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Abstract: Background: Abdominal pain is a common and often debilitating issue for children and
adolescents. In many cases, it is not caused by a specific somatic condition but rather emerges from a
complex interplay of bio-psycho-social factors, leading to functional abdominal pain (FAP). Given
the complex nature of FAP, understanding its origins and how to effectively manage this condition is
crucial. Until now, however, no questionnaire exists that targets knowledge in this specific domain. To
address this, the Abdominal Pain Knowledge Questionnaire (A-PKQ) was developed. Methods: Two
versions were created (one for children and one for parents) and tested in four gastroenterology clinics
and one specialized pain clinic in Germany between November 2021 and February 2024. Children
between 8 and 17 years of age (N = 128) and their accompanying parents (N = 131) participated in the
study. Rasch analysis was used to test the performance of both versions of the questionnaire. Results:
The original questionnaires exhibited good model and item fit. Subsequently, both questionnaires
were refined to improve usability, resulting in final versions containing 10 items each. These final
versions also demonstrated good model and item fit, with items assessing a variety of relevant
domains. Conclusion: The A-PKQ is an important contribution to improving assessment in clinical
trials focused on pediatric functional abdominal pain.

Keywords: functional abdominal pain; irritable bowel syndrome; knowledge; pediatric; parent; rasch
analysis; item fit; bio-psycho-social; questionnaire; validation

1. Introduction

Abdominal pain is one of the most common health conditions that children and ado-
lescents experience. Younger children often experience acute abdominal pain—abdominal
pain during everyday situations such as hunger, gas, or the urge to use the bathroom [1].

In many cases, however, abdominal pain does not occur acutely. In Western countries,
up to 26% of children and adolescents are afflicted by recurrent abdominal pain [2,3].
When abdominal pain arises, many children and their parents suspect organic causes.
However, it often originates from dysfunctional communication between the brain and
gut [4]. This disruption in the gut–brain axis characterizes functional abdominal pain
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(FAP) [5,6]. FAP arises from a complex interplay of biological, social, and psychological
factors and often significantly impairs the perceived quality of life of affected children and
their parents [7,8]. The ROME IV diagnostic criteria define four subtypes of FAP: functional
dyspepsia, abdominal migraine, irritable bowel syndrome, and functional abdominal pain
not otherwise specified [9]. Importantly, FAP is diagnosed through exclusion, meaning that
it is identified when other somatic conditions have been ruled out by a practitioner [10,11].

Understanding the origin of abdominal pain can be challenging for affected families,
as it is not purely somatic [12]. Rather, a complex interplay of bio-psycho-social factors
often triggers, exacerbates, and perpetuates this condition [13,14]. Children, for example,
face a higher risk of developing FAP following a bacterial infection in the gastrointestinal
tract [15,16]. Moreover, anxious children and those with behavioral problems are more
often affected by FAP, as are those with anxious parents [17–19]. Addressing anxiety
and psychological distress is crucial in treating FAP [20]. Unlike organic abdominal pain
conditions, where rest is often the best treatment, customized activity is the best way to
manage FAP and alleviate its symptoms [21,22].

As with many medical conditions, it is important to understand both the origins and
sustaining factors of one’s condition and how to manage it effectively. Research in other
areas of pain management has shown the significance of pain education in improving
self-efficacy and management outcomes [23,24]. Knowledge plays a pivotal role in effective
healthcare and is fundamental to Cognitive Behavioral Therapy (CBT), the recommended
treatment for FAP [25,26].

There are existing questionnaires that assess patients’ knowledge about pain, primarily
focusing on musculoskeletal pain in adults [27–29]. These questionnaires provide valuable
tools to assess knowledge in these specific domains and examine variations in patients’
understanding of their condition. Utilizing a knowledge questionnaire is economical and
easily manageable for patients, practitioners, and researchers. Patients need to invest
only a reasonable amount of time, typically around their doctor’s visit [30]. Practitioners
gain insights into their patients’ pre-existing knowledge, enabling them to build on this
foundation and address gaps. Despite the importance of assessing knowledge in clinical
and educational interventions, questionnaires assessing knowledge about pain for children
and adolescents are rare. To our knowledge, no questionnaire exists that specifically
tests the knowledge of children, adolescents, and their parents regarding abdominal pain,
functional abdominal pain, and its proper management.

In this study, we developed the Abdominal Pain Knowledge Questionnaire (A-PKQ)
to assess the knowledge of patients and their parents about (functional) abdominal pain
((F)AP). We aimed to test the performance of newly developed items and determine whether
they were model-compliant or needed to be excluded before finalizing the questionnaire.
Items were also examined for redundancy and shortened if necessary. The questions were
designed with varying levels of difficulty to ensure an even distribution of performance
among patients and parents with different levels of knowledge.

