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Abstract

This study examined Stroop-like interference in the fruit Stroop test among 271 5 - 12-year-old
children and young adults divided into five age groups: 64 5 - 6-year-olds, 65 7 - 8-year-olds, 60 9 -
10-year-olds, 46 11 - 12-year-olds, and 36 young adults (18 - 23-year-olds). Participants were ad-
ministered a paper-and-pencil version of the fruit Stroop test, which includes the canonical color
task, the superficial color task, and the fruit name task. In these tasks, participants were presented
with line-drawings of fruits having strongly associated colors (e.g., yellow banana) and were asked
to name the ink colors of the fruits, name the colors the fruit “should be”, or read the fruit name.
The results indicated robust interference in the canonical color task of the fruit Stroop test, sug-
gesting that this task is useful to assess individual differences of inhibitory control in typical de-
velopment.
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1. Introduction

Inhibitory control is the ability to suppress competing, dominant, automatic or prepotent cognitive processing at
perceptual, intermediate, and output stages (Friedman & Miyake, 2004; Nigg, 2000). That ability is used when
the cognitive processing must be suppressed merely because it is inappropriate and when the cognitive process-
ing must be suppressed in favor of a subdominant but appropriate one. Inhibitory control putatively plays a cru-
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cially important role in maintaining concentration and performing goal-directed behaviors (Anderson, 2002;
Diamond, 2013; Miyake & Friedman, 2012). Deficits in inhibitory control have also been implicated in beha-
vioral problems associated with developmental disorders such as attention deficit hyperactivity disorder (ADHD)
(Barkley, 1997; Ozonoff & Jensen, 1999; Song & Hakoda, 2011; Yasumura et al., 2014). Inhibitory control is a
key cognitive function of typical and atypical child development.

Many efforts have been undertaken to investigate the typical development of inhibitory control. Among vari-
ous measures, the most classic is the Stroop color-word test. In this test, individuals are presented with incon-
gruent color word stimuli, for instance the word red printed in blue ink. They are then requested to name the ink
color while inhibiting the prepotent tendency of word-reading. The response time cost in color-naming of the
incongruent stimuli versus neutral stimuli, such as a blue rectangle, indicates the Stroop interference, also
known as the Stroop effect. However, because the Stroop color-word test requires well-developed reading skill,
its effectiveness is limited when used with children younger than around 7 years, who have little or no reading
ability (Brocki & Bohlin, 2004; Wright, Waterman, Prescott, & Murdoch-Eaton, 2003).

Addressing that important limitation of the classic Stroop color-word test, attempts have been undertaken to
develop new measures based in principle on Stroop interference, i.e., two-dimensional stimuli associated with
two different and competing responses, but which require no reading skill. Such methods are the color-object
Stroop task (Prevor & Diamond, 2005), the animal Stroop task (Nichelli, Scala, VVago, Riva, & Bulgheroni, 2005;
Wright et al., 2003), the Real Animal Size Test (Catale & Meulemans, 2009; Ikeda, Okuzumi, & Kokubun,
2013a), and the Pictorial Animal Size Test (lkeda et al., 2013a), and the fruit Stroop task (Archibald & Kerns,
1999). Among them, the fruit Stroop task has been used frequently in recent developmental studies (Loher &
Roebers, 2013; Macdonald, Beauchamp, Crigan, & Anderson, 2014; Michel & Roebers, 2008; Neuenschwander,
Cimeli, Roéthlisberger, & Roebers, 2013; Roebers, Rothlisberger, Neuenschwander, Cimeli, Michel, & Jager,
2014; Rothlisberger, Neuenschwander, Cimeli, & Roebers, 2013).

Here, it is noteworthy that in the Stroop paradigm, where two-dimensional stimulus associated with two dif-
ferent and competing responses is presented, interference can occur in two “directions” as one from Dimension
A on Dimension B and vice versa. For instance, in the Stroop Color-Word test, although Stroop interference is a
phenomenon observed when word reading interferes with color naming, interference of color naming with word
reading is also observable when reading the color word in an incongruent color, i.e., the reverse-Stroop interfe-
rence, although it is less than the Stroop interference when one must make an oral response (lkeda, Hirata,
Okuzumi, & Kokubun, 2010; MacLeod, 1991; Pritchatt, 1968). Consequently, it is necessary to investigate in-
terference in both directions when one infers how processing of one dimension interferes with that of the other
dimension. However, most studies that have been undertaken to develop Stroop-like tasks have examined inter-
ference in only one direction.

