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Abstract

Objectives—This study sought to: 1) evaluate the ability of children to reliably use a modified
Bristol Stool Form Scale for Children (mBSFS-C), 2) evaluate criterion-related validity of the
mBSFS-C, and 3) identify the lower age limit for mBSFS-C use.

Study design—The mBSFS-C comprises five stool form types described and depicted in
drawings. Children 3-18 years rated stool form for ten stool photographs. Due to low reliability
when stool form descriptors were not read aloud (n=119), a subsequent sample (n=191) rated
photographs with descriptors read.

Results—Intraclass correlation coefficients for descriptor-unread versus -read samples were 0.62
and 0.79. Children were increasingly reliable with age. Percentage of correct ratings varied by
stool form type but generally increased with age. With descriptors unread, children 8 years and
older demonstrated acceptable inter-observer reliability with over 78% of ratings correct. With
descriptors read, children 6 years and older demonstrated acceptable reliability and over 80% of
ratings correct.

Conclusions—The mBSFS-C is reliable and valid for use by children, age 6 being the lower
limit for scale use with descriptors read and age 8 without descriptors read. We anticipate that the
mBSFS-C can be effectively used in pediatric clinical and research settings.
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Alterations in stool form are associated with numerous gastrointestinal symptoms and
conditions that affect children. Patient report of stool form changes are used clinically for
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diagnosis and management and are measured in research settings to assess clinical
outcomes 2.

Despite the importance of accurately assessing stool form changes, a stool form scale has
not been validated for this use in pediatric patients. In adults, the Bristol Stool Form Scale
(BSFS) is an increasingly used self-report instrument for assessing stool form, though it was
validated as a measure of gastrointestinal transit time>=8 without assessment of the ability of
adults to reliably and accurately identify stool form type. The scale allows classification of
stool form into seven types ranging from “separate hard lumps like nuts” (type 1) to
“watery, no solid pieces” (type 7). The BSFS has been used to evaluate stool form in a
variety of clinical studies 9-16 and the Rome foundation has recommended its use to assess
stool form in adults with functional GI disorders!”.

In children, gathering information about stool form may be challenging because caregivers
may not directly observe all stools. As such, healthcare providers are often placed in a
position whereby a child’s description of his/her stools is required for diagnostic and clinical
decision making. However, procuring accurate descriptions from children may be
particularly challenging without an objective tool. Given that no stool form scale has been
validated for use in children, we sought to validate a modified Bristol Stool Form Scale for
children (mBSFS-C) for this indication.

Thus, the aims of this study were to: 1) evaluate the ability of children to reliably use a
modified BSFS, 2) evaluate evidence for criterion-related validity of the modified scale by
assessing children’s ability to correctly identify stool form type, and 3) identify the lower
limit of age for which use of the mBSFS-C is appropriate. We expected to demonstrate
evidence of inter-observer reliability and criterion-related validity of the mBSFS-C,
hypothesizing both to increase with age and predicting that we could identify a minimum
age for appropriate scale use.

METHODS

As described previously, the original BSFS was adapted by decreasing the number of stool
categories from seven to five!8. This reduces the discriminations children are required to
make, with the goal of maintaining scale utility while increasing accuracy of classification
by young children who may have more difficulty attending to and discriminating between
the original seven categories. Reducing response categories for self-report scale use by
children is common practice.!9-21

The five categories were chosen to adequately describe a range of stool form from hard
through watery. Type 3 (“like a sausage or snake but with cracks on its surface”) and type 5
(“soft blobs with clear cut edges”) were eliminated as response options, with the remaining
types 1, 2, 4, 6, and 7 comprising the modified scale. The final scale (Figure; available at
www.jpeds.com) consists of five stool form descriptors accompanied by drawings similar to
the Rome II and Rome III renderings of the BSFS.17-22

In an initial evaluation of our modification of the BSFS, 14 pediatric gastroenterologists
used the scale to rate 32 color photographs of stool. Photographs were obtained from
publicly accessible areas of the internet and depicted focused, close-up photographs of entire
bowel movements.!® The modified scale had a high degree of inter- and intra-rater reliability
when used by the expert raters!S.
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Selection of Stool Photographs for Rating by Children

To select which photographs would be used as stimuli for child ratings, the distributions of
stool form ratings by the expert raters were evaluated for the 32 stool photographs. Two
photographs of each stool form type with high absolute agreement among the 14 expert
raters were selected (Table I).

