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Abstract

Introduction: Preliminary reports support the hypothesis that sensory issues may be related to atypical defecation habits in
children. Clinical practice in this area is limited by the lack of validated measures. The toileting habit profile questionnaire was
designed to address this gap.

Methods: This study included two phases of validity testing. In phase 1, we used Rasch analysis of existing data to assess item
structural validity, directed content analysis of recent literature to determine the extent to which items capture clinical concerns,
and expert review to validate the toileting habit profile questionnaire. Based on phase 1 outcomes, we made adjustments to
toileting habit profile questionnaire items. In phase 2, we examined the item structural validity of the revised toileting habit profile
questionnaire.

Results: Phase 1 resulted in a 17-item questionnaire: 15 items designed to identify habits linked to sensory over-reactivity and two
designed to identify sensory under-reactivity and/or poor perception items. The analysis carried out in phase 2 supported the use
of the sensory over-reactivity items. Remaining items can be used as clinical observations.

Conclusion: Caregiver report of behaviour using the revised toileting habit profile questionnaire appears to adequately capture
challenging defecation behaviours related to sensory over-reactivity. Identifying challenging behaviours related to sensory under-
reactivity and/or perception issues using exclusively the revised toileting habit profile questionnaire is not recommended.
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constipation (FC) have a high prevalence worldwide

Background (5.3-17.4%; Van Den Berg et al., 2006) and are considered

Occupational therapists have developed expertise in
understanding and supporting participation and engage-
ment in everyday activities (World Federation of
Occupational Therapists, 2012). Bowel management, con-
sidered an important activity of daily living (American
Occupational Therapy Association, 2014), is key to an
individual’s independence and successful social participa-
tion. Additionally, acquiring continence of the bowel is
considered an important milestone of childhood. As
such, addressing issues related to bowel management,
such as disorders of defecation and atypical defecation
habits, is an important component of occupational ther-
apy practice.

Children with bowel management concerns often show
atypical defecation habits that lead to defecation dis-
orders. In many cases the defecation disorder is considered
functional, as no known organic underlying factor can be
identified (Tabbers et al., 2014). Childhood functional
defecation disorders (FDD) such as functional

a public health problem (Rajindrajith et al., 2016).
Although the Rome IV diagnostic criteria (The Rome
Foundation, 2016) is considered the gold standard for
identification of FDD, and there exists an extensive
body of research describing a range of medical and behav-
ioural interventions (Pijpers et al., 2010; Tabbers et al.,

'PhD candidate, University of Newcastle, Callaghan, Australia
%Occupational therapist, Private practice, Oviedo, Spain

*Professor and Department Head (Occupational Therapy), Colorado State
University, Fort Collins, USA

“Associate Professor (Occupational Therapy, School of Health Sciences),
University of Newcastle, Callaghan, Australia

*Paediatric gastroenterologist, private practice, Oviedo, Spain

®Professor and Discipline Lead (Occupational Therapy, School of Health
Sciences), University of Newcastle, Callaghan, Australia

Corresponding author:

Isabelle Beaudry-Bellefeuille, Marques de Santa Cruz, 7, 1E, 33007, Oviedo,
Spain.

Email: ibbergo@gmail.com


http://orcid.org/0000-0002-2807-3688
https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/0308022618813266
http://journals.sagepub.com/home/bjot
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0308022618813266&domain=pdf&date_stamp=2018-12-07

British Journal of Occupational Therapy 0(0)

2014; Van Ginkel et al., 2003), approaches to identification
and treatment are inconsistent and the precise mechanisms
of childhood FDD are not well understood (Beaudry-
Bellefeuille et al., 2017; Koppen et al., 2018; Rajindrajith
et al., 2016). As a result, treatment effectiveness remains
limited and sound comprehension of all factors involved in
the emergence of the disorder, along with greater under-
standing of treatment elements, are needed to optimize
outcomes (Freeman et al., 2014).

Preliminary reports support the hypothesis that con-
cerns about sensory reactivity (the process of modulating
neuronal activity in response to sensory stimuli) and per-
ception (the ability to recognize and interpret sensory sti-
muli) may be related to atypical defecation habits
(Beaudry-Bellefeuille and  Lane, 2017; Beaudry
Bellefeuille and Ramos Polo, 2011; Beaudry et al., 2013).
For instance, using the short sensory profile (McIntosh
et al., 1999), Beaudry-Bellefeuille and Lane (2017)
reported significantly more sensory over-reactivity in chil-
dren with FC than in typically developing children.
Furthermore, preliminary reports of the effectiveness of
intervention programmes that consider the sensory issues
of children with FDD are promising (Beaudry Bellefeuille
and Ramos Polo, 2011; Beaudry et al., 2013). The field of
occupational therapy has developed a strong expertise in
the assessment of and intervention for sensory issues
affecting participation in daily occupations. These skills
can be valuable in identifying underlying sensory issues
that may impact defecation habits, and in adapting the
toileting environment to better fit the child’s ability.
Clinical practice in this area, however, is limited by the
lack of validated measures that can clearly distinguish chil-
dren with sensory related FDD from those without such
problems.

