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Abstract
Background: Patient reported outcome measures (PROMs) provide valuable insight on patients’ well-being and
facilitates communication between healthcare providers and their patients. The increased integration of the
technology within the healthcare setting presents the opportunity to collect PROMs electronically, rather than on
paper. The Childhood Health Assessment Questionnaire (CHAQ) and Quality of My Life (QoML) are common PROMs
collected from pediatric rheumatology patients. The objectives of this study are to (a) determine the equivalence of
the paper and electronic forms (e-form) of CHAQ and QoML questionnaires; (b) identify potential benefits and
barriers associated with using an e-form to capture PROMs; and (c) gather feedback on user experience.
Methods: Participants completed both a paper and an e-form of the questionnaires in a randomized order,
following which they completed a feedback survey. Agreement of the scores between the forms were statistically
analyzed using the intraclass correlation coefficient (ICC) (95 % Confidence Interval (CI)) and bias was assessed using
a Bland-Altman plot. Completion and processing times of the forms were compared using mean and median
measures. Quantitative analysis was performed to assess user experience ratings, while comments were qualitatively
analyzed to identify important themes.
Results: 196 patients participated in this project. Scores on the forms had high ICC agreement > 0.9. New patients
took longer than returning patients to complete the forms. Overall, the e-form was completed and processed in a
shorter amount of time than the paper form. 83 % of survey respondents indicated that they either preferred the eform or had no preference. Approximately 10 % of respondents suggested improvements to improve the user
interface.
Conclusions: E-forms collect comparable information in an efficient manner to paper forms. Given that patients
and caregivers indicated they preferred completing PROMs in this manner, we will implement their suggested
changes and incorporate e-forms as standard practice for PROMs collection in our pediatric rheumatology clinic.
(Continued on next page)
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Background
Patient reported outcome measures (PROMs) provide
valuable insight into patients’ experiences and are an important part of high-quality healthcare. Used in clinical
and research settings, these standardized, validated questionnaires measure the patients’ perception (without
other’s influences) of their condition and the impact of
healthcare interventions [1, 2]. PROMs often ask patients to self-report general well-being and quality of life,
symptoms, functional status, and condition-specific outcomes [1]. Integrating PROMs into practice facilitates
better communication and engagement between healthcare providers and their patients, creating an environment where patients feel more comfortable with
disclosing detailed information about their health status
[3, 4]. This is important because although healthcare
providers have tools to objectively measure the state of
medical conditions, there are some subjective measures
that can only be assessed by the patient.
In pediatric rheumatology, two commonly used
PROMs are the Childhood Health Assessment Questionnaire (CHAQ) and the Quality of My Life (QoML) [5].
These PROMs can be completed by the patient or using
a caregiver as a proxy [6, 7].
The CHAQ assesses outcome dimensions of disability,
and pain and discomfort [8]. It is a widely used and
well-validated measure that has been translated into numerous languages [9–12]. The CHAQ assesses physical
function by asking a series of questions on a scale of 0
(no difficulty) to 3 (unable to do) about patients’ ability
to perform activities of daily living (ADL) including
dressing and grooming, arising, eating, walking, hygiene,
reaching, gripping and activities [8, 13].
The QoML questionnaire is a validated tool which assesses the patient’s quality of life (overall and healthrelated) [7, 14, 15]. Patients are asked to indicate on a
10-cm horizontal-anchored visual analog scale (VAS)
(where 0 = worst and 100 = best): 1) their overall quality
of life and 2) their health-related quality of life [15].
All patients/caregivers attending the rheumatology
clinic at The Hospital for Sick Children (SickKids)
complete a standardized four-page paper form containing the original version of the CHAQ (which contains
the additional VAS question “how would you rate your
child’s illness in the past week”) and QoML questionnaires at each of their visits. This has been the standard
practice in the clinic for about 25 years. There are, however, numerous problems associated with paper versions

