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A B S T R A C T

Background: Diarrhea is a common issue in puppies and compromises the well-being of animals and their owners. 
To date, objective assessment of fecal consistency has relied on a fecal scoring scale applied to fresh feces; 
however, given the challenges associated with accessing fresh stool samples, digital scoring presents an inter
esting potential alternative. This study aimed to test the validity of using photographs to approximate the in situ 
fresh fecal scoring scale.
Methods: In a first experiment, 40 fresh feces were collected from puppies and scored in-situ with a 13-point fecal 
scale. Feces were then photographed and later assessed on picture. Agreement between the two scoring methods 
was evaluated using a Bland-Altman plot and kappa coefficients. In a second experiment, four observers scored 
independently 98 stool photographs. Intraclass correlation coefficient was calculated to assess inter-observer 
agreement. Intra-observer reproducibility was also explored with a Bland-Altman plot and kappa coefficients.
Results: Our findings showed good agreement between the two methods (weighted kappa coefficient of 0.93 
(95 % CI [0.87, 0.98]) and no significant bias in the Bland-Altman plot). Our study also showed good inter- 
observer (ICC of 0.83 (95 % CI [0.78, 0.87])) and intra-observer (weighted kappa coefficient of 0.93 (95 % CI 
[0.91, 0.96]) and no significant bias in the Bland-Altman plot) agreements.
Conclusions: The puppy fecal scoring scale employed in the present study appeared to be reliably applicable to 
photographs for objectively assessing fecal consistency in puppies. It is a promising solution for veterinary 
practices and future research studies.

1. Background

Gastro-intestinal disorders are pervasive in dogs. One study showed 
that 29.5 % of dog consultations at English primary-care veterinary 
practices involved digestive disorders, making the digestive tract the 
most commonly affected organ system after the integument (O′Neill 
et al., 2014). Digestive disorders are particularly problematic in puppies, 
leading to a common presentation of diarrhea in this population (Sævik 
et al., 2012; Grellet et al., 2014; Pugh et al., 2017). A previous survey 
showed that diarrhea is the most frequent health issue observed in 
puppies within the first weeks after sale, reported by 32 % of French dog 
breeders (NeoCare, 2020). Diarrhea in puppies at the weaning period (i. 
e., between 5 and 14 weeks of age) can have many origins, such as 
parasites, viruses, dietary disorders, or environmental factors (Grellet 
et al., 2014). It causes significant discomfort, compromises owner’s 

well-being, and is associated with impaired growth and increased risk of 
mortality (Grellet et al., 2012). Objective evaluation of fecal consistency 
is useful both in veterinary practices and for research projects for stan
dardizing diagnosis, monitoring clinical course of disease and assessing 
the efficacy of treatments. It can be achieved using a fecal scoring system 
(Rolfe et al., 2002; Westermarck, 2016; Cavett et al., 2021). A puppy 
scale, designed to adapt to specific stool consistency of puppies around 
weaning, has previously been published (Grellet et al., 2012). As young 
puppies generally have less formed feces than adults, the use of a specific 
scale prevents over-estimating the incidence of diarrhea. Indeed, this 
scale enables a more refined assessment of stool consistency, through a 
greater number of categories than adult scales, allowing more accurate 
monitoring of subtle variations in bowel function around weaning 
(Grellet et al., 2012).

Stool consistency scoring tools are intended for direct in situ 
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observation of fresh stool (Grellet et al., 2012; Vandenplas et al., 2017). 
However, accessing fresh stool samples can be challenging because of 
reluctance to manipulate feces (Vandeputte et al., 2017; McSweeney 
et al., 2020). Additionally, transportation raises the question of sample 
preservation, and the effect of temperature variations and handling on 
stool consistency assessment, which has yet to be studied. Furthermore, 
it is challenging to collect liquid feces, in which case an in-situ assess
ment is necessary. Logistical constraints may restrict repeated access to 
stool samples, posing challenges for monitoring chronic cases or 
population-level observation.