The toileting habit profile questionnaire (THPQ)
(Beaudry-Bellefeuille et al., 2016) is a screening question-
naire designed to: (1) differentiate children with typical
toileting habits from those with atypical toileting habits
and (2) identify toileting habits potentially related to sen-
sory concerns in children with FDD (such as constipation,
faecal incontinence, and stool toileting refusal). This tool
was developed by an occupational therapist (IBB) in col-
laboration with a gastroenterologist (ERP). Based on
available literature, clinical experience, and descriptions
by parents of behaviours common in children referred to
occupational therapy for difficulties establishing healthy,
age-appropriate defecation habits, this team identified
children with FDD that had not responded to usual
behavioural and/or medical management and where the
core problem appeared to be sensory-based. Scored on a
five-point Likert scale (almost always to never), the THPQ
includes items such as My child refuses to go to the toilet
outside of the home or My child hides while defecating, with
low scores corresponding to more frequent problematic
behaviours and habits. Subsequently, the THPQ was
shown to have face and preliminary content validity
(Beaudry-Bellefeuille et al., 2016).

The THPQ has been found to be clinically useful in
defining sensory concerns relative to FDD (Beaudry-

Bellefeuille and Lane, 2017; Beaudry et al., 2013). A
recent pilot study using the THPQ demonstrated that chil-
dren with FC that had not responded to first-line medical
management (n=16) demonstrated a significantly higher
frequency of habits hypothesized to be linked to sensory
over-reactivity than typically developing children (n=27)
(Beaudry-Bellefeuille and Lane, 2017). While preliminary
studies regarding the THPQ were promising, we recog-
nized that the original item set, developed more than 10
years ago, required updating and that further examination
of the psychometric characteristics of the THPQ was war-
ranted before recommending its use in clinical practice.
For the occupational therapy practitioner, the use of psy-
chometrically sound assessment tools, which accurately
reflect a person’s level of skill, is essential in understanding
the potential factors linked to occupational challenges
(Schaaf, 2015). Furthermore, psychometrically sound
assessment tools allow occupational therapists to defend
and substantiate the need, impact, and efficacy of their
interventions (Brown and Bourke-Taylor, 2014).

Recent views in psychometrics highlight the need to
carefully examine the quality of patient and caregiver
questionnaires before they can be used in research or clin-
ical practice (Mokkink et al., 2010). Given that the con-
structs measured by these instruments are subjective,
evaluating whether the instruments measure these con-
structs in a valid and reliable way is crucial (Mokkink
et al., 2010). The COSMIN (COnsensus-based Standards
for the selection of health Measurement INstruments) ini-
tiative recommends evaluating content validity of meas-
urements before testing construct validity (Terwee et al.,
2018). As such, this study describes two phases of validity
testing, addressing both content and construct validity. In
both phases we chose to use the Rasch measurement
model (Rasch, 1960). This model allows for the construc-
tion of robust instruments that aim to measure human
traits in such a way that each individual is characterized
separately and independently of which instruments have
been used (Rasch, 1960). Rasch models are mathematical
models that require unidimensionality (a single construct
measured by a set of items) and result in additivity (meas-
urement units are the same size along the continuum)
(Smith et al., 2002). Data collected from questionnaires
are tested against the expectations of the model, and
when the data fit the model we obtain a clear impression
of the relative difficulty of items (Smith et al., 2002).
Furthermore, when the data fit the Rasch model, the ana-
lysis can provide a linear transformation of ordinal raw
scores, which can then confidently be used with parametric
statistical tests (Boone et al., 2013). Thus, the Rasch model
offers a comprehensive approach to addressing several
aspects of scale development and construct validation, as
well as providing a transformation of ordinal raw scores
into linear scale scores (Boone et al., 2013; Pallant and
Tennant, 2007; Smith et al., 2002).

In phase 1, we extend previous work with the THPQ
that used expert review of test content and hypothesis
testing (known group comparisons studies) to assess con-
tent and construct validity (Beaudry-Bellefeuille and Lane,
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2017; Beaudry-Bellefeuille et al., 2016). Here we used
Rasch analysis of existing data to assess item structural
validity. To further validate the content of the THPQ, we
used directed content analysis of recent literature to deter-
mine the extent to which items capture clinical concerns as
well as expert review of items. Based on phase 1 outcomes,
we made adjustments to THPQ items. In phase 2, we
examined the structural validity of the revised THPQ
(THPQ-R).

Method - Phase 1

We subjected anonymized data from a pilot study
(Beaudry-Bellefeuille and Lane, 2017) to Rasch analysis
using Winsteps Version 4.0.1 (Linacre, 2017a).
Specifically, we asked the following question: How well
do the items of the original version of the THPQ contribute
to productive measurement of sensory reactivity and percep-
tion of defecation related sensations? Ethics approval was
obtained from the University of Newcastle (#H-2016-
0282). Written informed consent was not considered
necessary given that this study dealt with existing, anon-
ymized data.

Participants

Participants included parents of children with FC and no
other diagnosis (2= 16) and parents of typically develop-
ing children (n=27). Diagnosis of FC and screening for
medical conditions were done by the child’s referring phys-
ician as part of standard medical management of FDD.
Parents of children with organic causes of defecation dis-
orders were excluded. For both groups, parents of children
with intellectual disability, neurological conditions, or psy-
chiatric disorders were excluded.

Measure

The THPQ (Beaudry-Bellefeuille et al., 2016) is a bilingual
(English—Spanish) parent-report screening tool to help dif-
ferentiate typical defecation behaviours and habits from
those that are associated with FDD potentially related to
sensory concerns.