Recruitment & Data Collection

The Baylor College of Medicine Institutional Review Board approved the study, and
consent/assent were obtained. Participants included patients or siblings ages 3—18 years who
were attending a scheduled outpatient clinic visit at Texas Children’s Hospital. Data were
collected in the waiting room or an exam room. A trained research assistant presented
children with the 10 stool photographs in random order, with the mBSFS-C printed beneath
each. Children were asked to use the mBSFS-C to assign a stool form category to each
photograph by pointing to their selection on the scale.

In our initial sample a research assistant presented the mBSFS-C without reading descriptors
aloud. When these data indicated less than acceptable reliability for the total sample and
particularly for the youngest children (see Results), we sought to evaluate if reading
descriptors aloud could improve children’s ability to use the scale. In a second sample, stool
form descriptors were read aloud for each photograph.

Statistical Analysis

Statistics were performed using SPSS 17.0. Single measures intraclass correlation
coefficients (two-way random effects model with absolute agreement) were used to assess
inter-observer reliability. For both the descriptor-read and -unread samples, these values are
presented for the total sample and 5 age ranges.

Sources of variance in the ratings (i.e., variance due to raters, photographs, or the interaction
of rater and photograph) were examined for the descriptor-read total sample, where high
degree of variance due to photographs vs. other sources provides strongest support for the
scale. We also explored if children’s rating deviations from the expert rating (i.e., rating
errors) were random or systematic; difference scores were not normally distributed, so
nonparametric one-sample Wilcoxon Signed Ranks Tests were used. Kruskal-Wallis tests
then explored if rating errors were related to age group.

Criterion-related validity was evaluated by comparing the child stool form ratings to the
correct classifications determined by the physician ratings in our previous study.
Percentages of children selecting the correct stool form classification for each photograph
were calculated for the total descriptor-read sample and for each age range. To compare
differences in criterion-related validity between the descriptor-read vs. - unread
administration methods, overall percent correct for the total unread sample and for each age
range was also calculated.

RESULTS

Inter-Observer Reliability with Unread Stool Form Descriptors

When stool form descriptors were not read to the children (n=119; 48.7% female), the single
measures intra-class correlation coefficient for the total sample was 0.62 (95% CI: 0.44 —
0.85, P<0.001). Inter-observer reliability did not reach acceptable standards (i.e., > 0.70)
until the children were 8—10 years of age, with the youngest children evidencing extremely
low reliability (Table II). As previously mentioned, this led us to evaluate reliability and
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validity of the mBSFS-C in a second sample when stool form descriptors were read aloud
for each photograph.

Inter-Observer Reliability for the Total Sample with Stool Form Descriptors Read

With stool form descriptors read for each photograph (n=191; 47.6% female), the single
measures intraclass correlation coefficient for the total sample was 0.79 (95% CI: 0.64 —
0.93, P<0.001).

The variance in ratings due to the raters (i.e., assessment of tendency to rate all photographs
more toward one end of the scale or the other) was very low at 0.01. Variance in ratings due
to the interaction of raters by photographs (i.e., assessment of inconsistent choices for
photographs) was also relatively low at 0.47. The variance in ratings due to the photographs
(i.e., differences in stimuli are associated with different ratings) was much higher at 1.77. As
such, the signal to noise ratio (variance in ratings due to photographs versus other sources of
variance) was 3.77.