of PROMs which have also been observed by others.
Common issues include illegible demarcations and incomplete questionnaires, making it difficult for healthcare professionals and researchers to accurately use data
[16]. Additionally, paper forms need manual scoring,
making errors in scoring and data entry possible [17].
Today’s increasingly technological world provides the
opportunity to electronically collect PROMs using tablets and smartphones, offering a replacement to the traditional use of paper. The implementation of electronic
versions of PROMs can improve data collection, processing and management. Electronic PROMs can help to
ensure questions are correctly answered as they do not
allow for respondents to create their own answer option
and do not allow for interpretation of ambiguous responses [18–20]. Completeness of PROMs may be better
in electronic as opposed to paper formats as limits can
be placed on data fields, whereby respondents cannot
advance to the next question or complete the questionnaire without properly answering all fields [20, 21]. Electronic information technology has been found to reduce
the number of data entry errors [19, 22, 23]. Accuracy
and efficiency of data collection are also observed as data
is automatically calculated, validated, and often transferred to a centralized database so that end users can receive immediate access to the data [18, 24]. Healthcare
providers may also observe trends of data over time [25].
A systematic review by Rutherford et al. found that
using different modes of administration (including paper
versus electronic) did not result in any biases within the
patient reported outcome results [26].
Research has shown there is preference towards electronic data capture over paper by healthcare teams due
to the improved quality of data capture as well as increased ease of data collection and use [25]. In addition,
analysis has shown reductions in cost with the introduction of electronic medical records [27]. Other potential
areas of improvement include increased ease of use and
decreased time of completion for the patient and/or
healthcare team, improvements in patient satisfaction,
improved completion rates and reduced physical storage
requirements [21, 24, 28]. E-forms can be integrated to
assist with pre-visit planning for upcoming clinic visits
or facilitate virtual/telemedicine visits [21].
Although previous research indicates that data collected from electronic PROMs are equivalent to their
paper form, no research has been conducted using the
CHAQ and QoML [29–31]. There have been other
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studies conducted comparing pediatric electronic
PROMs to paper PROMs (such as the Pediatric Quality
of Life Inventory (PedsQL) and the Patient-Reported
Outcomes Measurement Information System (PROMIS)
pediatric measures) but none with the CHAQ and
QoML [32, 33]. In addition, it is unclear if the results
from Rutherford et al.’s systematic review are transferable to the pediatric rheumatology patient population.
The purpose of this project was to (a) assess whether
the implementation of an electronic version of the standardized CHAQ and QoML results in equivalent responses to the paper version; (b) identify potential
benefits and barriers associated with electronically capturing PROMs; and (c) gather feedback from patients’
and their caregivers’ regarding their acceptance electronic PROMs, their opinions of integrating its use into
regular practice and, as well, gather feedback about their
user experience.

Methods
This was a program evaluation and quality improvement
project and a research study which were approved by
both the Quality and Risk Management department and
the Research Ethics Board, respectively, at The Hospital
for Sick Children. A convenience sample of patients/
caregivers was enrolled over a one-month period. Patients/caregivers were included in this project if they
were able to read and understand English in order to obtain consent, as well as complete the PROMs and
survey.
Patients/caregivers scheduled for their upcoming visit
with the rheumatology clinic were informed about the
project when they received their appointment reminder
calls. Those interested in participating were contacted by
the project team who informed them that they would be
randomized to complete both paper and e-form version
of the PROMs and then complete a satisfaction survey.
Consent was obtained from patients/caregivers when
they arrived at the rheumatology clinic for their scheduled appointment. A screening and enrollment log was
maintained to ensure that patients/caregivers were not
approached more than once to participate.
Data collection

An e-form of CHAQ and QoML was created in Research Electronic Data Capture (REDCap) tools hosted
at The Hospital for Sick Children [34, 35]. REDCap is a
secure, web-based software platform designed to support
capture for research studies, providing 1) an intuitive
interface for validated data entry; 2) audit trails for
tracking data manipulation and export procedures; 3)
automated export procedures for seamless data downloads to common statistical packages; and 4) procedures
for importing data from external sources [34, 35].
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Individuals who consented to participate in this project
were asked to complete both the paper and e-form with
the order of form completion (paper vs. electronic) determined by a table of random numbers. The time taken
to complete each version of the questionnaires was recorded using a timing device. De-identified data from
both paper and electronic versions of the form were collected in a database for analysis. Participants were also
asked to complete an anonymous satisfaction survey to
determine their preferences of form types as well as obtain feedback on their user experience with the e-form
platform.
Data analysis