Data analysis

Rasch analysis transforms ordinal raw data into interval
data expressed in log odds probability units (logits); both
item difficulty and person scores are expressed in this unit.
In the THPQ, high scores are associated with a lower fre-
quency of problematic habits. Based on Rasch measure-
ment assumptions, all respondents are more likely to
award high scores on easy items. Likewise, respondents
whose children do not have FDD are more likely to
award higher scores on the more difficult items than
those who have children with FDD (Wright and Stone,
1979). In the case of the THPQ, easy items are those on
which respondents will award the majority of responses
the maximum score (‘never’; score 5), such as item 7 (see

Table 1). Likewise, difficult items are those on which
respondents will award the majority of responses the min-
imum score (‘almost always’; score 1), such as item 6.
Using Rasch analysis, we examined score patterns for evi-
dence of internal reliability and structural validity. Any
concerns identified could then be addressed by means of
supplemental items or adjustments to existing items before
collecting new data.

We used several sources of evidence obtained from the
Rasch calculations to examine item structural validity;
these are as follows. (For an introduction to Rasch calcu-
lations refer to Boone et al., 2013.)

Item correlation. Winsteps provides a calculation of the
Pearson correlations between each item and the overall
test. Correlations were expected to be positive; a negative
correlation between an item and the overall measure indi-
cates that the item is not part of the construct. The size of
a positive correlation is of less importance than the fit of
the responses to the Rasch model (see below); as such, no
specific value was set for the correlations (Linacre, 2017b).

Rating scale category structure. Scale categories are
expected to be evenly distributed and ordered from 1 to
5, and the distance between categories should be at least
1.4 logits (Linacre, 2002). When categories are not ordered
as expected or are too closely grouped together, scoring of
items should be reconsidered (Andrich et al., 1997).

Goodness of item fit statistics. We examined goodness of
item fit statistics (ratio of observed to expected scores),
expressed as mean square (MnSq) values, to identify
items that conform to the expectations of the Rasch
model (MnSq of 1.0); we accepted values up to 1.5, as
suggested by Linacre (2002). Both infit and outfit statistics
were considered. Infit statistics are sensitive to patterns of
inlying observations such as persons responding to most of
the easy items incorrectly and most of the hard items cor-
rectly (Linacre and Wright, 1994). Outfit statistics are sen-
sitive to outliers and pick up unexpected events such as a
difficult item that a low-performing person responded to
correctly. When MnSq values were greater than 1.5, we
reconsidered the item, the respondent’s interpretation of
the item, and the theory underlying the item as possible
sources of divergence from the Rasch model (Boone et al.,
2013). Items with unacceptably large fit values should be
carefully considered to determine if they are part of the
construct. Items deemed theoretically sound in spite of
unacceptably large fit statistics must be carefully reviewed
for clarity of expression. Additionally, items with
unacceptably large fit values can be examined for unex-
pected responses; removal of these responses to observe
the impact on the fit statistics is another way of exploring
divergent fit.

Construct representation. Rasch arranges item difficulty
and person ability on a single hierarchy. We examined
the spread in item difficulty, looking for regions suggesting
the construct being examined was not well represented (no
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Table 1. ltems of the toileting habit profile questionnaire - revised.

Type of

Sensory THPQ-R THPQ

issue ltem# Iltem# Challenging defecation behaviours potentially related to sensory processing

1 1 1 My child hides to poop.

1 2 2 My child asks for a diaper when he/she feels the need to poop.

1 3 0 My child prefers to poop in his/her clothing although the potty or toilet is nearby.

1 A 3 My child refuses to sit on the potty or the toilet to poop, but will accept peeing in the potty or toilet.

1 5 0 My child refuses to sit or seems uncomfortable sitting on the toilet or potty for both peeing and pooping, even at
home.

1 6 0 My child withholds poop or resists the urge to poop.

1 7 L* My child follows an unusual ritual when pooping which involves actions or places not typically associated with
pooping or with the age of the child.

1 8 5 My child seems to feel pain when pooping, even if the poop is soft.

1 9 6 My child refuses to poop outside of the home.

1 10 7 My child shows exaggerated disgust at the smell of his/her poop.

1 11 8 My child refuses to wipe or be wiped after pooping.

1 12 0 My child shows fear or refusal related to certain features of the bathroom, such as fear of flushing the toilet.

1 13 0 My child needs to pay attention to something else while pooping (a book, a game); this seems to help him/her
tolerate the sensation of pooping.

1 14 0 My child is sensitive to taste and/or food textures, making it difficult for him/her to accept laxative medicine or high
fibre foods.

1 15 0 My child felt the urge to poop very early (younger than 12 months). My child would grunt in a certain way and |
would sit him/her on the potty to poop.

2 16 9 My child does not seem to feel the urge to poop.

2 17 10* My child does not realize he/she has soiled (pooped in) his/her clothes or is not upset by soiling.

Note: Type of sensory issue: Type 1: sensory over-reactivity; Type 2: sensory under-reactivity and/or issues with perception.
[tem # THPQ: numbers refer to the item number on the original THPQ for those items that are common to both questionnaires; @ indicates that
this item was not present in the original THPQ; * indicates the wording from the original THPQ was modified for the THPQ-R (see text for original

wording); items in Spanish are available from the authors.
THPQ;: toileting habit profile questionnaire; THPQ-R: THPQ - revised

items), or over-represented (items clustering at the same
level of difficulty). We also looked to see where children
were and were not being tested clearly by the items along
the hierarchy. Having items along the entire continuum of
the construct ensures the content domain is well repre-
sented and also improves measurement precision (Smith
et al., 2002). Clinically, this means the measurement tool
can be used with children with a wide variety of abilities.

