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Abstract

Background: Even in the era of digital technology, several hospitals still rely on paper-based forms for data entry for patient
admission, triage, drug prescriptions, and procedures. Paper-based forms can be quick and convenient to complete but often at
the expense of data quality, completeness, sustainability, and automated data analytics. Digital forms can improve data quality
by assisting the user when deciding on the appropriate response to certain data inputs (eg, classifying symptoms). Greater data
quality via digital form completion not only helps with auditing, service improvement, and patient record keeping but also helps
with novel data science and machine learning research. Although digital forms are becoming more prevalent in health care, there
is a lack of empirical best practices and guidelines for their design. The study-based hospital had a definite plan to abolish the
paper form; hence, it was not necessary to compare the digital forms with the paper form.

Objective: This study aims to assess the usability of three different interactive forms: a single-page digital form (in which all
data input is required on one web page), a multipage digital form, and a conversational digital form (a chatbot).

Methods: The three digital forms were developed as candidates to replace the current paper-based form used to record patient
referrals to an interventional cardiology department (Cath-Lab) at Altnagelvin Hospital. We recorded usability data in a
counterbalanced usability test (60 usability tests: 20 subjects×3 form usability tests). The usability data included task completion
times, System Usability Scale (SUS) scores, User Experience Questionnaire data, and data from a postexperiment questionnaire.

Results: We found that the single-page form outperformed the other two digital forms in almost all usability metrics. The mean
SUS score for the single-page form was 76 (SD 15.8; P=.01) when compared with the multipage form, which had a mean score
of 67 (SD 17), and the conversational form attained the lowest scores in usability testing and was the least preferred choice of
users, with a mean score of 57 (SD 24). An SUS score of >68 was considered above average. The single-page form achieved the
least task completion time compared with the other two digital form styles.

Conclusions: In conclusion, the digital single-page form outperformed the other two forms in almost all usability metrics; it
had the least task completion time compared with those of the other two digital forms. Moreover, on answering the open-ended
question from the final customized postexperiment questionnaire, the single-page form was the preferred choice.

(JMIR Hum Factors 2021;8(2):e25787) doi: 10.2196/25787
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Introduction

Background
Currently, when a primary percutaneous coronary intervention
(PPCI) referral is made, the nurse activator in the coronary care
unit will triage the patient using written notes. Typically, when

a patient experiences chest pain, paramedics arrive and record
an electrocardiogram. If the paramedic suspects a heart attack,
they will then contact the PPCI department at a hospital and
describe the symptoms and electrocardiogram findings to an
activator nurse, who then completes a paper form shown in
Figure 1 and decides whether patients need to be accepted or
turned down.

Figure 1. The current paper-based form being used at Altnagelvin Hospital.

This is not unusual, as most hospitals and cardiac care units
often rely on paper-based forms for data entry for patient
admission or drug prescriptions and other general procedures.
Working with paper-based systems can be challenging,
especially when a health care staff works in a sensitive and
highly stressful environment, such as cardiac care. Digitalization

is slowly being introduced into the health service to improve
the medical workflow at different stages and levels. Many
applications serve many purposes, including facilitating
communication between a patient and a provider, remotely
monitoring patients, and measuring population health objectives,
such as disease trends. The collected information can be used
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to make informed decisions about health care services, either
at the population level or individual level, to improve care [1].
Electronic health record (EHR) adoption rates have introduced
efficiencies in health care operations, such as instant access to
information, improved practice management, and reduced
paperwork. Other findings relate to the impacts that EHR
systems have on physicians’ time, expertise, and learning. The
literature also present findings on the impact of EHR systems
at the length (and sometimes the accuracy) of the clinical notes
[1]. Again, multiple factors contribute to these intrusions,
including computer availability, physical positioning of
computers, design of the user interface, length of the forms, and
procedure of filling the forms. Physician-residents have to use
EHR systems because of their mandatory nature; however, if
they had a choice or power, most physicians would likely use
the paper chart [1]. Recent work has suggested that clinical
decision support systems integrated within EHR systems hold
the promise of improving health care quality. To date, the
effectiveness of clinical decision support systems has been less
than expected, especially concerning the ambulatory
management of chronic diseases [2]. Nevertheless, although
digitization is a drive to improve services, clinicians may not
always welcome new digital systems [3]. Certain hurdles may
make them reluctant to adopt a digital system, such as prior
investment and familiarity with a current system (known as
baby duck syndrome) [4] and availability, training, and the
position of the system [3]. Although it is feasible to use digital
forms in medicine, it has its design constraints, including limited
display size and the challenge of replicating the user experience
of paper forms or checklists [5]. These constraints can be
handled; however, there are many conflicting guidelines
available on appropriate user-centric designs. Bevan [6]
analyzed usability guidelines to inform a user-centric design.
Bevan [6] compared these usability methods with those found
in textbooks and discussed the most effective way to present
user-centric guidelines through a website.

