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Abstract

This study examined visuomotor performance and selected psychometric characteristics
of the Bender—Gestalt Test using the Koppitz developmental scoring system in Moroccan
children aged 7 to 11 years. A cross-sectional study was conducted with 200 children
enrolled in public primary schools in the Rabat region, Morocco. Performance was assessed
using the Koppitz developmental scoring system. Statistical analyses included descriptive
statistics, factorial analyses of variance, post hoc comparisons, inter-rater reliability, and
test-retest reliability. The results revealed significant age-related differences in total error
scores, with older age groups obtaining lower mean error scores than younger age groups,
F(4, 190) = 29.965, p < 0.001, np? = 0.387. Designs 3 and 7 produced the highest mean
error scores, which may reflect their greater visuospatial and perceptual-motor complexity.
Inter-rater reliability demonstrated good agreement (ICC = 0.805, 95% CI [0.669, 0.887],
p < 0.001), while test—retest reliability demonstrated excellent temporal stability (single-
measure ICC(A, 1) = 0.913, 95% CI [0.772, 0.960], Pearson’s r = 0.928, p < 0.001). These
findings support the reproducibility and temporal stability of the Koppitz developmental
scoring system. Overall, the findings support its use for the assessment of visuomotor
performance in Moroccan school-aged children from the Rabat region and provide prelim-
inary regional reference data that may contribute to the development of future national
normative standards.

Keywords: Bender—Gestalt Test; Koppitz scoring system; developmental assessment;
psychometric properties; visuomotor integration; Moroccan children; neuropsychological
assessment; developmental sensitivity

1. Introduction

Visuomotor integration is a fundamental neurodevelopmental function involved in
many academic skills, including writing, reading, and spatial organization. It reflects the
coordinated interaction between visual perception and motor execution, enabling children
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to accurately reproduce, organize, and integrate visual stimuli. Difficulties with visuomotor
integration have frequently been associated with learning disabilities, particularly during
the early school years [1,2]. Thus, the assessment of visuomotor abilities plays an important
role in developmental neuropsychology and psychoeducational evaluation.

Among the instruments commonly used to assess visuomotor functioning is the
Bender—Gestalt Test. Initially developed by Lauretta Bender in 1938 [3] based on the princi-
ples of Gestalt psychology, this test assesses an individual’s ability to reproduce geometric
designs, thereby providing information on perceptual organization, motor coordination,
and developmental maturity. One of the most influential scoring systems associated with
the test is the developmental approach proposed by Elizabeth Munsterberg Koppitz [4,5].
This standardized method is based on the identification of several types of errors, including
distortions, rotations, integration difficulties, and perseverations. Koppitz’'s system has
been widely used in child neuropsychology for its developmental sensitivity and relevance
to clinical and psychoeducational assessment [6].

However, the use of Koppitz’s scoring system in different cultural and educational
contexts raises several methodological questions. The psychometric properties of an
assessment tool may vary depending on the sociocultural, linguistic, and educational
characteristics of the populations studied, highlighting the need for preliminary regional
reference values [7,8]. Furthermore, most normative and psychometric studies on the
Bender—Gestalt Test have been conducted with Western populations, potentially limiting
the generalizability of the findings to other cultural contexts [9].

In Morocco, locally validated neuropsychological tools for children remain relatively
limited, particularly for visuomotor assessment in school settings. Differences in educa-
tional systems, socioeconomic conditions, and early graphic experiences may influence
the performance observed among Moroccan children [10]. Therefore, the present study
aimed to examine the developmental sensitivity and selected psychometric characteristics
of the Bender-Gestalt Test using Koppitz’s scoring system in Moroccan children aged
7 to 11 years. More specifically, the study investigated age- and sex-related differences,
test-retest reliability, and the distribution of errors across Bender—Gestalt designs.

This study contributes to developmental neuropsychology by providing preliminary
regional reference data and additional evidence regarding the developmental sensitivity
and reliability of the Koppitz developmental scoring system in Moroccan school-aged
children. It also offers methodological and cross-cultural contributions while providing
clinically relevant information to support the assessment of visuomotor development in
Moroccan school-aged children.

2. Materials and Methods
2.1. Participants and Sampling

This study adopted a quantitative, cross-sectional, descriptive design to examine
age-related differences and selected psychometric characteristics of the Bender—Gestalt Test,
using the Koppitz developmental scoring system, among Moroccan school-aged children in
the Rabat region. Participants were recruited using a non-probability purposive sampling
method. The final sample consisted of 200 Moroccan children, including 92 boys and
108 girls, aged 7 to 11 years, enrolled in four public primary schools in the Rabat region.
Schools were selected in consultation with educational authorities to obtain a relatively
homogeneous socioeconomic sample.