2. Materials and Methods
2.1. Study Design

The Abdominal Pain Knowledge Questionnaire (A-PKQ) was created as part of the
project “Knowledge empowers! Empowerment of parent and child with functional ab-
dominal pain”. A cornerstone of this project was the development of an educational
website. The site comprehensively covers (1) general knowledge about the gastrointestinal
tract, (2) abdominal pain, (3) functional abdominal pain, and (4) effective management of
(F)AP, tailoring information to children, adolescents, and their parents. These areas were
carefully chosen and refined based on recommendations from an expert committee. This
committee included four pediatric gastroenterologists (T.B., J.B., M.C., and S.B.), healthcare
professionals from the German Paediatric Pain Centre, an employee of a health insurance
company (C.V.), and most importantly, children affected by FAP (N = 14) and their parents
(N = 12). Two versions of the A-PKQ reflecting these domains were created to assess the



Children 2024, 11, 846 3 of 18

knowledge of children and their parents regarding (F)AP and its proper management. Data
for questionnaire validation was collected at a single measurement point.

2.2. Sample

In total, N = 128 children and adolescents (60.2% female; Mage = 12.8, SD = 2.50)
participated in our study. They answered an average of 18.9 (SD = 3.93) items out of the
20 in the questionnaire. The final analysis sample included N = 125 children and adolescents
(61.6% female; Mage = 12.9, SD = 2.52) who answered at least two items of the A-PKQ,
which was crucial for our analysis. Among the corresponding parents, N = 131 (80.5%
female; Mage = 43.8, SD = 6.53) participated, answering an average of 17.0 (SD = 3.86) out
of 18 items. A total of N = 128 parents (80.5% female; Mage = 43.8, SD = 6.53) were included
in the analysis.

2.3. Development of the A-PKQ

Two versions of the A-PKQ were developed based on the content of our educational
website, which covered (1) general knowledge about the gastrointestinal tract, (2) abdomi-
nal pain, (3) functional abdominal pain, and (4) effective management of (F)AP. For a brief
overview, see Tables 1 and 2; for the complete parent and child versions, see Supplementary
Materials in Tables S1–S4. Questions regarding the gastrointestinal tract were included only
in the child version, based on the assumption that parents already have basic knowledge
of digestion and defecation and should not be made to feel that they are being tested on
common knowledge. For children and adolescents, five questions were developed for
each of the four website domains. Thus, the child version comprised twenty knowledge
questions. For the parent version, six knowledge questions were developed for each of
the three domains (abdominal pain, functional abdominal pain, and handling of (F)AP),
resulting in 18 questions in total. The A-PKQ is designed to be engaging for both children
and parents to prevent participants from losing interest in completing it or becoming
distracted [31]. Questions in the child version were designed to be easily understood by
younger children and were, therefore, also expected to be easily comprehensible for older
patients as well. Instructions specified that if younger patients had difficulties with reading,
parents were allowed to help with reading but were advised to refrain from giving hints
about the correct answers.

Table 1. Short description of A-PKQ child version items.

Short Item
Description

Short Item
Description

Gastrointestinal Tract Functional Abdominal Pain

gurgle Origin of belly gurgling due to food
processing answer

Malfunctioning in the gut–brain
signaling in functional abdominal

pain (FAP)

stool color Discoloration in the stool due to
colored food influence Influencing factors for FAP

stool form Normal variations in stool form and
-consistency limitation FAP as an exclusion diagnosis

stress Development of abdominal pain due
to emotional stress and full schedule soccer Importance of distraction in FAP

statement Alterations in the gastrointestinal
tract due to emotions medication Lack of effectiveness of pain

medication in FAP

Abdominal Pain Handling FAP

perception Abdominal pain perception due to
gut–brain interaction help Advantages of talking to parents

about FAP
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Table 1. Cont.

Short Item
Description

Short Item
Description

doctor
Importance of the doctor’s

consultation to find the origin of
abdominal pain

nutrition Importance of a balanced diet in FAP

types Acute and chronic pain types warmth Lack of lasting effectiveness of a hot
water bottle in FAP

obstipation Typical manifestation of obstipation sleep Positive mindset before sleep

food poisoning Typical manifestation of
food poisoning distraction Importance of distraction in FAP for

the brain

Table 2. Short description of A-PKQ Parent Version items.

Short Item
Description

Short Item
Description

Abdominal Pain Functional Abdominal Pain
Management

ap development
Abdominal pain due to various
structural and functional causes

in the gastrointestinal tract
nutrition rules Importance of a balanced

diet in FAP

children ap Abdominal pain causes in
young children occurrence Checking potential causes of

abdominal pain with a doctor

gastro pain Handling of
gastrointestinal infection fap daily Normal daily routine

helps with FAP

recurrent Development of recurrent
abdominal pain help fap Importance of

distraction in FAP

intolerance Fructose- and
Lactose intolerance move Physical activity

improves FAP symptoms

morbus colitis Chronic inflammatory
bowel diseases relaxation Planned breaks are good but