Logic of the item hierarchy. This non-statistical procedure
consists of comparing the order of the items produced by
the Rasch analysis to the expected order from a theoretical
or clinical perspective. Clinical experience has shown that
the behaviours reflected in the items of the THPQ are very
infrequently observed in children without FDD. A panel
of experts reviewed the items of the THPQ and reached
similar conclusions (Beaudry-Bellefeuille et al., 2016). This
led us to anticipate that control children would have no
items at their level, with all items being relatively easy for
this group. We also anticipated that THPQ items 3 and 6
(see Table 1) would be considered easy given that these
behaviours are frequent in children with FDD and are also
seen, from time to time, in typical children without FDD.
THPQ items 1 and 5 were expected to be of middle

difficulty as they are somewhat frequent in children with
FDD. Finally, THPQ items 8 and 9 were expected to be in
the more difficult range as they are not as frequently
observed clinically. The remaining items were expected
to distribute throughout the middle to difficult range.
We then checked the congruence of the Rasch-generated
hierarchy with that of the expected hierarchy.

Principal components analysis (PCA). Winsteps provides a
PCA of residuals as a means of examining evidence that
a construct is not unidimensional (Linacre, 1998). When
unexplained variance is significant (>40%), the possibility
of additional dimensions is suggested, particularly when
the Eigenvalue associated with the first contrast is >3
(Tennant and Pallant, 2006).

Differential item functioning (DIF). We examined the pos-
sible systematic differences in item scores, also known as
item bias, between English and Spanish speakers across all
the items, aiming for the same amount of difficulty regard-
less of language. If a DIF above 0.64 was identified, the
threshold value suggested by Linacre based on the work of
Zwick et al. (1999), a t-test with a significance level set at
p<0.05 was then used to identify significant pairwise
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differences between the language groups. If items differed
systematically between groups, that would suggest that the
hierarchy of difficulty of items differs between Spanish-
and English-speaking participants, possibly suggesting
the need for different scoring procedures.

Internal reliability. We examined the person separation
index and the discernible strata calculated from this
index to assess how well the items differentiated children
with varying levels of toileting habits (Wright and
Masters, 2002). Person separation values have a minimum
value of 0; values above 1.5 are considered acceptable
(Wright and Masters, 1982, cited in Boone et al., 2013).
We sought to create an instrument that would separate
people into at least two groups of toileting ability: those
with healthy and age-appropriate toileting habits vs those
with unhealthy and/or inappropriate habits. We also
examined the person reliability statistic (a measure of
internal consistency conceptually similar to Cronbach’s
o), aiming for a value of .70 or higher, considered accept-
able in the early stages of research (Nunnally, 1978).

Directed content analysis and expert review

Using directed content analysis, we sought to answer the
following question: How completely do the items of the
THPQ represent the behavioural and sensory processing
characteristics of children with FDD reported in the litera-
ture? Directed content analysis is the method of choice
when prior research exists about a phenomenon but the
information available is incomplete (Hsiech and Shannon,
2005). We used this method to compare the items of the
THPQ with two recent reviews: a systematic review iden-
tifying behaviours associated with FDD (Beaudry-
Bellefeuille et al., 2017) and a scoping review identifying
sensory concerns associated with FDD (Beaudry-
Bellefeuille et al., in press). The items of the THPQ pro-
vided the initial framework to categorize behavioural and
sensory concerns identified in the literature. Any behav-
ioural or sensory concern identified in the reviews that
could not be categorized within the THPQ-generated
coding scheme was given a new category. Given that the
aim of the THPQ is to document defecation behaviours
potentially related to sensory issues, we retained only chal-
lenging defecation behaviours that reflected potential sen-
sory issues. Likewise, we retained only sensory concerns
related to toileting and defecation.

We further separated all behavioural categories as fol-
lows. Type 1: sensory over-reactivity, including avoiding,
withdrawing, feeling pain, experiencing negative emo-
tional reactions, expressing dislike or repulsion towards
sensory stimuli and/or following rituals in personal
hygiene (Dunn, 2014; Schaaf and Lane, 2015). Type 2:
sensory under-reactivity and/or issues with perception,
including difficulties perceiving and interpreting the quali-
ties of sensory information, and/or diminished awareness
or lack of reaction to sensory stimuli (Schaaf and Lane,
2015). We grouped under-reactivity and poor perception

together (Type 2) because it can be difficult to separate
these issues based exclusively on descriptions of behav-
iour. Reactivity is assessed mostly with self- or proxy-
reports of behavioural responses to sensation; however,
use of standardized testing and/or specialized techniques
is needed to assess perception (Schaaf and Lane, 2015).
Three experienced occupational therapists with advanced
training in the assessment of sensory concerns reviewed
the categorization; all had between five and 10 years of
clinical experience in the treatment of children with atyp-
ical defecation habits. We asked if they could think of any
additional challenging defecation behaviours related to
sensory concerns. Then we asked them to separate the
categories according to our established subtypes.

Results - Phase 1

Both the Winsteps analysis and the directed content ana-
lysis revealed strengths and flaws in the THPQ. Based on
these results, we revised the questionnaire.

Structural validity

Item correlation. All point measure correlations (PMC)
were positive, indicating the desired direction to support
the construct (see Table 2).

Rating scale category structure. Scale order was distorted
for three of the items and distance between response cate-
gories was inadequate for several items (see Figure 1).
Examination of the probabilities of rating scale selection
showed that all items had disordered thresholds and that
parents most often used the extremes of the scale, suggest-
ing that a dichotomous scale was more appropriate. This
finding reflected clinical experience in that atypical defeca-
tion behaviours are either present most of the time or, on
the contrary, never or rarely observed. One item (item 4)
did not adequately discriminate between typically develop-
ing children and children with FDD. Only 14% of the
sample responded that their child never or rarely had a
ritual for defecation.