This study was conducted to investigate mechanisms of interference in the fruit Stroop task. With this aim,
this study investigated performances on the blocked paper-and-pencil version of the fruit Stroop test in typically
developing children and young adults. In this test, individuals were presented with line drawings of fruits which
have a strongly associated color (canonical color; e.g., red for strawberry) and were asked to name their canoni-
cal colors. Presumably, naming canonical colors interferes with naming superficial ink colors of the fruits pre-
sented when they are colored inappropriately (e.g., strawberry in yellow). This study examined differences be-
tween interference from superficial color to canonical color and interference from canonical color to superficial
color as well as interference from superficial color to word reading.

2. Method

Participants. Participants were 271 children and adults of five age groups: 1) 5 - 6 yr, 64 children (28 boys, 36
girls; M age = 70.6 mo, age range = 60 - 83 mo); 2) 7 - 8 yr, 65 children (32 boys, 33 girls; M age = 94.9 mo,
age range = 84 - 107 mo); 3) 9 - 10 yr, 60 children (29 boys, 31 girls; M age = 119.1 mo, age range = 108 - 130
mo); 4) 11 - 12 yr, 46 children (22 boys, 24 girls; M age = 141.9 mo, age range = 132 - 151 mo); and 5) 36
young adults (19 men, 17 women; M age = 21.3 yo, age range = 18 - 23 yo). The divisions between the age
groups were determined based on chronological age. Across age groups, almost all participants were mid-
dle-class and Asian. Children were recruited through local mainstream preschool and elementary school pro-
grams. Adults were recruited from a university.

This study included only participants with reading ability. Some preschool children were excluded from this
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study because of their lack of reading ability. An additional 29 participants were tested but were unable to pro-
vide data for analyses because they seemed not to understand the rules properly. Moreover, an additional 54 par-
ticipants were tested but their data were excluded from analyses because they were identified as outlier cases.
Details are described in the Results section.

Measures. All participants were administered a paper-and-pencil version of the fruit Stroop test. This test
comprised three tasks with two conditions respectively, i.e., six conditions in total, in which pictures of fruits or
geometric figures were depicted on six separate sheets of paper (see Figure 1).

Canonical color task. In this task, participants were presented with line-drawings of fruits along with canoni-
cal colors (strawberry associated with red, banana associated with yellow, and melon associated with green). In
the control condition (Test 1), three colorless line drawings of fruits (strawberry, banana, and melon) were pre-
sented one by one, requiring participants to choose from the three colored rectangles (red, yellow, green) printed
on the right side of the test sheet corresponding to the canonical color the stimulus represented. In the interfe-
rence condition (Test 2), the three line drawings of fruits printed in a noncanonical color of the same three colors
(e.g., green strawberry, red banana, yellow melon) were presented one by one, requiring participants to make a
choice from the three colored rectangles (red, yellow, green) printed on the right side of the test sheet corres-
ponding to the canonical color the stimulus represented. Therefore, participants were compelled to inhibit a re-
sponse to the superficial color and to give a response related to the fruit’s canonical color in the interference
condition.

Superficial color task. In the control condition (Test 3), three geometric figures (a triangle, a square, and a
circle) colored in red, yellow, or green were presented one by one, requiring participants to choose from the
three colored rectangles (red, yellow, green) printed on the right side of the test sheet corresponding to the su-
perficial ink color the stimulus represented. In the interference condition (Test 4), the three line drawings of

i
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Test 1 Canonical color task (control) Test 2 Canonical color task (interference)

—
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Test 3 Superficial color task (control) Test 4 Superficial color task (interference)
f) HBAELEA NG HBANE Z[E7
o
é WEZ DA ‘ FLEE LB HAA
Q [(ER7E|HDA|NED 0 [ERE|HDANED

Test 5 Fruit name task (control) Test 6 Fruit name task (interference)

Figure 1. Examples of the six conditions in the fruit Stroop test. For Test 5 and Test 6,
three words were used: “(37272” refers to “banana”; “L\VEC” “strawberry”; and “5$HBA”

“melon”.
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fruits printed in a noncanonical color of the same three colors (e.g., green strawberry, red banana, yellow melon)
were presented one by one, requiring participants to make a choice from the three colored rectangles (red, yel-
low, green) printed on the right side of the test sheet corresponding to the superficial ink color the stimulus
represented. Therefore, participants were compelled to inhibit a response to the superficial color and give a re-
sponse related to the fruit’s superficial color in the interference condition.

