Neuropsychiatric Disease and Treatment Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Drawing Characteristics Associated with
Attention-Deficit/Hyperactivity Disorder in
Children: Findings from the Synthetic House-Tree-
Person Test

Manman Zheng"*, Xinya Lin 23% Shao Wang4, Xuan Zhang3, Can Li°, Rong Huang 3

Xiaofeng Jin@®**®

'Graduate Work Department, Wenzhou Medical University, Wenzhou, Zhejiang, People’s Republic of China; 2Department of Affective Disorder, The
Affiliated Brain Hospital, Guangzhou Medical University, Guangzhou, Guangdong, People’s Republic of China; 3School of Mental Health, Wenzhou
Medical University, Wenzhou, Zhejiang, People’s Republic of China; “The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou
Medical University, Wenzhou, Zhejiang, People’s Republic of China; Department of Psychiatry, The Third People’s Hospital of Xiangshan County,
Ningbo, Zhejiang, People’s Republic of China; ®The Affiliated Kangning Hospital of Wenzhou Medical University, Wenzhou, Zhejiang, People’s Republic
of China

*These authors contributed equally to this work

Correspondence: Xiaofeng Jin, School of Mental Health, Wenzhou Medical University, Wenzhou, Zhejiang, People’s Republic of China,
Email 1095172945@qq.com

Objective: This study aimed to examine drawing characteristics in the Synthetic House-Tree-Person (S-HTP) drawing test among
children with attention-deficit/hyperactivity disorder (ADHD) and to explore their associations with ADHD symptom severity.
Methods: A total of 60 children aged 7—11 years (30 with clinically diagnosed ADHD and 30 healthy controls) completed the S-HTP
drawing test and the SNAP-IV scale. Drawing characteristics were independently coded by two trained raters using predefined criteria.
Group differences were analyzed using chi-square and rank-sum tests. Logistic regression analyses were performed to evaluate
associations with ADHD status, and ROC analyses were used to assess discrimination. FDR correction and bootstrap internal
validation were additionally applied.

Results: Six drawing characteristics differed significantly between groups in the initial analyses, of which five remained significant
after FDR correction. Seven drawing characteristics showed exploratory associations with SNAP-IV scores. After adjustment for age,
gender, family structure, and Raven’s Standard Progressive Matrices scores, three drawing characteristics remained associated with
ADHD status: A3 (tracing in shaky lines; OR =4.31, 95% CI: 1.10-16.94), A4 (lines jagged and not joined; OR = 5.45, 95% CI: 1.45—
20.49), and A8 (more than seven different colors; OR = 0.20, 95% CI: 0.05-0.72). Exploratory ROC analyses indicated that combining
these characteristics improved discriminatory performance. The combined model achieved an AUC of 0.835. Bootstrap internal
validation yielded an optimism-corrected AUC of 0.812, indicating reasonable model stability within the present sample.
Conclusion: Certain S-HTP drawing characteristics were associated with ADHD status and symptom severity in this sample. In
particular, A3, A4, and A8 were identified as drawing characteristics of potential interest for future research. However, given the
exploratory design, relatively small sample size, and lack of external validation, further studies are required before the clinical utility
of these findings can be established.

Keywords: Synthetic House-Tree-Person Drawing Test, attention-deficit hyperactivity disorder, children, drawing characteristics,
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Introduction
Attention-deficit hyperactivity disorder (ADHD) is one of the most common neurodevelopmental disorders in school-
aged children. Global prevalence estimates range from 2% to 18%,"' with a pooled prevalence of 7.2% across the editions
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of Diagnostic and Statistical Manual of Mental Disorders reported in a meta-analysis of 175 studies.” As for Chinese
children, the overall prevalence of ADHD is 6.3%.> Given China’s large population, the absolute number of children with
ADHD remains substantial, imposing a significant burden on both families and society. The core symptoms of ADHD,
including age-inappropriate inattention, impulsivity, and hyperactivity, can lead to learning difficulties, low self-esteem,
interpersonal problems, and impaired psychosocial functioning.“*6 Moreover, 60—80% of individuals with childhood
ADHD continue to exhibit symptoms into adulthood.” Recent studies have documented that early management of ADHD
symptoms may attenuate adult functioning difficulties.®” Therefore, early screening and diagnosis are essential for timely
intervention and treatment. Although both genetic and environmental factors are believed to be associated with ADHD,
the specific etiology remains contentious.’

