riggs, & Gorniak, 2009; Simpson & Riggs, 2005b). However, we are the
first to empirically investigate whether and how the stimuli and responses of the
Day/Night Stroop impact the degree to which the task requires (or measures)
inhibitory control and memory.

According to Simpson et al. (2012), in order for versions of this task to require
inhibition, the responses must be from the same response set as the stimuli. We
argue that the responses required, ‘day’ and ‘night’, are not strictly from the same
response set as the stimuli, the moon with stars and the sun. The required
responses are not arbitrary (as in the memory control tasks described earlier),
but are associated responses, drawn from a larger set of possible responses that
are associated with the stimuli (such as ‘sleep-time’ and ‘wake-up time’). Because
the responses required of the task (‘day’ and ‘night’) are not inherent in the stimuli,
any of the other associated responses might seem equally acceptable to children.
There is nothing about the image that makes ‘day’ a more privileged response than
‘morning’, ‘light’, or ‘wake-up time’, other than the task instructions (which have
to be remembered). To succeed on the Day/Night task children need to remember
the set of new, associated responses for the stimuli in addition to the task
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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instructions: first, they have to remember that the response ‘day’ goes with the pic-
ture of the sun and that the response ‘night’ goes with the picture of the moon with
stars, and second, they need to inhibit these specific responses.

As mentioned, some attempts have been made to distinguish the memory
demands from the inhibition requirements of the Day/Night task, but they have
not addressed the specific memory demands present in the Day/Night task that
are a consequence of the larger set of possible responses associated with the
stimuli. In any of the memory control tasks used in previous work, as outlined
above (Gerstadt et al., 1994; Simpson & Riggs, 2005a), the possible set of responses
is limited to ‘day’ and ‘night’ (or whatever responses the task instructions dictate)
because the abstract designs that serve as stimuli do not have any other response
options associated with them, and indeed do not suggest any response options
at all. It is easy for children to hold in mind only the (irrelevant) labels to be used
for the purpose of these tasks since the abstract designs offer no interference. In
contrast, the moon with stars and sun stimuli used in the Day/Night task have
a set of potential, associated responses that are related to them, such as ‘moon’
‘dark’ and ‘sleep time’ or ‘sun’ ‘morning’ and ‘warm’ (as provided by children
participating in our studies).

Thus, in addition to negotiating the inhibition requirements of the task, children
need to remember both: (i) that they are not supposed to answer with the names of
the items on the cards, and; (ii) which of the possible, equally likely response op-
tions are the appropriate ones. This second requirement increases the possibility
that children’s errors may be due to a failure in memory, and not a failure to inhibit
their ‘natural tendency’ (in Gerstadt et al.’s, 1994, terms) or ‘a response that they
have previously intended’ (in Simpson et al.’s, 2012, terms). It is this requirement
that compromises the validity of the Day/Night Stroop as a measure of inhibitory
control: we suggest that the responses to be inhibited are not strong, prepotent
ones to begin with; they are not actually from the same response set as the stimuli;
and the larger set of associated responses available to children adds extraneous
memory demands to the task.

We see evidence of this in our lab. Children make two types of errors on the
Day/Night Stroop: (i) inhibition errors, in which children say ‘day’ to the sun
picture; and (ii) memory errors, in which children respond with other associated
responses, such as ‘sleep time’ to the sun picture and ‘morning’ to the moon with
stars picture. As mentioned, other researchers have documented these kinds of
associative memory errors as well (Montgomery et al., 2008; Simpson & Riggs,
2005a). Given that the Day/Night Stroop requires that children overcome both
inhibition and extraneous memory demands, then the task is not as clear a
measure of inhibitory control as it purports to be, and we believe it could underes-
timate children’s inhibitory control skills.

Although the performance of some children may very well reflect inhibitory
control, the performance of other children may be more related to memory, or to
a combination of both of these skills. We cannot tell which skills are contributing
to a given child’s performance on the Day/Night Stroop since the skills tapped
by the task are likely to differ from one child to another, depending on their
individual abilities. As a result, two children could earn the same score on the task
for rather different reasons: one due to less developed inhibitory control and the
other due to memory constraints.

The solution, we argue, is straightforward. In the present study we used solid
black and solid white cards as stimuli (the Black/White Stroop task, as in Simpson
et al., 2012; Simpson & Riggs, 2005a; 2005b). In the Black/White Stroop, the
required responses (e.g. ‘black’ to the white card) are in direct conflict to the actual,
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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prepotent responses to the stimuli (‘white’ to the white card). These prepotent
responses are inherent in the stimuli, are therefore from the same response set,
and they are the only likely responses to be associated with the stimuli. Therefore,
beyond remembering the rules of the game (which has been shown to be quite
easy for young children), the Black/White task should primarily tax children’s
inhibitory control, while making significantly fewer memory demands, relative
to the Day/Night.