Goodness of fit statistics. With one exception (original
THPQ Item 10: My child does not realize he has soiled
[faeces] his clothes), all item infit statistics had acceptable
values (<1.5). Relative to outfit statistics, items 4 and 10
were both above acceptable values (>1.5; see Table 2),
indicating data from 80% of the items met the assump-
tions of the Rasch model (Wright and Linacre, 1994).

Construct distribution. The analysis revealed gaps in item
distribution, especially in the difficult and middle range
(see Figure 2), with item difficulty ranging from —0.72 to
1.68 logits. The children with FDD had 90% of the items
against them and their scores were evenly distributed over
a range of —0.91 to 1.03 logits. The typically developing
children had only one item against them (original THPQ
Item 4: My child always follows the same ritual when
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Table 2. Item measure and fit statistics of the THPQ, THPQ-R (17 items), and THPQ-R (15 items).

Phase 1: original THPQ

Phase 2: THPQ-R (17 items first analysis)

Phase 2: THPQ-R (15 items final analysis)

Item Meas SE Infit  Outfit PMC Item Meas SE Infit  Outfit PMC Item Meas SE Infit ~ Outfit PMC
4 1.68 0.15 1.15 2 0.46 1.65 0.3 0.89 0.83 0.56 6 192 031 098 0.9 0.57
6 0.44  0.14 0.77 0.95 0.75 4 1.5 0.27 0.71 0.63 0.69 4 1.65 0.29 0.75 0.64 0.7
3 0.33 0.13 0.36 0.21 0.83 8 0.7 0.27 0.93 0.87 0.55 13 0.83 0.32 0.95 0.86 0.53
1 0.09 0.14 0.7 0.43 0.73 13 0.67 0.31 091 0.81 0.5 8 0.74  0.29 0.99 0.99 0.58
5 0.05 0.17 0.74  0.82 0.74 1 0.62 0.27 0.82 0.72 0.61 1 0.66 0.29 0.88 0.74 0.64

10 -0.03 0.16 1.65 2.6 0.36 9 0.62 0.27 093 0.9 0.54 9 0.66 029 0.99 1 0.58
8 -0.47 0.17 1.19 0.93 0.52 17 0.62 0.27 1.55 1.94 0.14 3 -0.51 0.34 1.05 1.11 0.45
9 -0.67 0.19 0.55 0.34 0.69 3 0.37 0.32 0.9 0.75 0.5 14 0.51 0.34 1.15 1.2 0.39
2 -0.71  0.22 1.42  0.39 0.38 14 0.37 0.32 1.1 1.17 0.33 7 0.03 0.31 0.66 0.56 0.69
7 -0.72 0.22 136 1.27 0.34 7 0.07 0.29 0.68 0.62 0.65 5 -0.27 039 095 0.7 0.47

16 -.19 0.3 1.27 1.29 0.29 11 -0.47 033 132 2.16 0.33
5 -.34 0.38 0.88 0.66 0.45 12 -1.24 0,51 131 1.2 0.2
11 -.38 0.31 1.16 1.79 0.31 2 -1.52 0.41 1.1 1.02 0.38
12 -1.24  0.49 1.15 0.91 0.2 15 -1.90 0.64 093 3.3 0.21
2 -1.34  0.39 1.1 0.85 0.34 10 -2.11 0.48 1.04 2.12 0.3

15 -1.84 0.62 094 3.03 0.14
10 -1.88  0.46 1 1.25 0.29

Meas: measure in logits; SE: standard error; PMC: point measure correlation; THPQ: toileting habit profile questionnaire; THPQ-R: THPQ - revised

defecating) and their scores were evenly distributed over a
range of 0.58 to 2.17 logits.

PCA. The explained variance was 63.7% and the
Eigenvalue associated with the first contrast was 2.18.
Both values are within the accepted range.

Logic of hierarchy. Only one item (Item 4) appeared in an
unexpected order. It was located as a difficult item when
we expected it to appear around the middle of the
hierarchy.

DIF. All participants in phase 1 were Spanish-speaking,
thus no DIF analysis could be completed.

Internal reliability. The person separation index was 1.71,
with a calculated strata of 2.61, indicating that the instru-
ment was able to separate people into >2 levels of ability.
The reliability index (similar to Cronbach’s o) was .93.

Directed content analysis and expert review

The analysis revealed that several challenging defecation
behaviours hypothesized to be related to sensory concerns
and commonly reported in children with FDD were not
represented in the THPQ. Seven behaviours were identi-
fied from the literature review that were not captured by
items in the original THPQ. The identified behaviours
served as a basis to generate new items (see Table 1). A
panel of experts reviewed the new, 17-item version of the
THPQ and agreed with the categorization of behaviours
and their potential relationship to sensory processing
issues. They did not suggest any additional items and

there was 100% agreement with the classification of the
items.

Discussion - Phase 1

In response to the findings of phase I, the authors made
the following changes to the THPQ: (1) new items were
created; (2) the questionnaire’s scale was modified to a
dichotomous scale (1: frequently or always; 2: never or
rarely); (3) item 4, which did not adequately discriminate,
was revised based on the narrative responses of partici-
pants in the pilot study (original THPQ item 4: My child
always follows the same ritual when defecating; THPQ-R
item 4: My child follows an unusual ritual when pooping
which involves actions or places not typically associated
with pooping or with the age of the child).

The large outfit MnSq (2.60) of Item 10 pointed to a
possible degradation of measurement from this item
(Wright and Linacre, 1994). We judged that the item
was a part of the construct and that erratic scoring likely
was the result of lack of clarity of the item. Thus, we
reworded this item to better fit the descriptions of this
behaviour found in the literature and chose to maintain
it in its revised version (THPQ-R item 17; see Table 1) to
reconsider its validity once more data was gathered.
Finally, no ceiling or floor effect was observed.

