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Abstract: Developmental Coordination Disorder (DCD) assessment traditionally relies on subjective, time-consuming
tests. This paper proposes an objective, Kinect-based framework to analyze motor skills in children with DCD. Building
on our previous work using a lossless Dominant Range of Movement Index (D-RoMI) representation, this study conducts
a comparative analysis of three advanced Dynamic Time Warping (DTW) algorithms: Constrained DTW (cDTW),
Derivative DTW (DDTW), and Soft-DTW. We evaluated their ability to classify motor patterns from DCD and typically
developing children against "gold-standard" templates. Our findings show that DDTW, which compares movement
velocity rather than position, achieves the highest classification accuracy. This suggests that analyzing movement
dynamics is more informative for identifying DCD's characteristic motor patterns than spatial analysis alone. This
framework offers a more reliable and efficient pathway for DCD assessment.
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L INTRODUCTION

Developmental Coordination Disorder (DCD) is a neurodevelopmental condition characterized by significant motor skill
impairments that adversely affect a child's activities of daily living and academic performance [1], [2], [3], [4].
Traditionally, DCD assessment relies on standardized motor tests, such as the Movement Assessment Battery for Children
(M-ABC), which are administered by trained clinicians. However, these methods often involve subjective observation,
can be time-consuming, and may lack the granularity to capture subtle, qualitative differences in movement [5], [6], [7].
This can lead to inconsistencies in diagnosis and delays in providing crucial early interventions. There is a critical need
for objective, efficient, and reliable tools to evaluate motor performance in children. Recent advancements in computer
vision and low-cost motion capture, particularly the Microsoft Azure Kinect, offer a promising avenue for developing
such tools [8], [9]. These systems can capture 3D skeletal data in real-time, providing a quantitative basis for movement
analysis.

The previous work introduced a lossless-compressed time-series framework for handedness-invariant movement analysis
in sports [10], [11]. This framework proved effective in reducing data-handling overhead while maintaining high accuracy
for movement recognition using Fast Dynamic Time Warping (FastDTW). However, the motor patterns of children with
DCD are often characterized by high variability, poor timing, and "un-smooth" or "choppy" execution [12], [13]. Standard
DTW algorithms, which align sequences based on spatial proximity, may not be an optimal choice for distinguishing
these qualitative dynamic features.

Therefore, this paper investigates the application of this framework to DCD assessment and, as its primary contribution,
conducts a comparative analysis of three advanced DTW variants: Constrained DTW (¢cDTW), Derivative DTW
(DDTW), and Soft-DTW. This research hypothesizes that algorithms focusing on movement dynamics (DDTW) or
handling variability (Soft-DTW) will provide superior classification accuracy for identifying DCD-indicative motor
patterns compared to traditional approaches.
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II. RELATED WORK

The use of technology in DCD assessment has grown in recent years. Studies have employed various sensors, from
accelerometers to full Vicon motion capture systems, to quantify motor difficulties [ 14], [15]. Kinect-based systems, in
particular, have been explored for their accessibility and potential for use in clinical or home settings.

Dynamic Time Warping (DTW) is a well-established algorithm for measuring similarity between two temporal sequences
that may vary in time or speed. It is widely used in biomechanics and gesture recognition. The computational cost of
DTW has led to optimizations like FastDTW, which utilized in the previous works [10], [11].

However, the specific nature of DCD motor deficits suggests the need for more specialized time-series analysis:

e Constrained DTW (cDTW): Standard DTW can lead to "pathological" alignments where a few points in one
sequence map to a large subsection of another. Constrained DTW, such as by using a Sakoe-Chiba band, limits the
warping window, enforcing temporal locality and preventing unrealistic alignments.

e Derivative DTW (DDTW): Instead of comparing raw position data, DDTW compares the first-order derivative
(velocity) of the time-series. This shifts the focus from spatial position to the shape and dynamics of the movement,
making it potentially ideal for capturing the qualitative "choppiness" or "smoothness" characteristic of motor control.

o  Soft-DTW: Soft-DTW is a differentiable version of DTW that computes a "soft" minimum of all alignment costs,
rather than the single optimal path. This can make it more robust to noise and high variability, as it considers the cost
of all possible alignments, providing a smoother, more stable similarity measure.

While these DTW variants are known, no study to our knowledge has systematically compared their performance within
a compressed framework specifically for the objective assessment of DCD motor skills.

III. METHODOLOGY

The methodology follows a four-stage pipeline: (A) Data Acquisition, (B) Data Pre-processing & Compression, (C)
Time-Series Comparison Analysis, and (D) Classification.

A. Data Acquisition

A dataset was collected using the Azure Kinect DK sensor. The study included 20 children diagnosed with DCD and 20
typically developing (TD) children, matched for age and gender. Participants performed a series of standardized motor
tasks (e.g., "Upper Limb Activity", "Lower Limb Activity", "Symmetrical BMC", “Asymmetrical BMC”). The 3D
coordinates of 32 skeletal joints were recorded, forming a multivariate time-series for each movement.

