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Performance of an artificial intelligence model for 
classifying stool consistency in infants
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ABSTRACT
Introduction. Classifying stool consistency in infants is essential in pediatric gastroenterology. The 
Brussels Infant and Toddler Stool Scale (BITSS) is the visual standard, but it exhibits interobserver 
variability. Artificial intelligence (AI) offers an objective alternative to reduce subjectivity.
Objective. To evaluate the agreement between an AI model and the classification performed by pediatric 
gastroenterologists using BITSS.
Population and methods. An observational, cross-sectional, retrospective study based on a photo 
database of stool samples from infants under 12 months of age in diapers. We selected 1100 images 
that met quality criteria; a majority of three gastroenterologists agreed on 896, which we used as the 
reference set. The images were organized into seven BITSS categories and a grouped version. We 
trained 20 AI models using an 85/15 split for training and validation. We evaluated performance using 
exactness, sensitivity, specificity, precision, and F1 score. Inter-specialist agreement was assessed using 
Fleiss’s Kappa, and AI-reference agreement was assessed using weighted Kappa.
Results. The specialists showed 24.7% complete agreement and 75.3% partial agreement, with a 
Fleiss Kappa of 0.24. The best model for seven categories achieved an overall accuracy of 0.56, with 
Kappa values of 0.59 (linear) and 0.75 (quadratic). In the grouped version, accuracy reached 0.76, with 
coefficients of 0.69 and 0.78, respectively.
Conclusion. The AI showed moderate to substantial agreement with the reference classification, 
particularly in the grouped categories. The findings support the approach’s feasibility and warrant external 
validation studies.
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INTRODUCTION
Gastrointestinal disorders are a common 

reason for pediatric visits. It is estimated that 
1.7 trillion episodes of diarrhea occur annually 
in children and that functional constipation has 
a prevalence ranging from 0.7% to 29.6% in the 
pediatric population.1,2 The pediatric Rome IV 
criteria for functional constipation classify the 
condition by age group, distinguishing between 
toilet-trained and non-toilet-trained patients.3 
The assessment of stool consistency is a central 
component of the diagnostic approach; however, 
the Bristol Stool Scale, while useful in adults, is 
not suitable for evaluating stool in diapers.3 For 
infants, specific scales have been developed, 
such as the Amsterdam Infant Stool Scale (AISS), 
validated for children up to 120 days of age, 
and the Brussels Infant and Toddler Stool Scale 
(BITSS), created to standardize the assessment 
of stools in children who do not use the toilet.4,5 

These tools aim to objectively assess stool 
consistency, which is relevant in the evaluation of 
gastrointestinal disorders.

Despite these scales, significant limitations 
remain in assessing stool in diapers.4 Although 
the use of photographs has improved this 
process, interobserver variability persists even 
with standardized scales, leading to diagnostic 
uncertainty.3,5,6

Recently, various studies have explored 
artificial intelligence (AI) models based on 
image recognition to classify stool consistency 
in children who wear diapers, and these studies 
showed varying degrees of agreement between 
photographic assessment, clinical assessment, 
and caregivers’ interpretations.6-10

In this context, we evaluated an AI model’s 
performance in classifying stool consistency 
in infants according to the BITSS scale. We 
compared it with pediatric gastroenterologists’ 
classifications using concordance analysis in an 
internal validation setting.

POPULATION AND METHODS
Design and data sources

We conducted an observational, cross-
sectional, retrospective agreement study to 
evaluate agreement between an AI model and 
pediatric gastroenterologists’ consensus in 
classifying stool consistency in diapers from 
children under 12 months of age, using the BITSS 
scale as the reference tool.

The study analyzed photographs of stool 
samples from diapers of children under 12 months 

of age, obtained from a cl inical database 
previously established by the participating team 
of gastroenterologists. The photographs were 
taken from preexisting records, with no patient 
intervention and no individual identifiers.

Inclusion criteria
Feces in diapers of children under 12 months 

of age. Minimum image resolution: 640 × 480 
pixels. Adequate lighting conditions: we included 
only images with uniform lighting, defined as an 
average intensity level (R, G, and B) between 
80 and 200 on a scale of 0 to 255, based on 
histogram analysis.

Exclusion criteria
Stool  samples co l lected in  a to i le t  or 

on a surface other than a diaper. Presence 
of meconium. Blurred images, images with 
artifacts, or images of insufficient quality to 
assess consistency. Lack of consensus: we 
excluded images if at least two of the three 
gastroenterologists did not agree on the BITSS 
classification. Insufficient visualization: images 
in which less than 50% of the stool sample was 
visible were excluded. Alteration due to prior 
handling: we excluded images showing evidence 
of manual contact, visible alteration, or obvious 
displacement of the stool sample.