Effective treatment of ADHD begins with early screening and diagnosis, which requires a comprehensive approach
that gathers information from multiple sources and uses various assessment methods.'® Commonly used instruments
include the Achenbach Child Behavior Checklist,'! the Conners’ Parent Rating Scale!? and Swanson Nolan and Pelham,
Version IV (SNAP-IV)."? These scales also help distinguish symptoms of inattention, hyperactivity, conduct disorder,
and disruptive behavior disorders. In addition to objective scales, information from parents about their child’s behavior at
school, home, and in the community is also crucial for making an accurate diagnosis. Thus, parent interviews are
a crucial component of ADHD assessment, often employing tools like the Parent Interview for Child Symptoms, a semi-
structured interview designed to aid in diagnosing ADHD. While patient interviews should also be included as part of the
assessment, they may lack reliability in young children.

Influenced by traditional cultural values, some Chinese parents may overinterpret normal attention lapses as ADHD,
while others dismiss symptoms as misbehavior, leading to diagnostic inaccuracies. Inconsistent reporting by parents,
influenced by differences in family dynamics, educational environments, and access to healthcare, can further complicate
the screening process.'* Although effective diagnosis requires children to communicate their internal states to clinicians,
young children often struggle to articulate their experiences clearly. This limitation highlights the need for supplemen-
tary, child-friendly assessment tools. Human figure drawing tests have been used as complementary tools in ADHD
assessment.'> Drawing tests have also been shown to reveal significant distinctions between children with ADHD and
their typically developing peers in terms of emotional issues and impulsive behaviors.'®!” Therefore, there is a need for
supplementary assessment approaches that are developmentally appropriate for children.

Drawing transcends its artistic roots to become a profound tool for understanding the human psyche, offering
a unique lens into the emotional and psychological realms that are often difficult to articulate through words alone.
Engaging in drawing tests allows individuals to bypass the limitations of verbal communication and social expectations,
enabling a more authentic expression of personal experiences and feelings. This process illuminates emotional states and
personality traits that might otherwise remain concealed. In the context of psychological assessment, drawing serves as
a powerful means to uncover and address underlying psychological conditions.'®

Projective techniques reveal personality characteristics by eliciting responses to unstructured or ambiguous stimuli.
Unlike traditional scales, which participants can consciously manipulate, projective techniques offer a more indirect
means of accessing subconscious thoughts and emotions. Drawing provides individuals with a medium to express inner
emotions free from societal pressures, reducing the likelihood of deliberate concealment.'® One of the most widely
known projective techniques is the Rorschach inkblot test, which uses ambiguous stimuli to explore aspects of
personality and emotional functioning.'” Based on the projective technique, Buck proposed the House-Tree-Person
drawing test, which is designed to assist clinicians in gathering information.*® It requires subjects to draw a house, a tree,
and a person on three separate pages to the best of their ability, without assessing artistic skill. Mikami subsequently
developed the Synthetic House-Tree-Person Drawing Test (S-HTP) drawing test,”' which involves drawing these
elements on the same sheet of paper, different from the House-Tree-Person drawing test. It enables a more comprehen-
sive assessment of the connections among the house, tree, and person, facilitating clinicians in gaining a deeper insight
into the subject’s personality and their interactions with the environment. Although these characteristics have contributed
to the use of projective drawing techniques in clinical practice, the clinical utility of projective drawing techniques
remains debated, particularly with regard to their diagnostic specificity, psychometric validity, and reproducibility.
Therefore, drawing-based assessments are generally considered complementary rather than stand-alone diagnostic tools.
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The S-HTP drawing test has been applied in various clinical and research settings and is currently undergoing further
standardization.** It has also been found effective in addressing gender-related issues among adolescents> and assessing
the impact of traumatic events on children’s mental health.** Certain drawing characteristics have also been reported to
be associated with symptoms of anxiety and depression in cancer patients.>> Drawing tests, unconstrained by age or
cultural background, allow children to independently express their emotions, thereby providing valuable supplementary
insights that may be overlooked by conventional verbal or standardized evaluations.

Children with ADHD, however, often exhibit deficits in fine motor control, visuomotor coordination, and sustained
attention, all of which are important for drawing performance.””-*® In clinical practice, we have also observed that
children with ADHD tend to display distinctive drawing features, such as impulsive strokes or neglect of details,
compared with their typically developing peers. These observations suggest that drawing tasks, which naturally integrate
motor, perceptual, and attentional components, may provide a sensitive window into the behavioral manifestations of
ADHD.