Prior Work
Similar to other fields, digitalization and digital transformation
play an essential role in health care. Health care technologies
are rapidly growing and evolving; for example, EHR systems
are becoming routine [7]. Moreover, different digital forms are
being used in medicine in several ways, such as recording triage
or referral data, observations of vital signs, and synoptic
reporting in pathology. Digital forms and digital checklist
systems are computer-based instructions for recording or
performing actions as part of managing tasks [6]. Numerous
research studies have studied digital forms in medicine,

especially the use of mobile digital forms to support high-quality
data collection [8]. It has been stated that electronic reporting
is often more efficient and representative with higher rates of
data completions [9] and is more effective for supporting clinical
decision making. One study stated that using a standard
single-page digital form called the standardized outpatient
osteopathic note form was more efficient and accurate than the
paper-based equivalent [10]. There has been a recent demand
for smart checklists (often digital) in medical procedures to
reduce iatrogenic or medical errors [11]. A comparison of team
performance used a paper checklist with a digital checklist to
determine whether digitizing a checklist led to improvements
in task completion. The researchers found some improvements
in team performance when using the digital checklist [12]. A
study developed and evaluated two different versions of a
tablet-based cognitive aid to support in-hospital resuscitation
team leaders. They suggested that digital cognitive aids may
help increase effectiveness and eventually improve patient safety
[13]. Chatbots and conversational forms are also being tested
in different fields. A comparison of surveys presented as
traditional web pages versus chatbot or conversational style
surveys (text-based virtual agent) found that participants who
used the chatbot style survey produced higher-quality data [14].

Goal
Given the demand for effective digital forms, there is a need to
research and discover the best-practice interaction design
guidelines for designing digital health forms. In this study, we
designed three different digital form styles to replace a paper
form that is used for patient referrals to a PPCI service. To
contribute to future digital form design guidelines in health care,
the study also aims to compare the usability of all three forms
to analyze which form styles work best for health care
professionals. However, measuring usability is difficult because
usability does not refer to a single property; rather, it combines
several attributes [15]. According to the standard International
Organization for Standardization 9421-11, usability is the
effectiveness, efficiency, and satisfaction by which users must
achieve a certain goal in a particular environment [16]. This
study aims to measure and compare the usability of these three
interactive form designs in a counterbalanced experiment in a
controlled laboratory at Altnagelvin Hospital.

Methods

Overview
Textbox 1 shows the adopted structure describing the usability
test flow for this study.
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Textbox 1. Adopted structure describing the usability test flow for this study.

Objective

• The focus or aim is to compare different digital form designs to evaluate which digital form has greater usability.

Participants

• The total study population consisted of 20 health care staff who were either cardiac nurses or research nurses.

Apparatus

• Microsoft surface pro to display the digital forms and to facilitate user interaction, a microphone to record the user’s think-aloud data, and
screencasting software to video record the user interactions with the digital forms

• Questionnaires (System Usability Scale and User Experience Questionnaire) to measure usability and R-studio for data analysis

Outcomes

• System Usability Scale usability score, usability errors, and task completion times

Procedure

• Counterbalanced experiment to avoid any learning bias

• Typical patient scenarios were presented to the user to facilitate the form completions.

Data analysis

• Summary analysis of System Usability Scale scores, User Experience Questionnaire results, task completion times, error rates using descriptive
statistics, and boxplots

• Hypothesis testing (t tests, where α<.05) was used to determine statistical significance between System Usability Scale scores and task completion
times

Data Set
This study involved the analysis and comparison of three
different digital form designs that were developed as candidates
for recording patient referrals to a PPCI service at Altnagelvin
Hospital (Northern Ireland, the United Kingdom). This study
only aims to compare the digital forms, as there are already
studies that compare paper forms with digital or electronic forms
[17-22]. The paper form was only included to compare the task
completion time, and no other metrics were recorded to measure
the usability of the paper form. The total study population
consisted of 20 health care staff (men: 4/20, 25%; age: 30-39
years) who were either cardiac nurse activators or research
nurses. This study included 10 cardiac nurse activators and 10
research nurses.

Development of Digital Forms
The three different digital forms were developed using the
HTML 5 and cascading stylesheets (CSS3) following the model
view controller paradigm. An open-source scripting library was
used to convert the web form into a conversational form [23].
The three digital form designs included (1) a single-page form,
(2) a multipage form, and (3) a conversational form (chatbot),
as shown in Figure 2, Figure 3, and Figure 4, respectively. The
single-page form is where all the input fields are organized and
given on a single screen, whereas the multipage form segments
the input fields over seven different screens or pages in the form
of tabs. In this case, the user completes one page of the form
and then navigates to the next tab or section. In the
conversational form, the questions are presented to the user in
a preset sequence of questions where the user can type in the
answer or choose from a series of options. The rationale and
expected pros and cons of each type of digital form are presented
in Table 1.
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Figure 2. Screenshots of a part of the single-page form.

Figure 3. Screenshots of the screens from the multipage form.
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Figure 4. Screenshots of the conversational form.

Table 1. Expected pros and cons of the three digital forms.

ConsProsForm type

Single-page form •• High information rate. Busy looking screen with possible
clutter

Easy to understand
• Common form style and meets expectations

• User can be distracted by the number of questions required• User can view all questions and input fields expected
of them • The screen can require more mental workload to interpret

• •User can predict the work required to complete the form Information overloading can result in visual hierarchy issues
• Easy to navigate to all information on a single page

Multipage form •• Additional interactions (clicks) to navigate to the different
sections

Deconstructing a task into subtasks reduces cognitive
load

•• Misleads the user into thinking the form is shorter than it isLess distracting for users
• •User can be guided and focused on a small set of related

questions
It might take longer to complete

• User needs to navigate to change answers from a previous
form subsection• Creates a sense of progression

Chatbot form •• Not a common form styleEasy to use
• •Fewer distractions given only one question is presented

per interaction
Editing previous input could be cumbersome and require a
lot of interactions

•• It seems too playful for formal settings such as medicineIt is akin to everyday human interaction or to being in-
terviewed and hence engenders focus • Preset sequence to follow

• Less cognitive demand
• It is novel

Usability Testing Protocol
The participants identified to be suitable and interested in
participating were given a participant information sheet, and
written informed consent was obtained from all participants
interested in the study (by the author).