Image quality control
We verified the minimum resolution, lighting 

conditions, focus, and visual integrity of each 
image. The average intensity level was analyzed 
using ImageJ™.

Reference classification
Af te r  da ta  c l ean ing ,  t h ree  ped ia t r i c 

gastroenterologists evaluated the eligible 
images independently and in a blinded manner, 
classifying each photograph according to the 
BITSS scale. The majority vote determined the 
reference category for each image.

Model training and validation
We trained the model using the Teachable 

Machine platform, which uses convolutional 
neural networks, with 85% of the images for 
training and 15% for internal validation. To 
explore different configurations, we generated 
20 independent models by varying the tool’s 
available training parameters. Table 1 presents 
the parameters evaluated for each model.
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Statistical analysis
We evaluated the model using overal l 

accuracy and category-specif ic metrics—
sensitivity, specificity, precision, and F1 score—
derived from the confusion matrices of the 
seven- and four-category models.

We analyzed interobserver agreement among 
the three gastroenterologists using Fleiss’s Kappa 
and weighted Kappa for pairwise comparisons. 
We evaluated agreement between the AI model’s 
classification and that of the specialists using 
linear and quadratic weighted Kappa, following 
Landis and Koch’s interpretation criteria. These 
coefficients were calculated in R™.

Ethical considerations
The Technical Committee of El Bosque 

University reviewed the protocol on February 6, 
2025.  In  i ts  assessment ,  the commit tee 
determined that the project complies with 
ethical standards, as it is based on pre-existing, 
completely anonymous images and involves no 
interaction with patients or handling of personal 
information. The study followed the Declaration 
of Helsinki.

RESULTS
Image selection

The initial set included 1312 photographs, 
which we reviewed individually against the 
inclusion and exclusion criteria; of these, we 
excluded 212 (83 duplicates and 129 that did 
not meet technical criteria). This left 1100 
images eligible for specialist evaluation. We then 
discarded 204 images due to lack of agreement 
among evaluators, leaving 896 images with 
majority agreement among at least two pediatric 
gastroenterologists. Figure 1 summarizes the 
image selection process.

We classified the 896 images according 
to the BITSS, assigned by consensus among 
specialists, and distributed them across the 
scale’s seven original categories (1 through 7). 
We also established a four-category grouping: 
constipated (BITSS 1-3), formed (BITSS 4), soft 
(BITSS 5-6), and liquid (BITSS 7).

Artificial intelligence training
For training and validation, we automatically 

divided the images according to the platform’s 
i n te rna l  schema,  p reserv ing  the  ac tua l 
distribution of the BITSS categories. We trained 
20 independent models (10 for the seven-category 
scale and 10 for the grouped version), adjusting 
the available parameters to identify the best 
configuration. In most models, training accuracy 
reached 100% between 20 and 35 epochs, with 
no significant improvement beyond 50, while 
test-set accuracy remained stable; therefore, we 
set training to 50 epochs. We then adjusted the 
learning rate and batch size. Table 1 presents 
the accuracy values obtained on the test set; 
Model 7 (https://teachablemachine. withgoogle.
com/models/9o7XFmnZm/) showed the best 
performance in seven-category classification, 
and Model 19 (https:// teachablemachine.
withgoogle.com/models/fwv2rLj6N/) in clustered 
classification.

Agreement among evaluators
Among the images classified by the three 

specialists, evaluators showed varying degrees of 
agreement. Evaluator 1 and evaluator 2 agreed on 
35.7% of the images; evaluator 1 and evaluator 3, 
on 43.0%; and evaluator 2 and evaluator 3, on 
42.9%.

In to ta l ,  896 images showed major i ty 
agreement. Of these, 675 (75.3%) showed 

Table 1. Training parameters and accuracy of artificial intelligence models for classification using the 
Brussels Infant and Toddler Stool Scale (BITSS)

AI Model 7	 Size of	 Learning	 Accuracy	 AI Model 4	 Size of	 Learning	 Accuracy 
categories	  the batch	 rate		  categories 	 the batch	 rate	

Model 1	 16	 0.001	 0.47 	 Model 11	 16	 0.001	 0.69 
Model 2	 32	 0.001	 0.50 	 Model 12	 32	 0.001	 0.67 
Model 3	 64	 0.001	 0.48 	 Model 13	 64	 0.001	 0.67 
Model 4	 128	 0.001	 0.56 	 Model 14	 128	 0.001	 0.69 
Model 5	 256	 0.001	 0.53 	 Model 15	 256	 0.001	 0.68 
Model 6	 16	 0.0005	 0.53 	 Model 16	 16	 0.0005	 0.71 
Model 7	 32	 0.0005	 0.566 	 Model 17	 32	 0.0005	 0.69 
Model 8	 64	 0.0005	 0.529 	 Model 18	 64	 0.0005	 0.71 
Model 9	 128	 0.0005	 0.53 	 Model 19	 128	 0.0005	 0.76 
Model 10	 256	 0.0005	 0.54	 Model 20	 256	 0.0005	 0.70
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partial agreement, and 221 (24.7%) showed 
total agreement. BITSS 1 had the highest total 
agreement (48.4%), while BITSS 3 had the 
lowest (9.3%).