However, the potential of drawing-based tools, such as the S-HTP test, in the assessment of children with ADHD
remains underexplored. Given their age-appropriateness, ease of administration, and capacity to engage children actively
in the assessment process, such tools may serve as useful adjuncts in the early identification of ADHD. Therefore, this
study aimed to investigate whether specific S-HTP drawing characteristics are associated with ADHD status and
symptom severity in children. We hypothesize that specific drawing characteristics will significantly differ between
children with ADHD and their typically developing peers, thereby providing supplementary information regarding
behavioral characteristics associated with ADHD.

Materials and Methods

Participants

All participants in the clinical group had a diagnosis of ADHD and were recruited from the Second Affiliated Hospital
and Yuying Children’s Hospital of Wenzhou Medical University in Wenzhou, China. ADHD diagnoses were established
by experienced child psychiatrists according to DSM-5 criteria on the basis of comprehensive clinical assessments
conducted during the first outpatient visit. Diagnoses were further confirmed using the Mini International
Neuropsychiatric Interview for children and adolescents (MINI-KID).?® Information regarding symptom presentation
across multiple settings, including home and school environments, was obtained through parental interviews, which
incorporated teacher feedback regarding the child’s behavior at school. The S-HTP assessment was conducted for
research purposes and was not used in the diagnostic decision-making process. The inclusion criteria were: (1) met
the DSM-5 criteria for ADHD;* (2) a mean subscale score >1 on either the inattention or the hyperactivity/impulsivity
subscales of the SNAP-1V; (3) aged 7-11 years, with no sex restriction; (4) Patients were selected at their first
consultation, ie, not yet receiving treatment for ADHD. Exclusion criteria: (1) Raven’s Standard Progressive Matrices
(SPM) score <25th percentile;*® (2) severe or primary comorbid psychiatric or neurological disorders (eg, depressive
disorder, generalized anxiety disorder, autism spectrum disorder, or tic disorder); (3) severe physical illnesses. Thirty
children were included in the clinical group. The mean age of the clinical group was 8.9 + 1.2 years; 80.0% (24) were
boys, and 20.0% (6) were girls (Table 1).

Control participants were recruited from the same geographic region as the clinical group. The inclusion criteria were:
(1) no history of psychiatric illness; (2) a mean subscale score <1 for both the inattention and hyperactivity/impulsivity
subscales of the SNAP-IV. Exclusion criteria were the same as the clinical group. Thirty children were included in the
control group. The mean age of the control group was 9.2 + 1.0 years; 56.7% (17) were boys, and 43.3% (13) were girls
(Table 1).

This study was conducted in accordance with the principles of the Declaration of Helsinki and was approved by the
Ethics Committee of The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical University
(2025-K-472-01). Written informed consent was obtained from the parents or guardians of each child enrolled in the
study.
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Table | Demographic and Baseline Characteristics of the ADHD and Control Groups

Variable Total Sample | Clinical Group | Control Group | ;*itIZ P
n (%) n (%) n (%)
Gender 3.774* | 0.052
Boys 41 (68.3) 24 (80.0) 17 (56.7)
Girls 19 31.7) 6 (20.0) 13 (43.3)
Age (years, mean + SD) 9.1 £ 1.1 89+ 1.2 92+ 1.0 0.958° | 0.342
Only child 2.443" | 0.118
Yes 26 (43.3) 10 (33.3) 16 (53.3)
No 34 (56.7) 20 (66.7) 14 (46.7)
SPM score —-1.077° | 0.281
25%~75% 22 (36.7) 9 (30.0) 13 (43.3)
75%~95% 33 (55.0) 18 (60.0) 15 (50.0)
295% 5(83) 3 (10.0) 2 (6.7)

Notes: “chi-squared test; °t-test; “rank-sum test.

Research Tools

Swanson Nolan and Pelham, Version IV (SNAP-IV)

The Chinese version of SNAP-IV has been validated and is widely used in clinical practice.>'** The SNAP-IV comprises
three subscales: the inattention scale (items 1 to 9), the hyperactivity/impulsivity scale (items 10 to 18), and the
oppositional disobedience scale (items 19 to 26). For the purpose of this study, only the first two subscales were used.
Each item is rated on a 4-point Likert scale ranging from 0 (not at all) to 3 (very much), completed by parents. For each
subscale, the item scores were summed and divided by the number of items to obtain a mean subscale score. According
to previous validation studies, a mean score of 1 is the recommended cut-off value,*® which was adopted as part of the
participant selection criteria in the present study.