This study tested three different digital forms in a simulated
setting where each participant was given a brief tutorial on how

to use the tablet PC (Microsoft Surface Pro) that hosted the
digital forms. Each participant was provided with the same four
PPCI triage–simulated scenarios written on a sheet as shown
in Multimedia Appendix 1 and was asked to complete a paper
form (standard routine clinical form) and each of the three digital
form designs. The sequence of when the subject interacted with
the digital forms was counterbalanced to avoid any learning
bias. Each session took approximately 60 minutes for each
participant. Figure 5 shows the session protocol.
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Figure 5. Flowchart depicts the usability testing session flow. SUS: System Usability Scale; UEQ: User Experience Questionnaire.

The researcher observed the participants while they completed
the forms, and notes were taken to record usability issues. Form
completion was recorded using a screen recording software
(FreeScreenRecorder by Screencast-O-Matic [24]) on the tablet.
Usability factors were evaluated, including user satisfaction;
error rate (error rate was noted while observing the participants
filling in the form as well as after the session by watching the
recorded video); classification of the severity of the usability
issues or error analysis, which was recorded using Nielsen’s
4-star severity scale, that is, cosmetic to severe (1-4) [25]; task
completion time (each form completion time was noted for each
participant using a stopwatch and cross-checked with the video
timings); and ease of use (ease of use is a basic concept that
describes how easily users can use a product). All questionnaires
had questions related to ease of use. Moreover, the error rate
and task time also depict the user’s ease of using a particular
form design. After completing each form, participants were
asked to complete the System Usability Scale (SUS)
questionnaire [26].

The SUS is commonly used and is a validated questionnaire
consisting of 10 items. The scoring of this questionnaire
provides a usability score ranging from 0 to 100. An SUS score
of >68 is considered above average, and anything <68 is
considered below average. A study by Tullis and Stetson [27]
performed a comparison of questionnaires for assessing website
usability using the Computer System Usability Questionnaire
[28]. Brooke [29] developed the SUS in 1996 [29]. The SUS
uses a 5-point scale, ranging from strongly agree to strongly
disagree. According to Bangor et al [30], the SUS is flexible in
assessing a wide range of technologies. The SUS is also

relatively quick and easy to use by study participants.
Additionally, the SUS provides a single score on a scale that is
easily understood. User experience was also recorded using the
standard User Experience Questionnaire (UEQ). The UEQ
measures six factors: attractiveness, perspicuity, efficiency,
dependability, stimulation, and novelty [31]. This questionnaire
can be used in different scenarios to record the user experience
[32]. The UEQ provides the user with a bidirectional Likert
scale with both positive and negative aspects of the system for
them to rate, such as questions with positive connotations (easy
to learn and creative) and questions with negative connotations
(annoying, boring, and not interesting). The questionnaires were
completed for all three forms to benchmark and compare the
usability of the user interfaces for both positive and negative
attributes of each form [33].

A customized postexperiment questionnaire was administered
at the end of the session. The postexperiment questionnaire was
a final customized researcher-created questionnaire. This
questionnaire had 21 usability-related questions that focused
more on the needs and types of preferred forms and preferred
features.

The recorded data were then analyzed to compare the usability
and user experience for each form. This process was used for
each subject and also consisted of (1) the concurrent think-aloud
protocol and a brief interview, (2) screen recording of the user
interactions, and (3) usability evaluation of the final digital form
prototypes (60 usability tests: 20 subjects×3 forms). Each
participant was observed while they completed each digital
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form. The screencast was used to analyze and evaluate the user’s
behavior.

The data were collected through observations made while the
participants were interacting with the digital forms. We then
computed the error rate, task completion time, and user
satisfaction. For the error rate analysis, a possible error list was
made for each form design, and then, the number of errors was
noted for each digital form against each user. The least task
completion time for a form and the lowest error rate for a
particular form can indicate the best form eliciting the highest
user satisfaction. User satisfaction was also more explicitly
covered in the SUS and UEQ. The postexperimental
questionnaire also asked the user about their preferred choice
of digital form design.

Data Analysis
Different statistical metrics are used, including median, mean,
and SD for the variance. The paired two-tailed t test was used
to compare any differences between the task or form completion
times and the SUS scores between all the three forms. Owing
to the multiple statistical tests on the same data sets, Bonferroni
corrections were used. Pearson correlation was used to identify
any association between the SUS scores and the task completion
times. It was not feasible to perform correlation analysis between

other usability factors, such as UEQ answers and error rates,
given that they generate categorical results, unlike SUS and the
task time, which are numeric values.

Ethical Aspects
Research governance permission was granted by the Western
Health and Social Care Trust (WT 19/08, Integrated Research
Application System 262557) and complied with the Declaration
of International Research Integrity Association (Multimedia
Appendix 2).

Results

SUS Score Analysis
On the basis of the research, an SUS score of >68 is considered
above average [34]. With a mean SUS score of 76 (SD 15), the
single-page form outperformed the usability of the multipage
and conversational forms. The multipage form was on the
borderline with a mean score of 67 (SD 17). The conversational
form attained the least scores in the usability testing and it was
the least choice of users, with a mean score of 57 (SD 24). The
t test indicated statistical significance between the conversational
and single-page forms. Figure 6 shows a boxplot of the SUS
scores for each digital form. Even with the Bonferroni-corrected
α value (.015), the results were still statistically significant.