 
Interobserver agreement 
(gastroenterologists)

The overall agreement among the three 
gastroenterologists, assessed using Fleiss’s 
Kappa coefficient, was 0.24. In the pairwise 
analysis, the linearly and quadratically weighted 
Kappa coefficients were 0.43 (95% CI: 0.38-0.47) 
and 0.63 (95% CI: 0.59-0.68) between evaluators 
1 and 2; 0.55 (95% CI: 0.52-0.58) and 0.76 (95% 
CI: 0.73-0.78) between raters 1 and 3; and 0.51 
(95% CI: 0.48-0.55) and 0.70 (95% CI: 0.65-0.73) 
between raters 2 and 3.

Performance of the artificial intelligence 
model

For classification according to the seven-
category BITSS scale, Model 7 performed best, 
with an overall accuracy of 0.56. Sensitivity 
ranged from 0.11 (BITSS 4) to 0.86 (BITSS 5). 
Specificity reached 1.00 in BITSS categories 
1, 2, and 4, while in the others it ranged from 
0.55 (BITSS 5) to 0.98 (BITSS 3). Precision 
ranged from 0.50 to 1.00, and the F1 score 

ranged from 0.20 (BITSS 4) to 0.89 (BITSS 1).
In the four-category classification, Model 19 

achieved an overall accuracy of 0.76. Sensitivity 
was highest in the hard-stool group (0.93), 
followed by the soft-stool group (0.86) and the 
liquid-stool group (0.65), with the lowest value 
in the formed-stool group (0.39). Specificity 
remained high in most groups (0.95–0.98), except 
in the soft-stool group (0.67). Precision ranged 
from 0.54 (formed stools) to 0.87 (constipated 
stools), and the F1 score ranged from 0.45 to 
0.90, with the best performance also observed in 
the constipated stool group.

Table 2 presents the sensitivity, specificity, 
precision, and F1 score metrics for models 7 
and 19.

 
Alignment between artificial intelligence and 
gastroenterologists

We assessed agreement between the AI 
model and pediatric gastroenterologists using 
weighted Kappa (linear and quadratic) based on 
the confusion matrices of the seven- and four-
category BITSS models shown in Figure 2.

For the seven-category model, the linear-
weighted Kappa was 0.59 (95% CI: 0.47-0.69), 
and the quadratic-weighted Kappa was 0.75 (95% 
CI: 0.61-0.84). In the four-category grouping, the 

Figure 1. Photo selection process

896 photos

Photo bank: 
1312 photos

1100 photos

212 photos 
excluded

204 photos with no 
consensus among 
gastroenterologists
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refinement

Selection and 
classification by 
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85% of the 
photos

15% of the 
photos

AI validationAI training

Reason for exclusion
• Duplicates: 83
• Pixels: 17
• Lighting: 3 
• Obstruction: 8 
• Sharpness: 21
• Meconium: 75
• Manipulated: 1 
• No diaper: 4

AI: artificial intelligence.
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values were higher, with a linear-weighted Kappa 
of 0.69 (95% CI: 0.55-0.78) and a quadratic-
weighted Kappa of 0.78 (95% CI: 0.68-0.87).

DISCUSSION
Th i s  s tudy  eva lua ted  an  A I  mode l ’ s 

performance in classifying stool consistency in 
infants using the BITSS scale and assessed 
agreement among pediatric gastroenterologists 
as part of an internal validation study. This 
study provides evidence from a Latin American 
context and highlights both the limitations of 
visual assessment and AI’s potential to reduce 
diagnostic variability.

Gastroenterologists’ evaluations showed 
significant variability in classification according 
to the BITSS scale, even though there was 
majority agreement on all images. Unanimity 
among the three evaluators was rare, occurring 
in about one-quarter of the images, confirming 
the difficulty of distinguishing certain categories, 
particularly BITSS 3 and 4, which have less 
distinct visual features and greater interpretive 
discrepancy. This observation was reflected in the 
concordance analysis, where most discrepancies 
occurred between adjacent categories—a pattern 
previously described by Aman et al. in fresh 
specimens and photographic evaluations.6

Model 7
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Figure 2. Confusion matrices (Models 7 and 19)

BITSS: Brussels Infant and Toddler Stool Scale; AI: artificial intelligence.
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Table 2. Performance metrics by category for models 7 and 19

BITTS 	 Sensitivity	 Specificity 	 Precision 	 F1 score	 BITTS	 Sensitivity	Specificity 	Precision 	 F1 score
category 	 (recall)				    category	 (recall)
(Model 7)	  				    (Model 19) 	  	