The rate of questionnaire completion was determined by
counting the number of fully completed questionnaires
that were returned divided by the total number of questionnaires that were distributed. Scores were compared
between the paper and electronic versions of CHAQ and
QoML to determine whether differences resulted from
the two modes of administration. Equivalence and agreement of the PROMs from the CHAQ and QoML were
compared and calculated between the paper form and eform using ICC estimates and their 95 % confidence intervals. This was calculated by using the R package “irr”
and based on a mean rating (k = 2), absolute-agreement,
two-way mixed-effects model [36].
Bland-Altman analysis was used to assess bias and the
limits of agreement (LoA). Mean scores from the paper
form and the e-form were plotted against the difference
between these two measurements to obtain Bland–Altman plots [37]. This was done for each of the PROMs.
Systematic and random measurement error were
assessed with use of the mean difference and the LoA,
respectively. The LoA were calculated as the mean difference ± 1.96 the standard deviation (SD) of the mean
difference. The LoA describes the interval where 95 % of
the difference of the scores measured by the electronic
and paper forms are expected to lie [38]. The mean difference is expected to be close to zero with a small interval between the LoA because the methods being
compared are expected to be equivalent.
The overall mean and median completion time for the
paper and e-form were calculated as well as the mean
and median for the new patient and follow-up patient
subgroups. Median was used in addition to mean in
order to account for outliers and the potential of skew.
A time of two and a half minutes (150 s) was added to
each paper form completion time to account for the
time required for distribution, scoring, data entry, and
document management. This number was established
prior to the initiation of this project.
Benefits and barriers observed to the implementation
of e-form were noted by the quality improvement team.
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A cost-comparison analysis was conducted by assessing
paper form and e-form costs. The cost of each version of
the questionnaire was calculated by identifying all resources associated with its creation, distribution, and management. Paper form costs included printing, time taken
for staff to manually distribute, collect, score, enter, verify,
and deliver the document to the patient’s medical record.
It was assumed that an e-form would allow data to be directly accessible electronically without human mediation.
E-form costs included the build of the database and the
costs of tablets used for this project.
Quantitative and qualitative data were collected from
the satisfaction surveys which assessed user experience
and collected feedback for improvement. The proportion
of participants who preferred the e-form over the paper
form, or had no preference, as indicated in their satisfaction survey was calculated. Additionally, participants
were asked if the paper and electronic forms were easy
to read, understand, and navigate and if the answers
were easy to select. The proportion of participants who
agreed or disagreed with these prompts were calculated.
Participants’ feedback regarding their experience with
the e-form and suggestions for user experience improvement were thematically analyzed.

clinical practices, we allowed patients and caregivers to
decide among themselves who completed the paper and
e-form. There was no prescribed eligibility age for patients as secondary factors such as caregiver’s fluency in
English and patient’s intellectual/developmental disability influenced this decision. The satisfaction questionnaire was completed by the person who completed the
paper and e-forms. Over half (57 %) of the PROMS were
completed by the patient alone. 11 % were completed together by the patient and caregiver. The remainder of
the PROs were completed by the caregiver.

Results

These are shown in Figs. 1 and 2. Figure 1 a and b have
data points clustered towards 100 as most of our participants were happy with their quality of life. Figure 2 a, b,
c, and d have data points clustered towards 0 as most of
our participants did not experience pain that impacts
their quality of life. All plots show a certain degree of
bias which is listed in the Table 2, along with the LoA.

Sample

The CHAQ and QoML PROMs are normally distributed in
our general clinics, juvenile dermatomyositis (JDM), systemic
arthritis and autoinflammatory subspecialty clinics. Therefore, patients seen in our systemic lupus erythematosus
(SLE), neonatal lupus erythematosus (NLE), Kawasaki disease, and vasculitis clinics were not included in this study.
All patients who were attending these aforementioned clinics
were invited to participate, thereby representing the proportion of patients who would usually receive this questionnaire.
A convenience sample of 225 clinic patients/caregivers consented to participate. Of the enrolled sample, 29 datasets
were excluded due to missing or incomplete data, resulting
in a questionnaire completion rate of 87 %. Technical issues
with the internet connectivity limited three participants from
being able to successfully submit their e-form, whereas we
were unable to locate the paper form for 10 participants despite them having submitted an e-form. An additional 11 patients had both uncompleted e-forms and uncompleted
paper forms. Finally, five patients were unable to be timed
accurately with their paper form as they were interrupted
after starting the form (were called to see their healthcare
team) and completed the form at a later time. As such, participants who were able to successfully complete both paper
and e-forms did so before they saw their attending physician.
A total of 196 participants were included in the project. 21 participants were new patients to the clinic,
whereas 175 were follow-up patients. As with our usual

Equivalence of Paper form vs. E-Form PROMs assessed by
ICCs

The ICC estimates are reported in Table 1. All ICC measures were greater than 0.9 with a p-value < 0.001. According to Koo and Li, ICC scores above 0.9 indicate excellent
reliability [39]. When we stratified by who completed the
PROs (patient versus caregiver) we observed no difference
in the agreement of responses (data not shown).