Figure 6. Boxplot for the average System Usability Scale score of each form. The single page had a mean System Usability Scale score of 76 (SD 15)
and outperformed the usability of the multipage and conversational forms with mean System Usability Scale scores of 67 (SD 17) and 57 (SD 24),
respectively. Even with a β coefficient of .015, the results are still significant.

UEQ Interpretation
The UEQ used in this study was modified from the original
version by making it unidirectional and also included the
one-sided factors. The single-page form mostly had higher

averages for the positive attributes than the other two digital
forms. The conversational form scored higher averages in the
negative attributes, which suggests that the conversational form
had the least usability. Figures 7 and 8 show the mean average
ratings for each UEQ question for each digital form.
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Figure 7. Bar chart showing positive attribute results of the User Experience Questionnaire for all three forms. The single-page form has higher averages
for the positive attributes than those of the other two digital forms.

Figure 8. Bar chart showing negative attribute results of the User Experience Questionnaire for all three forms. The conversational form had higher
averages for the negative attributes than those of the other two forms, which suggests that the conversational form had the least usability.

Task Time or Form Completion
Task completion refers to the total time a user takes to complete
each form. Participants took the least time to complete the paper
form. However, the least mean time was recorded for the
single-page form, followed by the conversational form among
the three digital forms. Users took longer to complete the
multipage form. Figure 9 shows a boxplot of task completion
times for each form. The PPCI activator nurses took the least
time for the paper form, as they are currently using this for PPCI
referrals. However, the research nurses who had no prior
exposure to this paper form took almost as long as they took to

complete the digital forms (mean 224, SD 54 seconds vs mean
298, SD 60 seconds; P=.001).

On the other hand, the activator nurses who took the least time
to complete the paper form took almost twice the amount of
time to complete the digital form compared with the paper form
(165, SD 55 s vs 301, SD 68 s; P<.001). The boxplot in Figure
10 shows the mean time of both groups to complete the paper
and digital forms. The paired t test is shown in Table 2, where
the single-page form shows significance (P<.001) with the
multipage form and paper form. The multipage form and the
conversational form task completion times showed significance
(P<.001) with the paper form only.
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Figure 9. Boxplot for the average form completion time of each form. The primary percutaneous coronary intervention activator nurses took the least
time for the paper form, as they are currently using this for primary percutaneous coronary intervention referrals. However, the research nurses who
had no prior exposure to this paper form took almost as much time as the time activator nurses took to complete the digital forms (mean 224 seconds,
SD 54 seconds vs mean 298, SD 60 seconds; P<.001).

Figure 10. Boxplot for the average form completion time of activators versus research nurses. (A) Activator nurses’ form completion time and (B)
research nurses’ form completion time.
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Table 2. P values between the completion time of all forms.

P valueForm comparisons

<.001Single-page form and multipage form

.02Single-page form and conversational form

<.001Single-page form and paper sheet

.10Multipage form and conversational form

<.001Multipage form and paper sheet

<.001Conversational form and paper sheet

Correlation: SUS Score and Task Time
There was a weak correlation (r=−0.28) between the SUS score
and form completion time (Figure 11). This shows that task

completion time alone does not measure the usability of a
system. Figure 12 shows the scatterplot for the overall
correlation between the SUS score and each form completion
time.

Figure 11. Scatterplot for the overall correlation between the System Usability Scale score and task completion time. There was a weak correlation
(r=−0.28) between the System Usability Scale score and form completion times. This shows that the task completion time alone does not measure the
usability of a system. SUS: System Usability Scale.
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Figure 12. Scatterplot for the overall correlation between the System Usability Scale score and each form's completion time. SUS: System Usability
Scale.

Error Rate and Classification
Upon inspection of the video screen recordings, the use errors
and their frequency were recorded. A use error can have 1 of 4
severity ratings according to Neilson’s 4-star severity scale, that
is, cosmetic, medium, serious, or critical. There were no critical
use errors; however, there were many serious use errors in the
conversational form. The multipage form errors were 69%
medium errors, whereas the single-page form had only 31%

medium errors and very few cosmetic errors. Figure 13 shows
a bar graph of the error severity of each form.

On the basis of this usability study, approximately 83 use errors
(average severity 3.0) were discovered in the conversational
form, 35 use errors (average severity 2.0, SD 0) were discovered
in the multipage form, and 21 use errors (average severity 1.76,
SD 0.44) were discovered in the single-page form. The severity
of these use errors is shown in Figure 13.

Figure 13. Bar graph for each form’s error severity. The multipage form errors were 69% medium errors, whereas the single-page form had only 31%
medium errors and very few cosmetic errors.

Postexperiment Questionnaire
Approximately half of the participants preferred the single-page
form. In response to an open-ended question, the users

mentioned that the single page was “easy to complete,” “easy
to understand,” “well-marked and separated,” and “clearer” and
that “all the information is available to see at once.” For the
multipage form, the users said the “entire information isn’t
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available” and that they “don’t like to navigate.” For the
conversational form, the users said that it was “unpredictable”
and “difficult to understand and use” and that they “couldn’t
go back easily to the options if they need to or want to.”

Discussion

Principal Findings
This study has shown that a single-page digital form
outperformed the multipage and conversational forms while
performing usability evaluation for the three digital forms
designed for PPCI referrals to better understand the usability
needs of nurses. This is an interesting finding, as the
conversational form was previously used successfully to aid in
different areas [35,36]. In terms of task completion times, the
single-page form achieved the minimum completion time,
followed by the conversational form.