As we have mentioned, we are not the first researchers to comment on these lim-
itations of the Day/Night task, or to compare preschoolers’ performance on it to
performance on a Black/White version. Simpson and Riggs (2005a) did so and
found no difference in pass rates, reaction time, or accuracy of 3-and-a-half or
5-year-olds on the two tasks. Therefore they concluded that the associative
relation between the stimuli and the required responses did not limit the
Day/Night task in its measure of inhibitory control, as suggested by Wright et al.
(2003). However, this comparison does not provide a full account of how the two
tasks differ. Although the Day/Night and Black/White have been shown to have
similar overall levels of difficulty, we do not believe that they make the same inhibi-
tory control andmemory demands.What is needed is a study that goes beyond com-
paring accuracy scores by examining the kinds of errors that children make on the
two tasks and explores whether performance on the two versions differentially relate
to measures of inhibitory control andmemory. The present study is the first to do so.

We compared children’s performance on the Day/Night Stroop and the
Black/White Stroop to their performance on some measures of Executive
Function, including other measures of inhibitory control (or response-conflict),1

measures of short-term and working memory, and to a measure of general
language ability (Peabody Picture Vocabulary Test; PPVT-III; Dunn & Dunn,
1997). We predicted that the Black/White Stroop would be a better measure of
inhibitory control than the standard Day/Night version, as the Black/White
requires the inhibition of truly prepotent responses from the same response set,
and therefore does not pose extraneous demands on memory. That being said,
we did not predict overall differences in mean scores between the Day/Night
and the Black/White, in keeping with earlier research (Simpson & Riggs, 2005a).
Instead we expected that the Day/Night Stroop’s greater memory demands
would be offset by its lower inhibition demands, relative to the Black/White,
resulting in similar mean scores. Where we did expect the tasks to differ was in
the kinds of errors that children would make, and in the pattern of relations among
performance on these tasks and on other measures of inhibitory control/response-
conflict and memory.

Our first hypothesis was that children would make different kinds of errors on
the two Stroop tasks resulting from differences in the relations between the stimuli
and required responses. Specifically, we predicted that children would make both
inhibitory errors (e.g. saying ‘day’ to the sun card) and associative memory errors
(e.g. saying ‘sleep time’ to the sun card) on the Day/Night task, and only inhibi-
tory errors on the Black/White task. As a result, we further predicted that the
children who made associative memory errors on the Day/Night task would
perform significantly better on the Black/White task, since memory limitations
may have precluded them from demonstrating their inhibitory control skills in
the Day/Night task (resulting in an underestimation of their abilities).

Our second hypothesis, which follows from the first, was that in spite of similar
mean scores, the Day/Night and Black/White tasks would relate differently to our
other inhibitory control/response-conflict measures, and measures of short-term
and working memory. Specifically, we predicted that after controlling for
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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variability due to age and general language ability, performance on the
Black/White would demonstrate strong relations to measures of inhibitory
control/response-conflict and weak relations to measures of memory, and that
performance on the Day/Night would demonstrate strong relations to measures
of memory and weak relations to measures of inhibitory control/response-conflict.
METHODS

Participants

Fifty-three 3- to 5-year-olds (from 3; 2 to 6; 0) were recruited from local daycare
centers in a large, metropolitan city. This age range was selected because it is
the age group with which the Day/Night Stroop is typically used and during
which steep gains in Executive Function are made. Daycare providers and
parents/guardians provided informed consent for children’s participation, and
all children provided verbal assent before participating. Children received stickers
at the end of each testing session as thanks (including four children who did not
finish all of the tasks).
Procedure

Testing took place in two sessions, approximately one week apart, in a quiet space
at the child’s daycare. Each child received the Day/Night Stroop, the Black/White
Stroop and additional measures of: inhibitory control/response-conflict (Monkey/
Tiger—an adaptation of Bear/Dragon, and the Dimensional Change Card Sort);
short-term memory (Forward Digit Span); working memory (Backward Digit
Span); and general language ability (PPVT—III). The order of the Stroop and
memory tasks was counterbalanced across sessions, while the other tasks were
presented in a fixed order, within a particular session. In Session 1, participants
received a Stroop task (either Black/White or Day/Night), the Dimensional
Change Card Sort, one digit span task (forward or backward), and the
Monkey/Tiger task. In Session 2, participants received the other Stroop task, the
other digit span task, and the PPVT-III.
Tasks

Stroop tasks
Stimuli for the Stroop tasks were laminated cards, 3 by 5 inches in size. For the

Day/Night Stroop, the cards depicted a coloured line drawing of a sun on white
background and a crescent moon with stars on black background, similar to those
used in other studies (e.g. Gerstadt et al., 1994; Simpson & Riggs, 2005a, 2005b). For
the Black/White version, cards were solid black and solid white. Each set contained
one of each card for demonstration and practice trials, and 21 cards for test trials.