Phase 2

Once the items of THPQ were revised (THPQ-R) in phase
1, we engaged in phase 2 with the aim of examining the
structural validity of the THPQ-R. We proceeded to col-
lect data from parents of children with FC aged 3—6 years,
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Figure 1. Observed average person measures for categories of THPQ (before collapsing categories) and of THPQ-R (after collapsing

categories).

Note: numbers within the graph represent the score categories for the original (top) and revised (bottom) THPQ. The original THPQ had
five score categories ranging from almost always (1) to never (5); the THPQ-R has two categories: frequently or always (1) and never or
rarely (2). The categories are aligned with the horizontal axis at the point of the observed average person measure in logits. Each row of
categories corresponds to a specific item labelled on the right side of the figure. Top of figure: original THPQ score category distribution
for items; note some item score categories show disorder, and categories are not well distributed. Bottom of figure: THPQ-R, with score
categories now dichotomous; score categories are now well ordered and scores are better distributed.

THPQ: toileting habit profile questionnaire; THPQ-R: THPQ - revised

the targeted population for this tool. This age range was
chosen for two reasons. First, ongoing defecation concerns
become apparent in this age range given that children typ-
ically acquire faecal continence by approximately three
years (Schum et al., 2002). Second, symptoms such as
feeling pain upon defecation or toilet refusal appear to
be more significant during the preschool period, which is
when most FDD develops (Borowitz et al., 1999).

To broaden the characteristics of the sample, we
included the data from the FC group of the THPQ-pilot
study for those items common to both tools. Moreover,
this phase included children with autism, given that cur-
rent literature reports a higher prevalence of FC in chil-
dren with autism than in the typical population (Ibrahim
et al., 2009).

Method - Phase 2

Using Rasch analysis of responses gathered with the
THPQ-R, we examined the structural validity of our
tool. We sought to verify that the changes made following
phase 1 had improved the validity of the questionnaire.

Participants

Participants were parents of children aged 3-6 years with
FC and no other diagnosis (n = 55; three years n =24, four
years n= 16, five years n=7, six years n=_8) and parents
of children aged 3-6 years with FC and autism (n=21;
three years n==6, four years n=7, five years n=0, six
years n=2), identified by parent report of diagnosis.
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Figure 2. Hierarchy of people and items.

Note: The letter groupings on the left side of the map reflect indi-
viduals: c=control or s=subject with constipation. The right side of
the map represents items; the terms are abbreviated item descrip-
tions. The bold and italicized letters along the central line indicate
the following: M: mean; S: 1 standard deviation; T: 2 standard
deviations. Logits for items and persons are shown in the far left
(persons) and far right (items) columns. As can be seen here, the

In this phase, 15 participants were English-speaking and
61 were Spanish-speaking.

Parents of children with organic causes of defecation
issues were excluded. Parents of children with intellectual
disability, neurological conditions or psychiatric disorders
were excluded. Apart from the children with a diagnosis of
autism, children who qualified for their school’s special
needs programme or who had been referred to early inter-
vention programmes were excluded. Participants whose
children had not yet initiated toilet training were also
excluded given that the THPQ-R is concerned with toilet-
ing. Initiation of toilet training was defined as asking the
child to use the potty or toilet at least three times a day
regardless of continence or diaper use.

Parents were recruited through parent support groups
and social media. Paediatric gastroenterologists and occu-
pational therapists were also contacted for recruitment of
parents of children diagnosed with FDD and/or children
with autism. Snowball recruitment was also used.

Measures

Toileting habit profile questionnaire revised (THPQ-R). The
THPQ-R has 17 items organized into two sections: (a)
sensory over-reactivity and (b) sensory under-reactivity
and/or problems in perception. Each item is scored using
a dichotomous scale (1: frequently or always; 2: never or
rarely; see Table 1). All of the items were developed sim-
ultaneously in English and in Spanish following accepted
guidelines for cross-cultural adaptation and validation of
health questionnaires (Ramada-Rodilla et al., 2013).

Probe questions based on Rome IV diagnostic criteria of
FC. The Rome Foundation is a non-profit organization
that supports the creation of scientific data to assist in the
diagnosis and treatment of functional gastrointestinal dis-
orders. Questions based on Rome IV criteria (The Rome
Foundation, 2016) were used to verify a diagnosis of FC.

Data collection procedure

We collected responses using a web-based survey tool
(Qualtrics®; Qualtrics, 2017). Quality control was imple-
mented to identify and exclude multiple entries and incon-
sistent reporting: (1) internet protocol address check; (2)
email invitation only after interested participants con-
tacted the researcher; (3) exclusion of respondents who
were not consistent on Rome Foundation questions that
are repeated or showed other evidence of indiscriminate
responding such as answering opposite responses on
similar questions. Written informed consent was not

original toileting habit profile questionnaire had items clustered
in the easy range. In this instance, control participants subscribed
to only one of the items, while participants identified as having
FC subscribed to many or most of the items. There are no
items in the middle to difficult range, suggesting a need to add
items.
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considered necessary given that participants were 18 years
or older and no identifying data were collected. This study
was approved by the ethics committee of the University of
Newcastle (#H-2017-0079).

Data analysis

The Rasch procedures described for phase 1 were used
again in phase 2.

Results - Phase 2

Initial analyses were conducted with the 17-item version of
the THPQ-R. Iterative analyses indicated that the sensory
under-reactivity / poor perception items appeared to meas-
ure a separate construct. These items (7 =2) were removed
and analyses repeated with a 15-item version. Results for
both sets of analyses are presented below.