activity is just as important

Functional Abdominal Pain

fap Gut–brain communication due
to FAP

irritable bowel Types of FAP like irritable
bowel syndrome

fap influence Influencing factors for FAP

microbiome Role of the microbiome in FAP

ap origin Association between stress or
negative emotions and FAP

change fap
Drawing attention to the belly

increases abdominal
pain in FAP

2.4. Study Procedure

Patients and their parents were recruited as convenience samples at four pediatric
gastroenterology clinics (Vestische Kinder- und Jugendklinik, 45711 Datteln, Germany;
Klinikum Bremen Mitte, Eltern-Kind-Zentrum—Prof. Hess Kinderklinik, 28205 Bremen,
Germany; Klinikum Dortmund, 44137 Dortmund, Germany; St. Marienhospital Bonn,
53115 Bonn, Germany) and one specialized pediatric pain clinic (German Paediatric Pain
Centre, 45711 Datteln, Germany) in Germany. Recruitment at the four gastroenterology
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clinics took place between November 2021 and April 2022 (children: N = 42, parents:
N = 48), and at the pain clinic between July 2022 and February 2024 (children: N = 86,
parents: N = 83). All patients between 8 and 17 years of age presenting with abdominal
pain and their parents were eligible. If one of these parameters was not fulfilled, patients
could not be included in the study. Before appointments, clinic employees scanned the
scheduled participants for eligible patients presenting with abdominal pain. Upon arrival
at the clinic reception desk, eligible participants and their parents were informed about
the questionnaire and asked individually for their interest in participating. Inclusion
required that patients and parents provide assent and informed consent, respectively. Data
collection took place immediately before their appointment. No incentives were given
for participation. Refusals of study participation were mostly caused by time issues; not
all patients arrived on time for their appointments, resulting in insufficient time for data
collection. To avoid disrupting the clinic’s schedule, these families were not recruited.
Participation in the study was only occasionally refused without a clear reason. Refusal
reasons and incidence are not assessed systematically in this manuscript. Questionnaires
were provided digitally on tablets. Besides the A-PKQ, the survey included demographics
and questions about parental pain (“Do you have chronic pain, i.e., pain that has been
recurring or persistent for at least 3 months?”; 0 = no, 1 = yes), as it was hypothesized that
personal pain experiences might impact specific knowledge about abdominal pain. The
knowledge questions were single-choice with four response options. The correct answers
were not disclosed to the participants.

Ethics approval for the project was granted by the committee of Witten/Herdecke Univer-
sity (reference number 185/2020). Additional endorsements were obtained from the medical
chamber of Bremen (application number 743), the Ethics Committee of the Medical Asso-
ciation of Westphalia-Lippe and Westfälische Wilhelms University of Münster (file number
2020-852-b-S), and the Medical Association of North Rhine (serial number: 2021140).

2.5. Statistical Analysis

Questionnaires were evaluated separately for patients and their parents. For the anal-
ysis, responses were coded binarily (1 = correct answer, 0 = wrong answer). In the present
study, multiple-choice items were used, for which a three-parameter logistic (3PL) model is
recommended in item response theory (IRT) [32]. However, model comparisons revealed
no significant differences favoring a 2PL or 3PL model over a 1PL (i.e., Rasch) model.
Therefore, Rasch modeling was used to evaluate the questions. In contrast to Classical Test
Theory (CTT), which uses an underlying scaling model and relies on internal consistency
checks, the probabilistic Rasch approach arranges items hierarchically (vertical scaling),
calculating the probability of a correct response based on participant ability (estimated
latent trait variable) and item difficulty [33]. Importantly, in IRT, item parameters remain
constant when estimated in different samples (item invariance). Conditional maximum
likelihood (CML) estimation was used to fit the Rasch model to the data. This approach
tests the observed data against the dichotomous Rasch model to determine if the data
conform to the model. Items fitting the Rasch model are expected to be consistent across dif-
ferent study populations. Misfit indices (infit and outfit) identify unexpected item residuals
across participant responses. The chi-square statistic, normalized by degrees of freedom
and reported as the mean-square statistic (MSQ), is used for evaluating item and person
fit. An MSQ value of 1 indicates an ideal fit, while values between 0.5 and 1.5 are deemed
acceptable for our sample size [34]. Values greater than 1 indicate items are less predictable
by the model (i.e., underfitting), while values less than 1 indicate items are more predictable
(i.e., overfitting). Infit and outfit statistics measure the discrepancies between expected
and observed performance. Infit statistics are more sensitive to unexpected responses
specific to the person (e.g., responses from idiosyncratic groups), whereas outfit statistics
are more sensitive to outliers—significant discrepancies between item difficulty and a
person’s ability (e.g., correct answers hit by chance). Moreover, person fit was assessed
to determine if individual response patterns conform to the model, using standardized
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t-statistics ranging between 1.9 and −1.9 for reasonable predictability [35]. Andersen’s
Likelihood Ratio Test (LRT) is utilized to confirm model fit with the data [36]. For this,
data are split into two groups and tested for equality of item parameters. For the child
version, data were split by gender; parent data was split by age using a median split at
44 years to accommodate its unbalanced gender distribution [37]. Parent data were also
divided by chronic pain status to evaluate item parameters across groups (no chronic
pain = 0, chronic pain = 1). Given the wide age range of child participants (8–17 years), ac-
quired knowledge could vary significantly, especially since younger participants might have
had challenges reading or understanding the questions. Thus, performance in older (≥13)
and younger (<13) subsamples was investigated more closely. Moreover, the performance of
each item was tested and evaluated using the Wald test to detect potential differential item
functioning (DIF)—different item response patterns within subgroups despite them having
the same ability level, like in the LRT [38]. Considering all the collected data, the A-PKQ
was refined to retain the best-fitting items and remove those that did not fit the Rasch model
or were redundant.