The instructions for the Stroop tasks were described to children as a game.
Children were shown the first of the demo cards (e.g. the sun) and were told, ‘This
card looks like “day,” but when you see this card, I don’t want you to say “day,” I
want you to say “night”.’ Children were then shown the second demo card (e.g.
the moon and stars) and were told, ‘This card looks like “night,” but when you
see this card, I don’t want you to say “night,” I want you to say “day.”’ Children
were then shown each card again, one at a time, so that they could respond to
them. If children did not respond on their own they were prompted (e.g. ‘So what
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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do you say for this one?’). Children were given up to three practice trials with each
card (with feedback), until they correctly responded to both cards. If children erred
on a practice trial, the rule for that card was repeated and both practice cards were
administered again. The order of practice trials was alternating (AB, AB, AB). For
the test trials, each of the 21 cards was presented to children in a fixed, pseudo-
random order (BABAABBABAABABABAABAB). Cards were held up in front of
children for one full second, and then placed facedown on the table. Children were
not given feedback on any test trial. Administration of the Black/White Stroop
proceeded exactly as the Day/Night, with a minor grammatical change to the
instructions. Instead of saying ‘This card looks like [day/night],’ the experimenter
said ‘This card is [black/white].’

For both tasks, each child’s first full response was recorded and self-corrections
were not counted. Children’s responses were scored as correct when they gave
verbatim responses (i.e. ‘day’ to the moon card, ‘night’ to the sun card, ‘black’ to
the white card, and ‘white’ to the black card) and incorrect for all other responses
(including associated ones). However, all responses were recorded so that we
could analyse the errors.
Other inhibitory control/response-conflict tasks
Both inhibitory control and response-conflict refer to the ability to respond in a

way that is inconsistent with one’s natural tendency, habit, or prior learning. Tasks
used to measure these abilities usually require children to simply suppress a
prepotent response or to replace a prepotent response with an inconsistent or
conflicting one. The Stroop tasks, the Monkey/Tiger task, and the DCCS all make
these requirements of children.
Monkey/Tiger
The Monkey/Tiger task was identical to the Bear/Dragon task (Kochanska,

Murray, Jacques, Koenig, & Vandegeest, 1996; Reed, Pien, & Rothbart, 1984), but
with different puppets. The Bear/Dragon is a simplified version of the game
‘Simon Says,’ that requires children to respond to the requests of one puppet, the
nice bear (our monkey), and ignore the requests of another puppet, the naughty
dragon (our tiger). After ensuring that children could perform each of the ten
simple actions required in the task (e.g. ‘touch your nose,’ et cetera), children were
introduced to the two puppets, the ‘nice monkey’ (who spoke in a friendly, high-
pitched voice) and the ‘naughty tiger (who spoke in a gruff voice) and were
instructed to perform the actions that the nice monkey requested of them, but to
not perform actions requested by the naughty tiger (i.e. to inhibit their tendency
to respond on these trials). After up to five practice trials, with both rules stated
each time, ten test trials proceeded in a fixed order (neither puppet made requests
more than twice in a row). Halfway through the testing trials a rule-reminder was
given to all children. Children received scores ranging from 0 to 3 for each of the
tiger trials (the ones that required inhibition): 0= full movement, 1=partial move-
ment, 2=different movement, and 3=no movement. Scores were summed to a
maximum of fifteen.
Dimensional Change Card Sort
In the DCCS, children need to sort test cards with coloured shapes along one

dimension (pre-switch phase) and then switch and sort along the other dimension
(the post-switch phase; for full details on administering this task, see Zelazo, 2006).
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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Children were presented with two target cards (a red boat and a blue rabbit),
two practice cards, and 16 test cards (blue boats and red rabbits). In the pre-switch
phase, children were first introduced to the rules of one game (the colour game, for
example), and after a demonstration trial and a practice trial, were asked to sort
eight cards according to colour into small boxes (marked by the target cards).
On each trial, the rules for sorting were repeated (e.g. ‘all the red ones go in this
box, and all the blue ones go in that box’), and each card was labelled on the colour
dimension (e.g. ‘here’s a blue one, where does this go?’). Children typically have
no problem sorting according to the first rule (regardless of dimension).