Inter-Observer Reliability by Age

As with the descriptor-unread sample, we suspected that age would affect inter-observer
reliability because children at younger ages would have more difficulty with the task. Table
II provides intraclass correlation coefficient values across 5 age ranges, indeed indicating
increasing reliability with age.

We next sought to explore if lower reliability in the younger children was attributable to
random or systematic error. We first assessed if systematic bias (i.e., the tendency to rate as
too firm or too loose) occurred across all age groups for each photograph. Results of the
one-sample Wilcoxon Signed Ranks tests indicated that for the total sample, Photographs B
(type 4; Z = —4.84, P<0.001), C (type 5; Z = -3.67, P<0.001), and I (type 5; Z = -3.57,
P<0.001) tended to be rated as too firm, whereas Photographs F (type 2; Z =7.17, P<.001),
G (type 1; Z =3.35,P<0.01), and J (type 2; Z = 6.37, P<0.001) tended to be rated as too
loose compared with the physician classifications. We note that for some of these
photographs (types 1 and 5), this was the only direction that children could err because the
correct classification was at the end of the scale.

Next, to evaluate if the younger children exhibited more systematic rating bias, a Kruskal-
Wallis test was performed to determine if the difference scores (child ratings minus correct)
varied according to the 5 age categories. Results indicated significant differences by age
group for Photographs C (type 5; X2 =15.79,P<0.01), F (type 2; X2 =26.05, P< 0.001),
and J (type 2; X2 =15.97, P< 0.01). Examination of mean difference scores for the 5 age
groups indicated that younger children were more likely than older children to make the
error of rating Photograph C as too firm (the only direction they could err) and Photographs
F and J as too loose, reflecting more systematic bias at the younger ages for these stimuli.

Criterion-Related Validity of the mBSFS-C

The ability of the children to validly use the mBSFS-C was evaluated by comparing the
child stool form ratings to the correct classifications as determined by the physician experts
in the initial study.!® Of the 1910 ratings made by our descriptor-read child sample, 1601
(83.8%) were in agreement with the physician expert classification. Of the 309 incorrect
stool form classifications made, 139 (45%) were within one form type of the correct answer.
Table I reports the percent of children selecting the correct stool form classification for each
photograph for the total descriptor-read sample and each age range. For the total sample, the
percent correct for each picture ranged from 61.8% to 99.0%. On average, the type 1
photographs (‘“hard lumps”) had the highest percent correct and type 4 (‘“fluffy pieces with
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ragged edges”) the lowest. Overall percent correct increased with age; the 3-5 years age
group had a notably lower overall percent correct, largely attributable to fewer correct
ratings of stool types 2 (“sausage-shaped but lumpy”) and 4 (“fluffy pieces with ragged
edges”).

Comparison of Criterion-Related Validity for Read vs. Unread Descriptors

In an effort to evaluate differences in criterion-related validity between the descriptor-read
vs. -unread administration methods, overall percent correct for the total descriptor-unread
sample and for each age range was calculated. Table III presents unread sample values with
those of the read sample, indicating a higher percent correct for the read sample across age
ranges but most notably for the younger children.

DISCUSSION

Despite the utility of assessing stool form in clinical practice and research, few have
attempted to validate stool form scales, and such a scale has not been validated for use in
children. We present the mBSFS-C as a stool form rating scale using pictorial
representations and short descriptors that requires fewer discriminations than the standard
BSFS while still capturing clinically relevant differentiations. We anticipate that the
mBSFS-C can be effectively used in clinical and research settings by children with
gastrointestinal disorders, and we hope further research will support its ability to accurately
communicate stool characteristics from pediatric patients to physicians.

We did not initially intend to compare two methods of administration, but concerns about
inadequate reliability prompted re-evaluation with stool form descriptors read aloud.
Children 3-5 years could not use the mBSFS-C reliably under either condition. Children 6
years and older exceeded the common convention of X).70 for acceptable inter-observer
reliability when descriptors were read aloud, whereas those 8 years and older could reliably
use the scale without descriptors read. Improvement in reliability may relate to helping child
raters stay on task, a hypothesis supported by our data collection experience. Reading
descriptors aloud may also prompt children to incorporate them instead of solely engaging in
a visual matching task.