Synthetic House-Tree-Person Drawing Test (S-HTP)

All participants were given a blank sheet of A4-sized paper, a black pen and a set of 12 shades of colored markers. They
were instructed to draw a house, a tree, a person, and any additional elements they wish to include. Participants were
given 10—15 minutes to complete the drawing. Erasers and replacement sheets of paper were not permitted. After
completing the drawings, all participants were asked to write down their age and gender on the reverse side of the sheet.
Following completion of the drawing, each participant was involved in a semi-structured interview,”® which was
conducted by a trained researcher and a psychiatrist with relevant qualifications. This was to acquire their own
description of the contents of the painting and the message they were trying to convey. Interview responses were

transcribed and were subsequently available to raters when scoring characteristics requiring contextual interpretation.

House-Tree-Person Drawing Test Scoring System

The S-HTP scoring procedure consisted of two steps. In the first step, we included 21 drawing characteristics based on
previous research'®!'”** and clinical experience. Characteristics reported to be related to impulsivity, inattention, and
emotional instability were retained, whereas those primarily reflecting psychotic symptoms, neurotic traits, or unrelated
personality constructs were excluded. Several characteristics frequently observed during clinical assessments of children
with ADHD were also incorporated. In the second step, drawings were independently scored by two raters who had
received professional training in drawing-based psychological assessment and had relevant scoring experience. The raters
were blinded to participants’ diagnostic status, SNAP-IV scores, and other clinical information throughout the scoring
process. To facilitate interpretation of ambiguous drawing elements, raters were allowed to refer to the post-drawing
interview records, which consisted solely of the child’s descriptions and explanations of the drawings and did not contain
diagnostic or clinical information. A dichotomous coding system was used (1 = present; 0 = absent). Detailed operational
definitions of all drawing characteristics are provided in Supplementary Table S1. For characteristics requiring contextual
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interpretation (eg, “person at odds”), ratings were informed by the child’s post-drawing descriptions obtained during the
drawing interview.

Data Analysis

Depending on variable type and distribution, #-tests, chi-square tests, and Mann—Whitney U-tests were used to compare
demographic and baseline characteristics between groups. Inter-rater reliability for the S-HTP drawing characteristics
was assessed using Cohen’s kappa coefficient. Pearson correlation analysis was used to examine the association between
total S-HTP drawing scores and SNAP-IV scores. The Mann—Whitney U-test was used to compare total drawing scores
between the ADHD and control groups. Chi-square tests were performed to compare the frequencies of individual
drawing characteristics between groups. To reduce the risk of false-positive findings arising from multiple comparisons,
FDR correction was applied to the primary group-comparison analyses. Mann—Whitney U-tests were used to examine
associations between individual drawing characteristics and SNAP-IV total and subscale scores. Univariate binary
logistic regression analyses were performed to examine the association between each drawing characteristic and
ADHD status (ADHD = 1, control = 0). Drawing characteristics showing significant associations were subsequently
entered into multivariable logistic regression analyses using a forward selection procedure. Age, gender, family structure,
and SPM score were included as covariates. ROC curve analyses were conducted to evaluate the ability of individual and
combined drawing characteristics to distinguish children with ADHD from healthy controls. To assess model stability
and potential overfitting, bootstrap internal validation with 1000 resamples was performed for the final ROC model, and
optimism-corrected AUC estimates were obtained. Statistical analyses were primarily conducted using SPSS version
26.0. FDR correction and bootstrap internal validation were performed in R version 4.5.2. A two-sided P value < 0.05
was considered statistically significant.

Results

The inter-rater reliability for the S-HTP drawing characteristics exceeded 0.600 for all characteristics except “Messy
hair” (x = 0.348, P = 0.006). This finding suggests limited reliability for the “Messy hair” indicator and should therefore
be interpreted with caution. The Pearson correlation coefficient between the total drawing score and the SNAP-IV score
was r = 0.342 (P = 0.008), indicating a positive association between the overall number of identified drawing
characteristics and ADHD symptom severity. In addition, the Mann—Whitney U-test revealed a significant difference
in total drawing scores between the ADHD group and the control group (U = 232.50, P = 0.001), with higher scores
observed in the ADHD group.