Photography offers a convenient and readily available solution to 
capture the appearance of stool immediately after bowel movement. 
This would prevent transportation- and collection-related changes in the 
feces, save the owner time and travel, avoid stress in the animals if 
traveling to a clinic, and likely decrease zoonotic exposure. Indeed, 
veterinary telemedicine is becoming an increasingly widespread prac
tice (Gyles, 2019; Kastelic and Ogilvie, 2021; Smiley, 2022). Dog owners 
could submit multiple pictures over time for remote assessment, giving 
veterinarians a useful tool for triage and a broader view of a puppy’s 
health status between face-to-face consultations. However, image-based 
evaluation may introduce bias compared to direct observation of stool 
samples, necessitating validation of this method. Indeed, 
two-dimensional visualization could lead to a loss of visual information, 
and image pixilation could affect the estimation of stool texture and 
shape.

The present study aimed: 

• To evaluate the agreement between direct and photographic as
sessments of stool consistency in puppies during the weaning period, 
using a validated fecal scoring scale (FSS).

• To assess the reproducibility of the photographic evaluation of stool 
consistency in puppies, including inter-observer agreement, the ef
fect of a training session on inter-observer repeatability, and intra- 
observer agreement.

2. Methods

2.1. Evaluation of agreement between direct and photographic assessment 
of stool

This study was evaluated by a local ethical committee (CEEA SSA 
N◦115).

In this first experiment, feces from 25 two-month-old (ranging from 7 
to 11 weeks of life) Golden Retriever puppies from the Toulouse Gold 
Cohort were assessed (Toulouse GOLD Cohort: Accueil, 2025). These 
puppies were born and raised in a dedicated nursery as part of a French 
research program and benefited from regular veterinary care. From 4 
weeks of age (nutritional weaning onset), they were fed the same solid 
food and received the same antiparasitic treatments and vaccination 
protocol. They were not yet separated from their mother at the time of 
the study. An operator evaluated 40 randomly selected stool samples 
immediately after spontaneous defecation between April 3rd and May 
1st, 2024. The feces were scored according to their consistency and 
shape using the 13-point puppy FSS, ranging from 1 (completely liquid) 
to 13 (dry and hard feces) (Grellet et al., 2012). Immediately after 
scoring, pictures of the assessed feces were taken by the operator with a 
smartphone camera (iPhone 11 Pro, 12 Mpx camera, Apple®, Cupertino, 
California, USA), thereby creating a library of 40 still photographs (JPG 
files, 96 dpi, see examples in Additional file 2). The photographs were 
always taken in the same way, perpendicular to the stool surface, 
placing the phone at a distance of approximately 20–30 cm. The pho
tographs were taken during the day to ensure sufficient natural light. 
The background was the floor on which the puppy had defecated: grey 
tiles or woodchips in the indoor kennel, which provided a color contrast 
with the feces. As all photographs were taken in field conditions and in 
the presence of the animals, no scale was included in the frame to assist 

with measurements, color accuracy, or size fidelity. One stool photo
graph (n◦29) was removed from the study due to deviation from the 
established methodology before photographing (handling, contamina
tion with wood chips).

The same operator subsequently scored the photo library on his 
smartphone screen using the same FSS. To avoid recall bias (Campbell 
et al., 2015), this step was performed more than one year after fresh 
fecal scoring (July 9th, 2025).

