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Summary. Preliminary findings suggest that color perception, particularly

of blue-yellow stimuli, is impaired in attention-deficit=hyperactivity disor-

der (ADHD) as well as in chronic tic disorders (CTD). However, these

findings have been not replicated and it is unclear what these deficits mean

for the comorbidity of ADHDþCTD.

Four groups (ADHD, CTD, ADHDþCTD, controls) of children with

similar age, IQ and gender distribution were investigated with the

Farnsworth-Munsell 100 Hue Test (FMT) and the Stroop-Color-Word

Task using a factorial design. Color perception deficits, as indexed by the

FMT, were found for both main factors (ADHD and CTD), but there were

no interaction effects. A preponderance of deficits on the blue-yellow com-

pared to the red-green axis was detected for ADHD. In the Stroop task only

the ‘pure’ ADHD group showed impairments in interference control and

other parameters of Stroop performance. No significant correlations

between any FMT parameter and color naming in the Stroop task were

found. Basic color perception deficits in both ADHD and CTD could be

found. Beyond that, it could be shown that these deficits are additive in

the case of comorbidity (ADHDþCTD). Performance deficits on the

Stroop task were present only in the ‘pure’ ADHD group. Hence, the

latter may be compensated in the comorbid group by good prefrontal

capabilities of CTD. The influence of color perception deficits on Stroop

task performance might be negligible.
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Introduction

It has been shown in two non-replicated studies only that

color perception, particularly on the blue-yellow axis (BY),

may be impaired in attention-deficit=hyperactivity disorder

(ADHD) (Banaschewski et al. 2006) as well as chronic tic

disorders (CTD) (Melun et al. 2001). This deficit has been

linked to deviations in the dopaminergic system assumed to

underly both disorders (Tannock et al. 2006). Although

impairment of color perception with higher vulnerability

of the BY axis has also been found in other dopaminergic

disorders (e.g., Parkinsonism; Sartucci and Porciatti 2006)

and states (cocaine withrawal; Desai et al. 1997), its fun-

damental mechanisms remain unclear (Tannock et al.

2006). Whereas in CTD hyperdopaminergic neurotransmit-

ter functioning is believed to play a central role in its

pathophysiology (Minzer et al. 2004; Yoon et al. 2007), in

ADHD most authors favor a hypodopaminergic model

(Sadile and Viggiano 2005). In view of the association

between color vision deficits and dopaminergic deviances

underlying both disorders, color vision deficits, particularly

on the BY axis, in the comorbid condition, ADHDþCTD,

are of special interest. Based on existing studies of neuro-

physiological (Moll et al. 2001; Kirov et al. 2007a, b) and

neuropsychological (Roessner et al. 2007a) parameters in

ADHDþCTD, impairments in the comorbid condition ap-

pear to be additive. Therefore we extended our previous

study on color perception in ADHD (Banaschewski et al.
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2006) by two groups (ADHDþCTD, CTD) and used

a 2 (ADHD, not ADHD) �2 (CTD, not CTD) factorial

design to clarify which factor (ADHD versus CTD) in-

fluences color vision parameters especially in the case of

ADHDþCTD.

Methods

Sample

A total of 69 children aged 8.0–12.6 years participated in the study, which

was approved by the local medical ethics committee. All parents and

children provided informed consent. Within this sample, 55 children were

recruited from the department of Child and Adolescent Psychiatry of the

University of Goettingen: 14 met ICD-10 diagnostic criteria for ADHD,

22 met criteria for CTD, 19 for ADHDþCTD. The remaining 14 chil-

dren, who constituted the control group, were recruited from local pri-

mary schools.

All patients were diagnosed according to ICD-10 criteria based on in-

formation ascertained from clinical interview with the parents, teacher

reports, behavior rating scales, and medical reports. Rating scales in-

cluded the parent-rated child behavior checklist (CBCL) (Achenbach et al.

(2007, accepted)), the Strengths and Difficulties Questionnaire (SDQ;

(Rothenberger and Woerner 2004), the Yale Tourette Syndrome Symptom

List (Cohen et al. 1985), the Tourette Syndrome Severity Scale (Shapiro

et al. 1988) and a German version of the ADHD symptom list (FBB-HKS;

(Bruehl et al. 2000). Those children using methylphenidate were free of

medication for at least 48 h before being tested while D2-blockers (CTD-

only: n¼ 2; ADHDþCTD: n¼ 7), serotonin reuptake inhibitors (n¼ 1)

and atomoxetine (n¼ 3) were continued.