In addition to the formal evaluation of the questionnaire, feedback from patients and
parents was collected informally through close communication with the staff conduct-
ing the study. Given that the questionnaire was newly designed, these verbal impres-
sions provided valuable supplementary insights. However, due to the informal nature
of this feedback, it is not presented as part of the formal results of this work. Nonethe-
less, the influence of this feedback on adjustments to the questionnaires is clearly stated
in the results.

Descriptive statistics and the Rasch Model analyses were conducted using R and
RStudio (Version 4.1.1; [39,40]). For the Rasch analyses, the eRm (version 1.0.2) package
was used [41,42].

3. Results
3.1. Demographics and Descriptives

In total, N = 125 children and adolescents were included in the analysis, all of whom
were born in Germany. All age-relevant German school types were represented (primary
school: Grundschule = 5.5%; secondary school: Gymnasium = 31.2%; Gesamtschule = 16.4%;
Realschule = 10.9%; Hauptschule = 10.2%; Förderschule = 9.4%; other = 16.4%). Among the
parents that were included in the analysis (N = 128), 84.1% were born in Germany. Most
parents were married to the birth parent of the child (69.2%), 10.5% were married to a new
life partner, 10.5% were single, and 9.8% were in other types of relationships. Chronic pain
was present in 38.3% of parents. Of all parents, 16.5% reported chronic back pain, 15.0%
chronic headaches, 9.0% chronic leg pain, 6.8% chronic abdominal pain, 5.3% chronic arm
pain, and 4.5% other types of chronic pain.

3.2. Rasch Analysis Child Version
3.2.1. Model Fit A-PKQ Child Version

The assumptions of unidimensionality and overall monotonicity were met. Mean-square
statistics verified the compatibility of the items with the underlying Rasch model. Working
with the cut-off values between 0.5 and 1.5 recommended by Wright and Linacre [34], only the
item ‘warmth’ was not productive for measurement (Table 3). Testing for person-fit revealed
five participants with unpredictable data [35]. Due to this small number representing < 5% of
the sample, no adaptations were required by removing these participants.

The overall fit of the data to the Rasch model was investigated using Andersen’s
LRT. For this, the data were split by gender to test the assumption that item parameters
for each group are equivalent. Andersen’s LRT result was non-significant, meaning that
item difficulties were similar across the two groups and fit the model well (χ2 (19) = 16.03,
p = 0.656). A supporting graphical model is depicted in Figure 1, showing the model fit of
item difficulties for girls and boys. Upon closer visual inspection of the graph, it appears
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that item 9 (‘distraction’) was more challenging for boys than for girls, as indicated by the
confidence interval circle not intersecting the line denoting good fit.

Table 3. Mean-square fit statistics for all items in the A-PKQ child version.

Outfit
(MSQ) 1

Infit
(MSQ)

Outfit
(MSQ)

Infit
(MSQ)

Gastrointestinal tract Functional Abdominal Pain

gurgle 0.78 0.94 answer 0.76 0.95

stool color 0.58 0.88 influence 1.10 1.10

stool form 0.76 0.86 limitation 0.92 0.96

stress 0.94 0.96 soccer 0.98 0.97

statement 1.10 1.11 medication 0.92 0.95

Abdominal Pain Handling FAP

perception 0.93 1.00 help 1.01 1.01

doctor 1.26 1.07 nutrition 0.68 0.88

types 0.89 0.93 warmth 1.98 * 1.06

obstipation 1.19 1.05 sleep 0.73 0.91

food poisoning 0.83 0.94 distraction 0.83 0.94

* Items that exceeded the cut-off for item fit (0.5–1.5). 1 Mean-square fit statistics: measure the extent of distortion
of the measuring system (1.0 is the expected value).
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Figure 1. Visualization of Andersen’s Likelihood-Ratio Test (LRT) with a sample split by gender. On
the x-axis, item parameters for boys are displayed, while the y-axis presents item parameters for girls.
Zero indicates average difficulty, with items below zero being easier and those above being more
difficult. The diagonal indicates parameter equality for girls and boys. Circles around items show
confidence intervals (CI). CI’s overlapping with the diagonal indicate well-fitting items with high
probabilities of parameter equality across groups. Notably, item 9 (‘distraction’) is significantly easier
for girls than for boys.
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The Wald test was applied to test the fit of individual items to the model. Like the
LRT test, this involved splitting the sample by gender. The results showed that samples
differed significantly in terms of ‘distraction’ item difficulty (z = −2.19, p = 0.028), which
was answered correctly more often by girls (see Table 4). This finding indicates the presence
of DIF for the item ‘distraction’, meaning that girls and boys of similar ability responded
differently to this particular item.