Considering criterion-related validity, correct ratings generally increased with age. Children
3-5 years old demonstrated markedly fewer correct classifications than older children in
both samples. This and reliability data indicates that the mBSFS-C is too difficult for use by
children in this age group. Overall percent correct was somewhat higher in the read versus
unread sample, but discrepancies diminished with age.

Comparing child ratings with physician classifications shows that stool form type 1 was
easiest for children to correctly identify, even at the youngest ages. Types 3 and 5 were also
well identified, suggesting that children best discriminate these three non-adjacent and most
distinct stool types. Types 2 and 4 were somewhat more difficult, but most children 6 years
and older were also able to classify these correctly (descriptors read). Reducing to a three-
point scale would improve young children’s reliability and accuracy but may unacceptably
compromise clinical relevance and scale sensitivity.

With respect to methodological limitations, photographs of stool form type 2 that achieved
high expert rater consensus were difficult to identify. We considered other potential stimuli
but chose photographs as they would allow for a uniform assessment, were more feasible
than actual stools, and relative to diagrams would provide a more realistic comparison to
observing one’s own stool. One photograph achieved only 78.6% agreement by experts,
with children varying in the same direction as physicians (i.e., deviations reflected looser

J Pediatr. Author manuscript; available in PMC 2013 August 13.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Lane et al.

Page 6

ratings). Although this stimulus may have been somewhat problematic, other photographs
with over 90% expert agreement also suggest that types 2 and 4 are somewhat more difficult
for children to correctly rate.

Although this study provides initial evidence for reliability and validity of the mBSFS-C,
further scale evaluation would be useful. Though we previously demonstrated high intra-
observer reliability in pediatric gastroenterologists!®, our study in children did not include
ratings at multiple time points. Further validation using actual stools would be contributive
but perhaps a prohibitively onerous method of assessment. Evaluating sensitivity to change
in response to treatment would also contribute support for mBSFS-C use as an outcome
measure. Albeit difficult to assess, evaluating children’s ability to use the mBSFS-C to
accurately, retrospectively describe stool form or indicate “typical” stool form type would
lend ecological validity to scale use during physician visits.

Overall, results provide evidence that our mBSFS-C is reliable and valid for children ages 6
years and older if stool form descriptors are read to them, and those 8 or more years of age
could use the scale without descriptors read. That said, across all age ranges, both reliability
and criterion-related validity were somewhat stronger when descriptors were read aloud. As
such, if the mBSFS-C is being used for assessment at a single time point (low administration
burden) and clinical decisions are being influenced by an individual measurement, such as
during a physician visit, we recommend that stool form descriptors be read aloud regardless
of age. However, if it is to be used for multiple ratings over time and ratings are to be
aggregated as in research, we suggest that children 8 years and older can use the mBSFS-C
independently with appropriate initial training in scale use.
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1 ® ©® O _ Separate hard lumps, like nuts
® o @ (hard to pass)

2 “ Sausage-shaped but lumpy

3 \ Like a sausage or snake, smooth
and soft

4 ~ Fluffy pieces with ragged edges,a
mushy stool

5 ’ Watery, no solid pieces.

B
Figure.

The modified Bristol Stool Form Scale for Children (mBSFS-C)
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Intra-Class Correlation Coefficients by Age Range for Descriptors-Unread and -Read

Table Il

Age Range (years) | Stool Form Descriptors Unread (n = 119) | Stool Form Descriptors Read (n = 191)
3-5 0.16 (n=22) 0.65 (n=34)
6-7 0.61 (n=18) 0.74 (n = 36)
8-10 0.72 (n=25) 0.82 (n=43)
11-13 0.81 (n=28) 0.86 (n =36)
14-18 0.86 (n=26) 0.90 (n = 42)
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