All statistical analyses were performed using R software (version 
4.5.1) (Team, 2014; R: The R Project for Statistical Computing, 2025). 
To assess agreement between the scoring method on fresh stool (FS) and 
photographed stool (PS), a Bland and Altman diagram was created using 
‘BlandAltmanLeh’ package. In Bland-Altman plot, mean difference be
tween the two measurement methods (PS − FS) is called bias (b). 
Assuming a normal distribution of differences, approximately 95 % of 
the differences are expected to be between b ± 2sd, where sd is the 
standard deviation of the differences. The limits of this range are called 
limits of agreement (LoAs). 95 % confidence intervals of the b and LoAs 
are also shown in the Bland and Altman diagram (Martin Bland and 
Altman, 1986). Precise normality of differences is not required for this 
test, and thus only visual assessment was performed (Bland and Altman, 
1999). For the present study, maximum acceptable b and LoAs were set 
at ±1 and ±3 points of the FSS, respectively. Weighted and unweighted 
kappa coefficients were then calculated using ‘psych’ package. The 
difference between weighted and unweighted kappa coefficients is that, 
in a weighted kappa, the higher the degree of scoring error, the more it 
will negatively impact the kappa value; in an unweighted kappa, each 
classification error is treated equally. The default quadratic weights 
were used. Kappa coefficient interpretation grid is shown in Table 1
(Landis and Koch, 1977).

2.2. Reproducibility of photographic stool assessment

2.2.1. Inter-observer reproducibility
A previously available library of 98 photographs of stool coming 

from puppies of various breeds and ages was used for this study (more 
details on the population are available in Grellet et al., 2012). Pictures 
were carefully chosen to ensure a selection of different consistencies 
representative of the entire FSS in proportions comparable with those 
observed in Grellet et al., 2012. Four observers (Obs1 to Obs4), 
including the observer involved in the previous experiment, three vet
erinarians and one non-veterinarian researcher, took part in this second 
experiment. Obs4 was an experienced user of the FSS with in-situ stool 
samples, while the three other observers had never used it before. Since 
the inter-observer repeatability study was conducted chronologically 
before the study comparing the two scoring methods, the observer in the 
previous study (Obs1) was still inexperienced at that stage. Each 
observer scored independently this photo library on a computer screen 
in Toulouse, France, around the same period, using the FSS described 
above. The fecal exam scoring sheet (pictures and descriptions) was 
provided to each observer in digital format; no further training was 
provided at this time.

For each picture, the difference between Obs1, Obs2 and Obs3 score 
and the Obs4 (reference observer) score was calculated (ObsX − Obs4). 
Inter-operator reproducibility for this scoring session (S1) was assessed 

Table 1 
Interpretation of Kappa coefficient according to Landis and Koch.

Kappa coefficient Interpretation

< 0 Poor agreement
0–0.20 Slight agreement
0.21–0.40 Fair agreement
0.41–0.60 Moderate agreement
0.61–0.8 Substantial agreement
0.81–1.00 Almost perfect agreement
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by calculating intraclass correlation coefficient (ICC) using ‘perfor
mance’ package. A linear mixed model was used (‘lme4’ package), with 
the observer as a fixed variable and the stool photograph as a random 
variable using the following formula: score ~ observer + (1 | photo
graph). ICC interpretation grid is shown in Table 2 (Koo and Li, 2016).

2.2.2. Influence of a training session on inter-observer reproducibility
In order to assess the influence of training on the agreement of as

sessments, Obs4 provided the three other observers with training on the 
practical application of the FSS two months after S1. During this 
training, Obs4 explained in more detail the differences in consistency 
described in the FSS, warned about the bias associated with stool color 
and the presence of mucus, and answered the observers’ questions, using 
practical case studies illustrated with pictures. Immediately after the 
training, each observer scored for the second time the same 98 photo
graphs of stool during a second scoring session (S2).

Post-training ICC (ICC2) was calculated in the same way as for the 
pre-training ICC (ICC1). The influence of training on inter-observer 
agreement was assessed based on the 95 % confidence interval over
lap of ICCs.

2.2.3. Intra-observer reproducibility
Intra-observer reproducibility of the PS method was assessed by 

comparing the fecal scores assigned by Obs4 during S1 and S2. For each 
picture, the difference between S1 and S2 scores was calculated (S1 −

S2). To assess intra-observer agreement, a Bland and Altman diagram 
was created in the same way as in the between-method agreement 
experiment. The same maximum acceptable b and LoAs were used as 
above. The normality test and calculation of kappa coefficients were 
done as previously.