Fig. 1 Symmetrical BMC — Starfish [16]

B. Data Pre-processing & Compression

Following our previous work [10], [11], the raw 3D skeletal time-series data was first processed to create a compact,
handedness-invariant representation as shown in Figure 2. This technique, the Dominant Range of Movement Index (D-
RoMI), functions as both a feature descriptor and a lossless compression method, converting 3D joint coordinates into a
normalized time-series. This "D-RoMI" representation is the core data structure that is invariant to participant position,
orientation, and body size. This step significantly reduces storage and processing overhead while preserving the complete
dynamics of the movement for analysis.
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Fig. 2 Eight ranges based on axes signs for handedness [11]

C. Time-Series Comparison Analysis

A set of "gold-standard" template movements was established for each motor task, representing a high-performing "TD"
example. Each trial from a participant (the "test" sequence) was then compared against the corresponding template using
its distance/cost score from one of the three DTW variants.

e cDTW: We applied a Sakoe-Chiba band with a width r set to 10% of the sequence length.

e DDTW: The time-series of joint positions was first converted to a time-series of joint velocities (first-order
derivative) before standard DTW was applied.

e Soft-DTW: We utilized a smoothing parameter y = 0.1 to balance between fidelity to the hard-DTW path and
smoothness.

D. Classification

The distance score generated by each DTW algorithm (cDTW, DDTW, Soft-DTW) was used as the primary feature for
classification. A k-Nearest Neighbor (k-NN) classifier (with k = 3) was trained to distinguish between "TD" and "DCD"
movements based on this distance score. A high score, indicating large dissimilarity from the "gold-standard" template,
is predictive of a DCD-indicative movement pattern.

Iv. RESULTS AND ANALYSIS

To evaluate the performance of the three DTW variants, we used a 10-fold cross-validation protocol. The classification
performance was measured using Accuracy, Precision, Recall, and F1-Score.

TABLEI CLASSIFICATION PERFORMANCE OF DTW VARIANTS FOR DCD ASSESSMENT

Algorithm Accuracy Precision Recall F1-Score Avg. Proc. Time (ms)
cDTW (Sakoe-Chiba) 89.2% 88.5% 89.9% 89.2% 120.4
Soft-DTW (y = 0.1) 92.1% 91.8% 92.5% 92.1% 145.2
DDTW 95.6% 95.1% 96.0% 95.5% 131.0
FastDTW (baseline) 87.5% 86.9% 88.0% 87.4% 95.8

The results in Table 1 clearly demonstrate that Derivative DTW (DDTW) achieved the highest classification performance
across all metrics, with an accuracy of 95.6%. This finding is significant. It strongly suggests that for DCD assessment,
the dynamics of the movement (i.e., its velocity and acceleration, captured by the derivative) are more informative for
classification than the raw joint positions. Children with DCD often present not with an inability to reach a target, but
with an "un-smooth" or "clumsy" path to get there. DDTW is exceptionally well-suited to quantify this qualitative aspect
of motor control.

Soft-DTW also performed admirably, outperforming the baseline FastDTW and cDTW. This indicates that its robustness

to the high motor variability inherent in DCD is beneficial. It likely provides a more stable distance measure by averaging
over multiple potential alignment paths.
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Constrained DTW (cDTW) offered only a marginal improvement over the baseline FastDTW. This suggests that while
temporal constraints are helpful, they are insufficient to capture the core dynamic and qualitative features that distinguish
DCD motor patterns.

Furthermore, the lossless compression framework ensured that all algorithms, including the more complex Soft-DTW,
operated within acceptable processing times for potential clinical use.

V. CONCLUSION

This paper presented a comparative study of Constrained DTW, Derivative DTW, and Soft-DTW for the objective
assessment of DCD motor skills, built upon a Kinect-based, lossless-compressed time-series framework. The key finding
is that Derivative DTW (DDTW) provides significantly higher classification accuracy than the other variants. This
highlights that for DCD, analyzing the quality and dynamics of movement (velocity, smoothness) is more diagnostically
informative than analyzing spatial limb positions alone. This aligns with clinical descriptions of DCD and offers a new
quantitative pathway for its assessment. The proposed framework, using Azure Kinect, lossless compression, and DDTW,
represents a viable and powerful tool for creating objective, efficient, and reliable DCD assessment protocols. This can
aid clinicians in making earlier, more consistent diagnoses and in tracking the efficacy of therapeutic interventions. Future
work will involve validating this framework on a larger, more diverse dataset, exploring the fusion of DDTW and Soft-
DTW features, and developing a real-time feedback system for use in therapeutic settings.

ACKNOWLEDGMENT

The study was supported by University of Technology Sarawak, Malaysia, under UTS Research Grant (URG)
[2/2021/03].