Age-matched normal children, serving as control subjects, were included

only if they had never met a psychiatic diagnosis except a diagnosis of

dyslexia (n¼ 2). Additionally, the T-scores of the control children on the

attention problems scale of the CBCL were required to be below 55. T-

scores on the CBCL scales Delinquent and Aggressive Behavior were

required to be below 60.

All children underwent standardized IQ testing, as well as testing of

spelling abilities and word fluency (LPS; Horn 1983). The groups were

matched for age (ANOVA: F(3,65)¼ 0.2, ns), gender (�2
ð3Þ ¼ 0:58, ns) and

IQ (ANOVA: F(3,65)¼ 2.1, ns). Moreover, the groups did not differ in their

spelling abilities (F(3,65)¼ 0.8, ns) or word fluency (F(3,65)¼ 0.8, ns).

Three children in the ADHD group, none in the CTD group, two in the

ADHDþCTD group, and two in the control group met diagnostic criteria

for dyslexia. Also, all children had normal or corrected to normal vision and

were free of ophthalmologic disorders or congenital color blindness and had

a full-scale IQ above 85.

Measures

Color discrimination ability was investigated binocularly using the

Farnsworth-Munsell 100 Hue Test (FMT) (Farnsworth 1943), which is a

widely used clinical instrument for measuring chromatic discrimination

(Kinnear and Sahraie 2002). It consists of four trays containing a total of

85 removable color reference caps (incremental hue variation) spanning the

visible spectrum. Color vision abnormalities and aptitude were determined

by the ability of the child to place the color caps in order of hue. Error

scores are measures of accuracy in arranging the caps so as to form a

gradual transition in chroma between two anchor caps reflecting the number

of misplacements. Blue-yellow (BY) and red-green (RG) partial error scores

and the total error score were computed. At last the difference between the

BY error score and the RG error score was computed. All testing was

performed under standard light conditions in the same room and at the

same place. The illuminance was maintained at 325 lux, measured with a

LT Lutron LX-101 Lux-meter.

Further, we used the German version (Farb-Wort-Interferenztest) of the

Stroop-Color-Word Task (Baeumler 1985) in order to correlate probable

basic color perception deficits with performance in a practical neuropsycho-

logical task with single color stimuli. In the first condition, the speed of

reading color words (red, green, yellow and blue) is measured (Stroop-

Word). In the second condition, the participant has to name the colors of

four bars that are printed in these colors (Stroop-Color). In the third condi-

tion, the participant is required to name the colors of color-words that are

printed in incongruous colors (Stroop-Color=Word). Naming time and errors

were recorded for each subtest separately.

Statistical analysis

The groups were compared for differences in color perception ability as in-

dicated by the FMT and Stroop task performance using analyses of variance

(ANOVA) with ADHD (yes=no) and CTD (yes=no) as factors. In case

of significant interaction effects, separate univariate ANOVAs followed by

Sidak-adjusted comparisons of estimated marginal means were conducted.

To compare deficits in color perception in more detail, i.e. differences be-

tween the BY and RG axis, the confidence intervals have been calculated at

a¼ 5% and indicate significant differences between both axes if they do not

include zero.

Furthermore, correlations between the FMT parameters and the Stroop

parameter color naming were computed for each group to test effects of the

respective color perception performance on color naming as measured by

the Stroop task. Homogeneity of correlations across groups were tested

using the method described by Rosenthal (1991). In case of homogeneity

of correlations, correlations for the total sample were computed. All analy-

ses were performed using SPSS 14.0.

Results

On the FMT analyses of errors on the BY (partial error

score BY) and RG (partial error score RG) axis as well

as their combination (total mean error score) revealed main

effects of CTD as well as ADHD but no interaction effect

(see Table 1). For the color difference score a trend for a

main effect ADHD was found; however according to our

hypothesis one-tailed post-hoc testing of means showed

significant higher difference scores in children with

ADHD (alone and in combination with CTD) than in chil-

dren not suffering from ADHD (controls and CTD). The

confidence intervals indicated that only for the factor

ADHD (CI: 7.0–21.7, d¼ 0.68) there were stronger deficits

on the BY than on the RG axis.