In the post-switch phase, children were told that they were now going to play
‘the shape game’, and the rules of this game were explained, and children sorted
eight more cards according to the new rules. The new sorting rules were repeated
on each trial (e.g. ‘all the boats go in this box, and all the rabbits go in that box’),
and each card was labelled for children on the shape dimension (e.g. ‘here’s a boat,
where does this go?’). The dependent variable was the number of correct post-
switch trials (out of eight).

Although there is some debate as to which construct of Executive Function the
DCCS measures [inhibitory control (e.g. Carlson & Moses, 2001; Carlson et al.,
1998; Diamond et al., 2005; Diamond & Kirkham, 2005; Simpson & Riggs, 2009),
executive control (e.g. Espy et al., 2006), response-conflict Executive Function
(e.g. Benson & Sabbagh, 2010; Ramscar, Dye, Gustafson, & Klein, 2013), cognitive
flexibility (e.g. Kloo, Perner, Aichhorn, & Schmidhuber, 2010), et cetera], we
included this measure for three reasons. First, we believe that the DCCS at the
very least requires inhibitory control since a prepotent response is built up in the
pre-switch phase that children must overcome in the post-switch phase (e.g.
Carlson & Moses, 2001; Diamond et al., 2005). Second, we believe that the DCCS
measures the same kind of Executive Function as the Stroop, and they have been
grouped together in the literature (e.g. Baker, Friedman, & Leslie, 2010; Benson &
Sabbagh, 2010; Best & Miller, 2010; Espy et al., 2006; Simpson & Riggs, 2009).
Third, the DCCS is commonly used as a catchall measure of Executive Function
and has been used for almost two decades as an index of these constructs in
preschoolers (e.g. Doebel & Zelazo, 2013; Kloo & Perner, 2005; Zelazo, 2006).
Short-term memory: Forward Digit Span
In this task, modelled after Davis and Pratt (1995) children were presented with

strings of digits, spoken one second apart, and were asked to repeat those digits
back to the experimenter in forward-order. Children were given two practice trials
(each two digits in length) and were provided feedback and corrected, if necessary.
After the practice trials, test trials proceeded in sets of two strings (of equal length),
beginning with two-digit strings and increasing in length, one digit at a time.
Testing proceeded until children erred on both trials within a set. Children were
given one half point for each correct string (i.e. each set was worth one point).
Working memory: Backward Digit Span
This task proceeded similar to the Forward Digit Span, only children were

required to repeat the digits in backward-order (Davis & Pratt, 1995). Before the
practice trials, children watched a demonstration trial in which a puppet modelled
a two-digit trial. Children were then given two, two-digit practice trials and were
provided feedback and corrected, if necessary. After the practice trials, testing
proceeded exactly as in the Forward Digit Span: trials proceeding in sets of two,
Copyright © 2015 John Wiley & Sons, Ltd. Inf. Child. Dev. 24: 587–605 (2015)
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increasing one digit at a time, terminating when children erred on both trials
within a set. Children were given one half point for each correct string.
General language ability: Peabody picture vocabulary test—third edition
Given that all tasks required children to understand verbal instructions, and

respond verbally, we wanted to control for children’s general language ability.
Therefore, we administered this widely used, standardized measure of receptive
vocabulary (Dunn & Dunn, 1997). Children were presented with arrays of four
pictures and were asked to point to the picture that best represented the word that
the experimenter read. After two practice trials, with feedback, testing trials
proceeded. Testing began at the appropriate age set for the child, and followed
the guidelines indicated in the user manual. Children’s raw scores were used in
the analysis.
RESULTS

Data were screened for completeness on the main measures, and two children
were excluded: one child was missing a value for age in months, and a second
child was missing scores for the Day/Night Stroop. Two additional children were
missing scores on the PPVT-III, but were retained in the sample. The final sample
consisted of 51 children (23 females). To examine the effects of age, the sample was
split into two groups based on the median: the younger group ranged from 3;2 to
4;8 (M=47.6months) and the older group from 4;9 to 6;0 (M=62.2months).
Descriptive statistics for all measures (for the full sample and the two age groups)
appear in Table 1.

