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Abstract

Children with Attention Deficit Hyperactivity Disorder (ADHD)
face many challenges throughout their educational life. This study
is to find out whether there is a combination of board and wall color
that will help focus their attention in classroom environments.
Therefore four experimental settings were prepared in which
children with ADHD had to solve specially prepared tests on their
most troublesome subjects. Results of one-way repeated measures
ANOVAs showed that children with ADHD made significantly
less errors in rooms where the board and wall colors were different
than each other, in Coding and Matching tests. In the Pair
Cancellation test participants performed significantly faster in the
room in which both the board and the wall were painted red,
compared to the room with white board and white walls. Although
there is no significant difference between experimental settings in
the reading task, it is observed that the participants with ADHD
corrected their mistakes more in rooms with wall and board colors
different than each other. As a result, painting the wall behind the
board a different color than the board is recommended to help
children with ADHD focus their attention more easily in classroom
environments. With the findings of the current study it is believed
that the use of color in different objects and environments in
different educational activities can contribute positively to the
learning abilities and mental states of children, young and adults
with ADHD.
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Introduction

Intelligence development and related problems are some of the most studied areas over the last
50 years. The most comprehensive approach to explaining what intelligence is is the approach known
as the Cattell-Horn-Carroll Theory. The Cattell-Horn-Carroll theory of cognitive abilities is a prominent
psychological theory which delivers a hierarchical model of intelligence of human cognitive abilities
(Alfonso, Flanagan, & Radwan, 2005; McGrew, 2005, 2009; Schneider & McGrew, 2012). Comprehensive
tests used in the evaluation of intelligence are also based on this theory, like Wechsler Tests, and
Woodcock-Johnson Tests. Comprehensive mental assessment is also guiding the identification of the
mental characteristics of children and adults who show differences in their mental development. It also
provides important information in determining the effectiveness of approaches to addressing mental
problems.

Attention-Deficit Hyperactivity Disorder (ADHD), one of the most common complaints that
differ in mental characteristics during childhood, is a psychiatric disorder defined by a combination of
three characteristics; inattention, hyperactivity and impulsivity that is “more frequently displayed and
is more severe than is typically observed in individuals at comparable level of development” (American
Psychiatric Association, 2013). ADHD is one of the most common psychiatric diagnosis seen in children
worldwide (Adam, Lucas, & Barnes, 2008; Polanczyk, De Lima, Horta, Biederman, & Rohde, 2007;
Thomas, Sanders, Doust, Beller, & Glasziou, 2015). Most researchers estimate that 3% to 10% of children
have ADHD (Faraone, Sergeant, Gillberg, & Biederman, 2003; Oner & Aysev, 2007).

Different prevalence rates of ADHD are found in different studies conducted in Turkey. As a
result of a four-year epidemiology study in Izmir the prevalence of ADHD was found to be 13.38%
(Ercan et al., 2013). In a study conducted in primary school students aged 6-15 years in Sivas, the
prevalence of ADHD was found to be 8.1% (Ersan, Dogan, Dogan, & Siimer, 2004), and in a study
conducted in Kayseri with students between 7-15 years of age, it is reported to be 6.2% (Senol, Unalan,
Akca, & Basturk, 2018). The prevalence of ADHD also varies between countries. The rates in most
studies are reported for children of 7-9 years of age. In a meta-analysis of 175 studies worldwide, the
prevalence of ADHD is reported to be 7.2% (Thomas et al., 2015). Nine studies in African countries, the
Democratic Republic of Congo, South Africa and Ethiopia have shown the prevalence of ADHD
between 5.4% and 8.7% (Bakare, 2012). While the incidence in Saudi Arabia was reported as 2.7%
(Algahtani, 2010), a meta-analysis involving Iranian children carried a very high proportion (12%)
(Yadegari, Sayehmiri, Azodi, Sayehmiri, & Modara, 2018). The prevalence of ADHD in Far East
countries China, Hong Kong and Taiwan is found to be 6.3% (Liu, Xu, Yan, & Tong, 2018). In a study
conducted on children of school age in Brazil, a South American country, the prevalence is reported as
5.1% (Arruda, Querido, Bigal, & Polanczyk, 2015). The ratio for North America (6.2%) and European
countries (4.6%) is reported similar (Polanczyk et al., 2007).

ADHD usually begins in childhood but may continue into the adult years. Approximately 30-
50% of people diagnosed in childhood continue to have symptoms in their adulthood years and 2-5%
of adults have ADHD (C)ner & Aysev, 2007; Simon, Czobor, Balint, Mészaros, & Bitter, 2009). It is also
stated that many adults diagnosed with ADHD were not diagnosed in their childhood (Chinawa & Obu,
2015). It is claimed that the observed symptoms may vary according to age, gender, accompanying
different diagnoses, familial features and environmental effects (Merrell & Tymms, 2001).

The prevalence of ADHD diagnosis was reported to be 3-6 times higher in males than in females
(Adam et al., 2008, Faraone et al., 2003; Orner & Aysev, 2007). However, in recent years, the rate of
female/male ratio was found to be 2.28: 1 because of the increasing recognition of inattentive type of
ADHD (Ramtekkar, Reiersen, Todorov, & Todd, 2010).

Three types of ADHD are defined, depending on more prominent symptoms. In the Inattentive
type (ADHD-I), the child has difficulty in organizing and concluding a task, has difficulty in focusing
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on the details or following the instructions. While doing their day-to-day work, they are easily distracted
and forget details. The second type is the Hyperactive/Impulsive type (ADHD-HI). These children are
restless, have difficulty in sitting still, they talk a lot, and take action without thinking about the
consequences of their behavior. The third type is the Combined type (ADHD-C). These children show
combinations of different degrees, the symptoms of the other two types (Merrell & Tymms, 2001).

There are differences in the prevalence of ADHD and the prevalence of ADHD subtypes in
different studies. Based on information from clinical-based samples, it is said that the Combined type is
more common than the other two types (Faraone, Biederman, Weber, & Russell, 1998; Lahey et al., 1994).
However, in some international and American population-based studies the Inattentive type is found
to be more common (Baumgaertel, Wolraich, & Dietrich, 1995; Gaub & Carlson, 1997; Wolraich, Hannah,
Pinnock, Baumgaertel, & Brown, 1996); and in some cases the combined type shows a predominance
(Angold et al., 2002; Ford, Goodman, & Meltzer, 2003; Rohde et al., 1999). Different findings are present
in the more recent studies as well. In one study, the ADHD-HI type (5%) is found to be more common
than the ADHD-C (1.6%) and ADHD-I (1.5%) type (Alloway, Elliot, & Holmes, 2010), in another study
ADHD-C (3.8%) shows a predominance over ADHD-I (1.7%) and ADHD-HI (0.5%) (Skounti et al.,
2010). It is reported that ADHD-C and ADHD-HI types are the least liked by their peers, and show more
behavioral disorders, ADHD-C and ADHD-I experience more academic failure, and anxiety and
depression is least seen in ADHD-HI type (9.2%) followed by ADHD-I (21.9%) and ADHD-C types
(29.3%) (Gaub & Carlson, 1997). In the absence of treatment, children are reported to have many
problems at home and at school (Barnard Brak, Sulak, & Fearon, 2011).

Due to the problems mentioned above, it is stated that children diagnosed with ADHD will
have difficulty in dealing with distractors in an ordinary classroom as a result of being hypersensitive
to stimuli (Bulut, 2007). Children who are diagnosed with ADHD often face problems in school
environments such as inability to focus and maintain attention, daydreaming or excessive speaking,
inability to bear relatively uninteresting situations, inability to leave entertaining activities, difficulty in
following and executing instructions, impulse control problems, inability to control the level of activity,
and inequality in school performance (Siiriicii, 2016). Almost all of these problems are within executive
functions. Barkley (2011), one of the leading researchers in this field, defines executive functions as
“abilities that allow the capacity to choose, enact and sustain actions over time towards goals, often as
related to interactions with others, and usually through social and cultural appropriate means that
maximize longer term welfare”. Executive functions is an integrity of several functions such as cognitive
processing of information, working memory, emotion control, sustaining attention, planning,
sequencing, organization, efficient time usage, flexibility, goal orientation, inhibition, and directed goal
behavior (Chan, Shum, Toulopoulou, & Chen, 2008; Dixon, Zelazo, & De Rosa, 2010). Problems in
executive functions cause disruptions in different fields and levels in academic and social life of the
individual. It has been suggested that children, adolescents and adults with ADHD experience the
foremost difficulty in focusing attention. Later, disruptions observed in cognitive areas instigated a
focus on executive functions (Gropper & Tannock, 2009). Chan et al. (2008) reviewed more than twenty
tests used to evaluate executive functions, and states that there is no “gold standard” in evaluating this
complex structure, but evaluations can be made according to specific components. Among executive
functions, working memory is the most studied cognitive skill. Cognitive skills are at the base of
executive functions and affect attention deficiency (Kasper, Alderson, & Hudec, 2012).