3. Results

3.1. Evaluation of agreement between direct and photographic assessment 
of stool

Fecal scores of the 39 stool samples ranged from 3 to 10, with a 
median value of 7 for both methods (Fig. 1 A). All results of fecal scores 
are shown in an additional file (see Additional file 1).

Differences between PS and FS scores followed a normal distribution 
(Fig. 1B). Fecal scores evaluated on PS were equal to those on FS in 
74.4 % of cases (29/39), and 1 point lower in 15.4 % of cases (6/39). 
According to the Bland-Altman diagram for between-method agree
ment, the b of the method was -0.10 (95 % CI [-0.31, 0.11]) (Fig. 1C). 
Lower and upper LoAs were -1.36 (95 % CI [-1.72, -1.00]) and 1.15 
(95 % CI [0.79, 1.51]), respectively. Differences between PS and FS 
scores seemed visually more significant for higher fecal scores, sug
gesting better agreement for lower scores. Unweighted kappa coefficient 
was 0.69 (95 % CI [0.52, 0.85]) and weighted kappa coefficient was 
0.93 (95 % CI [0.87, 0.98]).

3.2. Reproducibility of photographic stool assessment

The 98 feces studied during S1 had fecal scores ranging from 1 to 12 
according to the reference observer (Obs4; Fig. 2A). Median fecal scores 
assigned by Obs1, Obs2, Obs3 and Obs4 during S1 were 8, 9, 8 and 7.5, 

respectively (see Additional file 1 for all data). Fecal scores assigned by 
Obs1, Obs2 and Obs3 during S1 were equal to those assigned by Obs4 in 
26.5 % (26/98), 28.6 % (28/98) and 40.8 % (40/98) of cases, respec
tively. Mean differences with Obs4 scores for Obs1, Obs2 and Obs3 
scores (± standard deviation) were 0.7 ± 1.7, 1.1 ± 1.7 and 0.28 ± 1.2, 
respectively (Fig. 2B). ICC1 was 0.83 (95 % CI [0.78, 0.87]).

Median fecal scores assigned by Obs1, Obs2, Obs3 and Obs4 during 
S2 were 8, 7, 8 and 8, respectively (Fig. 3A). ICC2 was 0.86 (95 % CI 
[0.80, 0.89]). Overlap of ICC1 and ICC2 95 % confidence intervals was 
marked (Fig. 3B), and the two ICCs were therefore considered not 
significantly different.

Median Obs4 fecal scores assigned during S1 and S2 were 7.5 and 8, 
respectively (Fig. 4A). Differences between S1 and S2 scores assigned by 
Obs4 followed a normal distribution (Fig. 4B). Fecal scores assigned by 
Obs4 during S2 were equal to those assigned during S1 in 59.2 % of 
cases (58/98). They were one point lower in 17.3 % of cases (17/98) and 
one point higher in 15.3 % of cases (15/98). According to the Bland- 
Altman diagram for intra-observer agreement (Obs 4 for S1 and S2), 
the bias was − 0.08 (95 % CI [-0.26, 0.09]). Lower and upper LoAs were 
− 1.79 (95 % CI [-2.09, − 1.48]) and 1.62 (95 % CI [1.32, 1.92]), 
respectively (Fig. 4C). Differences between S1 and S2 scores seemed 
visually more significant for higher fecal scores, suggesting better 
agreement for lower scores. Unweighted kappa coefficient was 0.53 
(95 %CI [0.42, 0.64]) and weighted kappa coefficient was 0.93 (95 % CI 
[0.91, 0.96]).

4. Discussion

4.1. Choice of the method

In the present study, fecal consistency was evaluated using fecal 
scoring system (FSS) developed by Grellet et al. (2012), one of the au
thors) specifically for puppies at the weaning period. Fecal scoring 
systems are widely used in both human and veterinary medicine to 
provide a standardized and reproducible assessment of stool consis
tency, which in turn supports the diagnosis of diarrhea. For example, in 
infants, diarrhea is often defined in clinical guidelines by stool fre
quency, but this approach has been criticized as being too subjective; 
consequently, quantitative stool scales are now preferred (Levine et al., 
2017, Vandenplas et al., 2017). In the same way, the FSS allows a more 
objective evaluation of fecal quality in puppies. Furthermore, compar
ison of fecal scores with objective measures such as stool water content, 
as performed during the development of the Bristol Stool Scale in 
humans (Blake et al., 2016), could further validate the method in vet
erinary research.