Agreement and Bias between Paper form vs. E-Form
PROMs assessed by Bland-Altman Plots

Completion Time

Overall, the paper form took longer to complete when 2.5 min
were added to the paper form completion time (Table 3). New
patients took longer to complete the forms when compared to
the follow-up patients. Excluding the processing time, paper
forms took less time to complete than the e-forms.

Observed Benefits and Barriers to electronic PROMs
Cost comparison analysis

We identified the costs of all the resources associated
with the paper forms and e-forms to accomplish the
cost-comparison analysis. The cost per patient for each
paper CHAQ/QoML was $1.23 CAD. The overall cost
for the e-forms was $500, which included the two electronic tablets used to administer the e-form. Cost savings would be realized after 407 uses of the e-form,
which – in our clinic – would take approximately four
weeks.
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Table 1 Intraclass Correlation Coefficients (ICC) Between Paper Forms and E-Forms for PROMs
Patient/Caregiver Reported Outcome Measures

ICC

Quality of my Life (QoML)
Overall, my life is:

0.910

Considering my health, my life is:

0.910

Childhood Health Assessment Questions (CHAQ)
CHAQ score

0.966

How would you rate your child’s illness in the past week?

0.904

How much pain do you think your child has had because of his or her illness in the past week?

0.952

Considering all the ways that illness affects your child, rate how your child is doing

0.934

Fig. 1 Bland-Altman Plot for QoML Questionnaire. Bland-Altman plot for QoML questionnaire (a = “Overall, my life is”, b = “Considering my
health, my life is”). E-forms were plotted against paper forms. The x-axis is the mean of the two scores entered by the patient on the e-form and
the paper form and the y-axis shows the differences between the e-form score and paper form score.
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Fig. 2 Bland-Altman Plot for CHAQ Questionnaire. Bland-Altman plot for CHAQ questionnaire (a = CHAQ Score, b = “How would you rate your
child’s illness in the past week?”, c = “How much pain do you think your child has had because of his or her illness in the past week?”, d =
“Considering all the ways that illness affects your child, rate how your child is doing”). E-forms were plotted against paper forms. The x-axis is the
mean of the two scores entered by the patient on the e-form and the paper form and the y-axis shows the differences between the e-form
score and paper form score.

Barriers

Barriers to completing the e-form included poor WiFi connectivity in certain areas of the clinic. Patients
and caregivers were not able to qualify their answers
on the e-form, whereas they could write on the paper
form. Sensitivity of the device being used for this

project may have decreased the ability of patients/
caregivers to select extreme end values (e.g., 0 or
100). Other noted barriers associated with devices
were the limited number of devices available, the potential theft of devices, as well as the need to disinfect devices after use.

Table 2 Bland-Altman Data Summary for PROMs
Biasa

95 % CI of LoAb

Overall, my life is:

-0.211

26.79 to -26.26

Considering my health, my life is:

0.266

21.75 to -22.17

CHAQ Score

0.021

0.392 to -0.350

How would you rate your child’s illness in the past week?

0.744

29.78 to -28.29

How much pain do you think your child has had because of his or her illness in the past week?

2.30

24.16 to -19.56

Considering all the ways that illness affects your child, rate how your child is doing:

3.05

23.31 to -17.22

Patient/Caregiver Reported Outcomes
QoML

CHAQ

a

Positive values indicate that on average, paper forms score that many units more than the e-form. Negative values indicate that on average, paper forms score
that many units less than the e-form
b
All scores (except the CHAQ score which is measured out of 3) are measured out of 100
CI confidence interval; LoA limits of agreement
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Table 3 Mean and Median Completion Time of Paper and Electronic Forms (E-forms) by New and Follow-up Patients
New
(n = 21)

Follow-up
(n = 175)

Overall
(n = 196)

323.8 (473.8)a

255.9 (405.9)

263.7 (413.7)

Paper Form

Mean (seconds)
Median (seconds)

302.1 (452.1)

207.6 (357.6)

221.1 (371.1)

E-Form

Mean (seconds)

519.8b

394.2

407.3

Median (seconds)

408

293

294.5

a

Numbers in brackets include two and a half minutes added for manual scoring, verification, and data entry
b
Bolded numbers indicate the longest time to completion when comparing paper form to e-form