Research states that children with ADHD differ from their non-ADHD peers in IQ tests. Among
the four major indexes of the Wechsler Intelligence Scale for Children (WISC-1V), children with ADHD
are found to have the most difficulties with the Working Memory (WMI) and Processing Speed (PSI)
Indexes (Mayes & Calhoun, 2007). The PSI measures the child’s ability to perform simple discrimination
tasks quickly (Wechsler, 2004). The WMI is a measure of short term memory that measures the child’s
ability to understand and hold in information and then use it within a few seconds (Wechsler, 2004).
Deficits in these two indexes are also powerful predictors of learning disorders in children with ADHD
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(Mayes & Calhoun, 2007). Flanagan and Kaufman (2009) administered the WISC-IV to a sample of
ADHD children with and without learning disabilities, children scored lowest on the subtests of
Cancellation and Coding (both in the PSI), and Arithmetic (in the WMI). Poor performance on these
subtests are explained by the importance of attention, concentration, and speed that these subtests
require which are “all critical areas of concern in this population” (Flanagan & Kaufman, 2009).
Similarly, a study by Penny, Waschbusch, Carrey, and Drabman (2005) investigating the performance
of ADHD children in Woodcock-Johnson Tests of Cognitive Ability (3rd ed.), affirms that the inattentive
symptoms of ADHD are related to slower Cattell-Horn-Carroll (CHC) ability of processing speed which
is significantly related to inattention. Other studies also point out a deficiency of processing speed in
children with ADHD (Chhabildas, Pennington, & Willcutt, 2001; Ek et al., 2007; Shanahan et al., 2006;
Solanto et al., 2007; Willcut, Doyle, Nigg, Faraone, & Pennington, 2005). Additional problematic areas
besides processing speed found in ADHD children are working memory (Marusiak & Janzen, 2005;
Muir Broaddus, Rosenstein, Medina, & Soderberg, 2002; Skowronek, Leichtman, & Pillemer, 2008);
visual processing in visual-spatial working memory tasks (Alloway et al., 2009; Marzocchi et al., 2008;
Westerberg, Hirvikoski, Forsberg, & Klingberg, 2004); and long-term storage and retrieval (Cutting,
Koth, Mahone, & Denckla, 2003; Muir Broaddus et al., 2002; Solanto et al., 2007). Whether or not children
with ADHD differ according to subtype in Wechsler tests is also gaining weight in research. In a study
by Fenollar Cortés, Navarro Soria, Gonzalez Gémez, and Garcia Sevilla (2015), while there was no
difference between Verbal Comprehension and Perceptual Reasoning Indexes for the ADHD Combined
type, in ADHD Inattentive type Verbal Comprehension scores was found to be higher. It is suggested
that the Processing Speed is affected more negatively in the ADHD Inattentive subtype. The tests used
in the current investigation are therefore created based on these most problematic areas for children
with ADHD. Furthermore, their scores of the PSI and WMI are used as covariates for further
investigation on the effects of board and wall color combinations.

In terms of color discrimination, ADHD children are reported to exhibit differences compared
to their non-ADHD peers. In most color systems, colors are located in two axes, blue-yellow and red-
green. These axes were created by Ewald Hering in 1920, with the idea that opposite colors are never
perceived together like a reddish green or a bluish yellow (Shevell, 2014). Children with ADHD are
reported to exhibit blue-yellow color perception deficits (Banaschewski et al., 2006; Silva & Frere, 2011;
Tannock, Banaschewski, & Gold, 2006). A study investigating color discrimination in children with and
without ADHD indicates that children with ADHD make more blue-yellow errors but not more red-
green errors compared to children without ADHD on a Farnsworth-Munsell 100 Hue Test
(Banaschewski et al., 2006). The study conducted by Roessner et al. (2008) shows that children with
ADHD makes more errors on a Farnsworth-Munsell 100 Hue Test then their typically developing peers
and more so on the blue-yellow axis compared to red-green axis. Similarly when adults with ADHD
were administered the same test, this group was found to make more mistakes in the color
discrimination task in the blue spectrum compared to the non-ADHD group. There was no significant
difference between the two groups for the colors of the red-green axis (Kim, Chen, & Tannock, 2014). In
another study a computer game design was implemented to children with and without ADHD, where
hints and information boards in the game were painted red and green colors in one version of the game
and blue and yellow colors in another (Silva & Frere, 2011). The study shows that although the use of
blue-yellow colors decreased the performance of all participants, a greater decrease was detected for
ADHD children where tasks requiring attention were most affected. In the light of this information, the
color to be used in this study was chosen from the red-green axis.

The treatment for ADHD is generally done with psychostimulant medications. Besides these,
additional precautions in home and school environments of these children show some positive effects
on their attention levels. For instance, several studies show improvements in their academic
performance when using color on the reading or writing materials. Colored paper is found to have a
positive effect on handwriting legibility of children with ADHD (Imhof, 2004). Similarly, an adolescent
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study on a copying task found out that the ADHD group, unlike the control group performed better
with colored letters than with black letters (Zentall, Falkenberg, & Smith, 1985). Another study suggests
that putting colored overlays on reading materials has a significant effect on reading comprehension
and reading recognition of children with ADHD (lovino, Fletcher, Breitmeyer, & Foorman, 1998). In a
study among blue, red and none overlays, red was found to be the most effective overlay color for the
ADHD group. Additionally, blue overlay was found to be more effective for the reading recognition
task (Iovino et al., 1998).

These studies suggest that an improvement in these children’s lives is possible through carefully
selected color schemes. As students with ADHD experience sensory overload and process visual stimuli
intensely, they are reported to experience color sensitivity whilst learning in educational settings (Freed
& Parsons, 1997). However, the effects of environment color have not been thoroughly studied for this
group. Suggestions for parents are generally about home improvements since they are easier to control.
Nevertheless, these children would also benefit greatly if school environments would offer a more
convenient space that would reduce their symptoms and increase academic productivity.

In a study covering 751 pupils from 34 varied classrooms in seven different schools in the UK,
Barrett, Zhang, Moffat, and Kobbacy (2013) conducted a holistic, multi-level analysis to identify the
impact of classroom design on pupils’ learning. According to the results of this study color is one of the
six design parameters affecting a pupil’s learning progression together with choice, connection,
complexity, flexibility, and light. Comparing the “worst” and “best” classrooms in the sample,
researchers calculated that among the six environmental factors color has an 18% proportion of increase
in a pupil’s learning progress which is the second most important factor after connection (26%).
Although it is possible to find many recommendations for classroom color schemes on different
publications, there is a lack of scientific research about the subject and these recommendations seem to
stem from common sense. A subject frequently highlighted in these discussions is the benefits of having
an accent colored front wall in the classroom. In classrooms where students face one direction, having
the front wall different from side and back walls is said to reduce eyestrain for students by helping the
eye relax as students look up from a task. This arrangement also relieves fatigue and over-stimulation
and draws the attention to the front of the room where the teacher stands and the chalkboard or the
whiteboard is mounted (Engelbrecht, 2003; Mahnke & Mahnke, 1987; Mahnke, 1996; Sherwin Williams,
2013).

Having a different colored wall behind the board, in a sense creates a frame around the board
which could be beneficial for children with ADHD. In a number of studies these children are found to
make more large saccades than control children (Deans, Laughlin, Brubaker, Gay, & Krug, 2010; Gould,
Bastain, Israel, Hommer, & Castellanos, 2001; Munoz, Armstrong, Hampton, & Moore, 2003; Rommelse,
Van Der Stigchel, & Sergeant, 2008; Ross, Harris, Olincy, & Radant, 2000). Saccades happen when an
individual moves their eyes away from the target stimuli, which can cause trouble in eye fixation and
experts claim that it can occur when the subject gets distracted and loses their focus (Deans et al., 2010).
The ADHD group is also found to display significantly more regressive saccades where they re-read a
portion of a text than do control children (Deans et al., 2010). No scientific data exists about whether a
framed reading material diminishes these saccades; however, a mother of a boy diagnosed with ADHD
reports in her book that brightly colored placemats put underneath the reading material helped her
child to focus his attention more since the placemat visually frames the child’s work (Boring, 2002).