In the German version of the Stroop test (Baeumler

1985) for all parameters (word reading, color naming,

color=word naming, interference score) there were at least

trends towards interaction effects. Therefore separate uni-

variate ANOVAs (all F(3,65)>3.2, p<0.03) followed by

post-hoc tests (Sidak adjusted) had been performed indi-

cating a general impairment of the ‘pure’ ADHD group,

whereas there were no differences on any Stroop variable

between the other three groups (CTD, ADHDþCTD,

controls).
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Correlations between all FMT variables under investiga-

tion and color naming were homogenous across groups

(all �2
ð3Þ<3:1, p>0.25), but were not significant, not even

for the total sample (total error score: r¼ 0.10, p¼ 0.44;

BY error score: r¼ 0.12, p¼ 0.36; RG error score: r¼ 0.06,

p¼ 0.62; color difference score: r¼ 0.09, p¼ 0.44).

Discussion

On a color perception test (FMT), children of all patient

groups (CTD, ADHD and ADHDþCTD) made more er-

rors than their typically developing peers. This is in line

with previous findings of impaired color perception in

ADHD (Banaschewski et al. 2006) and CTD (Melun et al.

2001) as well as in other disorders with altered dopaminer-

gic mechanisms (Desai et al. 1997; Muller et al. 1999;

Shuwairi et al. 2002). The significance of both main effects

(CTD, ADHD) in the absence of an interaction effect

on any FMT parameter is congruent with an additive model

in the comorbid group (ADHDþCTD). This is in line

with other results compatible with an additive model of

ADHDþCTD e.g., on psychopathology (Roessner et al.

2007b), neuropsychology (Roessner et al. 2007a), sleep

(Kirov et al. 2007a, b) and motor inhibition (Moll et al.

2001). Furthermore, our findings support previous reports

of a preponderance of color perception deficits on the

BY compared to the RG axis in ADHD (Birch 1997;

Banaschewski et al. 2006). Although the same has been

reported for CTD (Melun et al. 2001) our results did not

support differences in color perception deficits between

the BY and the RG axis in CTD. This might be attrib-

utable to uncontrolled comorbid ADHD symptoms in

Melun et al.’s (2001) study and in part to differences be-

tween our and Melun et al.’s study in gender ratio (Tannock

et al. 2006) and in age groups included since the age

dependent changes of the yellowing of the aging crystalline

lens as well as the dopaminergic metabolism are positive-

ly correlated with BY deficits (Weale 1991; Geller and

Hudnell 1997).

In the Stroop task possibly depending on color percep-

tion ability (Tannock et al. 2006) the results of the factorial

design were not compatible with an additive model. The

Table 1. 2�2 ANOVA for the factors ADHD and CTD and descriptive measures

Controls

(n¼ 14)

ADHD

(n¼ 14)

CTD

(n¼ 22)

ADHDþ
CTD (n¼ 19)

ANOVA F(1,65) (partial Z2)

M SD M SD M SD M SD ADHD CTD ADHD�CTD

Full-scale IQ 112.4 (13.7) 104.6 (7.2) 105.7 (11.9) 103.3 (9.2) 3.7þ (0.05) 2.2 (0.03) 1.0 (0.02)

Age (years) 10.7 (0.8) 10.4 (0.9) 10.6 (1.4) 10.7 (1.3) 0.1 (0.00) <0.1 (0.00) 0.6 (0.01)

Spelling abilities (T-score) 50.3 (12.7) 45.4 (8.4) 48.0 (7.7) 46.7 (7.8) 1.9 (0.03) <0.1 (0.00) 0.6 (0.01)

Word fluency (n=3�min) 25.8 (7.5) 26.7 (11.6) 22.4 (5.6) 24.5 (9.7) 0.5 (0.01) 1.8 (0.03) 0.1 (0.01)

Child behavior checklist (CBCL)

Attention problems 51.6 (3.1) 65.1 (8.7) 57.0 (8.0) 67.1 (9.3) 37.4��� (0.37) 3.5þ (0.05) 0.8 (0.01)

Delinquent behavior 53.0 (4.6) 63.7 (9.3) 52.4 (4.9) 59.3 (7.6) 28.4��� (0.31) 2.3 (0.03) 1.3 (0.02)

Aggressive behavior 50.5 (1.6) 68.5 (16.9) 52.5 (4.9) 63.4 (10.0) 37.2��� (0.37) 0.4 (0.01) 2.2 (0.03)

Farnsworth-munsell 100 hue

Total mean error score 52.4 (29.2) 89.6 (31.5) 101.6 (37.3) 154.5 (52.5) 21.3��� (0.25) 34.1��� (0.34) 0.6 (0.01)