Children were eligible for inclusion if they were enrolled in mainstream education and
had no known diagnosis of a neurodevelopmental disorder or specific learning disorder,
according to school records and teacher reports. Children were excluded if they had
uncorrected visual impairment, a known neurological disorder, or a diagnosed intellectual
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disability or if they had previously been referred for psychological assessment or special
education services.

Participants were divided into five age groups, corresponding to ages 7, 8, 9, 10,
and 11 years, with 40 children in each age group. Age groups were defined according to
chronological age at the time of assessment. Thus, the 7-year group included children aged
7.00-7.99 years, the 8-year group included children aged 8.00-8.99 years, and so forth up to
11.99 years. The distribution of participants by age and sex is presented in Table 1.

Table 1. Distribution of participants by age and sex.

Age Boys, n Girls, n Total, n
7 years 20 20 40
8 years 17 23 40
9 years 19 21 40
10 years 18 22 40
11 years 18 22 40
Total 92 108 200

Note. Values are presented as frequencies. Boys represented 46% of the sample, and girls represented 54%.

2.2. Recruitment and Ethical Procedures

The research protocol was reviewed and approved by the Ethics Board of the Faculty
of Medicine and Pharmacy, Mohammed V University in Rabat, Morocco, under reference
number C64-20. The study was conducted with prior authorization from the relevant
educational authorities and school administrations. Participation was voluntary, and no
financial or academic incentives were offered. Written informed consent was obtained from
parents or legal guardians before any assessment was conducted. Parents were informed
about the aims and scope of the study, the confidentiality and anonymity of the collected
data, and their right to refuse their child’s participation or withdraw from the study at any
time. Children also provided verbal assent before participating in the assessment.

Assessments were conducted by six trained examiners, including four psychomotor
therapists and two licensed psychologists, all of whom had prior experience in neuropsy-
chological assessment in school settings. To reduce examiner-related bias and ensure stan-
dardized administration conditions, assessments were conducted in pairs in each school.

Before data collection, the examiners completed an intensive three-day training pro-
gram led by an experienced neuropsychologist. The training included a theoretical review
of the Bender-Gestalt Test and the Koppitz scoring system, practical administration work-
shops using role-play, and collective scoring sessions based on test protocols. Specialized
examiners rather than school teachers administered the assessments because standardized
administration and scoring require specific competencies in neuropsychological assessment
and application of the Koppitz scoring criteria.

Data collection took place between January 2026 and May 2026.

2.3. Test Administration

The instrument used was the Bender—Gestalt Test, consisting of nine 10 x 15 cm cards
displaying geometric designs. The standard designs corresponding to cards A, 1, 2, 3, 4, 5,
6,7, and 8 were used. Each card contained a visual design that was presented successively
to the participants, who were asked to reproduce it on a blank A4 sheet of paper.

The test was administered individually in a quiet classroom according to a stan-
dardized protocol established during examiner training. Administration conditions were
designed to create a supportive testing environment, reduce sources of distraction, maintain
the child’s motivation, and allow short breaks if signs of fatigue appeared.
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Instructions were given in Moroccan Arabic, in accordance with the administration
procedures described by Koppitz [5]. Simple age-appropriate explanations were provided
to ensure that the child understood the task, without influencing the reproduction of
the designs.

The cards were presented vertically and sequentially, with each card introduced after
the previous one was completed. Participants were allowed to handle the cards, but they
were instructed not to rotate them. No time limit was imposed during test administration.

2.4. Scoring Procedure

The researcher scored test protocols according to the criteria of the Koppitz devel-
opmental scoring system [5]. This system is based on the identification of 30 specific
error items, coded according to their presence or absence in children’s graphic produc-
tions. These errors are grouped into four main categories: distortion, rotation, integration
difficulties, and perseveration. Each developmental error item is scored dichotomously
(0 = absent, 1 = present). Because each Bender—Gestalt design comprises a different number
of developmental error items, the possible score range varies across designs, whereas the
total developmental error score ranges from 0 to 30. For each protocol, a total error score
was calculated by summing all observed errors. A higher score indicated a greater number
of visuomotor errors and therefore lower visuomotor performance. When ambiguity arose
during scoring, the original Koppitz manual was consulted to ensure consistent application
of the scoring criteria. The distribution of these error items across Bender-Gestalt designs
and error categories is presented in Table 2.