The frequency of drawing characteristics and chi-square test results were shown in Table 2. In the initial analyses, six
drawing characteristics differed significantly between the ADHD and control groups. After FDR correction, five
characteristics remained significant: tracing in shaky lines (A3), lines jagged and not joined (A4), coloring beyond the
edges (A6), brushwork in chaos (A7), and more than seven different colors (A8). Children with ADHD were more likely
to exhibit A3, A4, A6, and A7, whereas A8 was less common in the ADHD group.

The results of the rank-sum analyses examining associations between the 21 drawing characteristics and SNAP-IV
scores are presented in Table 3. Children exhibiting characteristics A2, A3, A4, A6, A7, and B3 had significantly higher
SNAP-IV total scores than those without these characteristics (P < 0.05), whereas children with characteristic A8 had
lower scores (P < 0.001). Regarding SNAP-IV subscales, characteristics A2, A3, A4, and A8 were significantly
associated with inattention scores, while A2, A3, A6, A7, and A8 were significantly associated with hyperactivity/
impulsivity scores (P < 0.05). Except for A8, the presence of these characteristics was generally associated with higher
symptom scores.

In univariate binary logistic regression analysis, six drawing features were found to be significantly associated with
ADHD (P < 0.05). After controlling for gender, age, family structure, and SPM score, these characteristics remained
significant (P < 0.05) (Table 4). Furthermore, a multivariate binary logistic regression model was used to consider all the
selected drawing characteristics while controlling for confounding factors. As shown in Table 5, tracing in shaky lines
(A3) (P =0.036) and lines jagged and not joined (A4) (P = 0.012) were positively associated with ADHD status, whereas
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Table 2 Comparison of Drawing Characteristics Between the Clinical and Control Groups

Code Characteristics Clinical Group (N=30) | Control Group (N=30) Ve P FDR-adjusted P
n (%) n (%)
Al Multiple subjects 2 (6.7) 0 (0.0 0.517 0.472 0.788
A2 Incomplete line junctions 18 (60.0) 9 (30.0) 5.455 0.020* 0.070
A3 Tracing in shaky lines 17 (56.7) 5(16.7) 10.335 | 0.001** 0.007
A4 Lines jagged and not joined 19 (63.3) 6 (20.0) 11.589 | 0.001** 0.007
A5 Strong strength drawing 14 (46.7) Il (36.7) 0.617 0.432 0.788
A6 Coloring beyond the edges 15 (50.0) 5(l6.7) 7.500 | 0.006%* 0.025
A7 Brushwork in chaos 15 (50.0) 5(16.7) 7.500 | 0.006** 0.025
A8 More than 7 different colors 7 (23.3) 20 (66.7) 11.380 | 0.001** 0.007
A9 Revised strokes 1 (3.3) 1 (3.3) <0.001 1.000 1.000
AlO Omission of essential elements 2 (6.7) 1 (3.3) <0.001 1.000 1.000
Bl Large house 6 (20.0) 4 (13.3) 0.480 0.488 0.788
B2 Three houses or more 3 (10.0) 2 (6.7) <0.001 1.000 1.000
B3 Misaligned windows 4 (13.3) 0 (0.0 2411 0.121 0.363
Cl Large tree 3 (10.0) 2 (6.7) <0.001 | 1.000
DI Three persons or more 7 (23.3) 3 (10.0) 1.920 0.166 0.436
D2 Person actively moving 7 (23.3) 6 (20.0) 0.098 0.754 1.000
D3 Person at odds 3 (10.0) 2 (6.7) <0.001 1.000 1.000
D4 Messy hair 2 (6.7) 2 (6.7) <0.001 1.000 1.000
El Three animals or more 0 (0.0) 1 (3.3) <0.001 1.000 1.000
E2 Traffic scene 6 (20.0) 4 (13.3) 0.480 0.488 0.788
E3 Weapon 1 (3.3) 4 (13.3) 0.873 0.350 0.788

Notes: **P < 0.01; *P < 0.05.

