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Brief Introduction

• Single-case experimental designs (SCEDs) is rigorous experimental design 

involving repeated measures over time for evaluating intervention effectiveness.

• Meta-analysis plays an essential role in aggregating research evidence to 

enhance the generalizability of findings.

• The substantial time investment is one of the major challenges for researchers, 

particularly during the data extraction process.

• In SCED meta-analyses, researchers must extract both textual and graphical 

data.



Two Components of Data Extraction 

Textual Data Extraction:

Data on variables need to be extracted from
the full-text of articles.

Graphical Data Extraction:

Data points of SCED graphs need to be
extracted to calculate effect sizes.

Intervention Baseline 

(An example 

from Courtade 

et al., 2017)



Previous Literature

Textual Data Extraction

• To date, many studies have examined the potential of GenAI in textual data extraction. Studies have 

found that the performance of GenAI can vary depending on several factors:

o Prompt (Hamed et al., 2023)

o Complexity of variables (Motzfeldt Jensen et al., 2025)

o Study domains (Schmidt et al. 2024): 

o human clinical studies > animal studies > human social science studies 

• No study has reported the accuracy of textual data extraction in the context of SCEDs.

Graphical Data Extraction

• To best of our knowledge, no study has evaluated the potential of GenAI for extracting data from 

longitudinal graphs (e.g., SCED graphs).



Research 

Questions

Textual Data Extraction:

• How does GenAI perform in extracting textual data from 

SCED studies? 

• What are the differences in extraction accuracy between 

manual extraction and different GenAI models?

Graphical Data Extraction:

• How does GenAI perform in extracting graphical data from 

SCED graphs? 

• Does GenAI’s accuracy in graphical data extraction vary 

depending on graph characteristics (e.g., the number of 

data points in baseline/intervention, trend, variability, effect 

size, and graph type)?



Textual Data Extraction



Selection of Materials

Studies for textual data extraction were drawn from SCED meta-analyses identified 

through a systematic search in Web of Science:

(a) a meta-analysis including SCED studies; 

(b) published in 2024; 

(c) peer-reviewed with full-text availability 

(d) related to the field of education, such as “skill development”, “reading intervention” 

(e) available in English. 

This search resulted in six eligible meta-analyses.

These six meta-analyses included 106 primary studies. After excluding non-SCED 

studies and replications, 93 unique SCED studies remained for testing in this study. 

Download 93 SCED studies in PDF format for data extraction



Prompt for Textual Data Extraction



Methods for Textual Data Extraction

Manual Extraction

• Two coders with experience in conducting SCED meta-analyses extract the data independently

• The extracted datasets were compared and merged into one dataset.

GenAI Extractions

Gold Standard Dataset

After extracting data using four methods, two human coders reviewed all discrepancies and 

established the gold standard dataset through discussion.

o ChatGPT 5

o Gemini 2.5 Pro

o Claude Opus 4.1



Results for Textual Data Extraction

Classify Data Extraction Performance

True positive All relevant data was found and correct

False positive Relevant data was found, but some was missing

Relevant data was found, but some was incorrect

Data that was incorrect was found

False negative Data exist but were not detected (i.e., reported as “NA”)

Metric Equation Meaning

Precision
Precision =

𝑇𝑃

𝑇𝑃 + 𝐹𝑃

How many of the extracted results were correct.

Recall
Recall =

𝑇𝑃

𝑇𝑃 + 𝐹𝑁

How many of the correct results were actually found.

F1 Score
F1 Score = 2 ×

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 × 𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑅𝑒𝑐𝑎𝑙𝑙

Harmonic mean of Precision and Recall.

Each extracted dataset was then compared with the gold standard.



Results for Textual Data Extraction

Precision Recall F1 Score

Manual Extraction 98.35% 99.56% 98.95%

ChatGPT 84.79% 99.83% 91.70%

Gemini 97.09% 99.70% 98.38%

Claude 96.23% 98.84% 97.52%

• Manual Extraction remains the method with highest precision (98.35%) and good recall (99.56%). 

• ChatGPT demonstrated the highest recall (99.83%), meaning it seldom misses relevant items, but 

relatively low precision (84.79%).

• Gemini performs very close to the manual extraction, with high precision (97.09%) and recall (99.70%). 

There is only a 0.57% difference in F1 score relative to manual extraction.

• Claude also demonstrated great performance (Precision 96.23%, Recall 98.84%), with an F1-score 

difference of 0.86% relative to Gemini and 1.43% relative to manual extraction.

A total of 2,068 values were extracted across 93 articles



Graphical Data Extraction



Methods for Graphical Data Extraction

Graph Characteristics Value

Number of data points in baseline 

phase

3, 10

Number of data points in intervention 

phase

10, 20

Trend (only intervention phase) No trend; 

Trend (30 degrees)

Variability SD = 4; 

SD = 10; 

Effect size No effect: SMD = 0;

With effect: SMD = 3;

Graph Type AB graph;

ABAB graph

640 graphs were simulated 

• 64 conditions (2 x 2 x 2 x 2 x 2 x 2) in total: representing the 

most basic yet realistic combination

• 10 graphs per condition were simulated

# data 

points

Trend

Variability

Effect 

size

Graph 

Type



Prompt for Graphical Data Extraction



Methods for Graphical Data Extraction

Only GenAI extractions

o ChatGPT 5

o Gemini 2.5 Pro

o Claude Opus 4.1

Lin's Concordance Correlation Coefficient (CCC) was used to evaluate the performance of GenAI models 

in each graph characteristics

• Inter-coder reliability for continuous data (McBride, 2005)

• 𝜌𝑐 = 1: perfect agreement

• 𝜌𝑐 = 0: no agreement

𝜌𝑐 =
2𝜌𝜎𝑥𝜎𝑦

𝜎𝑥
2 + 𝜎𝑦

2 + (𝜇𝑥 − 𝜇𝑦)
2

𝜎𝑥 , 𝜎𝑦: standard deviations of x and y

𝜇𝑥 , 𝜇𝑦: means of x and y



Methods for Graphical Data Extraction

Overal

l

# of baseline # of 

intervention

Trend Variability Effect size Graph Type

3 10 10 20 0° 30° SD=4 SD=10 SMD=0 SMD=3 AB ABAB

ChatGPT 0.890 0.867 0.903 0.926 0.868 0.883 0.894 0.945 0.857 0.901 0.878 0.954 0.849

Gemini 0.974 0.984 0.973 0.991 0.964 0.971 0.976 0.985 0.967 0.978 0.970 0.997 0.960

Claude 0.964 0.975 0.956 0.978 0.955 0.952 0.973 0.986 0.951 0.965 0.962 0.999 0.941

• Lin’ CCC > 0.95 was considered acceptable (McBride, 2005)

• Gemini achieved the highest overall accuracy, whereas ChatGPT 

demonstrated the lowest

• Graphs with a smaller number of data points (e.g., three data points in the 

baseline phase, ten in the intervention phase) and lower variability tended to 

have higher accuracy 

• Effect size and trend did not influence accuracy

• AB graphs consistently showed greater extraction accuracy than ABAB 

graphs



Visualization

Textual Data Extraction Graphical Data Extraction



Questions?

Yaosheng Lou

Email: ylou@albany.edu
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