Table 2. Distribution of Koppitz developmental error items by Bender-Gestalt design, error category,
and possible score range.

Design

Form Distortion Rotation Integration Difficulty Perseveration Possible Score

(Min-Max)
A laand 1b 2 3 0-4
1 4 5 6 0-3
2 7 8 9 0-3
3 10 11 12a and 12b 0-4
4 13 14 0-2
5 15 16 17a and 17b 0-4
6 18a and 18b 19 20 0-4
7 21a and 21b 22 23 04
8 24 25 0-2
Total error items per category 10 8 9 3
Total developmental error score 30 0-30

Note. Error categories are based on the Koppitz developmental scoring system [5].

2.5. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA; RRID:SCR_019096). Descriptive statistics were computed for all study
variables. Before conducting factorial analyses of variance (ANOVA), the assumptions of
homogeneity of variances and normality of residuals were evaluated. Homogeneity of
variances was assessed using Levene’s test. Normality of the residuals for the factorial
ANOVA model of the total Bender-Gestalt error score was evaluated using the Kolmogorov—
Smirnov and Shapiro-Wilk tests, together with visual inspection of histograms and normal
Q-Q plots. For the design-specific ANOVAs, graphical diagnostics (histograms and normal
Q-Q plots) were examined to verify the adequacy of the residual distributions. Because
the study design was balanced, with equal sample sizes across age groups (n = 40), minor
departures from normality would not have substantially affected the robustness of the
ANOVA analyses. Given the balanced study design and equal sample sizes across age
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groups (n = 40), ANOVA was considered sufficiently robust for analysing the bounded
developmental error scores.

Factorial ANOVAs were conducted to examine the effects of age and sex on total
Bender—Gestalt developmental error scores and on each of the nine Bender—Gestalt designs.
When the main effect of age was statistically significant, Bonferroni-adjusted pairwise
comparisons were performed to identify differences between age groups. Because separate
factorial ANOVAs were conducted for each Bender-Gestalt design, the Holm—Bonferroni
procedure was applied separately to the sets of age, sex, and age x sex interaction effects
to control the family-wise error rate. Statistical significance was set at p < 0.05.

Test-retest reliability was evaluated in a stratified random subsample of 50 children (10
from each age group) who completed the Bender-Gestalt Test on two occasions separated
by a three-week interval. The subsample was selected to ensure representation of all
age groups and both sexes and was comparable to the full study sample with respect to
age-group distribution and sex. Agreement between test and retest scores was assessed
using a single-measure intraclass correlation coefficient (ICC) based on a two-way mixed-
effects model with absolute agreement (ICC(A, 1)). Pearson’s correlation coefficient was
additionally reported to facilitate comparison with previous studies. The mean paired
difference between test and retest scores, the 95% confidence interval (CI), and the standard
error of measurement (SEM) were also calculated.

To evaluate inter-rater reliability, a separate stratified random subsample of 50 proto-
cols (10 from each age group) was independently rescored by a second trained examiner
who was blinded to the original ratings. This subsample was independent of the one used
for the test-retest reliability analysis. Agreement for the total Koppitz developmental error
score was assessed using a single-measure intraclass correlation coefficient (ICC) based on
a two-way random-effects model with absolute agreement (ICC(A, 1)).

3. Results

To evaluate the reproducibility of the Koppitz scoring procedure, inter-rater reliability
was assessed in a stratified random subsample of 50 protocols (10 children from each
age group). The protocols were independently rescored by a second trained examiner
blinded to the original ratings. Agreement for the total Koppitz developmental error
score was evaluated using the intraclass correlation coefficient (ICC) based on a two-way
random-effects model with absolute agreement.

The analysis demonstrated good inter-rater reliability (single-measure ICC(A, 1) = 0.805,
95% CI [0.669, 0.887], p < 0.001), indicating good agreement between the two independent
raters and supporting the reproducibility of the scoring procedure.

Test-retest reliability was evaluated in a subsample of 50 children aged 7 to 11 years
reassessed after a three-week interval. Agreement between test and retest scores was
assessed using the intraclass correlation coefficient (ICC) based on a two-way mixed-effects
model with absolute agreement. Pearson’s correlation coefficient was also calculated to
facilitate comparison with previous studies.

Test-retest reliability demonstrated excellent temporal stability (single-measure ICC(A,
1) = 0.913, 95% CI [0.772, 0.960], Pearson’s r = 0.928, p < 0.001). Pearson’s correlation
coefficient (r = 0.928, p < 0.001) was additionally reported to facilitate comparison with
previous studies using the Koppitz scoring system.