Partial error score

blue–yellow

27.1 (18.1) 51.4 (21.2) 55.2 (24.7) 85.0 (29.8) 20.2��� (0.24) 26.3��� (0.29) 0.2 (0.01)

Partial error score

red–green

25.2 (12.2) 38.2 (14.2) 46.4 (20.1) 69.5 (27.5) 13.2�� (0.17) 27.7��� (0.30) 1.1 (0.02)

Color difference score 1.9 (10.3) 13.2 (17.6) 8.9 (25.3) 15.4 (23.1) 3.0þ (0.05) 0.8 (0.01) 0.2 (0.01)

Stroop

Word (sec=72 items) 43.9 (10.2) 56.9 (26.5) 41.4 (9.5) 41.6 (9.6) 3.3þ (0.05) 6.1� (0.09) 3.2þ (0.05)

Color (sec=72 items) 65.9 (13.0) 83.6 (28.0) 65.9 (12.2) 67.3 (19.9) 4.4� (0.06) 3.2 (0.05) 3.2þ (0.05)

Color=word (sec=72 items) 121.5 (33.9) 177.5 (53.4) 125.5 (30.9) 129.7 (35.3) 10.3�� (0.14) 5.5� (0.08) 7.7�� (0.11)

Interferencea 55.6 (24.5) 93.9 (47.6) 59.6 (20.8) 62.4 (25.1) 7.9�� (0.11) 3.5þ (0.05) 5.9� (0.08)

M Mean, SD standard deviation. Effects are from 2�2 ANOVA with ADHD and CTD as factors. The effect sizes presented in Table 1 are the partial eta

squared produced by the ANOVA. Cohen (1977) provides the following guidelines for interpreting the partial eta squared (Z2) value: 0.01–0.059¼ small

effect size; 0.06–0.139¼medium effect size; >0.14¼ large effect size.
���p<0.001; ��p<0.01; �p<0.05; þp<0.1.
aThe interference score was computed as follows: (Color=Word)–(Color).
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group comparisons for all Stroop task parameters under

investigation revealed that only the ‘pure’ ADHD group

was impaired. These results from unmedicated children add

evidence to the ongoing controversial discussion about def-

icits on the different Stroop parameters in ADHD (Sergeant

et al. 2002; Lawrence et al. 2004; Boonstra et al. 2005; van

Mourik et al. 2005; Lansbergen et al. 2007). Probably too

many confounding factors are involved in the very complex

Stroop task that a clear disorder-specific picture cannot

be detected, or perhaps expected. In terms of CTD, our

findings are in line with the general consensus that pa-

tients with CTD and even ADHDþCTD did not differ

in all Stroop parameters under investigation from controls

(Channon et al. 1992; Brand et al. 2002; Channon et al.

2003; Lavoie et al. 2007; Marsh et al. 2007; Roessner et al.

2007a). The good Stroop task performance of the ADHDþ
CTD group might be attributable to enhanced prefrontal

capabilities in CTD (Rothenberger 1990; Serrien et al.

2005; Plessen et al. 2007) compensating the prefrontal def-

icits usually related to ADHD symptoms (Pliszka et al.

2000; Albrecht et al. 2005).

The correlations between the FMT and the Stroop task

did not support the notion that color perception deficits

measured by the FMT may have a negative influence on

Stroop performance. This is in line with the findings of

Banaschewksi et al. (2006) and mitigates the argument of

others that color perception may have a substantial influ-

ence on Stroop performance (Laeng et al. 2005; Tannock

et al. 2006).

However, several limitations of the present findings must

be considered. First, the inclusion of clinically referred

children with CTD and=or ADHD limits the generalizabil-

ity of our findings to epidemiological samples. Second,

continuation of antipsychotics in some children during test-

ing might have confounded the results, although e.g., for

both tiparide (Rothenberger and Eggers 1982; Eggers et al.

1988) and risperidone (Allain et al. 2003) there is no evi-

dence of influencing cognitive performance in short-term

low-dose medication in healthy volunteers or children with

tic disorders. Third, the use of a single clinical measure of

color perception (FMT), requiring substantial capacities

in sustained attention, should be seen with caution in test-

ing children with ADHD free of stimulant medication.

Hence, future studies should include an additional mea-

sure of color perception as well as both the color per-

ception independent counting stroop task (Flowers et al.

1979; Albrecht et al. accepted) and the Stroop color word

interference task (Stroop 1935) to further clarify color

vision deficits in ADHD and CTD on neuropsychological

task performance.
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