Besides framing the board, painting the front wall of a classroom introduces color to the
environment. The effect of color on performance has been largely studied in the past but there is still a
vast body of knowledge waiting to be explored (see Elliot, 2015). One of the most researched colors is
the color red with a 53% ratio in color research (Jalil, Yunus, & Said, 2012). The use of color in these
experimental researches are either on the testing material or in the environment. A number of researches
have shown that seeing the color red or only the word red (Lichtenfeld, Maier, Elliot, & Pekrun, 2009)
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on the testing material hurts cognitive performance (Elliot, Maier, Moller, Friedman, & Meinhardt, 2007;
Gnambs, Appel, & Kaspar, 2015; Maier, Elliot, & Lichtenfeld, 2008). These negative effects are often
explained by the association of the color red with danger. The color of warning signs, or blood or the
red pen used by teachers to correct mistakes are generally red. Mehta and Zhu (2009) in a number of
experiments affirm that red creates an avoidance motivation unlike blue which creates an approach
motivation. This avoidance motivation might lead to an impairment in the performance on cognitive
tasks because the subjects try to avoid making mistakes (Elliot et al., 2007).

These aforementioned experimental studies use the color red on testing materials and are
realized with adult or adolescent samples and do not include special groups like ADHD. Caution and
avoidance motivation might be a desirable outcome for the inattentive group; however, this has not yet
been tested. The studies which did not find an effect of the color red on cognitive performance (Larsson
& Stumm, 2015; Martinez, Oberle, & Thompson Jr., 2010; Olsen, 2010) are generally explained by Elliot
and Maier’s color-in-context theory (2012) which suggests that the detrimental effects of red could be
seen in a context where fear of failure is sensed more and the studies which did not find any significant
effects may have failed to create such a context.

When red is introduced as an environment color rather than on testing materials, different
results can be observed on performance. Although fewer studies have been conducted about the effects
of environment color on cognitive performance, the findings do not suggest a detrimental effect of red.
One study demonstrated that the participants made fewer errors in a red office on a proofreading task
compared to a white office (Kwallek & Lewis, 1990). In a more recent study students with low writing
ability received higher achievement scores on a journaling task in a red environment compared to a blue
environment (Johnson & Ruiter, 2013). Participants completing a proofreading task in red and blue
rooms performed faster in the red room but with lower accuracy (Kiiller, Mikellides, & Janssens, 2009).
These findings are explained in line with arousal theory which suggests that there is an optimum level
of arousal for everyone and performance is in its best on this optimum level. Lower or higher levels of
arousal cause a decrease on performance and red being a stimulant color creates a heightened arousal
for the participants (Kiiller et al., 2009; Kwallek & Lewis, 1990; Kwallek, Woodson, Lewis, & Sales, 1997;
Stone, 2003; Walters, Apter, & Svebak, 1982). In the case of children with ADHD, experts indicate that
added stimulation would be most beneficial for this group of children especially during tasks that
require sustained attention (Zentall et al., 1985). Considering that the medication which decreases
ADHD symptoms are psychostimulants (Siiriicii, 2016), it is not surprising that several studies of
environmental stimulation have also revealed positive effects on motor activity and academic
performance for people with ADHD (lovino et al., 1998; Zentall & Shaw, 1980; Zentall & Zentall, 1983).

Most research on the effects of environmental color on cognitive performance have been
conducted with adults. The children sample is used in one extensive study where the participants
completed test booklets in the presence of a colored screen and a grey screen (Brooker & Franklin, 2016).
In this study, exposure to color was rather limited compared to other studies which use color as an
environmental element and not on testing material; A3 size colored boards were put in front of the
participants while taking the tests. The results show a significantly worse performance in the presence
of red screen. Writers claim that children might have associated red with failure as in the
aforementioned studies (e.g. Elliot et al., 2007; Gnambs et al., 2015; Lichtenfeld et al., 2009; Maier et al.,
2008) and had lower scores in the presence of the red board (Brooker & Franklin, 2016).

The current study aims to explore the effects of the color red used as an environment color on
the performance of children with ADHD which has not been tested before. Furthermore, by using
different colored wall and boards, the effect of framing on performance will also be analyzed.
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Method

Participants

The participants in the study consisted of 48 children who were diagnosed with ADHD and had
mental evaluations in another concurrent study which received the necessary permits from both the
parents and the children. The sample was formed solely from male participants to exclude the effect of
gender on the test results and because there was not enough female student application since ADHD is
about 2.28 times more likely to be diagnosed in boys than in girls (Ramtekkar et al., 2010). All
participants are children with ADHD Combined type. They were also instructed not to use any
medication that will affect their attention when they were being assessed.

The mean age was found to be 99.38 months (SD = 11.987). All participants attended school; 12
of which attended 2rd grade, 19 attended 3 grade, and 17 attended 4™ grade. It has been reported that
there are few extensive studies on the development of executive functions according to ages in school-
age children (Pureza, Gongalves, Branco, Grassi Oliveira, & Fonseca, 2013). When talking about the
developmental characteristics of school-age children, there is no exact agreement about the age groups.
In some studies investigating executive functions, age groups were used as 6-7, 8-10 and 11-12 years old
(Pureza et al., 2013). In different researches, age groups are constructed as Early Childhood (5-6 years),
Middle Childhood (7-9 years), Late Childhood (10-12 years) and Early Adolescence (13-14 years).
Attention control seems to occur during infancy and in early childhood it improves quickly. Cognitive
flexibility, goal setting and information processing, goes through an important period of development
between the ages 7 and 9. These are generally matured by the age of 12 (Anderson, 2002). The education
system in Turkey known as 4+4+4 brings a new approach to this classification. The reason for the
inclusion of 2nd-4th grade children to the current study is that in the 2nd grade literacy has been formed
and children in the 5t grade will be moving to a different school system. In our study, the age of the
children did not give any significant findings.

The participants were administered the Wechsler Intelligence Scale for Children (WISC-IV) for
the mental evaluation and their scores for Verbal Comprehension Index (M = 102.21, SD = 10.431),
Perceptual Reasoning Index (M = 97.23, SD = 13.016), Working Memory Index (M = 93.71, SD = 9.656),
Processing Speed Index (M = 95.50, SD = 12.379) and Full Scale IQ scores (M = 98.67, SD = 10.186) were
used for further investigation.

Assessment Tools

The tests used in the study were prepared under expert supervision, and difficulty levels,
visibility and legibility of the tests were confirmed with ten children in a pilot study prior the
experiments. Four tests were prepared to measure the performance of the participants in different
experimental conditions; reading, coding, pair cancellation and matching. The reading test required
children to read out loud a paragraph written on the board. This test measures the participant’s ability
to read effectively. As ADHD children are known with making inattentive mistakes, adding or omitting
letters, missing suffixes or prefixes, or reversing syllables while reading (Oner & Aysev, 2007; Siiriicii,
2016) this test was aimed to see whether the different wall and board color combinations helped to
reduce these problems. The equivalence of the test was attained with paragraphs prepared with equal
length and difficulty. The reading test was assessed on four features; total reading time, words that the
participant misread but corrected afterwards, words that the participant misread but did not correct,
and total number of misread words.

The Coding test consisted of symbols corresponding to each letter of the Turkish alphabet. The
symbols were derived from the runic alphabet which was used to write various Germanic languages
before the adoption of the Latin alphabet (Runes, 2014). The participants were required to write
“TURKIYE” on their answer sheets using the symbols they see on the board. This test was inspired by
the Coding sub-test which is used in every edition of Wechsler Tests. This sub-test measures the “skills
in learning the coding process, visual-motor speed and complexity, motor coordination and attention”
(Wechsler, 2004) and is a part of the Processing Speed Index where ADHD children are found to have
the most difficulties (Chhabildas et al., 2001; Ek et al.,, 2007; Flanagan & Kaufman, 2009; Mayes &
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Calhoun, 2007; Penny et al., 2005; Shanahan et al., 2006; Solanto et al., 2007; Willcutt, Doyle, Nigg,
Faraone, & Pennington, 2005). For the equivalence of tests, same symbols are used for the correct
answers of each test because drawing of different symbols may be of different difficulty. For all tests the
word “TURKIYE” is used as the key word for symbols. However in each test different symbols
correspond to different letters in the word. The places of the correct letters are kept the same in each
test, and the letters are distributed randomly to these places. When scanning an image, some places are
known to be looked first so the correct letters for the word TURKIYE are located on the same location
in the matrix but in a random order. The coding test was assessed on two features; completion time and
the number of incorrect answers.

