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Abstract

Background: There is little evidence regarding the adoption and intention of using mobile apps by health care
professionals (HCP) and the effectiveness of using mobile apps among physicians is still unclear. To address this chal-
lenge, the current study seeks two objectives: developing and implementing a head CT scan appropriateness criteria
mobile app (HAC app), and investigating the effect of HAC app on CT scan order.

Methods: A one arm intervention quasi experimental study with before/after analysis was conducted in neurology
& neurosurgery (N&N) departments at the academic hospital. We recruited all residents’encounters to N&N depart-
ments with head CT scan to examine the effect of HAC app on residents'CT scan utilization. The main outcome
measure was CT scan order per patient for seven months at three points, before the intervention, during the interven-
tion, after cessation of the intervention -post-intervention follow-up. Data for CT scan utilization were collected by
reviewing medical records and then analyzed using descriptive statistics, Kruskal-Wallis, and Mann-Whitney tests. A
focus group discussion with residents was performed to review and digest residents’experiences during interaction
with the HAC app.

Results: Sixteen residents participated in this study; a total of 415 N&N encounters with CT scan order, pre-inter-
vention 127 (30.6%), intervention phase 187 (45.1%), and 101 (24.3%) in the post-intervention follow-up phase were
included in this study. Although total CT scan utilization was statistically significant during three-time points of the
study (P = 0.027), no significant differences were found for CT utilization after cessation of the intervention (P =1).

Conclusion: The effect of mobile devices on residents’CT scan ordering behavior remains open to debate since the
changes were not long-lasting. Further studies based on real interactive experiences with mobile devices is advisable
before it can be recommended for widespread use by HCP.
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Background

Mobile devices and mobile health applications

(mHealth apps) are among the fastest and convenient
*Correspondence: meydani_za@kaums.ac.r ways for physicians to access educational materials,
" Health Information Management Research Center, Kashan University including e-books, drug information, and clinical guide-

of Medical Sciences, Kashan, Iran . . . . .
Full list of author information is available at the end of the article lines [1_3]' One of the areas in which gmdelme—based

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visithttp://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12911-022-01844-3&domain=pdf

Meidani et al. BMC Medlical Informatics and Decision Making

mobile apps can assist physicians is the CT scan appro-
priateness guidelines, which have been developed fol-
lowing the steady CT utilization increase. The number
of CT examinations increased globally more than dou-
bled between 1988 and 2008 [4]. The massive volume
of imaging not only imposes a tremendous cost to the
health care system, but unnecessary exposure to radia-
tion also contributes in increased risk of development
of cancer [5]. Regardless of these adverse outcomes,
it is argued that a substantial of imaging procedures
may be unnecessary [6]. Imaging guideline known as
appropriateness criteria presented as one of the strate-
gies to change physician CT scan utilization behavior.
Previous evidence suggested that implementing imag-
ing appropriateness guideline and education decrease
the rate of performance of inappropriate imaging
examinations [7, 8]. Making guidelines available at the
point of care via information technology (IT) including
guideline-based handhelds was proposed as an effec-
tive strategy to improve performance of healthcare
providers and reduce unnecessary medical procedures
[9]. Qumseya [10] presented that (87%) believed that
access to relevant guidelines at the point of care would
improve guideline adherence. The majority of physi-
cians agreed that medical apps facilitate their access to
clinical practice guidelines [11]. Under these capabili-
ties, there is growing interest in the potential of medi-
cal apps among health care professionals. Accordingly,
we hypothesized that appropriateness guideline-based
mobile apps affect head CT utilization. However, ear-
lier studies debated that employing IT approach clinical
guidelines were ineffective or had a modest impact on
CT utilization [12, 13], and contributing factors in the
successful adoption of mobile apps in clinical practice
are still in jeopardy [14]. There is no clear understand-
ing of the motivations and interests which affect phy-
sicians to adopt and continuous use mobile apps [15].
Previously reported results indicated that mobile apps’
adoption by HCP narrowly focused on evaluating atti-
tudes and perceptions and has limitations in terms of
evaluating impacts [16—18]. Although some medical
apps are already available for the use of HCP, there is
a lack of knowledge regarding the successful adoption
of mobile apps among physicians. Székely [19] intro-
duced nearly 102 mobile apps for radiology by the year
2012 that some of them like ACR appropriateness crite-
ria app and eRoentgen Radiology DX have been devel-
oped by major stakeholders in mobile apps stores such
as Apple, Google, Microsoft and blackberry to assist
physicians in selecting appropriate imaging proce-
dure based on patients’ conditions [20, 21]. However,
it has been reported that healthcare providers are not
involved in the development and evaluation of these
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mobile apps [22]; and the evaluation of apps is limited
to some app reviews provided at the mobile app stores
[21].