Table 4. Wald test results for item difficulty by gender and age.

Gender Age

z-Statistic p-Value z-Statistic p-Value

Gastrointestinal tract

gurgle −0.51 0.613 2.58 * 0.010 *

stool color −1.17 0.242 0.29 0.769

stool form −0.23 0.817 −0.70 0.485

stress −0.53 0.598 −1.10 0.273

statement 0.40 0.691 −0.91 0.366

Abdominal Pain

perception 0.03 0.976 0.02 0.988

doctor 0.25 0.802 0.62 0.539

types 1.66 0.097 −1.54 0.124

obstipation 0.61 0.543 0.39 0.702

food poisoning −0.63 0.527 −2.16 * 0.031 *

Functional Abdominal Pain

answer 0.36 0.718 0.23 0.818

influence 0.12 0.914 −1.08 0.279

limitation −1.23 0.219 1.22 0.224

soccer −0.08 0.938 2.24 * 0.025 *

medication −0.06 0.949 −0.76 0.449

Handling FAP

help 0.77 0.440 2.18 * 0.030 *

nutrition 0.42 0.678 1.44 0.149

warmth 1.80 0.071 −1.40 0.161

sleep 0.88 0.381 0.78 0.434

distraction −2.19 * 0.028 * −0.56 0.576

Negative values indicate that the item is easier for girls compared to boys or for older compared to younger
patients. * Statistically significant difference in item difficulty between the two groups, and thus a divergence
from the model (p < 0.05).

The examination of model fit was extended to compare overall model performance
across two age groups (findings visualized in Figure S1). Andersen’s LRT was significant
(χ2 (19) = 34.67, p = 0.015), indicating that item difficulties significantly differed between
younger and older patients. The Wald test revealed DIF for the items ‘help’ (z = 2.18,
p = 0.030), ‘gurgle’ (z = 2.58, p = 0.010), ‘food poisoning’ (z = −2.16, p = 0.031), and ‘soccer’
(z = 2.24, p = 0.025). Results indicated that younger patients generally answered these items
correctly more often than older patients, except for the item ‘food poisoning’.
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3.2.2. Item Difficulty Analysis Child Version

Item characteristic curves (ICC) were calculated for each item of the version for chil-
dren and adolescents (Figure 2). These represent the relationship between the probability of
answering an item correctly and the ability of the patient. For example, a participant with
an ability parameter of 2 (x-axis) has approximately a 100% probability (y-axis) of solving
the easiest items (e.g., ‘stool form’, ‘stress’) and a probability of around 25% of correctly
answering the most difficult item, ‘warmth’. Visual inspection of the ICCs reveals that the
items tend to be relatively easier than difficult, as indicated by the inflection points falling
below zero on the x-axis.
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Moreover, person-item maps were generated to illustrate the distribution of item dif-
ficulties relative to the abilities of all participants (Figure S2). Ideally, items should be dis-
tributed across the entire scale so that the range of participants’ abilities is matched to all 
item difficulty levels. The person-item map displays that several items are visually close 
to each other, indicating similar difficulty (Figure S2). Such clustering suggests that keep-
ing all of these similar items in the questionnaire could lead to redundancy.  
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Figure 2. Item characteristic curve for the A-PKQ child version. The ICCs demonstrate the probability
of answering an item correctly (y-axis) based on the person’s ability (x-axis). Negative values on the
x-axis indicate lower ability, while positive values indicate higher ability. The difficulty of each item
in the child A-PKQ is depicted in an individual ICC. Item names and colors are listed in the legend.

Moreover, person-item maps were generated to illustrate the distribution of item
difficulties relative to the abilities of all participants (Figure S2). Ideally, items should be
distributed across the entire scale so that the range of participants’ abilities is matched to all
item difficulty levels. The person-item map displays that several items are visually close to
each other, indicating similar difficulty (Figure S2). Such clustering suggests that keeping
all of these similar items in the questionnaire could lead to redundancy.