The board for Pair Cancellation test showed a series of dog, cat and ball drawings on a random
order and asked the participants to count the instances where a cat is followed by a ball on each row.
This test required the participant to look attentively at the board for a rather long period of time. This
test was inspired by the Cancellation sub-test in Wechsler Intelligence Scale for Children (Wechsler,
2004) and Pair Cancellation sub-test in Woodcock-Johnson Achievement Tests (Woodcock, Mather, &
McGrew, 2001). The original tests measure executive functions, attention and concentration, perceptual
speed, processing speed, attention and concentration, and vigilance (Wechsler, 2004). The test
equivalence was attained by randomly altering the rows of cats, dogs and balls for each test. As
participants are required to finish the test and not given a time limitation, equal number of rows were
scanned by the participant. The pair cancellation test was assessed on four features; completion time,
number of incorrect answers where the participant counted more instances than the correct answer,
number of incorrect answers where the participant counted less instances than the correct answer, and
total number of incorrect answers. If a child with ADHD counts less instances than the correct answer,
it might be an indication of inattention where he misses the correct instances. When he counts more
instances on the other hand, this might point to impulsivity where he counted the instances that did not
abide the rule.

The matching test required the participant to match the items on the left column with the ones
on the right column. The items were made of three letters and three numbers, an example would be
“bbd252”. The letters chosen for the test are b, d, and p since these are the most confused letters due to
their mirror images (Oktem, 1996). Likewise the numbers 2 and 5, and 6 and 9 are mostly troublesome
for children with ADHD and learning disabilities, and thus selected for the test. The test is inspired by
the Matching test used in a study by Odemis, Yener, and Camgoz (2004). For the test, participants were
given three minutes and were asked to match as many as they can during this time. In the matching test
the items were generated in three groups; those that have same letter sequencing and different number
sequencing (eg. bbd965 & bbd252), those that have same number sequencing and different letter
sequencing (eg. dbp256 & bdd256), and those that are unique in letter and number sequencing. The
items in respective groups are then randomly assigned according to the same order for test equivalence.
The place of the correct answer on the right column, whether it is above or below the misleading item
was also carefully adjusted for each test. The matching test was assessed on three features; number of
incorrect answers, number of correct answers and total number of answers.

Procedure

In order to test ADHD children’s performance in classroom environments that have different
colored board and wall combinations, a rectangular room was divided into two with a white curtain.
The first room had all walls painted white, in the second room the front wall where the boards are
mounted was painted red (NCS 1070R). All windows were closed using white panels and two identical
light sources illuminated the two rooms from an equal distance in order to achieve an even lighting
condition in both rooms. Fluorescent lamps with 6500 K color temperature were used for the ambient
illumination. 57x90 cm boards with test items printed on them were prepared in white and red (NCS
1070R) colors. These boards were mounted in turn on the front walls of the two rooms. This settlement
created four experimental conditions: a white board on a white wall (WoW), a red board on a white wall
(RoW), a white board on a red wall (WoR) and a red board on a red wall (RoR) seen in Figure 1. Parents
were informed about the experiment and gave consent for their children to take part in the study.
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WoWwW RoW WoR RoR
White Board Red Board White Board Red Board
on on on on
White Wall White Wall Red Wall Red Wall

Figure 1. The Four Experimental Conditions: WoW, RoW, WoR and RoR

Upon entering the testing place, participants and parents who gave consent for participation
were shown the two rooms and were explained the procedure. Children were instructed beforehand
with an example of each test and told what was expected from them in these tests. After this information
is given, participants were asked again if they still would like to participate in the study. They were
taken in the study after giving this consent. Each participant took equivalent tests in the four
experimental setting. The order of the experimental conditions was counterbalanced. Upon finishing a
test in one experimental condition the child was taken to another room where he played an entertaining
game of quoits and smashed empty eggshells to collect points which at the end rewarded them with a
little present.

The study was approved by Bilkent University Ethics Committee (Ethics Committee no:
2018_08_08_01).

Results

The results are analyzed with one-way repeated measures ANOVA. Children’s Processing
Speed Index (PSI) and Working Memory Index (WMI) scores from WISC-IV Wechsler Intelligence Scale
for Children were also used as a covariate in one-way repeated measures ANCOV A since the tests were
prepared mostly in these more problematic areas for children with ADHD. The cases where PSI and
WMI scores create a difference when used as a covariate are reported below.

Reading Test

The reading test was assessed on four features; (1) total reading time, (2) words that the
participant misread but corrected afterwards, (3) words that the participant misread but did not correct,
(4) total number of misread words.

A one-way repeated measures ANOVA was conducted to compare the effects of different board
and wall color combinations on these four features in WoW, RoW, WoR and RoR conditions. There was
not a significant effect of board and wall color combinations on total reading time (e = 29.750, F(3, 124)
=238, p>.05, u = .005), on the number of misread words corrected afterwards (e = .89, F(3, 139) = .38,
p>.05, i =.008), on the number of misread words not corrected afterwards (e = 1.766, F(3, 123) = .362,
p>.05, u=.008), or on the total number of misread words (e =.292, F(3, 135) = .045, p>.05, u=.001). Figure
2 provides the mean values for reading time measured in seconds. Figure 3 shows the mean values for
corrected and not corrected misread words. Although a significant difference could not be found, it is
worth to remark that the participants corrected their mistakes by re-reading more in RoW and WoR
conditions, in other words in rooms where the wall and board colors are different, providing a framing
effect of the board. Experts assert that although it is not always possible for children with ADHD to
avoid making mistakes, it is a desirable quality if they could realize their mistakes and correct them in
their academic life.
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Figure 2. Mean values for reading time Figure 3. Mean values for words that the
measured in seconds. participant misread but not corrected afterwards,

words that the participant misread but corrected
afterwards, and total number of misread words
in the reading test.

Coding Test
The coding test was assessed on two features; (1) completion time, and (2) incorrect answers.

A one-way repeated measures ANOVA was conducted to compare the effects of different board
and wall color combinations on the completion time and incorrect answers in the coding test in WoW,
RoW, WoR and RoR conditions. No significant effect of board and wall color combinations could be
found on completion time (e = 1359.224, F(3, 128) = .998, p>.05, i = .021). There was a significant effect
of board and wall color combinations on incorrect answers (e = 9.708, F(3, 114) =7.27, p<.001, p = .134).
Pairwise Comparisons with Bonferroni adjustment for multiple comparisons have shown that WoW
condition (M = 1.06, SD = 1.156) is significantly different than RoW (M = .54, SD = .651) and WoR (M =
.56 SD =.741) conditions, and has the highest incorrect answer rate among all conditions. On the other
hand there is no significant difference between WoW (M = 1.06, SD = 1.156) and RoR (M = .92, SD =
1.145) conditions. RoR (M =.92, SD =1.145) condition is found significantly different than RoW condition
(M = .54, SD = .651) which has the lowest rate of incorrect answers among all conditions. The pilot
diagram for the number of incorrect answers in board and wall color combinations is shown in Figure
5. Analyses suggest that the number of incorrect answers in the coding test can be 14% explained with
the change of board and wall color combinations. In this test it can also be observed that Processing
Speed scores of participants as a covariate has a significant effect on the outcome (F(1,46) = 5.2, p<.05).

102 1,2
100 1
98 0,8
96
0,6
94
92 0,4
90 I 0,2
88 0
WoWw Row WoR RoR Wow RowW WoR RoR
B CODING TIME (in's.) H CODING -INCORRECT ANSWERS
Figure 4. Mean values for coding time Figure 5. Mean values for incorrect answers
measured in seconds. in the coding test.
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Pair Cancellation Test

The pair cancellation test was assessed on four features; (1) completion time, (2) number of
incorrect answers where the participant counted more instances than the correct answer, (3) number of
incorrect answers where the participant counted less instances than the correct answer and (4) total
number of incorrect answers.

A one-way repeated measures ANOVA was conducted to compare the effects of different board
and wall color combinations on the completion time of the test in WoW, RoW, WoR and RoR conditions.
A significant effect of board and wall color combinations on the completion time has been found (e =
1572.292, F(3, 134) = 3.193, p<.05, u = .064). Pairwise Comparisons with Bonferroni adjustment for
multiple comparisons showed that participants performed significantly faster in RoR condition (M =
80.27, SD = 24.875) than in WoW condition (M =87.75, SD = 29.154). The pilot diagram for the completion
times in board and wall color combinations is shown in Figure 6.

As a result of the one-way repeated measures ANOVA, no significant effects of board and wall
color combinations were found on the number of incorrect answers where the participant counted more
instances than the correct answer (¢ =.125, F(3, 120) = .168, p>.05, u = .004), on the number of incorrect
answers where the participant counted less instances than the correct answer (e = .104, F(3, 138) = .048,
p>.05, 1 =.001), or on the total number of incorrect answers (e =.229, F(3, 137) = .084, p>.05, u = .002).