The correlation analysis between the SUS score and task time
showed no strong relationship, indicating that task completion
time alone cannot measure the usability of a system. All the
standard usability metrics considered in this research concluded
that the single-page digital form performed better than the
multipage and conversational forms. Moreover, while answering
an open-ended question in the final questionnaire, more than
half of the participants chose the single-page form as their
preferred choice. Some of the reasons for preferring the
single-page form were that it is easy to complete, easy to
understand, well-marked and separated, clear, and all the
information is available to see on one screen. For the multipage
form, participants did not seem to like navigating between the
pages. For the conversational form, participants found it more
unpredictable; difficult to understand and use; and, most
importantly, to be unable to conveniently go back to change
data inputted if they needed to.

Usability assessment and appropriate form design or form design
guidelines are vital for health care departments. For form filling
in health care, if the form is not well designed, people will have
to think harder to complete it. If they think harder, it means they
will take longer to fill in the form, so they could miss
information or skip it or even enter wrong information. If people
take long time to fill the forms, it takes them away from the
actual patient care. If they make mistakes and put in wrong
information, any algorithms, data analysis, or dashboards that
use those data would be wrong. Clinical strategies and decision
making at the board level or hospital level based on those data
would be wrong because a nurse had not completed a digital
form properly. The fact that the digital form is being used
routinely and at a high frequency makes their usability crucial
because you will think that a system as simple as a form should
not require a high mental workload. It should be as intuitive
and as simple as possible. A digital form impacts algorithm
development and policy decision making because much of the
data are based on policy decision making, which means that if
data are wrong, then the policies are also wrong. If people are
not putting in the right data, then policy decisions will be faulty
as well. In this day and age, we make many decisions based on
the data, so data can be either new oil or a new snake oil if the
data are misleading or wrong. Data are substantial if it is correct,

but it can lead to bad decisions if data are not correct. The results
from the study clearly show that a single page from has better
usability overall than its multipage and conversational form
counterparts. This has implications for form design moving
forward but, in many ways, reinforces good user experience
design guidelines when it comes to form design [37]. By using
single-page forms, they allow the layout to be simplified and
make a form easily scannable. When people first see a form,
they will perceive how long it will take for them to complete it
by scanning the form. Therefore, perception does play a role.
The more complex it looks, the more likely people will abandon
the process. There is also the interaction cost or the reservoir
of goodwill. Filling in web forms represents a sum of effort both
cognitively and physically that people must put in when
interacting with a web form to reach a goal. The more effort
required, the less usable the form is. The reservoir of goodwill
diminishes, and people abandon the process; single-page forms
allow long forms to appear smaller by minimizing the number
of fields that are seen at the same time. This creates the
perception that the form is shorter than it really is. This is done
via progressive disclosure, showing just what the people need
on the screen at the right time. By also chunking breaking the
form into steps allows people to process, understand, and
complete information in a small portion at a time. The trend for
web forms is this approach with web builders, such as Google
forms [38] and typeform [39], using this approach.

Limitations
The digital forms were trialed at only one hospital with a small
group of health care professionals, and the usability results may
differ at other centers. However, the ethical approval board is
in the process of including another hospital site in the study to
increase the number of participants. The study was conducted
in a simulated scenario in which the location and patient
presentation were simulated. Perhaps in real scenarios,
participants would be under more pressure (eg, time pressure).
Usability data were not recorded for the paper version. No
usability data are available for the paper form, as the usability
questionnaires (SUS and UEQ) are designed to assess digital
interfaces. Paper forms are what health care staff are very
familiar with and might bias any comparisons made. For
example, they have already adopted paper systems and have
become experts in paper form filling. Hence, it can be argued
that it is unfair to compare paper form completion with digital
form completion because this compares expert use with novice
use. Moreover, another key limitation is that perhaps single-page
digital forms are preferred because that format is also widely
used and users might have already become familiar with these
form styles.

Future Work
How will people complete digital forms in the future? This is
an interesting question, especially in the era of artificial
intelligence. Perhaps there will be more intelligent smart
speakers that will be used for completing forms, for example,
an artificial intelligence algorithm that listens to the patient’s
details and completes the form using natural language
understanding. However, talking to a computer requires more
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effort than selecting options in a form. Further research is
required to explore these ideas.

Conclusions
In conclusion, the digital single-page form outperformed the
other two forms in almost all usability metrics. The mean SUS
score for a single page was 76 (SD 15), with the least task
completion time when compared with the other two digital

forms. Moreover, on answering the open-ended question, the
single-page form was also the preferred choice. However, this
preference might change over time as multipage and
conversational forms become more common. For example, the
conversational form’s SUS scores achieved a greater variance,
indicating a possible dichotomy among participants regarding
the perceived usability and usefulness of chatbot style form.

Acknowledgments
This research was supported by the European Union’s INTERREG VA Programme, managed by the Special EU Programmes
Body. The views and opinions expressed in this paper do not necessarily reflect those of the European Commission or the Special
EU Programmes Body.