The mean total error score decreased slightly from the initial assessment (M = 3.34,
SD =1.69) to the retest session (M = 3.02, SD = 1.39), corresponding to a mean paired
difference of 0.32 points (95% CI [0.13, 0.51], t(49) = 3.47, p = 0.001). This small reduction in
error scores may reflect a modest practice effect associated with repeated administration
while maintaining overall score stability.
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The standard measurement error (SEM) was estimated at 0.55, providing an estimate
of the measurement error associated with the total Koppitz developmental error score.

Table 3 summarizes the test-retest reliability of the Bender—Gestalt Test using the
Koppitz scoring system.

Table 3. Test-retest reliability of the Bender—Gestalt Test using the Koppitz scoring system over a
three-week interval.

Session N  Mean (M) Standard Deviation (SD)  Pearson’s r P Single-Measure ICC(A, 1)
Test 50 3.34 1.686 0.928 <0.001  0.913 (95% CI[0.772, 0.960])
Retest 50 3.02 1.392

Mean paired difference = 0.32 (95% CI [0.13, 0.51]); SEM = 0.55. Note. ICC(A, 1) = single-measure intraclass
correlation coefficient based on a two-way mixed-effects model with absolute agreement; SEM = standard error
of measurement.

Descriptive statistics for the total Bender—Gestalt error score according to age and sex
are presented in Table 4.

Table 4. Descriptive statistics for the total Bender-Gestalt error score by age and sex.

Age Girls M (SD) Boys M (SD) Total M (SD)
7 years 5.25 (1.86) 5.15 (1.76) 5.20 (1.79)
8 years 4.04 (1.22) 2.94 (1.03) 3.57 (1.26)
9 years 3.71 (1.06) 242 (1.12) 3.10 (1.26)
10 years 2.86 (1.61) 2.39 (1.46) 2.65 (1.55)
11 years 2.05 (1.29) 1.94 (1.21) 2.00 (1.24)

Total 3.56 (1.77) 3.01 (1.77) 331 (1.79)

Note. M = mean; SD = standard deviation.

The results showed significant age-related differences in total error scores, with older
age groups obtaining lower mean error scores than younger age groups. The mean score
decreased from M = 5.20 (5D = 1.79) at age 7 to M = 2.00 (SD = 1.24) at age 11, indicating
lower mean error scores among the older age groups. At the descriptive level, girls
obtained slightly higher mean total error scores than boys (M = 3.56, SD = 1.77 vs. M =3.01,
SD =1.77). These descriptive differences were most apparent at ages 8 and 9 but became
less pronounced in the older age groups. The age-group differences in total error scores are
illustrated in Figure 1.

Evolution of Bender-Gestalt Error Scores by Age

Total error scores

7 years 8years 9years 10 years 11 years
Age groups

Figure 1. Mean total Bender—Gestalt error scores by age group. Note. Error bars represent
standard deviations.

To examine the effects of age and sex on Bender—Gestalt performance, a factorial
analysis of variance was conducted after verifying the assumptions of homogeneity of
variances and normality of residuals. Visual inspection of histograms and normal Q-Q
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plots, together with the Kolmogorov—Smirnov test (D = 0.060, p = 0.075) and the Shapiro—
Wilk test (W = 0.989, p = 0.150), indicated no significant deviations from normality for
the residuals of the factorial ANOVA model of the total Bender-Gestalt error score. For
the design-specific ANOVA models, graphical inspection of the residual distributions
also revealed no substantial departures from normality. Homogeneity of variances was
confirmed using Levene’s test (F(9, 190) = 1.673, p = 0.098). These findings supported the
use of factorial ANOVA for both the total-score and design-specific analyses. The results
are presented in Table 5.

Table 5. Levene’s test and factorial analysis of variance results for total Bender-Gestalt error scores

by age and sex.
Analysis df F 4 np’
Levene’s test (9, 190) 1.673 0.098 —
Age (4, 190) 29.965 <0.001 0.387
Sex (1, 190) 9.603 0.002 0.048
Age x Sex (4, 190) 1.589 0.179 0.032
Overall model (9, 190) 15.097 <0.001 0.417

Note. df = degrees of freedom; F = F statistic; p = significance level; yp® = partial eta squared. The non-significant
Levene’s test indicates that the assumption of homogeneity of variances was met. Partial eta-squared values
represent the effect sizes of age, sex, and the age x sex interaction on total Bender-Gestalt error scores.