As is frequently the case with measures of Executive Function, two of our
measures exhibited extremely bimodal distributions: DCCS (though a bimodal
distribution is typical for the DCCS; e.g. Carlson, 2003) and Monkey/Tiger (a bi-
modal distribution is not typical for the Monkey/Tiger). Although children’s mean
scores may suggest variability in performance, only 6 of our 51 children earned
scores of 0 or 1 on the Monkey/Tiger (out of 15) and 40 scored 12 or higher. For
this reason, it was extremely unlikely that performance on this measure would
provide enough variability to detect relations in our analyses. Further, both of
our memory measures were somewhat skewed and our younger children’s perfor-
mance on the Backward Digit Span was at floor. As a result of these distributions,
Table 1. Descriptive statistics for all measures

Full sample Younger kids Older kids

N M (SD) N M (SD) N M (SD)

Age (in months) 51 54.8 (9.0) 26 47.6 (5.8) 25 62.2 (4.6)
Day/Night Stroop (out of 21) 51 14.8 (6.1) 26 13.1 (6.2) 25 16.5 (5.7)
Black/White Stroop (out of 21) 51 15.2 (6.3) 26 12.6 (6.9) 25 18.0 (4.1)
DCCS (out of 8) 51 6.5 (3.0) 26 6.0 (3.5) 25 7.0 (2.4)
Monkey/Tiger (out of 15) 50 12.42 (4.8) 25 10.9 (6.3) 25 14.0 (1.7)
Forward Digit Span (max of 5) 51 2.9 (0.8) 26 2.7 (0.9) 25 3.1 (0.7)
Backward Digit Span (max of 5) 51 0.8 (0.8) 26 0.4 (0.6) 25 1.2 (0.6)
PPVT—III 49 77.7 (23.2) 25 66.9 (23.7) 24 88.8 (17.0)
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our analyses of the relation among the Stroop measures and our other measures
of inhibitory control/response-conflict and memory were constrained to non-
parametric tests.

A preliminary 2×2×2 repeated measures Analysis of Variance (ANOVA) was
performed with Stroop version (two levels: Day/Night, Black/White) as the
within-participants factor, and order (two levels: Day/Night first and Black/
White first), and gender (two levels) as the between-participants factors. Analyses
showed no significant main effects of order or gender, nor any interaction effects.
Therefore, further analyses did not consider these variables.
Stroop Effects

To examine the effects of Stroop version, a 2×2 repeated-measures ANOVA was
performed with Stroop version as a within-participants factor (Day/Night and
Black/White), and age group as a between-participants factor. In keeping with
other work in the literature, the ANOVA revealed a significant main effect of age
group, F(1, 49) = 8.99, p= .004, ηp2 = .155, wherein older children outperformed
younger children on the Stroop tasks: M=15.29, SEM= .80, and M=14.82,
SEM= .83, respectively. As predicted, no significant main effect of Stroop version
was found: the mean scores did not differ for the whole group or for the two
age groups. Further, no significant interaction between age group and Stroop
version was found.
Comparison of Errors on Black/White and Day/Night Stroop

Our first hypothesis was that children would make more associative memory
errors on the Day/Night than on the Black/White task. To test this hypothesis,
we considered only children who made any errors on the tasks: no child scored
perfect on both tasks, though 5 children scored perfect on the Day/Night and 5
different children scored perfect on the Black/White (on each task, 46 children
made at least one error). For each task, we computed the number of associative
memory errors made (e.g. saying things like ‘morning’ and ‘sleep-time’ in the
Day/Night task or ‘dark’ and ‘light’ in the Black/White) and the number of inhib-
itory errors made (e.g. saying ‘day’ to a sun card, or ‘black’ to the black card). As
predicted, significantly more children made associative memory errors on the
Day/Night version (12/46; 26%) than the Black/White (1/46; 2%; this one child
responded ‘dark’ to all of the white cards), McNemar’s test (using the binomial
distribution), p= .003.