Structural validity (THPQ-R; 17 items)

Item correlation. Examination of individual items using
PMC showed positive values for all items (see Table 2).

Rating scale category structure. The scale for each item pro-
gressed as expected (Figure 1). However, a positive
response to item 15 was rare; only three participants indi-
cated that this behaviour was frequent for their child. Such
a rare occurrence may distort the overall score (Linacre,
2018).

Goodness of fit statistics. Examination of fit statistics indi-
cated that THPQ-R items 15, 17, and 11 (see Table 1) had
large outfit MnSq (3.03, 1.94, and 1.79 respectively). The
remaining items showed adequate infit/outfit MnSq (<1.5;
see Table 2).

Construct distribution. Examination of the item hierarchy
showed a relatively even distribution over the linear meas-
ure (—1.88 to 1.65 logits), covering a wider item difficulty
than the THPQ, although more difficult items (>2 logits)
continued to be missing (see Table 2).

Logic of hierarchy. The hierarchy of the items common to
the THPQ-R and the THPQ was very similar, except for
item 7 (item 4 of the THPQ); see Table 1). As expected, the
adjustments made to this item left it in the middle range of
item difficulty. The hierarchy of the new items was as
expected.

PCA. The explained variance was 29.8 %. On the other
hand, the Eigenvalue associated with the first contrast
was 2.27.

Internal reliability (THPQ-R; 17 items)

The person separation index was 1.35 and the calculated
strata was 2.13, the former being below desired values. The
reliability index (similar to Cronbach’s o) was .87.

Given the initial analysis of the 17 items, we chose to
remove THPQ-R item 17 (see Table 1). Because THPQ-R
items 16 and 17 were both designed to reflect sensory
under-reactivity and/or poor perception, a potentially dif-
ferent construct from the first 15 items, we removed both
items and conducted a second analysis.

Structural validity (THPQ-R; 15 items)

Rating scale category structure. Examination of item rating
scale categories showed improvement, with a distance
between categories near or above 1.4 logits for all items
except two (item 12, 1.07; item 14, 1.28). This suggests that
there is clear discrimination between children who display
each behaviour and those who do not.

Goodness of fit statistics. Examination of fit statistics
showed high outfit MnSq values for THPQ-R items 10
(2.12), 11 (2.16), and 15 (3.30). When we examined item
scores for the four most misfitting children, we found
unexpected responses on items 10, 11, and 15. Removal
of these responses resulted in a reduction of outfit, with
revised MnSq outfit values of 0.31 (item 10), 1.88 (item
11), and 0.61 (item 15).

Construct distribution. Examination of the variable map
again showed relatively even distribution of items over
the linear measure and with a wider spread of item diffi-
culty (-2.11 to 1.92 logits).

PCA. After removal of items 16 and 17, total explained
variance was 36.3%, with an Eigenvalue in the first con-
trast of 2.23, indicating that the removal of these items has
improved the evidence for unidimensionality of the
questionnaire.

DIF. The items exhibited no DIF between English and
Spanish participants (p < .05).

Internal reliability (THPQ-R; 15 items)

The person separation index was 1.42 and the calculated
strata were 2.23. The reliability index (similar to
Cronbach’s o) was .89. All values were acceptable and
higher than in the previous analysis.

Discussion - Phase 2

Overall, the THPQ-R shows improved validity over the
THPQ. While the 17 item and the 15 item versions both
had merit, we removed THPQ-R items 16 and 17 for our
final analyses because they appeared to be tapping a sep-
arate construct. In contrast, we kept THPQ-R items 15
and 11 as they were considered theoretically sound and
part of the sensory over-reactivity construct represented
by other items.

Relative to the PCA, the low explained variance could
be a reflection of our small and homogeneous sample. The
relatively low person separation index could also be
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related to the homogeneity of the group. Nonetheless, an
Eigenvalue in the first contrast of < 3 is considered accept-
able. Finally, the reliability index (similar to Cronbach’s o)
was adequate.

Discussion

The purpose of this study was to examine the item
structural and content validity of the THPQ, create the
THPQ-R, and also examine the item structural validity
and internal reliability of this revised tool. Both the
THPQ (Beaudry-Bellefeuille et al., 2016) and the current
revision, the THPQ-R, were designed as caregiver ques-
tionnaires to identify atypical defecation habits potentially
related to sensory reactivity issues. The construct of sen-
sory reactivity is well established (Ayres & Tickle, 1980;
Dunn, 2014; Parham and Ecker, 2007; Su and Parham,
2014) and the use of caregiver questionnaires has
become an accepted way to document its presence.
However, available tools do not address issues with toilet-
ing, a crucial childhood occupation.

Directed content analysis and examination of item
spread and hierarchy led us to develop additional items
to better reflect the range of challenging defecation behav-
iours encountered in children with FDD. Examination of
item structural validity of the THPQ-R using Rasch ana-
lysis identified items that needed to be reconsidered as they
appeared to diverge from our goal of creating an instru-
ment designed to measure different levels of ability along a
single construct.