REFERENCES

[1].  Zwicker, J. G. (2021). Developmental coordination disorder. In Elsevier eBooks (pp. 305-315).
https://doi.org/10.1016/b978-0-12-817988-8.00027-0

[2]. Tuculano, T., & Kadosh, R. C. (2020). The Oxford Handbook of Developmental Cognitive Neuroscience. In
Oxford University Press eBooks. https://doi.org/10.1093/0xfordhb/9780198827474.001.0001

[3]. Gao, J., Song, W., Zhong, Y., Huang, D., Wang, J., Zhang, A., & Ke, X. (2024). Children with developmental
coordination disorders: a review of approaches to assessment and intervention. Frontiers in Neurology, 15.
https://doi.org/10.3389/fneur.2024.1359955

[4]. Ferracioli-Gama, M. C., & Tamplain, P. (2023). Infographic: Developmental Coordination Disorder (part 1) —
characteristics, diagnosis, and consequences. Brazilian Journal of Motor Behavior, 17(4), 73-74.
https://doi.org/10.20338/bjmb.v17i2.349

[5]. R, M. (2018). Challenges in the Assessment of Children with Developmental Coordination Disorder (Dcd).
Biomedical Journal of Scientific & Technical Research, 6(5). https://doi.org/10.26717/bjstr.2018.06.001424

[6]. Van Dyck, D., Baijot, S., Aeby, A., De Tiége, X., & Deconinck, N. (2022). Cognitive, perceptual, and motor
profiles of school-aged children with developmental coordination disorder. Frontiers in Psychology, 13, 860766.
https://doi.org/10.3389/fpsyg.2022.860766

[7]. Cui, W., Song, W., Pei, Z., Lei, Y., Wang, Q., Chen, Y., & Yang, J. (2023). Study on Assessment Methods of
Developmental Coordination Disorder in Children. 2023 IEEE 47th Annual Computers, Software, and
Applications Conference (COMPSAC), 41, 1507—-1512. https://doi.org/10.1109/compsac57700.2023.00232

[8]. Bertram, J., Kriiger, T., Réhling, H. M., Jelusic, A., Mansow-Model, S., Schniepp, R., Wuehr, M., & Otte, K.
(2023). Accuracy and repeatability of the Microsoft Azure Kinect for clinical measurement of motor function.
PLoS ONE, 18(1), €0279697. https://doi.org/10.1371/journal.pone.0279697

[9]. Brambilla, C., Marani, R., Romeo, L., Nicora, M. L., Storm, F. A., Reni, G., Malosio, M., D’Orazio, T., & Scano,
A. (2023). Azure Kinect performance evaluation for human motion and upper limb biomechanical analysis.
Heliyon, 9(11), €21606. https://doi.org/10.1016/j.heliyon.2023.e21606

[10]. Ting,J. T. W., Ting, H. Y., Tan, D. W. Y., & Yong, C. Y. (2019). Kinect-Based badminton motion analysis using
intelligent adaptive range of movement index. IOP Conference Series Materials Science and Engineering, 495,
012017. https://doi.org/10.1088/1757-899x/495/1/012017

[11]. Wei,J. T. T., Yong, T. H., & Atanda, A. F. (2025). A Lossless-Compressed Time-Series Framework for Kinect-
Based Handedness-Invariant Badminton Movement Analysis and Recognition (SDG 3: Good Health and Well-
Being). Journal of Lifestyle and SDGs Review, 5(9), e07807. https://doi.org/10.47172/2965-
730x.sdgsreview.v5.n09.pe07807

© IJIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 264


https://ijireeice.com/
https://ijireeice.com/

2 [ )
1JIREEICE

IJIREEICE ISSN (0) 2321-2004, ISSN (P) 2321-5526

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering

[12].

[13].

[14].

[15].

[16].

Impact Factor 8.414 :: Peer-reviewed & Refereed journal :: Vol. 13, Issue 11, November 2025
DOI: 10.17148/IJIREEICE.2025.131142

Goetschalckx, M., Moumdjian, L., Feys, P., & Rameckers, E. (2024). Interlimb coordination and spatiotemporal
variability during walking and running in children with developmental coordination disorder and typically
developing children. Human Movement Science, 96, 103252. https://doi.org/10.1016/j.humov.2024.103252
Smits-Engelsman, B. C. M., & Wilson, P. H. (2013). Noise, variability, and motor performance in developmental
coordination disorder. Developmental Medicine & Child Neurology, 55(s4), 69-72.
https://doi.org/10.1111/dmen.12311

Haberfehlner, H., Goudriaan, M., Bonouvrié, L. A., Jansma, E. P., Harlaar, J., Vermeulen, R. J., Van Der Krogt,
M. M., & Buizer, A. 1. (2020). Instrumented assessment of motor function in dyskinetic cerebral palsy: a systematic
review. Journal of NeuroEngineering and Rehabilitation, 17(1), 39. https://doi.org/10.1186/s12984-020-00658-6
Carcreff, L., Armand, S., Bonnefoy-Mazure, A., De Coulon, G., & Newman, C. J. (2022). Nouveaux outils
d’évaluation du mouvement chez I’enfant avec handicap moteur. Revue Médicale Suisse, 18(770), 336—339.
https://doi.org/10.53738/revmed.2022.18.770.336

Deitz, J. C., Kartin, D., & Kopp, K. (2007). Review of the Bruininks-Oseretsky Test of Motor Proficiency, second
Edition (BOT-2). Physical & Occupational Therapy in Pediatrics, 27(4), 87-102.
https://doi.org/10.1080/j006v27n04 06

© IJIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 265


https://ijireeice.com/
https://ijireeice.com/