Satisfaction survey results

83 % of respondents indicated that they either preferred
the e-form to the paper form or had no preference. One
respondent stated: “It was great - easy to use. Easier for
my daughter to complete with her arthritis” and another
stated: “My daughter usually says ‘Oh no, not again’
when she is handed the paper format. She loved using
the tablet format. It is much more user friendly for kids/
teens.” Others commented on the e-form’s environmental and potential cost-savings as well.
More than 97 % of participants agreed that both the
paper form and e-form were easy to understand and
navigate. Approximately 10 % of participants made suggestions to improve the user experience. The respondents commonly reported difficulty selecting responses
on e-form. “It was hard to select answers if they were on
the extreme end of the sliding scale.” Another common
suggestion included making “the text larger, and the select buttons bigger so it is easier to press.”
Three patients/caregivers indicated that they preferred
the paper form for varying reasons. “I enjoy writing it
with a pen in hand personally” was one reason cited.
“The electronic version could go down (not work), and
my kids would want to play with it (the tablet) when
they see it.” “The paper version was just as fast to
complete as the electronic version” were also mentioned
by individuals indicating a preference for the paper
form.

Discussion
The two methods of PROMs collection showed excellent
agreement, suggesting that the e-form is a reliable and
valid replacement for the paper form. This is in-line with
previous findings comparing electronic PROMs to paper
PROMs [18, 21, 22]. The Bland-Altman plots showed
bias that was very close to zero but the LoA were wider
than clinically preferred [40]. This is likely due to the
difficulty participants experienced using the visual analog scale sliders on the e-form. Some participants reported trouble selecting numbers on the extreme ends
of the scale such as “0” or “100”; 0 and 100 are usually
the most common responses for the PROMs since many
stable patients in a rheumatology clinic are doing well
health-wise and have no pain.

As previously hypothesized, the e-form was more efficient than the paper form. Completion and processing
time were faster in the electronic groups compared to
the paper group after adding the 2.5 min needed for
scoring and data management. New patients took more
time to complete both forms compared to follow-up patients. This is likely due to the fact that follow-up patients are more familiar with the questions (as they have
seen them during their previous visits) and therefore
completed the questionnaire faster. However, given that
both follow-up and new patients took a longer time to
complete the e-form (prior to adding 2.5 min), implies
that the novelty of the e-form may not be the only reason associated with longer completion time. We suspect
that the extended time was likely due to the recurring
difficulty experienced by participants who were attempting to select extreme answers (i.e. zero) on the e-form’s
visual analog scale. Furthermore, participants who were
familiar with the CHAQ were able to quickly select all of
the “without difficulty” answers by drawing a single
stroke on the paper form, whereas they were forced to
select each multiple choice answer on the e-form.
Our findings are consistent with previous studies stating that electronic forms lead to cost savings after replacing their paper form counterparts [20, 21, 41].
Previous studies also found that e-forms require less
time to complete, are more environmentally friendly,
and reduce the amount of missing data [18, 21]. If the eform was built directly into the patient portal of their
electronic health record, data could flow seamlessly to
the healthcare team. Furthermore, it would avoid any
time or cost associated with the need to map data from
a separate database to the electronic health record. This
would, however, require some resources to set up in the
patient’s electronic health record.
Despite the suggested improvements, participants were
satisfied with the e-form, which is consistent with other
research findings comparing electronic forms to paper
forms [42, 43].
To our knowledge, this is the first time that this preference for e-forms was demonstrated with the CHAQ
and QoML questionnaires. As many healthcare providers adopt electronic health records (EHRs), the creation of e-forms within the system can assist in

Yu et al. Pediatric Rheumatology

(2021) 19:67

efficiently collecting and storing data in one location.
Furthermore, in light of the increased number of patients being seen over telemedicine, e-forms can also facilitate the continuity of capturing PROMs during
virtual visits.
There were some potential limitations that should be
considered when interpreting these findings. First, the
use of convenience sampling may have introduced bias
into these results. Those patients who were more likely
to be seen in the clinic (for more aggressive disease, recurring flare-ups, decreased well-being, etc.) were more
likely to be enrolled. However, based on the distribution
of new and follow up patients in our sample, we believe
we have a good representation of the typical patient
population in a rheumatology clinic. Second, the individuals who agreed to participate in this project may have
already been more favorably disposed to the e-form and
agreed to participate on that basis.

Conclusions
The e-forms of CHAQ and QoML obtain equivalent responses as the paper forms. Multiple benefits are associated with implementation of an e-form including
efficiency, cost-savings, and patient satisfaction. We plan
to implement the suggested improvements and incorporate the finalized e-form into our clinic as standard
practice.
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