Authors' Contributions
All of the authors were responsible for study conception; the design, analysis, and interpretation of results; and the revision of
the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Simulated patient scenarios provided for form filling.
[PDF File (Adobe PDF File), 87 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Ethical approval certificate/letter.
[PDF File (Adobe PDF File), 295 KB-Multimedia Appendix 2]

References

1. Khan A, Madden J. Mobile devices as a resource in gathering health data: the role of mobile devices in the improvement
of global health. In: Proceedings of the International Conference on Computational Science and Computational Intelligence
(CSCI). 2016 Presented at: International Conference on Computational Science and Computational Intelligence (CSCI);
Dec. 15-17, 2016; Las Vegas, USA. [doi: 10.1109/csci.2016.0193]

2. Schnipper JL, Linder JA, Palchuk MB, Einbinder JS, Li Q, Postilnik A, et al. "Smart Forms" in an electronic medical record:
documentation-based clinical decision support to improve disease management. J Am Med Informat Assoc 2008 Jul
01;15(4):513-523. [doi: 10.1197/jamia.m2501]

3. Ilie V, Slyke CV, Courtney JF, Styne P. Challenges associated with physicians' usage of electronic medical records. Int J
Healthc Inf Syst Inform 2009;4(3):1-17. [doi: 10.4018/jhisi.2009070103]

4. Friedman V. 30 usability issues to be aware of. Smashing Magazine. 2007. URL: http://www.smashingmagazine.com/2007/
10/09/30-usability-issues-to-be-aware-of [accessed 2018-09-24]

5. Sarcevic A, Rosen B, Kulp L, Marsic I, Burd R. Design challenges in converting a paper checklist to digital format for
dynamic medical settings. In: Proceedings of the 10th EAI International Conference on Pervasive Computing Technologies
for Healthcare. 2016 Presented at: 10th EAI International Conference on Pervasive Computing Technologies for Healthcare;
May 16–19, 2016; Cancun, Mexico. [doi: 10.4108/eai.16-5-2016.2263335]

6. Bevan N. UsabilityNet methods for user centred design. Human-Computer Interaction: Theory and Practice (Part 1), Volume
1 of the Proceedings of the HCI International. Mahwah, NJ: Lawrence Erlbaum Associates Publishers; 2003. URL: https:/
/citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.544.9234&rep=rep1&type=pdf [accessed 2021-05-07]

7. Hsiao CJ, Hing E, Socey TC, Cai B. Electronic medical record/electronic health record systems of office-based physicians:
United States, 2009 and preliminary 2010 state estimates. 2010. URL: https://www.healthit.gov/sites/default/files/pdf/
emr-ehr-office-based-physicians-2009.pdf [accessed 2021-05-07]

8. van Dam J, Onyango KO, Midamba B, Groosman N, Hooper N, Spector J, et al. Open-source mobile digital platform for
clinical trial data collection in low-resource settings. BMJ Innov 2017 Feb 06;3(1):26-31 [FREE Full text] [doi:
10.1136/bmjinnov-2016-000164] [Medline: 28250964]

9. Edhemovic I, Temple WJ, de Gara CJ, Stuart GC. The computer synoptic operative report--a leap forward in the science
of surgery. Ann Surg Oncol 2004 Oct;11(10):941-947. [doi: 10.1245/ASO.2004.12.045] [Medline: 15466354]

JMIR Hum Factors 2021 | vol. 8 | iss. 2 | e25787 | p. 14https://humanfactors.jmir.org/2021/2/e25787
(page number not for citation purposes)

Iftikhar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v8i2e25787_app1.pdf&filename=47a24f0cd5a9ef6f27c182c0742f9bb6.pdf
https://jmir.org/api/download?alt_name=humanfactors_v8i2e25787_app1.pdf&filename=47a24f0cd5a9ef6f27c182c0742f9bb6.pdf
https://jmir.org/api/download?alt_name=humanfactors_v8i2e25787_app2.pdf&filename=ea70eb9b3314bef2729c6fdb80671446.pdf
https://jmir.org/api/download?alt_name=humanfactors_v8i2e25787_app2.pdf&filename=ea70eb9b3314bef2729c6fdb80671446.pdf
http://dx.doi.org/10.1109/csci.2016.0193
http://dx.doi.org/10.1197/jamia.m2501
http://dx.doi.org/10.4018/jhisi.2009070103
http://www.smashingmagazine.com/2007/10/09/30-usability-issues-to-be-aware-of
http://www.smashingmagazine.com/2007/10/09/30-usability-issues-to-be-aware-of
http://dx.doi.org/10.4108/eai.16-5-2016.2263335
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.544.9234&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.544.9234&rep=rep1&type=pdf
https://www.healthit.gov/sites/default/files/pdf/emr-ehr-office-based-physicians-2009.pdf
https://www.healthit.gov/sites/default/files/pdf/emr-ehr-office-based-physicians-2009.pdf
http://europepmc.org/abstract/MED/28250964
http://dx.doi.org/10.1136/bmjinnov-2016-000164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28250964&dopt=Abstract
http://dx.doi.org/10.1245/ASO.2004.12.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15466354&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Sleszynski SL, Glonek T, Kuchera WA. Standardized medical record: a new outpatient osteopathic SOAP note form:
validation of a standardized office form against physician's progress notes. J Am Osteopath Assoc 1999 Oct;99(10):516-529
[FREE Full text] [doi: 10.7556/jaoa.1999.99.10.516] [Medline: 10578559]

11. Avrunin GS, Clarke LA, Osterweil LJ, Goldman JM, Rausch T. Smart checklists for human-intensive medical systems. In:
Proceedings of the IEEE/IFIP International Conference on Dependable Systems and Networks Workshops (DSN 2012).
2012 Presented at: IEEE/IFIP International Conference on Dependable Systems and Networks Workshops (DSN 2012);
June 25-28, 2012; Boston, MA, USA,. [doi: 10.1109/dsnw.2012.6264661]

12. Kulp L, Sarcevic A, Cheng M, Zheng Y, Burd RS. Comparing the effects of paper and digital checklists on team performance
in time-critical work. In: Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems. 2019 Presented
at: CHI '19: CHI Conference on Human Factors in Computing Systems; May, 2019; Glasgow Scotland UK p. 1-13. [doi:
10.1145/3290605.3300777]