Fruit name task. In this task, participants were presented with line-drawings of fruits that have strongly asso-
ciated colors (strawberry, banana, and melon). In the control condition (Test 5), three colorless line drawings of
fruits (strawberry, banana, and melon) were presented one by one, requiring participants to choose from the
three words (“strawberry”, “banana”, “melon” in Japanese) printed on the right side of the test sheet corres-
ponding to the meaning the stimulus represented. In the interference condition (Test 6), the three line drawings
of fruits printed in a noncanonical color of the same three colors (e.g., green strawberry, red banana, yellow me-
lon) were presented one by one, requiring participants to make a choice from the three words (*strawberry”,
“banana”, “melon” in Japanese) printed on the right side of the test sheet corresponding to the meaning the sti-
mulus represented. Therefore, participants were compelled to inhibit a response to the superficial color and give
a response related to the fruit’s name in the interference condition.

Procedures. Participants were tested in groups in quiet and illuminated rooms at a kindergarten, a school, or a
university. At arrival, a participant was asked to be seated in front of the task papers placed on a desk. Then each
participant was administered four preliminary tests. Each was confirmed to be able to recognize colors, the fruits’
canonical colors, names of the fruits in written Japanese, and names of colors in written Japanese (otherwise a
participant was not administered the tasks further and was excluded from participants in this study; five
5-year-olds and three 6-year-olds were unable to recognize names of the fruits and/or names of colors in written
Japanese).

Subsequently, each was presented with a sheet of paper (A3) for each condition. Each sheet of paper consisted
of 6 practice trials and 60 test trials. The participants were asked, respectively, to perform the practice and test
trials as quickly and as accurately as possible for 10 s and 30 s. Each used a pen to make a choice from the three
columns on the right side of the test sheet, thereby allowing group administration of the tests. In addition, a par-
ticipant was asked to correct errors when detecting errors by drawing double lines on them and making the re-
sponse that should have been made. The order of the three tasks was counterbalanced among the participants.
For each task, the order of the two conditions was randomized among the participants.

Analysis. For each test, quantities of correct responses out of 60 test trials were recorded. As indices of inhi-
bitory control, the interference scores were calculated using the formula shown below:

Interference score = 100 x (correct responses in the control condition — correct responses in the interference
condition)/correct responses in the control condition.

For statistical analyses, software (SPSS 19.0 for Windows) was used.

Ethical approval. Our experimental protocol was administered in accordance with the guidelines of the Dec-
laration of Helsinki and was approved by the institutional review board. Informed consent was obtained from all
adult participants and from a parent of each child participant before the assessment session.

3. Results

Treatment of the data. Children who seemed not to understand the rules properly were excluded from this
study. Because some could not be administered all three tasks, 8 5 - 6-year-olds, 10 7 - 8-year-olds, 4 9 -
10-year-olds, and 10 11 - 12-year-olds were excluded. Moreover, two 8-year-olds were excluded because they
were unable to follow the rules. One 5-year-old hesitated to continue the test during the session. Data of an addi-
tional 54 participants were excluded from analyses because they were identified as outlier cases (defined as
“atypical values” by the SPSS 19 Explore command) for each set of dependent variables (quantities of correct
responses and interference scores).

Quantities of correct responses. Items were counted as correct responses when a participant checked cor-
rectly as well as when a participant checked appropriately after error correction. Table 1 shows means and
standard deviations for the quantities of correct responses in the control and interference conditions for each task
of the fruit Stroop test. A 3 (task) x 2 (condition) x 5 (age group) mixed analysis of variance was conducted for
the quantities of correct responses. Significance was found for the three main effects (age group: F4 26 = 530.81,
p < .001, partial #* = .89; task: F,s3, = 972.56, p < .001, partial * = .79; and condition: Fy s = 608.61, p
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Table 1. Quantities of correct responses in each task of the fruit Stroop test.

5 - 6 years old 7 - 8 years old 9-10yearsold 11 -12 yearsold Young adults

M SD M SD M SD M SD M SD

Test 1 (canonical color control) 13.4 3.7 23.7 4.4 28.6 3.1 34.6 34 426 43
Test 2 (canonical color interference) 10.9 3.2 19.2 4.2 231 35 28.1 3.1 350 41
Test 3 (superficial color control) 14.2 4.5 27.2 4.7 31.3 3.9 39.1 3.7 471 44
Test 4 (superficial color interference) 14.6 4.3 26.4 4.7 30.1 3.8 374 3.0 445 42
Test 5 (fruit name control) 11.6 3.2 21.4 3.6 24.8 3.6 30.0 2.9 356 31

Test 6 (fruit name interference) 11.0 3.2 20.1 3.6 24.0 3.2 285 3.4 33.7 3.7

< .001, partial #* = .70), the three two-way interactions (interaction between the task and age group: Fgss, =
245.47, p < .001, partial #* = .34; interaction between the condition and age group: F4,6 = 103.27, p < .001,
partial #? = .27; and interaction between the task and condition: F, s, = 727.56, p < .001, partial #* = .44), and
the three-way interaction between age group, task, and condition (Fgss, = 15.36, p < .001, partial #* = .62).