On average, children made 6.22 errors on the Day/Night: 1.16 associative errors
and 5.06 inhibitory errors. In comparison, children made an average of 5.76 errors
on the Black/White: .24 associative errors and 5.53 inhibitory errors. Neither the
number of total errors nor inhibitory errors significantly differed between the
two tasks (ps> .38), but the number of associative errors did: children made sig-
nificantly more of these on the Day/Night task, t(50) = 2.01, p= .05, d= .28 (see
Figure 1). When comparing the proportion of total errors on the two tasks, the
same pattern is found: associative errors comprised 18.62% of the total errors on
the Day/Night, and only 4.1% of errors on the Black/White task. In contrast to
the report of Simpson and Riggs (2005a), the associative errors were not restricted
to our youngest participants: four 3-year-olds, seven 4-year-olds, and two 5-year-
olds made associative memory errors (M=51.62 months).
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Figure 1. Average number of total, inhibitory, and associative errors made on the Day/
Night Stroop and the Black/White Stroop. Error bars are +/� one standard error from
the mean, *ρ= .05.
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Taken together, the pattern of errors on the two tasks supports our first hy-
pothesis: not only did children make more associative memory errors on the
Day/Night than the Black/White tasks, these differences did not manifest in
children’s mean scores. Further, as we predicted, the children who made associa-
tive errors on the Day/Night performed significantly better on the Black/White
(M=14.33, SD=7.30) than they did on the Day/Night (M=9.33, SD=5.03), t(11)
=�3.98, p= .002, d=0.79, supporting our claim that the Day/Night can under-
estimate some children’s inhibitory control abilities, and specifically the abilities
of children who are susceptible to associative memory errors.
Relation of Stroop Tasks to Other Measures

Bivariate nonparametric correlations (Kendall’s tau; τ) between children’s Stroop
scores and all other measures were calculated to explore the relation between
performance on the two Stroop tasks and our other measures. Kendall’s tau is
an appropriate test to use for small datasets with non-normal distributions, when
there are a large number of tied ranks (as in bimodal and skewed distributions;
Field, 2009, p. 181). Two children were missing data on one task (PPVT-III) and
were excluded (pairwise) from the correlations involving that measure. Bivariate
correlations appear in Table 2, above the diagonal. As can be seen, age (in months)
and PPVT-III scores were strongly related to all of our measures (as expected),
making it difficult to interpret the relations between the other tasks. Once we
statistically controlled for these [by examining the partial correlations (Kendall’s
τ again); see Table 2 below the diagonal], there were no significant relations
between performance on either Stroop task and performance on any of the other
measures. However, because many of our older children performed at ceiling on
the Monkey/Tiger and the DCCS, it would be difficult to detect relations in the full
sample of children. Therefore, we split the sample by median age, to examine the
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Table 2. Bivariate and partial (controlling for age and PPVT) nonparametric correlations
(Kendall’s tau)—full sample of children (age range: 3;2 to 6;0)

Measure 1 2 3 4 5 6 7 8

1 Day/Night Stroop – .386** .314** .346** .355** .438** .389** .359**
2 Black/White Stroop .251 – .165 .336** .268* .414** .300** .440**
3 Monkey/Tigerb .176 .016 – .183 .237* .272* .369** .279*
4 DCCS .276 .282 .097 – .278* .182 .242 .163*
5 Forward Digit Span .234 .162 .104 .204 – .375** .386* .228**
6 Backward Digit Span .232 .214 .042 .039 .199 – .561** .514**
7 PPVT—IIIa – .465**
8 Age (months) –

Note. N = 51 unless otherwise specified. Bivariate correlations above the diagonal, partial below (all two
tailed).
aN = 49, bN = 50, *p< .05, **p< .01
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relations among measures within the age groups, as there was variability in
performance on these measures with the younger participants.

The bivariate nonparametric correlations, split by median age (4;8) can be found
in Tables 3 (younger) and 4 (older), above the diagonals. Again, age and PPVT-III
scores were very highly correlated with performance on almost all measures for
the younger age group, but not for the older age group (see Tables 3 and 4). Thus,
for our younger participants, we again calculated the partial nonparametric
correlations (controlling for these two factors; see Table 3), and for the older partic-
ipants we report only the bivariate correlations (see Table 4).

As can be seen in the partial correlations, younger children’s scores on the
Black/White were strongly and significantly correlated with their performance
on the DCCS, over and above age and general language ability, pτ = .558, p= .006.
However, their performance on the Day/Night was not significantly related to
DCCS performance. For the older participants, though neither of the Stroop tasks
were related to our measures of inhibitory control/response-conflict, we did find
that performance on the Day/Night, but not the Black/White, was significantly
correlated to performance on the Forward Digit Span, pτ = .523, p= .001.
Table 3. Bivariate and partial (controlling for age and PPVT) nonparametric correlations
(Kendall’s tau)—younger children (age range: 3;2 to 4;8)

Measure 1 2 3 4 5 6 7 8

1 Day/Night Stroop – .475** .450** .438** .206 .525** .365* .611**
2 Black/White Stroop .361 – .336* .636** .251 .363* .314* .325*
3 Monkey/Tigerb .265 .179 – .466* .396* .380* .514** .411*
4 DCCS .180 .558** .226 – .398* .398* .512** .495**
5 Forward Digit Span .014 .126 .227 .224 – .376* .398** .289
6 Backward Digit Span .336 .198 .091 .089 .186 – .542** .469**
7 PPVT—IIIa – .504**
8 Age (months) –