4.2. Photographic versus direct assessment of stool

This study highlighted the potential for using photograph-based 
scoring in daily medical practice and research projects to remotely 
evaluate fecal scores in puppies. Indeed, in the corresponding Bland and 
Altman plot, b fell within the maximum acceptable bias of ±1 and the 
95 % confidence interval of observed b included zero, indicating no 
significant difference in scoring between FS and PS methods. The lower 
and upper LoAs were both within the acceptable LoAs range of ±3. 
Although relatively wide, these LoAs were also considered clinically 
acceptable, as only differences of more than 3 points would alter fecal 
consistency classification. This interpretation is consistent with Grellet 
et al. (2012), who defined similar score groupings (1–3 liquid, 4–6 pasty, 
7–9 formed, 10–12 drier formed, 13 dry and hard).

Additionally, in our study the weighted kappa coefficient indicated 
“almost perfect” agreement according to Landis and Koch (Landis and 
Koch, 1977). Quadratic weights were applied, as they assign progres
sively greater penalties for larger disagreements, thereby better 
reflecting the clinical importance of substantial discrepancies in stool 
consistency assessments. The use of quadratic weights therefore, 

Table 2 
Interpretation of intraclass correlation coefficient ac
cording to Koo and Li.

ICC Interpretation

< 0.5 Poor reliability
0.5–0.75 Moderate reliability
0.75–0.9 Good reliability
> 0.9 Excellent reliability
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appropriately emphasizes clinically meaningful disagreements and 
provides a more realistic measure of agreement. However, this weight
ing scheme may also yield slightly higher kappa values than linear 

weighting, as it assigns greater tolerance to small, clinically negligible 
differences.

Based on visual observation of the diagram, greater variations in 

Fig. 1. Between-method agreement 
Box plot represents fecal scores obtained on 40 stools according to the scoring method: on photographed stools (PS) and on fresh stools (FS) (1A). Histogram 
represents differences between PS and FS scores (PS – FS, 1B). And dot-plot represents the results of the Bland-Altman test on those differences in relation with the 
average score obtained using both methods (1C).

Fig. 2. Inter-observer agreement before a training session 
Box and whisker plots represent fecal scores obtained on 98 stool photographs according to the observer (Obs1 to Obs4) (2A) and differences between fecal scores 
assigned by non-trained observers (Obs1 to Obs3) and those assigned by the reference observer (Obs4) (ObsX – Obs4, 2B).

Fig. 3. Influence of a training session on inter-observer agreement 
Box and whisker plot represents fecal scores obtained on 98 stool photographs during post-training evaluation according to the observer (Obs1 to Obs4) (3A). Dot- 
plot represents intraclass correlation coefficients (ICCs) before (ICC1) and after (ICC2) the training session according to their 95 % confidence intervals (3B).
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scoring were noted between the two methods for higher fecal scores 
(>6) compared to lower scores (≤5). Although this observation is based 
solely on visual interpretation, it would appear that photographic 
assessment of liquid and thus potentially abnormal feces may be even 
more accurate than for firm feces.