Table 3 Comparison of Drawing Characteristics and SNAP-IV Scores Between Two Groups

Code Characteristics SNAP-IV

Total Scores Inattention Hyperactivity/Impulsivity

z P z P z P
Al Multiple subjects =113 0.266 —1.485 | 0.137 —0.993 0.321
A2 Incomplete line junctions —2.870 0.004** | —2.523 | 0.012* -3.016 0.003**
A3 Tracing in shaky lines —2.933 | 0.003* | —2.620 | 0.009** —2.821 0.005%*
A4 Lines jagged and not joined —2.454 0.014* —2.809 | 0.005** -1.770 0.077
A5 Strong strength drawing —-1.178 0.239 —0.721 0.471 —1.311 0.190
A6 Coloring beyond the edges -2.213 0.027* —1.893 0.058 —2.537 0.011*
A7 Brushwork in chaos —2.072 0.038* —-1.807 | 0.071 —2.308 0.021*
A8 More than 7 different colors —3.532 | <0.001*% | —2.896 | 0.004** —-3.874 <0.00 | *#*
A9 Revised strokes —0.041 0.967 —0.041 0.967 —0.310 0.756
AlO Omission of essential elements | —0.170 0.865 —0.442 | 0.659 —0.307 0.759
Bl Large house <0.001 1.000 —0.586 | 0.558 —0.309 0.757
B2 Three houses or more —0.642 0.521 —0.938 | 0.348 —0.309 0.757
B3 Misaligned windows —2.032 0.042%* —1.410 | 0.158 —1.742 0.082
Cl Large tree —0.094 0.925 —0.402 | 0.688 —0.134 0.893
DI Three persons or more —1.241 0.215 —1.878 | 0.060 -0.777 0.437
D2 Person actively moving —0.629 0.530 —0.539 | 0.590 —0.829 0.407
D3 Person at odds —0.616 0.538 —0.268 | 0.789 —0.511 0.610
D4 Messy hair —0.756 0.449 —0.119 | 0.905 —1.474 0.141
El Three animals or more —0.491 0.623 —0.434 | 0.664 —0.580 0.562
E2 Traffic scene —-0.119 0.905 —0.020 | 0.984 —0.339 0.735
E3 Weapon —1.887 0.059 —1.621 0.105 —-1.787 0.074

Notes: ***P < 0.001; **P < 0.01; *P < 0.05.
Abbreviations: SNAP-|V, Swanson, Nolan, and Pelham, Version IV.
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Table 4 Individual Logistic Regression Analyses of Drawing
Characteristics and ADHD
Code Unadjusted Adjusted
P OR (95% CI) P OR (95% ClI)
A2 0.022% | 3.500 (1.201, 10.196) | 0.044* | 3.173 (1.030, 9.769)
A3 0.002% | 6.538 (1.967, 21.739) | 0.005%* | 6.607 (1.755, 24.867)
A4 0.001%* | 6.909 (2.160, 22.098) | 0.002** | 7.714 (2.097, 28.375)
Ab 0.008* | 5000 (1.510, 16.560) | 0.019% | 4768 (1.291, 17.617)
A7 0.008% | 5.000 (1.510, 16.560) | 0.020% | 4.695 (1.275, 17.285)
A8 0.001%F | 0.152 (0.049, 0.474) | 0.006** | 0.161 (0.043, 0.597)

Notes: Adjusted: controlling for gender, age, family structure, and SPM score. **P < 0.01;

*P < 0.05.
Abbreviation: ADHD, attention-deficit hyperactivity disorder.

Table 5 Multivariable Logistic Regression Analysis of Selected
Drawing Characteristics and ADHD

Code b Sp Wald »* P OR (95% CI)
A3 1461 | 0.698 4.381 0.036% | 4.312 (1.097, 16.944)
A4 1.696 | 0.675 6.310 0.012* | 5.454 (1.452, 20.489)
A8 —1.633 | 0.664 6.050 0.014* | 0.195 (0.053, 0.718)
Constant | —0.470 | 0.540 0.756 0.384 0.625

Note: *P < 0.05.
Abbreviations: S-HTP, Synthetic House-Tree-Person Drawing Test; ADHD, attention-
deficit hyperactivity disorder.

A8 was inversely associated with ADHD status (P = 0.014). The Hosmer-Lemeshow test indicated an acceptable model

fit (% = 4.909, P = 0.556).