The factorial ANOVA revealed a significant main effect of age, F(4, 190) = 29.965,
p < 0.001, yp? = 0.387, indicating significant age-related differences in total Bender-Gestalt
error scores, with older age groups obtaining lower mean error scores than younger age
groups. A statistically significant main effect of sex was also observed, F(1, 190) = 9.603,
p =0.002, an =0.048. However, the effect size was small, indicating that sex accounted for
only a limited proportion of the variance in total error scores. The age X sex interaction was
not significant, F(4, 190) = 1.589, p = 0.179, np* = 0.032, suggesting that the pattern of age-
group differences was comparable for boys and girls. The overall model was significant,
F(9, 190) = 15.097, p < 0.001, 17p2 = 0.417, accounting for 41.7% of the variance in total
Bender—Gestalt error scores.

Bonferroni-adjusted pairwise comparisons (Table 6) showed that children aged 7 years
obtained significantly higher total error scores than all older age groups (8, 9, 10, and
11 years; all adjusted p < 0.001). Children aged 8 years also had significantly higher error
scores than children aged 10 years (adjusted p = 0.034) and 11 years (adjusted p < 0.001),
whereas the difference between the 8- and 9-year groups was not statistically significant
(adjusted p = 1.000). Similarly, children aged 9 years differed significantly from those aged
11 years (adjusted p = 0.005) but not from those aged 10 years (adjusted p = 1.000). No
significant difference was observed between the 10- and 11-year groups (adjusted p = 0.386),
suggesting a progressive reduction in visuomotor errors with age that tended to stabilize
between 10 and 11 years.

Mean errors for each Bender-Gestalt design were analyzed across age groups to
examine age-related differences in visuomotor performance. As shown in Table 7, mean
errors generally decreased with increasing age. Designs 3 and 7 showed the highest mean
error scores across age groups, suggesting that these designs were the most difficult for
the children. In contrast, designs 1, 4, and 6 showed relatively low mean error scores,
particularly among older children. Seven-year-old children obtained the highest error
scores on most designs, especially design 3 (M = 0.95, SD = 0.639), design 7 (M = 0.92,
SD =0.526), and design 8 (M = 0.85, SD = 0.483). Children aged 8 to 11 years generally
obtained lower and more stable error scores than the youngest age group. The lowest
error levels were observed among 11-year-old children, particularly for design 6 (M = 0.03,
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5D =0.158) and design 2 (M = 0.08, SD = 0.267). These findings indicate age-related
differences in design-specific Bender-Gestalt error scores.

Table 6. Bonferroni-adjusted pairwise comparisons of total Bender—Gestalt error scores across

age groups.
Comparison Mean Difference (I — J) 95% CI Adjusted p
7vs. 8 1.63 [0.74, 2.51] <0.001
7vs. 9 2.10 [1.21,2.99] <0.001
7vs. 10 2.55 [1.66, 3.44] <0.001
7vs. 11 3.20 [2.31,4.09] <0.001
8vs. 9 0.47 [—0.41, 1.36] 1.000
8vs. 10 0.92 [0.04,1.81] 0.034
8vs. 11 1.57 [0.69, 2.46] <0.001
9vs. 10 0.45 [—0.44, 1.34] 1.000
9vs. 11 1.10 [0.21, 1.99] 0.005
10 vs. 11 0.65 [—0.24, 1.54] 0.386

Note. Mean differences are presented as (I — J), with positive values indicating higher error scores for the first age
group. Pairwise comparisons were adjusted using the Bonferroni correction. CI = confidence interval. Significant
comparisons (adjusted p < 0.05) indicate statistically significant differences between age groups.

Table 7. Mean errors by Bender—Gestalt design across age groups.

Design 7 Years M (SD) 8 Years M (SD) 9 Years M (SD) 10 Years M (SD) 11 Years M (SD)  Total M (SD)
Design A 0.23 (0.423) 0.27 (0.452) 0.27 (0.452) 0.23 (0.423) 0.15 (0.362) 0.23 (0.422)
Design 1 0.45 (0.552) 0.15 (0.362) 0.10 (0.304) 0.08 (0.267) 0.13 (0.335) 0.18 (0.398)
Design 2 0.50 (0.506) 0.40 (0.496) 0.33 (0.474) 0.27 (0.452) 0.08 (0.267) 0.31 (0.466)
Design 3 0.95 (0.639) 0.68 (0.474) 0.48 (0.506) 0.30 (0.464) 0.62 (0.490) 0.61 (0.557)
Design 4 0.27 (0.452) 0.18 (0.385) 0.20 (0.405) 0.23 (0.423) 0.13 (0.335) 0.20 (0.401)
Design 5 0.63 (0.667) 0.63 (0.490) 0.50 (0.506) 0.35 (0.483) 0.18 (0.385) 0.46 (0.538)
Design 6 0.40 (0.496) 0.18 (0.385) 0.15 (0.362) 0.22 (0.423) 0.03 (0.158) 0.19 (0.397)
Design 7 0.92 (0.526) 0.87 (0.648) 0.85 (0.622) 0.85 (0.622) 0.50 (0.506) 0.80 (0.602)
Design 8 0.85 (0.483) 0.23 (0.423) 0.22 (0.423) 0.15 (0.362) 0.18 (0.385) 0.33 (0.490)