90 1,6
38 1,4
86 1,2
1
84
0,8
82
0,6
80 04
78 0,2
76 0
WoWw RoW WoR RoR WoW RoW WoR RoR
m PAIR C. - TIME (in's.) H PAIR C. -INCORRECT: MORE m PAIR C. -INCORRECT: LESS
Figure 6. Mean values for pair Figure 7. Mean values for number of incorrect answers
cancellation time measured in seconds. where the participant counted more instances than the

correct answer, number of incorrect answers where the
participant counted less instances than the correct answer
and total number of incorrect answers in the pair
cancellation test.

Matching Test
The matching test was assessed on three features; (1) number of incorrect answers, (2) number
of correct answers, and (3) total number of answers.

A one-way repeated measures ANOVA was conducted to compare the effects of different board
and wall color combinations on the total number of incorrect answers in the matching test, in WoW,
RoW, WoR and RoR conditions. There was a significant effect of board and wall color combinations on
the number of incorrect answers (e = 12.474, F(3, 122) = 3.261, p<.05, u = .065). However, there is no
significant difference between the number of incorrect answers given in different board and wall color
combinations (i.e WoW, RoW, WoR and RoR conditions) at p<.05 level.

The significant difference between board and wall color conditions are visible after controlling
for Working Memory scores. A one-way repeated measures ANCOVA was conducted to determine a
statistically significant difference between WoW, RoW, WoR and RoR conditions, on the number of
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incorrect answers in Matching test, controlling for Working Memory scores of the participants. There is
a significant effect of board and wall color combinations on the number of incorrect answers after
controlling for Working Memory scores (F(3, 126) =7.266, p<.01, u = .136).

After controlling for Working Memory scores, pairwise comparisons with Bonferroni
adjustment for multiple comparisons showed that WoR condition (M = 1.63, SD = 1.231) was
significantly different than WoW (M =2.27, SD =1.8) and RoR (M =2.19 SD = 1.593) conditions, and has
the lowest incorrect answer rate among all conditions. On the other hand there is no significant
difference between WoR (M = 1.63, SD = 1.231) and RoW (M = 1.90, SD = 1.341) conditions. The pilot
diagram for the number of incorrect answers in board and wall color combinations is shown in Figure
8. Analyses suggest that the number of incorrect answers in the coding test can be 13% explained with
the change of board and wall color combinations when working memory scores are controlled.

10

8

ainnh
WoW RoW WoR RoR

MATCHING -CORRECT ANSWERS
B MATCHING -INCORRECT ANSWERS

Figure 8. Mean values for number of
incorrect answers, number of correct
answers, and total number of answers
in the matching test

For the number of correct answers, and total number of answers in the matching test, a one-way
repeated measures ANOV A was conducted with and without PSI and WMI as covariates. No significant
effect of board and wall color combinations was found on the number of correct answers (e = 6.021, F(3,
138) = .367, p>.05, 1 = .008) nor on the total number of answers (e =8.391, F(3, 133) =.517, p>.05, . =.011).

Discussion

Significant differences between the board and wall color combinations in all tests in the study
except for the reading test, demonstrate that color plays an important role in learning spaces. This study
may be a contribution to findings indicating color as one of the most important design parameters for
classrooms (Barrett et al., 2013). The findings of this study are parallel to the remarks of several authors
who discuss the importance of a different colored main activity wall in classrooms, stating that it
reduces eyestrain, relieves fatigue and over-stimulation and draws the attention to the front of the
classroom (Engelbrecht, 2003; Mahnke, 1996; Mahnke & Mahnke, 1987). Furthermore, this study adds
to the literature which states that the ADHD population is susceptible to color and show improvements
in academic performance with color ( Imhof, 2004; Iovino et al., 1998; Zentall, 1986; Zentall & Zentall,
1983; Zentall & Shaw, 1980; Zentall, Falkenberg, & Smith, 1985). It is hoped that this study adds to the
sparse literature of children with ADHD and color.

Significant differences found in the number of incorrect answers in Coding and Matching tests
may indicate the importance of framing the board for the attention levels of children with ADHD. In
the Coding test, the ADHD sample in the study made significantly less errors in RoW and WoR
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conditions than in WoW condition. These former two conditions are the ones where wall and board
colors are different from each other, thus provide a framing effect for the board. Similarly children made
significantly less errors in RoW condition than in RoR condition which provides no framing effect as
both the wall and board are painted red.

In the matching test a significant effect of board and wall color combinations on the number of
incorrect answers may be observed as well. After controlling for Working Memory scores of the sample,
WoR condition was found significantly different than WoW and RoR conditions, having the lowest
incorrect answer rate among all conditions. On the other hand, there is no significant difference between
WoR and RoW conditions both providing a framing effect.

These findings showing that the sample made less errors in conditions where the board and
wall colors were different than each other support the idea that children with ADHD benefit from a
framing effect on their study materials as Boring (2002) suggested. This improvement in performance
may be due to framing decreasing the large saccades of ADHD children found in a number of studies
(Deans et al., 2010; Gould et al., 2001; Munoz et al., 2003; Rommelse et al., 2008; Ross et al., 2000) where
children with ADHD move their eyes away from the target stimuli causing an interruption in fixation.

Although no significant differences could be found, it is worth mentioning that in the reading
test children corrected their mistakes more in the RoW and WoR conditions which provide again a
framing effect. Due to their impulsivity and inattentiveness, preventing mistakes is not always easy
however noticing these mistakes and correcting them is a desired quality for children with ADHD.

In terms of finishing times of the tests a significant difference between wall and board color
combinations is observed in the Pair Cancellation test. The results show that children finished the test
significantly earlier in RoR condition than in WoW condition. Number of correct or incorrect answers
did not show a significant difference. Although not statistically significant, it is observed that speed
increases as the amount of red in the environment increases. This finding may be interpreted parallel to
the Arousal Theory, several studies define red as an arousing color (Kiiller et al., 2009; Kwallek & Lewis,
1990; Kwallek, Lewis, & Robbins, 1988; Stone, 2003; Walters et al., 1982). Specialists claim that added
stimulation in the environment has positive effects on academic performances of ADHD children
(Iovino et al., 1998; Zentall et al., 1985; Zentall & Shaw, 1980; Zentall & Zentall, 1983). Similarly, the
medications that decrease ADHD symptoms are psychostimulants (Siiriicii, 2016). Other studies also
found that seeing red in the environment resulted in an increase of speed (Kiiller et al., 2009). In this
study it can be said that the ADHD sample benefited a higher level of arousal with the added
stimulation to the environment and performed faster.

Contrary to some previous research which suggest that seeing red hurts performance (Elliot et
al., 2007; Gnambs et al., 2015; Lichtenfeld et al., 2009; Maier et al., 2008), in this study no negative effect
of color red have been found on performance. None of these aforementioned studies were made with
an ADHD sample and the color red is used in the testing material thus the difference might stem from
the fact that in this study red was used as an environmental stimuli and with ADHD children. The effect
of hue is investigated with the ADHD sample in the colored overlay study by lovino et al. (1998) which
investigates the effects of red, and blue overlay and none overlay on performance. In this research red
is found to be the most beneficial overlay color for children with ADHD. The findings are also in line
with studies which used red as an environmental condition and found positive effects on performance
(Johnson & Ruiter, 2013; Kwallek et al., 1997; Kwallek & Lewis, 1990; Stone, 2003). It can be argued that
Elliot and Maier’s color-in-context theory (2012) might explain the difference in performance when red
is used on the testing material or on the environment. The association of red with failure or danger
might be sensed more when encountered on a more personal material like test books or answer sheets.
If the environment is perceived as a shared space and not specifically altered for one person, it is likely
that it does not evoke feelings of avoidance, danger, or failure. The study by Brooker and Franklin (2016)
where exposure to red boards is found to hurt performance for children could be explained in this
direction. Introduction of color is not on the testing material however different colored boards are
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randomly assigned to children in a classroom which might be perceived as more personal thus create a
fear of failure.

Significant differences between board and wall color conditions found on Pair Cancellation,
Coding and Matching tests but not on the Reading test might be because the first three were prepared
according to the most problematic areas for ADHD children in IQ tests; Processing Speed Index
(Chhabildas et al., 2001; Ek et al., 2007; Mayes & Calhoun, 2007; Penny et al., 2005; Shanahan et al., 2006;
Solanto et al., 2007; Willcutt et al., 2005) and Working Memory Index (Marusiak & Janzen, 2005; Mayes
& Calhoun, 2007; Muir Broaddus et al., 2002; Skowronek et al., 2008). Thus, the changes in the
environment might be beneficial for more difficult tasks and not automatic skills like reading.