Figure 1 shows the ROC curves of the drawing characteristics. The corresponding AUCs, sensitivities, and specifi-
cities are presented in Table 6. A3 (P = 0.008), A4 (P = 0.004), and A8 (P = 0.004) demonstrated acceptable
discriminatory ability, with AUCs of 0.700, 0.717, and 0.717, respectively. A combined model incorporating A3, A4,
and A8 achieved an AUC of 0.835 (P < 0.001). Bootstrap internal validation using 1000 resamples yielded an optimism-
corrected AUC of 0.812 (bootstrap percentile 95% CI: 0.762-0.941), suggesting acceptable model stability within the
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Figure | Receiver operating characteristic curve of drawing characteristics associated with attention-deficit hyperactivity disorder.
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Table 6 Results of ROC Curve Analysis of Drawing Characteristics Associated with ADHD

Code AUC | S.E. P 95% CI Sensitivity | Specificity

Lower | Upper

A3 0.700 | 0.069 | 0.008** 0.565 0.835 0.567 0.833
A4 0.717 | 0.068 | 0.004** 0.584 0.849 0.633 0.800
A8 0.717 | 0.068 | 0.004** 0.584 0.849 0.767 0.667
Combined model | 0.835 | 0.052 | <0.001* | 0.733 0.937 0.700 0.833

Notes: **P < 0.001; **P < 0.01.
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the curve; ADHD, attention-deficit
hyperactivity disorder.

present sample. Exploratory analyses further suggested that inclusion of A6 and A7 in the combined model yielded
a slightly higher AUC of 0.859. However, because these characteristics were not retained in the final multivariable
logistic regression model, this finding should be interpreted cautiously and requires confirmation in larger independent
samples.

Discussion

This study identified several S-HTP drawing characteristics that were more frequently observed among children with
ADHD than among typically developing controls. Five drawing characteristics remained significantly different between
groups after FDR correction, and among these features, A3, A4, and A8 remained independently associated with ADHD
status in the adjusted logistic regression analyses. ROC analyses suggested that combinations of these drawing
characteristics demonstrated greater discriminatory performance than individual features alone. Although the combined
model achieved an AUC of 0.835 in the present sample, bootstrap internal validation yielded an optimism-corrected
AUC of 0.812, indicating that the model retained acceptable discriminatory performance after accounting for potential
overfitting. These findings suggest that certain drawing characteristics may be associated with ADHD and warrant further
investigation in larger, independent samples.

Children with ADHD more frequently exhibited jagged, incomplete, or unstable lines (A3, A4). Previous studies have
reported impairments in fine motor coordination and handwriting performance among children with ADHD.?>® These
findings are consistent with the possibility that some drawing characteristics may be related to motor difficulties reported
in previous ADHD research. Children with ADHD were also more likely to exhibit chaotic brushwork (A7), which may
be related to difficulties in impulse control reported in previous studies. These drawing errors resemble those reported in
free-drawing tasks among ADHD children, where poor planning and rapid execution led to decreased structural
coherence.’” However, the present study did not directly assess motor function, executive functioning, or underlying
neurobiological mechanisms, and therefore these interpretations should be viewed as hypotheses requiring further
investigation.

An unexpected result was the reduced use of colors by children with ADHD. This finding stands in contrast to
Rajabpour Azizi,'® who reported more vivid and diverse color use in ADHD drawings. The reasons for this discrepancy
remain unclear. Several explanations may account for this discrepancy. First, cultural or contextual differences may
influence children’s approach to drawing tasks, as prior studies were conducted in different sociocultural settings.
Second, task instructions may have influenced outcomes; while previous studies emphasized creativity and expressive-
ness, our study focused on structural completion, possibly leading ADHD children to minimize color use to reduce task
demands. Furthermore, motivational factors should also be considered. Children with ADHD often display reduced
persistence in effortful tasks. It is plausible that, rather than engaging in time-consuming color choices, they opted for
simplified strategies to complete the task more quickly. However, because the present study did not directly assess
motivation, task engagement, or color preference, these explanations remain speculative. Further studies are needed to
clarify the mechanisms underlying reduced color use in ADHD drawings.

Regarding aggressive content, previous studies have reported that children with ADHD may be more likely to include
violent or aggressive elements in their drawings.'’ However, such features were not significantly associated with ADHD
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in the present study. This discrepancy may be related to differences in sample characteristics, cultural context, or study
design. Further research with larger samples is needed to clarify the relevance of aggressive drawing content to ADHD.