3.2.3. Modifying the A-PKQ Child Version

The Wald test revealed DIF for several items: ‘distraction’ showed differing levels
of difficulty between girls and boys, while ‘gurgle’, ‘food poisoning’, ‘help’, and ‘soccer’
varied between younger and older patients. Consequently, these items were removed from
the questionnaire. Additionally, the item ‘warmth’ was excluded due to its mean-squared
fit statistics not meeting the predefined cut-off. Further analysis showed that several
items had similar difficulty levels. As the length of the questionnaire was burdensome
for many participants—especially younger patients, as reported by parents and study
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staff—the number of items was reduced while maintaining a variety of item difficulties.
To minimize redundancy, ‘perception’ was removed from the questionnaire in favor of
‘answer’; ‘influence’ and ‘obstipation’ were removed in favor of ‘limitation’; and ‘stress’
was removed in favor of ‘stool form’.

The following analysis of the remaining 10 items (Figure 3) showed that overall, the
questionnaire still fit the underlying Rasch model when contrasting girls and boys (χ2 (9) = 6.80,
p = 0.658).
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Figure 3. Person-item map of the final version of the child A-PKQ items. The x-axis denotes item
difficulty and is adjusted to the range of individual abilities (−2 to 2). Five items are positioned
below zero on the x-axis, indicating that patients with lower abilities also have a higher probability of
solving this item correctly compared to items above zero. Two items are located around zero and are
therefore suitable to identify patients with average ability. Three items are located above zero and are
more likely to be answered correctly by patients with higher ability compared to patients with lower
ability. The person parameter distribution reveals that the sample had generally high patient ability.
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Also, model performance in the two age groups did not differ significantly
(χ2 (9) = 9.22, p = 0.417). The Wald test showed no significant differences in item dif-
ficulties when comparing gender or age groups, confirming that no items exhibited DIF
(Table S5). Infit and outfit statistics for all items were within the acceptable range of 0.5 and
1.5 (Table S6), and only three participants had misfitting responses. The final version of the
child questionnaire covers a broad range of personal characteristics while minimizing the
number of items. The person parameter distribution indicates that the sample had generally
high ability (see Figure 3). The refined questionnaire consisted of ten items, five of which
are easier (more likely to be answered correctly by patients with lower abilities, compared to
items above zero), two are of moderate difficulty (suitable to identify patients with average
abilities), and three are more difficult (aimed at those with higher abilities). The content
includes three questions related to the ‘gastrointestinal tract’, two on ‘abdominal pain’,
three on ‘functional abdominal pain’, and two focused on ‘abdominal pain management’.

3.3. Rasch Analysis Parent Version
3.3.1. Model Fit A-PKQ Parent Version

The assumptions of unidimensionality and overall monotonicity were met. To test
whether data conform to the underlying Rasch model, fit statistics were calculated using cut-
off values for infit and outfit mean-squared statistics between 0.5 and 1.5, as recommended
by Wright and Linacre [34]. The items ‘relaxation’ and ‘morbus colitis’ exceeded these
defined cut-offs according to the outfit statistics (see Table 5). The examination of person-
fit revealed that only four participants did not align with the model. Due to the small
proportion of poorly fitting participants (<5%), it was not necessary to remove them from
the analysis.

Table 5. Mean-square fit statistics for all items in the A-PKQ parent version.

Outfit
(MSQ) 1

Infit
(MSQ)

Outfit
(MSQ)

Infit
(MSQ)

Abdominal Pain Functional Abdominal Pain Management

ap development 1.06 0.91 nutrition rules 0.66 0.92

children ap 1.03 0.90 occurrence 1.29 1.24

gastro pain 1.06 0.93 fap daily 0.80 0.97

recurrent 1.31 1.20 help fap 0.82 0.86

intolerance 1.10 1.02 move 0.80 0.83

morbus colitis 0.49 * 0.84 relaxation 0.49 * 0.86

Functional Abdominal Pain

fap 0.91 0.95

irritable bowel 1.05 1.03

fap influence 1.01 1.00

microbiome 1.10 1.19

ap origin 0.59 0.81

change fap 0.79 0.84

* Items that exceeded the cut-off for item fit (0.5–1.5). 1 Mean-square fit statistics: measure the extent of distortion
of the measuring system (1.0 is the expected value).

Andersen’s LRT was conducted to assess the overall fit of the data to the Rasch
model. Given the differing proportions of mothers and fathers in the sample, it was not
meaningful to test the equality of item parameters between these groups. Instead, parents
were divided into two age groups using the median age of 44 years. Furthermore, due to
the high number of parents with chronic pain, item parameter equality was also tested
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between parents experiencing chronic pain and those without. Andersen’s LRT indicated
no significant differences in item difficulties between both age groups and chronic pain
groups, suggesting a good fit with the model (age groups: χ2 (17) = 8.87, p = 0.944; pain
groups: χ2 (17) = 14.56, p = 0.627). Graphical checks of model fit were also conducted using
the distribution of item difficulties across age and pain groups (Supplementary Materials,
Figures S3 and S4). All items were non-DIF, meaning that regardless of age group or pain
group, participants of similar ability had equivalent probabilities of answering an item
correctly. Item difficulties were further tested in the binary age and chronic pain groups
using the Wald test. No statistically significant differences were found, and all items were
non-DIF (Supplementary Materials, Table S7).