Limitations, Conclusion and Suggestions

In the present study, the reading test consists of a four-sentence paragraph. The results could
have been different if the reading passage was longer, the eyestrain could have come into play. For
further studies a longer reading passage might be given on different colors to see the effects of long-
term exposure and reading comprehension could also be assessed as in the study of Iovino et al. (1998).
This study could be repeated with colors other than red, perhaps medium tones of green or blue as
recommended by Mahnke (1996).

Findings obtained from this study are based on male participants with an ADHD Combined
type diagnosis, who attend 204, 3rd and 4% grades, by using the color red. Children diagnosed with
ADHD have education in the same class with children without similar problems. Therefore in order to
actualize the study findings, it is necessary to determine how framing and color affects other children
that do not have ADHD. Considering the fact that the school boards were black in the previous years
and green in the following years, it would be useful to test the color and frame effects using different
colors.

In this study, participants were used as their own controls because of the different ratios of
ADHD components in different individuals and different cognitive levels. The time allocated to a child
is approximately two hours including the breaks. This study can be repeated in a larger sample in
children’s natural environments, that is the classes. In addition to this, gender variable should be
investigated in children with and without ADHD complaints. How the different types of ADHD react
to the frame/color effect is also worth investigating.

As a conclusion, children with ADHD may benefit from a change in color scheme in their
classrooms especially in tasks where they have the most difficulty. The framing effect provided by
different colored boards and walls are recommended for less errors. The color red seems to create a
heightened arousal for children with ADHD thus they might perform faster in such environments.
However long-term exposures to these environments should be studied to see whether the effects
would last. Furthermore the effects of red on non-ADHD children’s performance should also be
carefully studied since they often share a classroom. This color, which is highly stimulating, may induce
excessive stimulation in people without ADHD. Furthermore whether or not the observed findings are
affected by the gender variable can be tested in subsequent studies. With the spreading use of smart
boards in classrooms, different background colors could also be tested to see color’s effect on children’s
concentration and academic performance. With the findings of the current study it is believed that the
use of color in different objects and environments in different educational activities can contribute
positively to the learning abilities and mental states of children, young and adults with ADHD.

Acknowledgements

This study was conducted as part of a doctoral thesis at Bilkent University. The authors would
like to thank Dog. Dr. Sait Ulug and Prof. Dr. Halime Demirkan for their valuable contributions to this
study and Psych. Yamag¢ Karaboncuk for his efforts in administering the Wechsler tests to the
participants. The authors are also grateful for parents who made the participation of their child to the
study possible and for dear participant children.

402



Education and Science 2019, Vol 44, No 200, 389-408 Z. Oktem & N. Olguntiirk

References

Adam, P. F., Lucas, J. W., & Barnes, P. M. (2008). Summary health statistics for U.S. children: National
Health Interview Survey 2006. Vital Health Statistics, 10,1-104.

Alfonso, V. C., Flanagan, D. P., & Radwan, S. (2005). The impact of the cattell-horn—carroll theory on
test development and interpretation of cognitive and academic abilities. In D. P. Flanagan, & P. L.
Harrison (Eds.), Contemporary Intellectual Assessment Second Edition: Theories, Tests, and Issues (pp.
185-201). NY: Guilford Publications.

Alloway, T., Elliott, J., & Holmes, J. (2010). The prevalence of ADHD-like symptoms in a community
sample. Journal of Attention Disorders, 14(1), 52-56.

Alloway, T. P., Gathercole, S. E., Holmes, ]., Place, M., Elliott, ]. G., & Hilton, K. (2009). The diagnostic
utility of behavioral checklists in identifying children with ADHD and children with working
memory deficits. Child Psychiatry of Human Development, 40, 353-366.

Algahtani, M. M. (2010). Attention-deficit hyperactive disorder in school-aged children in Saudi Arabia.
European Journal of Pediatrics, 169, 1113-1117.

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders: DSM-5.
Washington, DC: American Psychiatric Association.

Anderson, P. (2002). Assessment and development of executive function (EF) during childhood. Child
Neuropsychology, 8(2), 71-82.

Angold, A., Erkanli, A, Farmer, E. M. Z, Fairbank, J. A., Burns, B. ], Keeler, G,, ... & Costello, E. J.
(2002). Psychiatric disorder, impairment, and service use in rural African American and white
youth. Archives of General Psychiatry, 59(10), 893-901.

Arruda, M. A,, Querido, C. N,, Bigal, M. E., & Polanczyk, G. V (2015). ADHD and mental health status
in Brazilian school-age children. Journal of Attention Disorders, 19(1), 11-17.

Bakare, M. O. (2012). Attention deficit hyperactivity symptoms and disorder (ADHD) among African
children: A review of epidemiology and co-morbidities. African Journal of Psychiatry, 15(5), 358-361.

Banaschewski, T., Ruppert, S., Tannock, R., Albrecht, B., Becker, A., Uebel, H., ... & Rothenberger, A.
(2006). Colour perception in ADHD. Journal of Child Psychology and Psychiatry, 47(6), 568-572.

Barkley, R. A. (2011). Is executive functioning deficient in ADHD? It depends on your definitions and
your measures. The ADHD Report, 19(4), 1-9.

Barnard Brak, L., Sulak, T. N., & Fearon, D. D. (2011). Coexisting disorders and academic achievement
among children with ADHD. Journal of Attention Disorders, 15(6), 506-515.

Barrett, P., Zhang, Y., Moffat, J., & Kobbacy, K. (2013). A holistic, multi-level analysis identifying the

impact of classroom design on pupils’ learning. Building and Environment, 59(5), 678-689.

Baumgaertel, A., Wolraich, M. L., & Dietrich, M. (1995). Comparison of diagnostic criteria for attention
deficit disorders in a German elementary school sample. Journal of the American Academy of Child
and Adolescent Psychiatry, 34(5), 629-638.

Boring, M. L. (2002). Heads up helping!: Teaching tips and techniques for working with ADD, ADHD, and
other children with challenges. Victoria, B.C: Trafford.

Brooker, A., & Franklin, A. (2016). The effect of colour on children’s cognitive performance. British
Journal of Educational Psychology, 86(2), 241-255.

Bulut, S. (2007). Understanding attention deficit hyperactivity disorder. Special Education, 2(17), 82-91.

Chan, R. C. K,, Shum, D., Toulopoulou, T., & Chen, E. Y. H. (2008). Assessment of executive functions:
Review of instruments and identification of critical issues. Archives of Clinical Neuropsychology, 23,
201-216.

Chhabildas, N., Pennington, B. F., & Willcutt, E. G. (2001). A comparison of the neuropsychological
profiles of the DSM-IV subtypes of ADHD. Journal of Abnormal Psychology, 29(6), 529-540.

403



Education and Science 2019, Vol 44, No 200, 389-408 Z. Oktem & N. Olguntiirk

Chinawa, ]. M., & Obu, H. A. (2015). Epidemiology of attention deficit/hyperactivity disorder. In ADHD-
New Directions in Diagnosis and Treatment. IntechOpen.

Cutting, L. E., Koth, C. W., Mahone, E. M., & Denckla, M. B. (2003). Evidence for unexpected weaknesses
in learning in children with attention-deficit/hyperactivity disorder without reading disabilities.
Journal of Learning Disabilities, 36(3), 259-269.

Deans, P., Laughlin, L., Brubaker, B., Gay, N., & Krug, D. (2010). Use of eye movement tracking in the
differential diagnosis of attention deficit hyperactivity disorder (ADHD) and reading disability.
Psychology, 1(4), 238-246.

Dixon, M. L., Zelazo, P. D., & De Rosa, E. (2010). Evidence for intact memory-guided attention in school-
aged children. Developmental Science, 13(1), 161-169.

Ek, U, Fernell, E., Westerlund, J., Holmberg, K., Olsson, P. O., & Gillberg, C. (2007). Cognitive strengths
and deficits in schoolchildren with ADHD. Acta Paediatrica, 96(5), 756-761.

Elliot, A. J. (2015). Color and psychological functioning: A review of theoretical and empirical work.
Frontiers in Psychology, 6, 368.

Elliot A. ., & Maier M. A. (2012). Color-in-context theory. Advances in Experimental Social Psychology, 45,
61-125.

Elliot, A. J., Maier, M. A., Moller, A. C,, Friedman, R., & Meinhardt, J. (2007). Color and psychological
functioning: The effect of red on performance attainment. Journal of Experimental Psychology:
General, 136(1), 154-168.

Engelbrecht, K. (2003). The impact of color on learning. Chicago, IL: Perkins & Will.

Ercan, E. S, Kanduluy, R, Usly, E., Ardic, U. A,, Yazici, K. U,, Basay, B. K,, ... & Rohde, L. A. (2013).
Prevalence and diagnostic stability of ADHD and ODD in Turkish children: A 4-year longitudinal
study. Child and Adolescent Psychiatry and Mental Health, 7, 1.