Collectively, these findings suggest that certain S-HTP drawing characteristics may reflect behavioral features
commonly observed in children with ADHD. The S-HTP drawing task provides an additional source of behavioral
information that may complement information obtained from conventional assessments. Its simplicity, low cost, and
nonverbal format may make it a potentially useful source of supplementary observation for children who are reluctant or
unable to articulate their emotions. Moreover, we observed that several children with ADHD exhibited off-task behaviors
such as restlessness and looking around during the drawing process. Although these observations were not systematically
recorded or analyzed, they suggest that the drawing process itself may provide additional behavioral information. Future
research should aim to establish standardized criteria for evaluating not only the drawing product but also the drawing
process itself. Incorporating behavioral observations and temporal measures may help clarify how drawing behavior
differs between children with and without ADHD and may contribute to a better understanding of the potential role of
drawing-based assessments in psychological evaluation.

Beyond its potential research value, the S-HTP test may provide useful qualitative information during psychological
assessment. In outpatient settings, analysis of drawing content can offer insights into children’s perceptions of their
family relationships and potential sources of emotional conflict, which are sometimes overlooked in parental reports.
Moreover, certain drawing themes may raise questions regarding possible emotional or behavioral difficulties that
warrant further assessment. Given that ADHD often co-occurs with family stress and emotional dysregulation,®® the S-
HTP may provide a child-friendly context in which behavioral and emotional expressions can be observed. However, the
interpretation of drawing content remains inherently subjective and should not be regarded as a stand-alone indicator of
psychological functioning. Future research is needed to determine the reliability, validity, and potential applications of the
S-HTP in clinical and research settings.

Despite its exploratory findings, this study has several limitations. First, the sample size was relatively small, and no
formal a priori power analysis was conducted, which may have limited statistical power and contributed to instability in
some effect estimates. Second, although FDR correction was applied to the primary group-comparison analyses, multiple
exploratory analyses were conducted and the possibility of false-positive findings cannot be completely excluded. Third,
the regression and ROC analyses were exploratory in nature. Variable selection and model evaluation were performed
using the same sample, increasing the risk of overfitting and potentially yielding optimistic estimates of model
performance. Although bootstrap internal validation yielded an optimism-corrected AUC of 0.812, no external validation
cohort was available. Therefore, the reported discriminatory performance should be considered preliminary and requires
confirmation in larger independent samples. The ROC analyses were intended to evaluate discriminatory performance
rather than to establish clinically applicable screening thresholds. No pre-specified or externally validated decision
thresholds were available; therefore, the reported sensitivity and specificity values should not be interpreted as clinically
validated screening criteria.

In addition, although gender differences between groups were not statistically significant, the ADHD group contained
a higher proportion of boys than the control group. While gender was included as a covariate in the adjusted analyses,
residual confounding cannot be completely excluded, particularly given the relatively small sample size. Furthermore,
participants were recruited from a single clinical center within one geographic region of China, which may limit the
generalizability of the findings to other populations and settings. Although most drawing characteristics demonstrated
acceptable inter-rater reliability, some indicators may still involve subjective interpretation. In particular, the character-
istic “Messy hair” showed relatively low inter-rater agreement, highlighting the need for more refined operational
definitions and standardized scoring procedures. Notably, this characteristic was not significantly associated with
ADHD status or SNAP-IV scores and did not contribute to the subsequent regression analyses. Furthermore, the S-
HTP scoring system relied primarily on dichotomous judgments of observable features and did not incorporate
quantitative or process-based indices. Future studies with larger and more diverse samples, including clinically relevant
comparison groups, should establish standardized scoring systems, evaluate drawing processes in greater detail, and
further examine the reliability, validity, specificity, and potential applications of the S-HTP in both research and clinical
settings.
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Conclusion

Research on the application of the S-HTP drawing test in ADHD remains limited. In the present study, several drawing
characteristics were observed more frequently in children with ADHD than in typically developing controls and were
associated with ADHD symptom severity. Among these features, A3 (tracing in shaky lines), A4 (lines jagged and not
joined), and A8 (more than seven different colors) remained associated with ADHD status in the exploratory regression
analyses. These findings suggest that certain drawing characteristics may provide additional information regarding
behavioral features commonly observed in children with ADHD. However, given the exploratory nature of the study,
the small sample size, and the lack of external validation, further research in larger independent samples is required
before the clinical utility of these findings can be established.
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