Examination of THPQ-R item 15 yielded a very large
outfit MnSq (3.30), likely related to the fact that this
behaviour is very difficult to observe. The relative rarity
of individuals subscribing to this item seemed to cause
distortion at the extremes of the measurement scale
(Linacre, 2018). Data from two other items (THPQ-R
item 10 and THPQ-R item 11) failed to conform to the
expectations of the Rasch model, with outfit MnSq values
above the accepted values. However, because we con-
sidered these items to be part of the construct, we exam-
ined individual person responses for evidence that a small
number of participants were responsible for the failure to
fit. Using the process suggested by Boone et al. (2013) for
test development phases, we identified and removed indi-
vidual person responses on these items which were the
most misfitting. This approach brought the MnSq values
to acceptable levels, supporting continued inclusion of
these items. There did not appear to be a common pattern
among the respondents who had the most misfitting
responses.

We removed two items (THPQ-R items 16 and 17)
from the analysis, representing the totality of the under-
reactivity and/or poor perception section; in retrospect we
recognized that they were measuring a separate construct.
While sensory over- and under-reactivity are often pre-
sented as a continuum along a single construct, there is
no clear data supporting this conceptualization. In this
study, we considered the large misfit on item 17 to indicate

that the item is measuring a different problem, violating
the principle of unidimensionality of the Rasch model.
Although item 16 showed adequate fit statistics, clinical
experience shows that the sensory under-reactivity / poor
perception items are more difficult for parents to respond
to; many parents appear to confound behavioural issues
with sensory issues when responding to these items. For
example, children will often deny they have soiled, appar-
ently to avoid being scolded. Similarly, when asked if they
need to defecate, many deny the urge in order to avoid
being forced to sit on the toilet, a situation which many
children with FDD seem to fear. Furthermore, it is well
recognized that chronic stool retention leads to a reduced
perception of the urge to defecate (Gladman et al., 2006),
although initially over-reactivity to defecation may have
been the cause of stool retention. Accordingly, we
removed both items 16 and 17 and the analysis showed
improved evidence of internal reliability and
unidimensionality.

In considering the construct of sensory under-reactivity
and/or poor perception related to defecation, we endeav-
oured to identify additional items using clinical observa-
tion and two literature reviews (Beaudry-Bellefeuille et al.,
2017, in press). We were unable to define additional items
that could adequately measure these issues. However,
when behaviours such as those defined by THPQ-R
items 16 and 17 are identified, they are clinically import-
ant. As such, we have maintained these items as part of the
THPQ-R and recommend that they be used to provide
clinical insight into sensory reactivity concerns.
However, as we look to developing this tool further, we
will not include scores on these two items in a THPQ-R
total score. With all items on the THPQ-R we also recom-
mend that parents be interviewed to check for a potential
relationship with sensory issues; in the absence of sensory
over-reactivity, behaviours reflected in items THPQ-R 16
and 17 may provide useful insight into possible sensory
under-reactivity / poor perception issues. Thus, at present
the THPQ-R cannot be used to clearly identify sensory
under-reactivity and/or poor perception and its relation-
ship to challenging defecation behaviour. This is some-
thing to consider in future work.

All remaining items (1-15) on the THPQ-R, designed
to measure sensory over-reactivity, proved to be effective
for productive measurement. These findings, and the
development of the THPQ-R, build on previous work
documenting the THPQ’s ability to identify children
with sensory over-reactivity and FC (Beaudry-Bellefeuille
and Lane, 2017). Understanding underlying sensory issues
related to difficulties participating in healthy age-appro-
priate defecation routines may lead to better treatment
programmes. In order to fully implement evidenced-
based practice, occupational therapists need assessments
that accurately identify and characterize clients’ challenges
(Schaaf, 2015). Furthermore, as our profession strives to
produce rigorous effectiveness studies, ensuring that the
intervention under examination is appropriate for the par-
ticipant is of key importance. Failure to characterize
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participants adequately produces research results that lack
generalizability and meaning (Pfeiffer et al., 2018).

Limitations and future research

Participants in this study represented a small and homoge-
neous group of children with a single type (FC) of FDD.
Further research is needed to determine if findings may be
generalized to youngerand/or older children with other types
of FDD. A less homogeneous sample is especially needed to
explore the explained and unexplained variance, in order to
better understand the unidimensional nature of the con-
struct. The homogenous sample may also be one factor con-
tributing to the poor performance of the sensory under-
responsive items. Language homogeneity, with Spanish-
speaking participants making up over 80% of the sample,
must also be considered relative to our finding that items
exhibited no DIF between English and Spanish participants.
A strength in our findings was a similarity in the means of
both groups; however, a more culturally diverse sample is
needed to better understand differential item functioning.

Future research is needed to strengthen the overall val-
idity of the THPQ-R for identifying defecation behaviours
related to sensory reactivity issues. Finally, criterion val-
idity as well as other aspects of construct validity, such as
hypothesis testing and cross-cultural validity, also need to
be explored. This study is in fact part of a larger inter-
national study which will yield data using other defecation
behaviour tools as well as information relative to sensory
issues in order to examine relationships with the informa-
tion collected using the THPQ-R.

Conclusion

The THPQ-R is a caregiver questionnaire designed to
identify challenging defecation behaviours potentially
related to sensory issues. The 15 items designed to identify
sensory over-reactivity were found to be adequate for
measurement. The two items proposed for measurement
of sensory under-reactivity and/or perception issues
appear to reflect a separate construct; we recommend
they be used as a source of complementary clinical infor-
mation but not as part of the total score.

Key findings

e Caregiver report of behaviour using the toileting habit
profile questionnaire-revised (THPQ-R) appears to
adequately capture challenging defecation behaviours
related to sensory over-reactivity.

e Identifying challenging defecation behaviours related to
sensory under-reactivity and/or perception issues based
exclusively on caregiver report of behaviour using the
THPQ-R is not recommended.

What the study has added

This study has provided some evidence of the content
and construct validity of the THPQ-R.
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