Ersan, E. E., Dogan, O., Dogan, S., & Stimer, H. (2004). The distribution of symptoms of attention-
deficit/hyperactivity disorder and oppositional defiant disorder in school age children in Turkey.
European Child & Adolescent Psychiatry, 13(6), 354-361.

Faraone, S. V., Biederman, ]., Weber, W., & Russell, R. L. (1998). Psychiatric, neuropsychological, and
psychosocial features of DSM-IV subtypes of attention-deficit/hyperactivity disorder: Results from
a clinically referred sample. Journal- American Academy of Child and Adolescent Psychiatry, 37(2), 185-
193.

Faraone, S. V., Sergeant, J., Gillberg, C., & Biederman, J. (2003). The worldwide prevalence of ADHD: Is
it an American condition?. World Psychiatry, 2(2), 104-113.

Fenollar Cortés, J., Navarro Soria, I, Gonzalez Gomez, C., & Garcia Sevilla, J. (2015). Cognitive profile for
vhildren with ADHD by using WISC-1V: Subtype differences?. Universidad del Pais Vasco.

Flanagan, D. P., & Kaufman, A. S. (2009). Essentials of WISC-1V assessment. Hoboken, N.]: John Wiley &
Sons.

Ford, T., Goodman, R., & Meltzer, H. (2003). The British child and adolescent mental health survey 1999:
The prevalence of DSM-1V disorders. Journal- American Academy of Child and Adolescent Psychiatry,
42,1203-1211.

Freed, ]., & Parsons, L. (1997). Right-brained children in a left-brained world. New York: Fireside.

Gaub, M., & Carlson, C. L. (1997). Behavioral characteristics of DSM-IV ADHD subtypes in a school-
based population. Journal of Abnormal Child Psychology, 25(2), 103-111.

Gnambs, T., Appel, M., & Kaspar, K. (2015). The effect of the color red on encoding and retrieval of
declarative knowledge. Learning and Individual Differences, 42, 90-96.

Gould, T. D., Bastain, T. M., Israel, M. E., Hommer, D. W., & Castellanos, F. X. (2001). Altered
performance on an ocular fixation task in attention-deficit/hyperactivity disorder. Biological
Psychiatry, 50(8), 633-635.

404



Education and Science 2019, Vol 44, No 200, 389-408 Z. Oktem & N. Olguntiirk

Gropper, R. ], & Tannock, R. (2009). A pilot study of working memory and academic achievement in
college students with ADHD. Journal of Attention Disorders, 12(6), 574-581.

Imhof, M. (2004). Effects of color stimulation on handwriting performance of children with ADHD
without and with additional learning disabilities. European Child & Adolescent Psychiatry, 13(3), 191-
198.

Iovino, 1., Fletcher, ]J. M., Breitmeyer, B. G., & Foorman, B. R. (1998). Colored overlays for visual
perceptual deficits in children with reading disability and attention deficit/hyperactivity disorder:
Are they differentially effective?. Journal of Clinical and Experimental Neuropsychology: Official Journal
of the International Neuropsychological Society, 20(6), 791.

Jalil, N. A., Yunus, R. M., & Said, N. S. (2012). Environmental colour impact upon human behaviour: A
review. Procedia - Social and Behavioral Sciences, 35(1), 54-62.

Johnson, C. S., & Ruiter, G. A. (2013). (Re)-envisioning classroom design with light and colour. Academic
Research International, 4(4), 550-559.

Kasper, L. J., Alderson, R. M., & Hudec, K. L. (2012). Moderators of working memory deficits in children
with attention-deficit/hyperactivity disorder (ADHD): A meta-analytic review. Clinical Psychology
Review, 32(7), 605-617.

Kim, S., Chen, S., & Tannock, R. (2014). Visual function and color vision in adults with attention-
deficit/hyperactivity disorder. Journal of Optometry, 7(1), 22-36.

Kiiller, R., Mikellides, B., & Janssens, J. (2009). Color, arousal, and performance— a comparison of three
experiments. Color Research and Application, 34(2), 141-152.

Kwallek, N., & Lewis, C. M. (1990). Effects of environmental colour on males and females: A red or
white or green office. Applied Ergonomics, 21(4), 275-278.

Kwallek, N., Lewis, C. M., & Robbins, A. S. (1988). Effects of office interior color on workers' mood and
productivity. Perceptual and Motor Skills, 66(1), 123-128.

Kwallek, N., Woodson, H., Lewis, C. M., & Sales, C. (1997). Impact of three interior color schemes on
worker mood and performance relative to individual environmental sensitivity. Color Research &
Application, 22(2), 121-132.

Lahey, B. B., Applegate, B.,, McBurnett, K., Biederman, J., Greenhill, L., Hynd, G. W., ... & Shaffer, D.
(1994). DMS-1V field trials for attention deficit hyperactivity disorder in children and adolescents.
The American Journal of Psychiatry, 151(11), 1673-1685.

Larsson, E. E. C., & Stumm, V. S. (2015). Seeing red? The effect of colour on intelligence test performance.
Intelligence, 48(1), 133-136.

Lichtenfeld, S., Maier, M. A, Elliot, A. J., & Pekrun, R. (2009). The semantic red effect: Processing the
word red undermines intellectual performance. Journal of Experimental Social Psychology, 45, 1273-
1276.

Liu, A, Xu, Y, Yan, Q., & Tong, L. (2018). The prevalence of attention deficit/hyperactivity disorder
among Chinese children and adolescents. Scientific Reports, 8(1), 11169.

Mahnke, F. H. (1996). Color, environment, and human response: An interdisciplinary understanding of color
and its use as a beneficial element in the design of the architectural environment. New York: Van Nostrand
Reinhold.

Mahnke, F. H., & Mahnke, R. H. (1987). Color and light in man-made environments. New York: Van
Nostrand Reinhold.

Maier, M. A,, Elliot, A. J., & Lichtenfeld, S. (2008). Mediation of the negative effect of red on intellectual
performance. Personality and Social Psychology Bulletin, 34, 1530-1539.

Martinez, J. V., Oberle, C. D., & Thompson Jr., J. G. (2010). Effects of color on memory encoding and
retrieval in the classroom. American Journal of Psychological Research, 6(1), 24-31.

405



Education and Science 2019, Vol 44, No 200, 389-408 Z. Oktem & N. Olguntiirk

Marusiak, C. W., & Janzen, H. L. (2005). Assessing the working memory abilities of ADHD children
using the Standford-Binet intelligence scales, fifth edition. Canadian Journal of School Psychology,
20(1/2), 84-97.

Marzocchi, G. M., Oosterlaan, J., Zuddas, A., Cavolina, P., Geurts, H., Redigolo, D., ... & Sergeant, J. A.
(2008). Contrasting deficits on executive functions between ADHD and reading disabled
children. Journal of Child Psychology and Psychiatry, 49(5), 543-552.

Mayes, S. D., & Calhoun, S. L. (2007). WISC-IV and WISC-III profiles in children with ADHD. Journal of
Attention Disorders, 9(3), 486-943.

McGrew, K. S. (2005). The cattell-horn-carroll theory of cognitive abilities: Past, present, and future. In
D. P. Flanagan, & P. L. Harrison (Eds.), Contemporary intellectual assessment: Theories, tests, and
issues (pp. 136-181). New York, NY, US: Guilford Press.

McGrew, K. S. (2009) Editorial: CHC theory and the human cognitive abilities project: Standing on the
shoulders of the giants of psychometric intelligence research. Intelligence, 37, 1-10.

Mehta, R. P., & Zhu, R. (2009). Blue or red? Exploring the effect of color on cognitive task performances.
Advances in Consumer Research, 36, 1045-1046.

Merrell, C., & Tymms, P. B. (2001). Inattention, hyperactivity and impulsiveness: Their impact on
academic achievement and progress. British Journal of Educational Psychology, 71(1), 43-56.

Muir Broaddus, J. E., Rosenstein, L. D., Medina, D. E., & Soderberg, C. (2002). Neuropsychological test
performance of children with ADHD relative to test norms and parent behavioral ratings. Archives
of Clinical Neuropsychology, 17, 671-689.

Munoz, D. P.,, Armstrong, I. T., Hampton, K. A., & Moore, K. D. (2003). Altered control of visual fixation
and saccadic eye movements in attention-deficit hyperactivity disorder. Journal of Neurophysiology,
90(1), 503-514.

Olsen, ]. (2010). The effect of color on conscious and unconscious cognition (Master’s thesis). Dietrich College,
Pittsburgh. Retrieved from http://repository.cmu.edu/hsshonors/72

Odemis, K., Yener, C., & Camgoz, N. (2004). Effects of different lighting types on visual
performance. Architectural Science Review, 47(3), 295-301.