BITTS 1	 0.80	 1	 1	 0.89	 Constipation	 0.93	 0.98	 0.87	 0.90
					     (BITTS 1-3)
BITTS 2	 0.50	 1	 1	 0.67				  
BITTS 3	 0.60	 0.98	 0.60	 0.60	 				  
BITTS 4 	 0.11	 1	 1	 0.20	 Formed	 0.39	 0.95	 0.54	 0.45
BITTS 5 	 0.86	 0.55	 0.52	 0.65 	 (BITTS 4)  
					     Soft  
					     (BITTS 5-6)	 0.86	 0.67	 0.78	 0.82
BITTS 6 	 0.39	 0.90	 0.50	 0.44	 				  
BITTS 7 	 0.46	 0.94	 0.63	 0.53	 Liquid	 0.65	 0.95	 0.77	 0.70  

					     (BITTS 7)

BITSS: Brussels Infant and Toddler Stool Scale.
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In this context, the low Fleiss Kappa value 
(0.24) reflects low agreement among the three 
raters. At the same time, the weighted Kappa 
coefficients were higher because they accounted 
for the scale’s ordinal nature and penalized 
disagreements between adjacent categories to a 
lesser extent.

In the seven-category AI model, performance 
followed a pattern similar to that of the specialists. 
The BITSS 1 category (constipated) was one 
of the most easily recognized by the algorithm, 
as was BITSS 5, which corresponded to the 
class with the most images in the training set. 
In contrast, BITSS 4 remained the category with 
the lowest discriminatory power, suggesting that 
its visual features are less distinct and reflect 
the ambiguity present in clinical evaluation. 
The concentration of predictions in adjacent 
categories indicates that the model identified 
shared characteristics among closely related 
classes, influenced by morphological similarity 
and uneven distribution. This pattern aligns 
with studies on ordinal classification in medical 
images, where errors tend to cluster in adjacent 
categories.11

Literature supports these findings. Ludwig et 
al. reported an overall accuracy of nearly 60% in 
a model trained on a larger dataset, suggesting 
that classification difficulties depend not solely on 
database size but on the intrinsic complexity of 
the full BITSS scale.7

The four-category scale performed better than 
the seven-category version. Constipated stools 
were identified most consistently, followed by 
soft stools, which maintained adequate overall 
performance despite lower specificity. In contrast, 
formed stools (BITSS 4) remained the worst-
performing category, mirroring the pattern seen 
in the seven-category model. This persistent 
difficulty is consistent with previous reports by 
other authors, in which the functional grouping 
of BITSS categories was associated with greater 
accuracy and less variability.5,7

The agreement between the AI and the 
reference classif icat ion was moderate to 
substantial, with higher values on the grouped 
scale, suggesting that reducing the number of 
categories facilitates the algorithm’s discrimination 
and improves its stability. This aligns with the 
scale’s ordinal nature, where transitions between 
levels are gradual and create ambiguity for both 
human raters and automated models. Previous 
studies have shown that the differences between 
adjacent categories are minimal, with extensive 

overlap and greater difficulty at the intermediate 
levels.12,13

Although most of the model’s errors were 
concentrated in adjacent categories, broader 
misclassifications were also observed, possibly 
re la ted to  the  imbalance in  the  number 
of images per category and the presence of 
intermediate features within the same image—a 
phenomenon previously described even among 
trained observers.14 Since neural network-based 
models require large, balanced datasets, future 
versions should increase the representation of 
less frequent categories.15,16 However, visual 
evaluation of deposits has inherent limitations 
and subjectivity, and uneven class distribution can 
skew performance toward the most represented 
categories, as previously described and observed 
in this study.17

The Teachable Machine platform limits 
access to technical model details, which restricts 
full reproducibil ity of the training process. 
Furthermore, the image database did not allow 
us to establish independence by patient or the 
individual contribution of each infant. Excluding 
images without consensus and applying minimum 
photographic quality criteria may have reduced 
the dataset’s representativeness compared with 
typical clinical scenarios. Future studies could 
evaluate the model’s performance on subsets 
with unanimous agreement to explore its stability 
under different levels of diagnostic certainty. 
Taken together, these results underscore the 
complexity of fecal classification in infants and 
the need for external validation before clinical 
application.

CONCLUSION
The BITSS scale shows inter-observer 

variability, particularly in intermediate categories, 
and the artificial intelligence model performed 
comparably to specialists, with greater stability 
when us ing the grouped vers ion.  These 
results provide evidence of internal validation 
and preliminary reproducibility; therefore, they 
should not be interpreted as proof of clinical 
transferability. The findings support the feasibility 
of this approach and justify its evaluation in 
external validation studies. n
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