Note. M = mean; SD = standard deviation. Each age group included n = 40 children, for a total sample of N = 200.
Values represent mean errors observed for each Bender-Gestalt design.

Factorial analyses of variance (age x sex) were conducted separately for each of the
nine Bender—Gestalt designs to identify the designs most sensitive to age-related variation.
As shown in Table 8, the effect of age differed across designs. Significant age effects were
observed for designs 1, 2, 3, 5, 6, 7, and 8, indicating greater sensitivity to age-related
differences. The largest age-related effect sizes were found for design 8 (17p? = 0.300), design
3 (yp* = 0.158), and design 1 (yp* = 0.122), suggesting that these designs were particularly
sensitive to age-related differences in visuomotor and perceptual-motor performance. In
contrast, designs A and 4 did not show significant age effects, indicating lower sensitivity
to age-related differences within the studied age range. Before correction for multiple
testing, small sex effects were observed for designs 2 and 6 (p = 0.047 and p = 0.048,
respectively). However, these effects did not remain statistically significant after Holm—
Bonferroni correction. No significant age X sex interaction was found for any design (all
p > 0.05), indicating similar patterns of age-group differences in boys and girls.
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Table 8. Factorial analysis of variance results for the nine Bender-Gestalt designs by age and sex.

Design Age Effect F 4 np? Sex Effect F p np? Age x Sex Effect F p np?

Design A 0.447 0.775  0.009 1.951 0.164 0.010 1.041 0.388 0.021
Design 1 6.571 <0.001  0.122 0.000 0.988 0.000 0.928 0.449 0.019
Design 2 4.987 <0.001  0.095 4.014 0.047 0.021 0.821 0.513 0.017
Design 3 8.888 <0.001  0.158 1.992 0.160 0.010 0.801 0.526 0.017
Design 4 0.794 0.530  0.016 0.318 0.573 0.002 1.201 0.312 0.025
Design 5 5.732 <0.001  0.108 0.701 0.403 0.004 1.200 0.312 0.025
Design 6 5.192 <0.001  0.099 3.972 0.048 0.020 0.623 0.646 0.013
Design 7 3.308 0.012  0.065 0.200 0.655 0.001 0.449 0.773 0.009
Design 8 20.322 <0.001  0.300 1.037 0.310 0.005 1.110 0.353 0.023

Note. F = F statistic; p = significance level; np? = partial eta squared. Separate factorial ANOVAs were conducted
for each Bender-Gestalt design. The Holm—Bonferroni procedure was applied separately to the age, sex, and age
x sex interaction effects to control the family-wise error rate. After correction, only the age effects for designs 1, 2,
3,5, 6,7, and 8 remained statistically significant. No design-specific sex effect or age x sex interaction remained
statistically significant after correction.

4. Discussion

The findings of the present study are broadly consistent with observations reported
in several international studies using the Koppitz scoring system for the Bender-Gestalt
Test. As reported in the original developmental work of Elizabeth Munsterberg Koppitz [5],
lower error scores were observed in the older age groups, consistent with expected age-
related differences in visuomotor performance. The mean scores obtained in the present
Moroccan sample also appear relatively close to those reported in studies conducted in
South Africa [11], Hong Kong [12], and Italy [13]. However, some cross-cultural differences
remain observable, particularly when compared with Iranian data [14] and some South
African findings [11], where slightly higher error levels have sometimes been reported.

These findings are consistent with the hypothesis that older age groups demonstrate
better visuomotor integration and visuoconstructive performance, in line with expected
neuropsychological maturation. The lower error scores observed in the older age groups
may reflect age-related differences in visuomotor coordination, perceptual organization,
fine motor control, and attentional abilities involved in graphic reproduction. In this
sense, the significant age effect observed in the present study confirms the developmental
sensitivity of the Bender-Gestalt Test scored according to the Koppitz system for assessing
visuomotor performance in school-aged children.