Oktem, F. (1996). Dikkat eksikligi bozuklugu. Katk: Pediatri Dergisi, 5, 826-849.

Oner, O., & Aysev, A. (2007) Dikkat eksikligi hiperaktivite bozuklugu. In A. S. Aysev, & Y. I. Taner
(Eds.), Cocuk ve ergen ruh saghigi ve hastaliklar: (pp. 399-419). Golden Print.

Penny, A. M., Waschbusch, D. A., Carrey, N., & Drabman, R. S. (2005). Applying a psychoeducational
perspective to ADHD. Journal of Attention Disorders, 8(4), 208-220.

Polanczyk, G., De Lima, M. S., Horta, B. L., Biederman, J., & Rohde, L. A. (2007). The worldwide
prevalence of ADHD: A systematic review and metaregression analysis. American Journal of
Psychiatry, 164(6), 942-948.

Pureza, ]J. R., Gongalves, H. A., Branco, L., Grassi Oliveira, R., & Fonseca, R. P. (2013). Executive
functions in late childhood: Age differences among groups. Psychology & Neuroscience, 6(1), 79-88.

Ramtekkar, U. P., Reiersen, A. M., Todorov, A. A, & Todd, R. D. (2010). Sex and age differences in
attention-deficit/hyperactivity disorder symptoms and diagnoses: Implications for DSM-V and
ICD-11. Journal of the American Academy of Child & Adolescent Psychiatry, 49(3), 217-228.

Roessner, V., Banaschewski, T., Fillmer Otte, A., Becker, A., Albrecht, B., Uebel, H., ... & Rothenberger,
A. (2008). Color perception deficits in co-existing attention-deficit/hyperactivity disorder and
chronic tic disorders. Journal of Neural Transmission, 115(2), 235-239.

Rohde, L. A., Biederman, J., Busnello, E. A., Zimmermann, H., Schmitz, M., Martins, S., ... &
Tramontina, S. (1999). ADHD in a school sample of Brazilian adolescents: A study of prevalence,
comorbid conditions, and impairments. Journal of the American Academy of Child & Adolescent
Psychiatry, 38(6), 716-722.

406



Education and Science 2019, Vol 44, No 200, 389-408 Z. Oktem & N. Olguntiirk

Rommelse, N. N., Van Der Stigchel. S., & Sergeant, J. A. (2008). A review on eye movement studies in
childhood and adolescent psychiatry. Brain and Cognition, 68(3), 391-414.

Ross, R. G., Harris, J. G., Olincy, A., & Radant, A. (2000). Eye movement task measures inhibition and
spatial working memory in adults with schizophrenia, ADHD, and a normal comparison group.
Psychiatry Research, 95(1), 35-42.

Runes. (2014, November 3). In Wikipedia, the Free Encyclopedia. Retrieved
from http://en.wikipedia.org/w/index.php?title=Runesé&oldid 632260356

Schneider, W. J., & McGrew, K. S. (2012). The Cattell-Horn-Carroll model of intelligence. In D. P.
Flanagan, & P. L. Harrison (Eds.), Contemporary intellectual assessment: Theories, tests, and issues (pp.
99-144). New York, NY, US: The Guilford Press.

Senol, V., Unalan, D., Akca, R. P., & Basturk, M. (2018). Prevalence of attention-deficit/hyperactivity and
other disruptive behaviour disorder symptoms among primary school-age children in Kayseri,
Turkey. Journal of International Medical Research, 46(1), 122-134.

Shanahan, M. A., Pennington, B. F., Yerys, B. E., Scott, A., Boada, R., Willcutt, E. G,, ... & DeFries, J. C.
(2006). Processing speed deficits in attention deficit/hyperactivity disorder and reading disability.
Journal of Abnormal Psychology, 34, 585-602.

Sherwin Williams Color Marketing & Design Services Department. (2013). Color story education.
Retrieved from http://www.sherwin-williams.com

Shevell, S. K. (2014). Color appearance. In S. K. Shevell (Ed.), The science of color (pp. 149-190).
Amsterdam: Elsevier.

Silva, A. P., & Frere, A. F. (2011). Virtual environment to quantify the influence of colour stimuli on the
performance of tasks requiring attention. Biomedical Engineering Online, 10(1), 74.

Simon, V., Czobor, P., Balint, S., Mészaros, A., & Bitter, 1. (2009). Prevalence and correlates of adult
attention-deficit hyperactivity disorder: Meta-analysis. The British Journal of Psychiatry, 194(3), 204-
211.

Skounti, M., Giannoukas, S., Dimitriou, E., Nikolopoulou, S., Linardakis, E., & Philalithis, A. (2010).
Prevalence of attention deficit hyperactivity disorder in schoolchildren in Athens, Greece:
Association of ADHD subtypes with social and academic impairment. ADHD Attention Deficit and
Hyperactivity Disorders, 2(3), 127-132.

Skowronek, J. S., Leichtman, M. D., & Pillemer, D. B. (2008). Long-term episodic memory in children
with attention-deficit/hyperactivity disorder. Learning Disabilities Research & Practice, 23(1), 25-35.

Solanto, M., Gilbert, S., Raj, A., Zhu, ], Pope Boyd, S., Stepak, B. ... & Newcorn, J. (2007).
Neurocognitive functioning in AD/HD, predominantly inattentive and combined subtypes. Journal
of Abnormal Child Psychology, 35, 729-744.

Stone, N. J. (2003). Environmental view and color for a simulated telemarketing task. Journal of
Environmental Psychology, 23(1), 63-78.

Siiriicii, O. (2016). Dikkat eksikligi hiperaktivite bozuklugu: Anababa-6gretmen el kitabi. Istanbul: Bilgi
Yayinevi.

Tannock, R., Banaschewski, T., & Gold, D. (2006). Color naming deficits and attention-
deficit/hyperactivity disorder: A retinal dopaminergic hypothesis. Behavioral and Brain
Functions, 2(1), 4.

Thomas, R, Sanders, S., Doust, J., Beller, E., & Glasziou, P. (2015). Prevalence of attention-
deficit/hyperactivity disorder: A systematic review and meta-analysis. Pediatrics, 135(4), €994-
e1001.

Walters, J., Apter, M. ]., & Svebak, S. (1982). Color preference, arousal, and the theory of psychological
reversals. Motivation and Emotion, 6(3), 193-215.

Wechsler, D. (2004). The Wechsler intelligence scale for children-fourth edition. London: Pearson Assessment.

407



Education and Science 2019, Vol 44, No 200, 389-408 Z. Oktem & N. Olguntiirk

Westerberg, H., Hirvikoski, T., Forsberg, H., & Klingberg, T. (2004). Visuo-spatial working memory
span: A sensitive measure of cognitive deficits in children with ADHD. Child Neuropsychology,
10(3), 155-161.

Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., & Pennington, B. F. (2005). Validity of the
executive functioning theory of attention-deficit/hyperactivity disorder: A meta- analytic review.
Biological Psychiatry, 57, 1336-1346.

Wolraich, M. L., Hannah, J. N., Pinnock, T. Y., Baumgaertel, A., & Brown, J. (1996). Comparison of
diagnostic criteria for attention-deficit hyperactivity disorder in a county-wide sample. Journal of
the American Academy of Child & Adolescent Psychiatry, 35(3), 319-324.

Woodcock, R. W., Mather, N., & McGrew, K. S. (2001). Woodcock-Johnson 1II tests of cognitive abilities
examiner's manual. Itasca: Riverside.

Yadegari, N., Sayehmiri, K., Azodi, M. Z., Sayehmiri, F., & Modara, F. (2018). The prevalence of attention
deficient hyperactivity disorder among Iranian children: A meta-analysis. Iranian Journal of
Psychiatry and Behavioral Sciences, 12, 4.

Zentall, S. S. (1986). Effects of color stimulation on performance and activity of hyperactive and
nonhyperactive children. Journal of Educational Psychology, 78(2), 159-165.

Zentall, S. S., & Shaw, J. H. (1980). Effects of classroom noise on performance and activity of second-
grade hyperactive and control children. Journal of Educational Psychology, 72(6), 830-840.

Zentall, S. S.,, & Zentall, T. R. (1983). Optimal stimulation: A model of disordered activity and
performance in normal and deviant children. Psychological Bulletin, 94(3), 446-471.

Zentall, S. S, Falkenberg, S. D., & Smith, L. B. (1985). Effects of color stimulation and information on the

copying performance of attention-problem adolescents. Journal of Abnormal Child Psychology, 13(4),
501-511.

408




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