Notes. N = 25 unless otherwise noted. Bivariate correlations above the diagonal, partial below (all two
tailed).
aN = 25, bN = 24, *p< .05, **p< .01
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Table 4. Bivariate nonparametric correlations (Kendall’s tau)—older children (age range:
4;9 to 6;0)

Measure 1 2 3 4 5 6 7 8

1 Day/Night Stroop – �.131 .084 .234 .523** .159 .214 .026
2 Black/White Stroop – �.084 .124 .241 .069 �.032 .215
3 Monkey/Tiger – �.187 �.072 .032 .174 .238
4 DCCS – .108 .006 �.028 .055
5 Forward Digit Span – .332* .279 .104
6 Backward Digit Span – .394* .204
7 PPVT—IIIa – .344*
8 Age (months) –

Note. N = 25 unless otherwise noted. Bivariate correlations (all two tailed).
aN = 24, *p< .05, **p< .01
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Taken together, these findings lend partial support our second hypothesis:
within younger children, the Black/White Stroop relates strongly to another
measure of response-conflict (after controlling for age and language ability)
though the Day/Night Stroop does not. Additionally, within older children, the
Day/Night Stroop relates strongly to a measure of memory, though the
Black/White does not. Although we did not predict that these patterns of relations
would differentially manifest themselves across age groups, these findings do offer
partial support for our predictions.
DISCUSSION

The goal of this study was to demonstrate that the Day/Night Stroop poses
extraneous memory demands for children, as compared to the Black/White,
thereby weakening it as a measure of inhibitory control and underestimating this
ability for some children. We have argued that the stimuli of the Day/Night Stroop
do not lend themselves exclusively to the required responses of ‘day’ and ‘night’
and therefore, that these are not strong, prepotent responses. Further, they are
not from the same response set as the stimuli, strictly speaking. As a result, we
believe that some children’s performance on this task may reflect their memory
abilities, in addition to (or at the expense of) inhibitory control. Although some
studies have shown the Day/Night to primarily measure inhibitory control (over
working memory) and have found that the Day/Night and Black/White tasks
produce similar mean scores for preschoolers, these studies are not sufficient
evidence that the two tasks make equal demands on inhibitory control and
memory. We argue that young children’s inhibitory control is better measured
using the Black/White Stroop task. Overall, our data are in support of this claim.

Consistent with our first hypothesis, we found that children make different
kinds of errors on the two tasks: although children primarily made inhibition
errors on the Black/White task (with the exception of one child), children made
significantly more associative memory errors on the Day/Night task. This finding
supports our claim that the Day/Night task poses extraneous demands on
children due to the larger set of responses associated with the stimuli. Because
the required responses are not inherent in the stimuli (and therefore not from the
same response set), children make more than just inhibition errors on the task.
We also found that children who made associative errors on the Day/Night
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performed significantly better on the Black/White task, supporting our claim that
the Day/Night underestimates the inhibitory control abilities of some children.
Specifically, our data suggest that the Day/Night task underestimates the inhibi-
tory control abilities of children who are most susceptible to associative errors.
What our data do not speak to, however, is whether children make associative
memory errors due to weaker inhibitory abilities, smaller memory capacities, or
some combination of the two.

Importantly, children’s performance on the Day/Night and Black/White tasks
did not differ in terms of mean scores or the number of overall errors that they
made, consistent with previous research (e.g. Montgomery et al., 2008; Simpson
& Riggs, 2005a). Where the tasks did differ, was in the nature of the errors that
children made. This supports our claim that mean-score comparisons offer insuffi-
cient evidence that the two tasks are equivalent. It is likely, as we suggested, that
the increased memory demands of the Day/Night are met by decreased inhibitory
demands, resulting in similar mean scores. As we argued, only through comparing
the relative number of associative memory errors that children make on the two
tasks, and by comparing the pattern of relations between performance on the
two Stroop tasks and measures of inhibitory control/response-conflict and mem-
ory, is it possible to discern the differences between them.

We found only partial support for our second hypothesis that performance on
the Day/Night and Black/White tasks would differentially relate to performance
on other measures of inhibitory control/response-conflict and memory. We did
not find differences in the pattern of relations between the two tasks and our other
measures in the full sample of children since many of our older children performed
near ceiling on several of our measures. However, when we examined the relations
between the Day/Night and Black/White tasks and our other measures for
younger and older children separately, we did find some supportive evidence.
Within the younger group of children, performance on the Black/White was
strongly and significantly related to performance on the DCCS, over and above
age and general language ability, while performance on the Day/Night was not.
Within the older group of children, performance on the Day/Night, but not the
Black/White, was significantly related to performance on the Forward Digit Span
task, a measure of short-term memory.

