
LLM-driven dCDT enables independent, scalable cognitive screening by integrating voice guidance, AI-based clock-face scoring 
(84.3%–99.8% accuracy), and multimodal process capture—extending beyond traditional CDT without specialized hardware.
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The Clock Drawing Test (CDT) is 

a widely used cognitive 

screening instrument. However, 

existing digital implementations 

face three key barriers to 

scalable preclinical deployment:

1. Reliance on human 

administration: precludes 

unsupervised, self-directed 

completion by older adults.

2. Small modeling datasets:

prior digital scoring models 

trained on limited samples may 

exhibit instability on out-of-

sample data [1].

3. Specialized hardware 

requirements: requirement for 

dedicated devices impedes 

large-scale deployment in 

community settings [1].

To address these limitations, we 

developed a process-aware, 

LLM-driven digital CDT (dCDT).

The dCDT integrates three 

modules

1. Voice interaction: LLM-

driven guidance and real-

time Q&A for unsupervised 

completion.

2. Intelligent scoring: Multi-

LLM fusion evaluates seven 

clock-face indicators from 

images. No large annotated 

dataset required.

3. Process capture: Stylus 

trajectory, digit recognition, 

and voice metrics (e.g., 

drawing speed, target-time 

queries) recorded in real 

time.

Validation: 427 open-access 

scanned CDT images [2] 

LLM scoring agreement with 

human annotations (n = 427):

1. Clock existence: 99.1%

2. Circle present: 99.8%

3. Both hands present: 92.3%

4. Hour hand position: 87.6%

5. Minute hand position: 84.8%

6. Digit sequence: 87.1%

7. Digit completeness: 84.3%

Composite score correlated with 

Shulman total scores (ρ = 0.613, 

p < 0.001).

The dCDT represents one of the 

first LLM-based cognitive 

assessment tools, 

demonstrating feasibility for 

large-scale, unsupervised 

deployment.

The moderate correlation with 

Shulman scores indicates 

comparable visuospatial 

assessment to the traditional 

CDT.

By capturing multimodal data 

(voice, images, drawing 

process, touch trajectory), the 

dCDT extends beyond 

traditional CDT and holds 

potential for improved screening 

efficacy.

A prospective clinical validation 

study using native digital input is 

currently underway.
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