The analysis of errors by design provided additional information beyond the total
score. Designs showing the highest error rates, particularly designs 3 and 7, may reflect
greater visuospatial and perceptual-motor complexity, although these underlying cognitive
processes were not directly assessed in the present study. This finding is consistent with
previous observations concerning the relative difficulty of certain geometric configurations
of the test [5,13]. Moreover, the design-specific analyses showed that some designs were
more sensitive to age-related variation than others. This supports the clinical usefulness
and developmental sensitivity of examining not only the total error score but also the
qualitative distribution of errors across individual Bender-Gestalt designs.

Regarding sex differences, a statistically significant effect was observed for the total
developmental error score; however, the associated effect size was small (np2 = 0.048),
indicating limited practical significance. Girls obtained slightly higher mean error scores
than boys in the present sample, although this difference accounted for only a small
proportion of the total variance. Therefore, this finding should be interpreted with caution.
It may reflect sample-specific characteristics or educational and sociocultural influences
rather than inherent biological differences between boys and girls. Moreover, previous
studies using the Bender—Gestalt Test have reported inconsistent findings regarding sex
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differences, with several studies reporting minimal or no meaningful differences. In
the present study, age emerged as a substantially stronger determinant of visuomotor
performance than sex.

The test-retest findings further support the reliability of the Koppitz developmental
scoring system in the Moroccan context. In addition to the excellent temporal stability
demonstrated by Pearson’s correlation coefficient, the present study showed excellent
agreement between test and retest scores based on the intraclass correlation coefficient, low
measurement error as reflected by the standard error of measurement, and good inter-rater
reliability. Together, these findings support the stability, precision, and reproducibility of
the total Koppitz developmental error score in Moroccan school-aged children.

The Koppitz developmental scoring system is composed of heterogeneous visuomotor
error indicators rather than items designed to measure a single latent construct. Conse-
quently, agreement-based indices such as inter-rater reliability and test-retest reliability are
more appropriate indicators of reliability for this type of developmental assessment.

The cross-cultural differences observed across studies should be interpreted cautiously.
Although variations in educational practices, sociocultural context, familiarity with graphic
activities, cognitive stimulation, and methodological differences between studies may con-
tribute to the cross-cultural differences observed, these variables were not directly assessed
in the present study. Therefore, these explanations should be regarded as hypotheses rather
than conclusions supported by the current findings. Future studies should investigate
these factors directly to better understand their contribution to visuomotor performance in
Moroccan children.

From a clinical and educational perspective, the present findings provide preliminary
support for the use of the Bender—Gestalt Test scored according to the Koppitz system as
part of a comprehensive neuropsychological assessment of visuomotor development in
Moroccan school-aged children. However, the present study did not evaluate convergent,
discriminant, predictive, or diagnostic validity, nor did it include clinical populations.
Consequently, the clinical utility of the test should be considered preliminary. The Bender—
Gestalt Test should not be used as a standalone diagnostic or screening instrument but
rather as one component of a broader multidisciplinary assessment incorporating clin-
ical observation, developmental history, educational information, and complementary
standardized measures.

Several limitations should be acknowledged. First, the study used a non-probability
purposive sampling method and included children from four public schools in the Rabat
region, which may limit the generalizability of the findings to all Moroccan children. The
sample did not include children from private schools, rural areas, or diverse socioeconomic
backgrounds. Although the present findings provide useful preliminary regional reference
data, future multicenter studies using nationally representative samples will be necessary
before national normative standards can be established.

Second, the developmental reference sample included only typically developing
children. Consequently, the preliminary regional reference values reported in the present
study should not be generalized directly to clinical populations but rather considered as
developmental reference values for comparison with future clinical investigations.

Third, although the study examined developmental sensitivity and test-retest reliabil-
ity, it did not assess convergent, discriminant, predictive, or diagnostic validity, nor did it
include clinical populations. Consequently, the present findings do not allow conclusions
regarding the diagnostic accuracy or screening performance of the Bender—Gestalt Test.
Accordingly, broader psychometric conclusions should be drawn with caution until these
complementary forms of validity have been established.
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Fourth, potentially relevant contextual variables, such as educational practices, socioe-
conomic characteristics, familiarity with graphic activities, and environmental stimulation,
were not directly assessed. Therefore, the explanations proposed for the observed cross-
cultural differences should be interpreted as plausible hypotheses rather than conclusions
supported by the present data. Future studies should directly examine these contextual
factors to better understand their potential contribution to visuomotor performance in
Moroccan children.