To minimize bias associated with visual memory, the evaluations on 
fresh stool and photographed stool were performed more than a year 
apart. Recall bias is a well-documented phenomenon. For instance, a 
study demonstrated that pathologists could recall slides viewed four 
weeks earlier, with recall rates sufficient to influence intra-observer 
study design (Campbell et al., 2015). No published article allows us to 
verify that there is no memory bias after one year. Therefore, although 
unlikely, it remains possible that the agreement between methods is 
overestimated in this study. A significant limitation of this study is the 
small number of available samples (39) and the fact that only one 
evaluator looked at them in situ, which could result in wide confidence 
intervals. On the other hand, two different analyses were performed to 
assess agreement between the two studied methods (kappa and 
Bland–Altman plot), showing the consistency of our findings. In addi
tion, as each feces emitted was included in this study, the entire scoring 
scale was not represented; no fecal score below 3 and above 10 was 
included, which means that the fidelity of the technique cannot be 
extrapolated to extreme values. Finally, feces of Golden Retriever 
puppies only were scored in the first part of our study. Future studies, on 
large sample sizes and on several different breeds, should address these 
missing scores to confirm their agreement with the reference method.

4.3. Intra and inter-observer reproducibility

We demonstrated that the photograph-based scoring method 
exhibited good intra-observer and inter-observer reproducibility. The 
latter was assessed using a Bland-Altman analysis. The 95 % confidence 
interval of observed b included zero, indicating no significant difference 
in scoring for Obs4 between S1 and S2. The lower and upper LoAs were 
both well within the maximum LoA range of ±3. The weighted kappa 
coefficient indicated “almost perfect” agreement according to Landis 
and Koch (Landis and Koch, 1977). These results confirmed excellent 
intra-observer reproducibility for this observer. More tests and more 
operators are needed to understand the actual variability of this test. 
Based on visual observation of the diagram, it would appear that higher 

fecal scores (>7) were associated with greater variations in scoring be
tween the two sessions compared to lower scores. This supports the 
hypothesis raised above that feces with a low fecal score (including 
scores ≤5, considered pathological) are rated more accurately on pho
tographs than those with a high fecal score, highlighting clinical po
tential of the remote method.

Our study also showed good inter-observer reproducibility. Using 
only the scoring grid without prior training, the ICC corresponded to the 
“good reliability” category defined by Koo and Li (Koo and Li, 2016). A 
training session seemed to help further improve the ICC, though the 
increase was not statistically significant, as 95 % confidence intervals 
for ICC1 and ICC2 overlapped substantially. Thus, the FSS proved easy 
to use without requiring additional training.

4.4. Perspectives

Taken together, our results suggest that fecal consistency assessment 
may be performed on photographs with seemingly satisfactory fidelity. 
This aligns with findings in infants and young children, for whom a 
specific stool scale was developed and shown to have good agreement 
with fresh stool scoring (Huysentruyt et al., 2019; Aman et al., 2021; 
Hofman et al., 2022). However, the kappa and ICC coefficients reported 
in these studies were derived from a much larger number of samples and 
observations, assessed by a greater number of observers, although using 
a scale with far fewer categories. Our findings on a limited number of 
subjects are thus preliminary in veterinary medicine, and further studies 
are needed to confirm these results.

Additionally, the use of digital photographs opens up the possibility 
of integrating artificial intelligence into fecal score interpretation in the 
future. This could significantly reduce the workload of research teams 
and accelerate advancements in the fields of veterinary gastroenterology 
and pediatrics.

5. Conclusion

In conclusion, the results of this study support the use of the puppy 
fecal scoring scale developed by Grellet et al. on stool photographs. This 
preliminary study, conducted with a single observer, showed fecal 
scores consistent with those obtained on fresh stool samples. Inter- 
observer reproducibility was satisfactory based on the small number 

Fig. 4. Intra-observer agreement 
Box and whisker plot of fecal scores attributed to 98 stool photographs by reference observer (Obs4) according to the scoring session (S1 and S2) (4A). Histogram 
represents differences between S1 and S2 scores attributed by Obs4 (S1 – S2, 4B). And dot-plot represents the results of the Bland-Altman test on those differences in 
relation with the average score obtained during the two sessions (4C).
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of observers involved in this study. This easy-to-use technique can be 
performed without prior training, making it accessible to all practi
tioners and researchers. Thus, this method offers a promising solution 
for monitoring canine fecal consistency to detect diarrhea in veterinary 
practices or research projects.
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