13. Grundgeiger T, Huber S, Reinhardt D, Steinisch A, Happel O, Wurmb T. Cognitive aids in acute care: investigating how
cognitive aids affect and support in-hospital emergency teams. In: Proceedings of the 2019 CHI Conference on Human
Factors in Computing Systems. 2019 Presented at: CHI '19: CHI Conference on Human Factors in Computing Systems;
May 2019; Glasgow Scotland UK p. 1-14. [doi: 10.1145/3290605.3300884]

14. Kim S, Lee J, Gweon G. Comparing data from chatbot and web surveys: effects of platform and conversational style on
survey response quality. In: Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems. 2019
Presented at: CHI '19: CHI Conference on Human Factors in Computing System; May, 2019; Glasgow Scotland UK p.
1-12. [doi: 10.1145/3290605.3300316]

15. Liljegren E. Usability in a medical technology context assessment of methods for usability evaluation of medical equipment.
Int J Ind Ergon 2006;36(4):345-352. [doi: 10.1016/j.ergon.2005.10.004]

16. ISO 9241-11:1998 ergonomic requirements for office work with visual display terminals (VDTs) — Part 11: guidance on
usability. International Organization for Standardization. 1998. URL: https://www.iso.org/standard/16883.html [accessed
2021-07-05]

17. Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR. Patient compliance with paper and electronic diaries.
Control Clin Trials 2003 Apr;24(2):182-199. [doi: 10.1016/s0197-2456(02)00320-3]

18. Ehnbom EC, Raban MZ, Walter SR, Richardson K, Westbrook JI. Do electronic discharge summaries contain more complete
medication information? A retrospective analysis of paper versus electronic discharge summaries. Health Inf Manag 2014
Oct;43(3):4-12. [doi: 10.1177/183335831404300301] [Medline: 27009792]

19. Kopycka-Kedzierawski DT, Cacciato R, Hennessey R, Meyerowitz C, Litaker MS, Heft MW, National Dental PBRN
Collaborative Group. Electronic and paper mode of data capture when assessing patient-reported outcomes in the National
Dental Practice-Based Research Network. J Investig Clin Dent 2019 Nov 02;10(4):e12427 [FREE Full text] [doi:
10.1111/jicd.12427] [Medline: 31155859]

20. Acharya SD, Elci OU, Sereika SM, Styn MA, Burke LE. Using a personal digital assistant for self-monitoring influences
diet quality in comparison to a standard paper record among overweight/obese adults. J Am Diet Assoc 2011
Apr;111(4):583-588 [FREE Full text] [doi: 10.1016/j.jada.2011.01.009] [Medline: 21443993]

21. Wang N, Yu P, Hailey D. The quality of paper-based versus electronic nursing care plan in Australian aged care homes: a
documentation audit study. Int J Med Inform 2015;84(8):561-569. [doi: 10.1016/j.ijmedinf.2015.04.004] [Medline: 26004340]

22. Kopanz J, Lichtenegger KM, Koenig C, Libiseller A, Mader JK, Donsa K, et al. Electronic diabetes management system
replaces paper insulin chart: improved quality in diabetes inpatient care processes due to digitalization. J Diabetes Sci
Technol 2021;15(2):222-230. [doi: 10.1177/1932296820957043] [Medline: 32935559]

23. SPACE10. Introducing the Conversational Form. Medium. 2016. URL: https://medium.com/space10/
introducing-the-conversational-form-c3166eb2ee2f [accessed 2020-02-28]

24. Free Screen Recorder. Thundersoft - Free Screen Recorder. URL: https://thundersoft-free-screen-recorder.fileplanet.com/
download [accessed 2020-02-28]

25. Nielsen J. Usability inspection methods. In: Conference Companion on Human Factors in Computing Systems. 1994
Presented at: CHI'94; Apr 24-28, 1994; Boston, Massachusetts. [doi: 10.1145/259963.260531]

26. Brooke J. System Usability Scale (SUS). Hell Meiert. 2017. URL: https://hell.meiert.org/core/pdf/sus.pdf [accessed
2020-02-26]

27. Tullis TS, Stetson JN. A Comparison of Questionnaires for Assessing Website Usability. Researchgate. URL: https://www.
researchgate.net/publication/228609327_A_Comparison_of_Questionnaires_for_Assessing_Website_Usability [accessed
2021-05-08]

28. Lewis JR. Computer System Usability Questionnaire. IBM. 1995. URL: https://core.ac.uk/download/pdf/192803601.pdf
[accessed 2021-05-07]

29. Brooke J. SUS: a 'quick and dirty' usability scale. In: Jordan PW, Thomas B, McClelland IL, Weerdmeester B, editors.
Usability Evaluation in Industry. London, United Kingdom: Taylor & Francis; 1996:189-194.

30. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the System Usability Scale. Int J Hum Comput Interact
2008;24(6):574-594. [doi: 10.1080/10447310802205776]

JMIR Hum Factors 2021 | vol. 8 | iss. 2 | e25787 | p. 15https://humanfactors.jmir.org/2021/2/e25787
(page number not for citation purposes)

Iftikhar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.degruyter.com/document/doi/10.7556/jaoa.1999.99.10.516
http://dx.doi.org/10.7556/jaoa.1999.99.10.516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10578559&dopt=Abstract
http://dx.doi.org/10.1109/dsnw.2012.6264661
http://dx.doi.org/10.1145/3290605.3300777
http://dx.doi.org/10.1145/3290605.3300884
http://dx.doi.org/10.1145/3290605.3300316
http://dx.doi.org/10.1016/j.ergon.2005.10.004
https://www.iso.org/standard/16883.html
http://dx.doi.org/10.1016/s0197-2456(02)00320-3
http://dx.doi.org/10.1177/183335831404300301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27009792&dopt=Abstract
http://europepmc.org/abstract/MED/31155859
http://dx.doi.org/10.1111/jicd.12427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31155859&dopt=Abstract
http://europepmc.org/abstract/MED/21443993
http://dx.doi.org/10.1016/j.jada.2011.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21443993&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2015.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26004340&dopt=Abstract
http://dx.doi.org/10.1177/1932296820957043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32935559&dopt=Abstract
https://medium.com/space10/introducing-the-conversational-form-c3166eb2ee2f
https://medium.com/space10/introducing-the-conversational-form-c3166eb2ee2f
https://thundersoft-free-screen-recorder.fileplanet.com/download
https://thundersoft-free-screen-recorder.fileplanet.com/download
http://dx.doi.org/10.1145/259963.260531
https://hell.meiert.org/core/pdf/sus.pdf
https://www.researchgate.net/publication/228609327_A_Comparison_of_Questionnaires_for_Assessing_Website_Usability
https://www.researchgate.net/publication/228609327_A_Comparison_of_Questionnaires_for_Assessing_Website_Usability
https://core.ac.uk/download/pdf/192803601.pdf
http://dx.doi.org/10.1080/10447310802205776
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Laugwitz B, Held T, Schrepp M. Construction and evaluation of a user experience questionnaire. In: Holzinger A, editor.
HCI and Usability for Education and Work. Berlin, Germany: Springer; 2008:63-76.

32. Schrepp M, Hinderks A, Thomaschewski J. Applying the user experience questionnaire (UEQ) in different evaluation
scenarios. In: Marcus A, editor. Design, User Experience, and Usability. Theories, Methods, and Tools for Designing the
User Experience. Cham, Switzerland: Springer; 2014:383-392.

33. Schrepp M, Hinderks A, Thomaschewski J. Construction of a benchmark for the user experience questionnaire (UEQ). Int
J Interact 2017;4(4):40-44. [doi: 10.9781/ijimai.2017.445]

34. Sauro J. Measuring Usability With the System Usability Scale (SUS). MeasuringU. 2011. URL: https://measuringu.com/
sus/ [accessed 2020-02-13]

35. Fitzpatrick KK, Darcy A, Vierhile M. Delivering cognitive behavior therapy to young adults with symptoms of depression
and anxiety using a fully automated conversational agent (Woebot): a randomized controlled trial. JMIR Ment Health 2017
Jun 6;4(2):e19 [FREE Full text] [doi: 10.2196/mental.7785] [Medline: 28588005]

36. Candello H, Pinhanez C, Figueiredo F. Typefaces and the perception of humanness in natural language chatbots. In:
Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems. 2017 Presented at: CHI'17; May 6-11,
2017; Denver, Colorado. [doi: 10.1145/3025453.3025919]

37. Whitenton K. Website Forms Usability: Top 10 Recommendations. Nielsen Norman Group. 2016. URL: https://www.
nngroup.com/articles/web-form-design/ [accessed 2021-03-09]

38. Google Forms: Free Online Surveys for Personal Use. Google. URL: https://www.google.co.uk/forms/about/ [accessed
2021-03-09]

39. Typeform: People-Friendly Forms and Surveys. URL: https://www.typeform.com/ [accessed 2021-03-09]

Abbreviations
EHR: electronic health record
PPCI: primary percutaneous coronary intervention
SUS: System Usability Scale
UEQ: User Experience Questionnaire

Edited by A Kushniruk; submitted 23.11.20; peer-reviewed by Z Xie, D Lin; comments to author 17.01.21; revised version received
14.03.21; accepted 05.04.21; published 26.05.21

Please cite as:
Iftikhar A, Bond RR, McGilligan V, Leslie SJ, Rjoob K, Knoery C, Quigg C, Campbell R, Boyd K, McShane A, Peace A
Comparing Single-Page, Multipage, and Conversational Digital Forms in Health Care: Usability Study
JMIR Hum Factors 2021;8(2):e25787
URL: https://humanfactors.jmir.org/2021/2/e25787
doi: 10.2196/25787
PMID:

©Aleeha Iftikhar, Raymond R Bond, Victoria McGilligan, Stephen J Leslie, Khaled Rjoob, Charles Knoery, Ciara Quigg, Ryan
Campbell, Kyle Boyd, Anne McShane, Aaron Peace. Originally published in JMIR Human Factors (https://humanfactors.jmir.org),
26.05.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2021 | vol. 8 | iss. 2 | e25787 | p. 16https://humanfactors.jmir.org/2021/2/e25787
(page number not for citation purposes)

Iftikhar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.9781/ijimai.2017.445
https://measuringu.com/sus/
https://measuringu.com/sus/
https://mental.jmir.org/2017/2/e19/
http://dx.doi.org/10.2196/mental.7785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28588005&dopt=Abstract
http://dx.doi.org/10.1145/3025453.3025919
https://www.nngroup.com/articles/web-form-design/
https://www.nngroup.com/articles/web-form-design/
https://www.google.co.uk/forms/about/
https://www.typeform.com/
https://humanfactors.jmir.org/2021/2/e25787
http://dx.doi.org/10.2196/25787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