3.3.2. Item Difficulty Analysis Parent Version

For each item, an ICC assessed each item’s difficulty based on a person’s ability level
(Figure 4).
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Figure 4. Item characteristic curve of A-PKQ Parent version. The ICCs demonstrate the probability
of answering the item correctly (y-axis) given the person’s ability (x-axis). Negative values on the
x-axis indicate lower ability, while positive values indicate higher ability. The difficulty of each item
of the parent A-PKQ is represented by an individual ICC. The item names and colors are listed in the
legend. For the overlapping items ‘children ap’ and ‘gastro pain’, item names are sequentially listed
in the legend, with the color of ‘children ap’ prominently displayed.

Like the child version of the A-PKQ, most items in the parent version were easier
to answer. The easiest item was ‘relaxation’, while ‘recurrent’ was the most difficult.
Person-item maps displayed the full range of item difficulties across participants’ abilities
(Figure S5). Again, several items were similarly difficult. Despite removing two items that
did not contribute to the model, several other items produced redundancy.

3.3.3. Modifying the A-PKQ Parent Version

First, the two items, ‘relaxation’ and ‘morbus colitis’, were removed from the ques-
tionnaire because they did not fit the model well. Parents found the questionnaire too
long, so it was shortened to ten items for practicability in clinical settings. The items ‘ap
origin’, ‘fap influence’, ‘gastro pain’, ‘ap development’, and ‘irritable bowel’ were removed
for redundancy, while ‘nutrition rules’ was removed for being too easy. We ensured the
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final questionnaire covered a broad range of items of varying difficulty for respondents of
different abilities.

The final parent version of the A-PKQ fit the underlying model well (age groups:
χ2 (9) = 3.86, p = 0.911; pain groups: χ2 (9) = 10.61, p = 0.303). All items were non-DIF,
indicating uniform difficulty across the age and chronic pain subgroups, as confirmed by
the Wald test (Supplementary Materials, Table S8). Infit and outfit statistics fell within the
recommended cut-off values (Supplementary Materials, Table S9). Only one participant
did not fit the model, but there was no need to remove him from the sample. Moreover,
the questions were well-distributed across the person parameter distribution, with four
questions likely to be answered correctly by parents with lower abilities compared to more
difficult questions and six questions more likely to be answered correctly by parents with
higher abilities compared to parents with lower abilities (Figure 5). The final version of
the parent A-PKQ contained three questions on ‘abdominal pain’, three on ‘functional
abdominal pain’, and four on ‘abdominal pain management’.
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4. Discussion

The current study investigated the performance of the newly developed Abdomi-
nal Pain Knowledge Questionnaire (A-PKQ). While some multidimensional instruments
for pain assessment in children and adolescents exist [43–45], knowledge is not typically
included in these assessments. Two versions of the A-PKQ were created, one for chil-
dren and adolescents (8–17 years of age) and another for parents. Both questionnaires
were based on the domains of a new website about (functional) abdominal pain ((F)AP)
(https://meine-bauchstelle.com/, accessed on 22 May 2024; English translation in progress).

Statistical analyses guided modifications to the initial item pool, reducing the number
of items from 20 in the child version and 18 in the parent version to 10 items each. These
streamlined versions eliminate redundancy and accommodate differences in age, gender,
and parental chronic pain status. Offering two 10-item questionnaires enables efficient data
collection [46] and minimizes participant burden [46,47]. The final sets of items still cover
all relevant domains presented online.

The final versions of the knowledge questionnaires are suitable for use in secondary
and tertiary care settings. In this study, we chose a diverse patient sample to ensure
the questionnaires had broad applicability. It is expected, however, that patients visiting
secondary care (e.g., gastroenterology clinics) may be less informed about their conditions
compared to those in tertiary care (e.g., specialized pain clinics). This is because children
and adolescents in tertiary care are likely to have had several appointments regarding
their pain and received detailed information about their condition. Therefore, when
employing the questionnaire in a more homogenous group, such as patients solely within
secondary care, using less difficult items might improve application and the measurement
of sensitivity to change. It is important to note that while the study’s questionnaire versions
are designed for a broad patient sample, the analysis can also identify the most suitable
items for a specific group. For example, if the questionnaire is applied to a population with
generally lower personal ability, selecting easier items from our item pool is recommended.
To facilitate this, our study data is available upon request to test the Rasch model with
adjusted items.