Although we did not predict that the relations between the Stroop tasks and our
other measures would differ for younger and older children, these findings do
suggest that the Black/White and Day/Night tasks have somewhat different
requirements: the Day/Night appears to make more demands on memory (at least
for older children), and the Black/White appears to make more demands on inhib-
itory control/response-conflict over and above variability due to age and general
language ability. As Hughes argues that “one should avoid the assumption that
the same [EF] task poses the same type of cognitive demands for children of
different ages” (Hughes, 2002b, p. 205), we argue that performance on the two
Stroop tasks may be reflective of the different cognitive demands it poses for
children of different ages. The Black/White seems to be more reflective of inhibi-
tory control/response-conflict in younger children and the Day/Night more
reflective of memory in older children.

That being said, these findings are not without limitations. Several of our
measures did not behave as we anticipated: children’s performance on the
Backward Digit Span task was at floor in our younger group of children (and
not much better in our older group), and the vast majority of children scored very
high on the Monkey/Tiger task, resulting in poor variability for our analyses.
Therefore, we were left with only one memory measure and one measure of
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inhibitory control/response-conflict that offered enough variability to test for the
pattern of relations we had predicted. Thus, although we did find evidence in
support of our claims, these findings should be replicated with a larger number
of memory and inhibitory control measures, ideally focusing only on children
similar in age to our younger group.

After carefully comparing children’s performance on several variants of the
standard Day/Night task in order to tease apart the semantic-relation and
response set accounts, Simpson et al. (2012) concluded that it is only sharing a
response set that poses inhibitory demands for children. Our argument is not at
odds with theirs. Simpson et al. argue that a response is not prepotent on its
own, but that it becomes prepotent when the task conditions set it up as a valid
(albeit incorrect) response to the stimuli (as in the Day/Night task). Though we
do not disagree with this claim, we argue that responding ‘day’ to a picture of a
sun is not necessarily prepotent in the Day/Night task even though the task condi-
tions set them up as valid responses to the stimuli because the stimuli themselves
offer a wide range of other associated responses.

Where our claims do differ is in consideration of the Day/Night stimuli and
responses. Although these authors treat the Day/Night, Black/White, and Blue/
Red (as in Simpson & Riggs, 2005b) tasks as members of the same category
(semantically-related+ same response set; Simpson & Riggs, 2005a, 2005b;
Simpson et al., 2012), we do not believe that the Day/Night task meets the ‘same
response set’ definition. Rather, we describe the responses required for the
Day/Night task as belonging to a larger associated response set, and we have
shown that it is this feature of the task that results in its underestimation of some
children’s inhibitory control abilities. Across several studies these authors have not
found any evidence that the ‘semantic-relatedness’ of the stimuli and responses
have had any bearing on the inhibition required of the task. Therefore, the
Day/Night and Black/White tasks have always been treated as members of the
same category and, because they result in similar mean scores, their performance
has not been compared in a more nuanced way. As we have argued, mean score
comparisons are insufficient to claim they are equivalent, since scores on the
Day/Night task appear to reflect a trade-off between the task’s greater memory
and lower inhibitory demands relative to the other variants.

In light of the data we report here, future research should address whether the
nature of the relation between the stimuli and responses may interact with
response set to produce tasks of even greater inhibitory demands. That is, it is pos-
sible that when the stimuli and responses are more strongly and semantically-
related, and in conflict with one another (as in the Black/White task, where the
stimuli are ‘opposites’), the inhibitory demands may be greater than when the
stimuli and responses have a weaker semantic-relation that does not involve con-
flict (as in the Blue/Red task), or no semantic-relation at all (as in the Car/Book
task). As of yet, these comparisons have not been made, but they could shed more
light on what factors indeed contribute to making a response prepotent.
CONCLUSION

The nature of the relation between the stimuli and required responses in the
Day/Night Stroop pose extraneous memory demands for (at least some) pre-
schoolers, and these memory demands compromise the extent to which the task
measures inhibitory control because the performance of some children appears
to be more reflective of memory than of inhibition. Our findings support these
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claims. Therefore, we argue that the Black/White, rather than the Day/Night
Stroop should be used with preschoolers since it retains the critical features of an
inhibitory control task (specifically, the Day/Night task), without posing extrane-
ous demands.
Note

1. depending on the terminology to which the reader subscribes.
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