Interference score. Table 2 presents means and standard deviations for the interference scores in each task of
the fruit Stroop test. A 3 (task) x 5 (age group) mixed analysis of variance was conducted for the interference
scores. The analysis revealed a significant effect for task (F,ss = 155.99, p < .001, partial #° = .37), for age
group (F4 65 = 381.26, p < .05, partial > = .37), and for interaction between task and age group (Fgss, = 271.90,
p < .05, partial #? = .32). Post hoc Bonferroni tests yielded significant differences between the canonical color
task and the superficial color task and between the canonical color task and the fruit name task for all age groups
(p <.001), and significant difference between the superficial color task and the fruit name task for the 5 - 6-year-
olds (p < .001). The analysis also revealed significant differences between 5 - 6-year-olds and the other age
groups in the Superficial color task (p <.01). The other comparisons showed no significant differences.

4. Discussion

In this study, data were analyzed for quantity of correct responses and the interference score. Although error
rates are interpreted as an index of inhibitory control, those less able to suppress distracting information are
more prone to errors (e.g., McDowd, Oseas-Kreger, & Filion, 1995), error rates were not analyzed because the
participants showed very accurate performances. Errors were few and not normally distributed. However, the
numbers of errors were considered for quantity of correct response, and therefore the interference score. The
difference between the interference condition and the control condition is of particular interest because a meas-
ure of interference occurred, i.e., inhibitory control. To investigate the interference more precisely at the level of
the individual, the interference score was analyzed. Although the difference score has been used in many studies
conducted to date, recent studies have used the interference score as calculated in this study, which excludes any
influence of an individual’s performance level (lkeda, Hirata, Maeda, Okuzumi, Kokubun, Ambe et al., 2013;
Ikeda, Hirata, Okuzumi, & Kokubun, 2010; Ikeda, Okuzumi, Kokubun, & Haishi, 2011; Ikeda, Okuzumi, &
Kokubun, 2013a, 2013b; Ludwig, Borella, Tettamanti, & de Ribaupierre, 2010; Song & Hakoda, 2011). There-
fore, this study does not assess the results of the quantity of correct responses further.

Differences in interference scores were observed among the tasks. Interference was greatest in the canonical
color task: greater than in the superficial color task or the fruit name task, among the latter of which no further
difference was observed except in the youngest age group. According to the Parallel Distributed Processing
(PDP) model (Cohen, Dunbar, & McClelland, 1990), the difference in strength of processing between two di-
mensions of stimulus causes asymmetric interference. Stronger processing interferes with weaker processing,
but not vice versa. Comparison between the canonical color task and the superficial color task indicates that
processing the superficial color interfered with processing the canonical color, suggesting that processing the
superficial color is stronger. In addition, comparison between the canonical color task and the fruit name task
indicates that processing the superficial color did interfere with processing of the canonical color but not with
processing fruit’s words, suggesting that interference occurs when representations of colors compete for partic-
ular resources of processing and that naming fruit words does not induce processing of the colors.
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Table 2. Interference scores in the fruit Stroop test.

5 - 6 years old 7 - 8 years old 9 - 10 years old 11 - 12 years old Young adults

M SD M SD M SD M SD M SD

Canonical color task 17.9 14.9 18.5 12.4 18.9 10.3 18.5 85 17.6 8.7
Superficial color task —4.3 17.4 2.6 9.7 3.2 9.2 4.1 7.6 5.4 5.7
Fruit name task 3.6 16.9 5.7 9.7 25 11.6 47 8.1 5.2 8.0

Considering age-related trends specifically, development of inhibitory control was not found for the interfe-
rence score. This is not consistent with the results obtained by Archibald and Kerns (1999), but it is consistent
with the results obtained by an earlier study using the fruit Stroop test (defined here as the canonical color task),
which showed only a trend toward reduced interference with age (MacDonald et al., 2014). This discrepancy
might derive from the difference in procedures such as response mode (oral vs. manual), the stimuli used, and
the participant’s age. However, the results of this study indicated high variability of interference, thereby sug-
gesting that the fruit Stroop test is a useful test to assess individual differences of inhibitory control.

5. Conclusion

Results of this study demonstrated robust interference in the canonical color task of the fruit Stroop test. Al-
though reduced interference with age was not observed in the canonical color task, this task might be a useful
tool to assess individual differences of inhibitory control given the high variation of the interference scores.
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