Our study found that approximately 38% of participating parents suffered from
chronic pain. Around 7% experienced chronic abdominal pain specifically. Previous works
have highlighted that parental factors, including medical history, strongly influence a
child’s development and experience of pain [48]. Other studies have revealed associations
between parental chronic pain and chronic pain in their children [49,50]. While genetics
may contribute to this association, environmental factors like parental behavior and pain
catastrophizing have a noticeable adverse influence on the child’s pain outcomes [51,52].
At the time of data collection, the participants in our study were experiencing disabling
abdominal pain and thus visited a secondary or tertiary care center. It is important to note
that abdominal pain experienced in childhood often develops into recurrent abdominal pain
and imposes more health restrictions during adulthood, which places a prospective burden
on the healthcare sector and is thus crucial to address [17]. The high prevalence of chronic
pain among these parents underscores the critical need for knowledge transfer about the
condition and its proper management. However, our analysis revealed no difference in
the accuracy of questionnaire responses between parents with and without chronic pain,
suggesting that the need for information is similar across groups.

4.1. Strengths and Limitations

In our study, children as young as eight years old were included, as children at this age
generally possess the appropriate cognitive development to complete a survey [53]. This
assumption is supported by age group comparisons, which indicated that younger patients
answered some items correctly more often than older patients. However, feedback from
staff collecting the data revealed that younger children struggled with reading and under-
standing the questions, especially those that were text-heavy. Consequently, instructors or
parents were encouraged to assist them with reading the questions if needed. It should be
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acknowledged, however, that having a parent read the questions to their child might bias
the child’s answers [54]. The observed superiority of younger patients in answering some of
the more text-heavy items might have resulted from parental assistance. Furthermore, since
questionnaires were completed by parents and children simultaneously, and given that
question categories overlap in both versions of the A-PKQ, parental assistance in reading
the questions could have also impacted the parents’ answers on their own questionnaires.
One potential solution for this could be to have study staff support younger participants
instead of parents.

Another limitation of the study was the lack of systematic recording of the reasons
and incidence of refusal to participate, which precluded further evaluation. Importantly,
the final version of the child A-PKQ demonstrated a good fit to the Rasch model across a
wide age range. Despite some parents reporting that the questionnaires were challenging,
the overall low item difficulty contradicts this feedback. It is worth noting that a significant
proportion of parents in this sample suffered from chronic pain, which may have influenced
their perception of questionnaire difficulty due to their own high expectations of themselves
or fear of failure—traits that are more prevalent among people with chronic pain [55].
Additionally, some parents may have doubted the accuracy of their answers, leading
them to perceive the questions as more difficult. Their concerns regarding the difficulty
of the child questionnaire might also reflect lower expectations of their child’s abilities,
leading them to overestimate the questionnaire’s difficulty as a rationale for their child’s
(falsely) anticipated poor performance [56]. Misjudgments by parents regarding their child’s
condition have already been demonstrated in surveys, where parents underestimated their
children’s symptoms of abdominal pain [57].

4.2. Practical Implications and Future Directions

The development of our knowledge questionnaire, linked to our educational website
about (F)AP and its management, is a valuable tool for monitoring the course of abdominal
pain treatment in young patients. The questionnaire is designed to be less time-consuming
and impose a minimal burden on patients, making its application in clinical settings
feasible with little effort required from medical staff. It offers practitioners quick and
helpful insights into the patients’ and parents’ knowledge levels, which could contribute
to more effective help during appointments. The questionnaires can be adapted to match
the expected abilities of the respondents within a sample based on the data collected in
this study. However, future studies should bear in mind the potential issues with parents
reading study questions to their young children. Whenever possible, study staff should
handle this task.

5. Conclusions

The present study demonstrates the successful development of the A-PKQ, a ques-
tionnaire designed to measure knowledge about (Functional) Abdominal Pain ((F)AP). The
A-PKQ stands out as an important contribution to use in interventional studies aimed at
pediatric (F)AP. Demonstrating robust psychometric properties, it serves as a useful tool
to evaluate knowledge in research contexts, with the potential to also be used in clinical
settings and pain education.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/children11070846/s1, Table S1: Full A-PKQ child
version—original German version; Table S2: Full A-PKQ child version—non-validated English
translation; Table S3: Full A-PKQ parent version—original German version; Table S4: Full A-PKQ
parent version—non-validated English translation; Table S5: Wald test results for the final item fit
by comparing item difficulties by gender and age; Table S6: Mean-square fit statistics for the final
ten items of the A-PKQ child version; Table S7: Wald test results for item fit by comparing parent
item difficulties by age and chronic pain; Table S8: Wald test results for final item fit by comparing
parent item difficulties by age and chronic pain; Table S9: Mean-square fit statistics for the final
10 items of the A-PKQ parent version; Figure S1: Visualization of Andersen’s Likelihood-Ratio Test

https://www.mdpi.com/article/10.3390/children11070846/s1


Children 2024, 11, 846 16 of 18

(LRT) with the child sample split by age; Figure S2: Person-item map of the A-PKQ child version;
Figure S3: Visualization of Andersen’s Likelihood-Ratio Test (LRT) with parent sample split by age
group; Figure S4: Visualization of Andersen’s Likelihood-Ratio Test (LRT) with parent sample split
by chronic pain group; Figure S5: Person-item map of the parent version of all A-PKQ items.
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