Another limitation concerns the analyses of design-specific error scores. Because the
scores for individual Bender—Gestalt designs are discrete and bounded, with relatively
restricted score ranges that vary according to the number of developmental error items,
parametric ANOVA may be less optimal for these outcomes than for the total developmental
error score. Although the balanced study design and assumption diagnostics supported
the use of ANOVA, generalized linear models may provide a more appropriate analytical
framework for design-specific outcomes in future studies. Therefore, the findings related
to individual Bender-Gestalt designs should be interpreted as exploratory.

Finally, an additional limitation concerns the assessment of test-retest reliability. Al-
though the same standardized scoring criteria were applied across both administrations,
the retest protocols were not scored under blinded conditions. Consequently, scorer ex-
pectancy bias cannot be completely excluded. Future studies should incorporate blind
scoring procedures.

Future studies should replicate the present inter-rater reliability findings in larger and
independent samples. They should also examine convergent, discriminant, predictive, and
diagnostic validity by comparing Bender-Gestalt performance with other standardized
measures of visuomotor integration, executive functioning, academic achievement, and
neurodevelopmental status. Studies including children with neurodevelopmental disor-
ders, learning disabilities, and other clinical conditions will be essential to determine the
diagnostic accuracy and clinical utility of the Koppitz scoring system.

Future studies should also directly examine the influence of educational, socioe-
conomic, and sociocultural factors on visuomotor performance to clarify their role in
explaining cross-cultural variability in Bender—Gestalt performance.

Taken together, these findings support the developmental sensitivity and reliability
of the Koppitz scoring system in Moroccan school-aged children from the Rabat region
while highlighting the need for broader normative and validation studies before national
reference standards can be established.

For descriptive comparison with previous international studies, the published de-
velopmental error scores obtained using the Koppitz developmental scoring system are
summarized in Table 9.

Table 9. Descriptive comparison of published developmental error scores on the Bender-Gestalt Test
across international studies using the Koppitz developmental scoring system.

Study Country Age Range N Yotirﬁzs:ts%r)oup Ol((]:lvc;siL irg)up Deve}sg:r;ental
Koppitz [5] USA 5-10 523 6.45 4 3.12 1.30 £ 1.55 1
Ghassemzadeh [14] Iran 5-11 101 12.93 (SD NR) 2.14 (SD NR) 1
Viljoen et al. [11] South Africa 6-11 882 4.70 (SD NR) 2.01 (SD NR) 4
Mazzeschi & Lis [13] Ttaly 3.6-11.5 1065 13.56 + 3.74 2.35+1.98 1
Chan [12] Hong Kong 4.5-8.5 748 8.77 £3.20 2.01 +£1.42 N
Present study Morocco 7-11 200 520 £1.79 2.00 +£1.24 N

Note. Comparisons are descriptive only. The included studies differed in sampling procedures, participant
characteristics, age ranges, study periods, and cultural contexts. Consequently, these data should not be interpreted
as evidence of cross-cultural measurement equivalence or cross-cultural applicability of the Koppitz scoring
system. The downward arrow (|) indicates a decrease in developmental error scores with increasing age.
NR = standard deviation not reported in the original publication.
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5. Conclusions

This study examined age-related differences and selected psychometric characteristics
of the Bender—Gestalt Test scored according to the Koppitz developmental scoring system
in Moroccan school-aged children from the Rabat region. The findings suggest significant
age-related differences in visuomotor performance, with lower error scores observed in
the older age groups, together with good inter-rater reliability and excellent test-retest
reliability, supporting the reliability and developmental sensitivity of the Koppitz scoring
system in this population. Although a statistically significant sex effect was observed, its
practical importance was limited compared with the substantially stronger effect associated
with age.

The findings are broadly consistent with previous international studies while empha-
sizing the importance of developing locally adapted normative references for Moroccan
children. The present study provides preliminary regional reference data and evidence
supporting the developmental sensitivity of the Koppitz scoring system among Moroccan
school-aged children from the Rabat region. However, these findings should be interpreted
as preliminary and require confirmation through larger nationally representative studies
before national normative standards can be established.

Future research should include nationally representative samples, children from dif-
ferent educational and socioeconomic backgrounds, and clinical populations. Additional
studies examining convergent, discriminant, predictive, and diagnostic validity, together
with comparisons with other standardized measures of visuomotor and neuropsychological
functioning, will further strengthen the evidence supporting the clinical and educational
use of the Bender—Gestalt Test in Morocco.
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