Thus, understanding the factors that influence health-
care professionals’ adoption of the mobile apps bring
potential benefits for patients, health care decision-
makers, and main stakeholders in mobile app stores. To
consider this challenge, we seek two objectives: (1) devel-
oping and implementing a Head CT scan Appropriate-
ness Criteria mobile app (HAC app) for residents CT
scan ordering; (2) investigating the effect of HAC app on
CT scan utilization via before and after the intervention.

Methods

Study setting

The current study was launched in neurology & neuro-
surgery (N&N) departments of the academic hospital
with 510 beds affiliated to Kashan University of Medi-
cal Sciences (KAUMS), Iran. Given university has been
focused on a series of studies to integrate cost informa-
tion of health care services into the physicians’ education
(cost consciousness) and decline inappropriate medical
investigations [23-25], including medical imaging, labo-
ratory tests, bed utilization, etc. among health care pro-
viders [26-29].

Study design

We performed one arm intervention quasi experimen-
tal study with before/after analysis to examine the effect
of HAC app on CT scan utilization for all encounters
to N&N departments. Following the performed study
on the CT utilization at a given hospital [26] in 2017,
we aimed at evaluating an intervention to implement
the clinical-guideline-based mobile application on head
CT utilization at N&N departments from May 2018 to
November 2018. Phases of the present study included: (1)
development and implementing of HAC app; (2) investi-
gating the effect of HAC app on head CT utilization via
before- after intervention, and post intervention follow
up phase; (3) and assimilation of residents’ real experi-
ence during the interaction with the HAC app via focus
group discussion FGD.

Development of HAC App

HAC app building approach

To select a system-building approach for developing
HAC app, a multidisciplinary expert panel consisting of
physicians, and professionals from health information
sciences were formed. Since the complexity and the
size of information technology projects would increase
the likelihood of its failure [30], the research team
adopted an affordable, iterative process via prototyping
approach. To consider the highlighted role of providing
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access to relevant guidelines at the point of care on
guideline adherence by physicians [10, 11], functional
requirements for HAC app mainly focused on support-
ing electronic access to Care Core guideline. As far as
we know, the evidence to investigate the physicians’
engagement with mobile application in daily clinical
practice is meager and there was a lack of knowledge
regarding to: (1) conducting this type study in terms
of study protocol and (2) anticipating the outcome of
mobile app intervention in terms of its effectiveness.

We started this project as a pilot project with basic
requirements and the minimum changes on the exist-
ing clinical processes. Design phase of HAC app
involves an understanding of the residents’ basic needs
and requirements for ordering a Head CT scan through
two focus group discussions (FGD). Selecting appro-
priateness guidelines for ordering Head CT scans also
was discussed in this phase. All free clinical guidelines
for ordering Head CT scans were collected [31-36] and
discussed via interactive FGD with physician trainees
(resident) and attending physicians. Table 1 indicates
the list of appropriateness guideline for imaging. The
Care Core National Guideline was confirmed as a CT
scan guideline for adoption in HAC app since physi-
cians believed it was close to their medical textbooks.

The CT scan appropriateness guidelines extracted
through a literature search was presented to the expert
panel [31-36]. They were invited to discuss on most
suitable CT scan appropriateness guidelines and HAC
app requirements for developing an electronic guide-
line based on mobile application. Decision was made
based on interaction between the researchers and
experts, and considering suitability of the guideline for
clinical processes and the clinical training materials of
the residents.

A trained moderator (researcher) explained the differ-
ent phases of the study and the non-evaluative environ-
ment of the FGD. The FGD moderator has the following
responsibilities: encouraging all residents to participate
actively, summarizing and extracting the main ideas
from the comments. We analyzed collected data and

Table 1 Imaging appropriateness criteria/guideline
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transformed physicians’ ideas into meaning units rel-
evant to the study questions.

HAC App content and functionality

We applied 4-tier architecture including presentation
layer, data service layer, business logic layer, and data
access layer to develop the HAC app. The HAC app’s
graphical user interface was designed on the Android 4.1
or higher using the JavaScript language. HAC app owns
offline capability which allows the user to run the HAC
app regardless of internet connectivity. It does not con-
tain, maintain, receive, or send patient information. The
HAC app encompasses entire basic criteria arranged by
Care Core guideline for head CT scan. Care Core pro-
vides a list for disease titles for example head trauma,
which are supplemented by the list of clinical criteria in
terms of signs and symptoms of the given disease. Under
each main heading or in front of each condition the
appropriate imaging procedure in the form of MRI, CT,
computed tomography angiography (CTA) is provided.
The main objectives of the first phase were to inform
the residents that HAC app is the preliminary pilot sys-
tem solely focusing on the main processes of ordering
CT examinations. It was also emphasized that HAC app
might need to be refined based on their inputs and inves-
tigating its effectiveness on CT utilization.

Investigating the effectiveness of HAC app on head CT
utilization: before and after intervention
Intervention
The before and after intervention phases of the study
were conducted for five months from May 2018 to Sep-
tember 2018 for two months baseline audit/ pre-inter-
vention and three months the intervention phase. Since
the timing of the before and after measurements is
important in quasi- experimental study, researcher leave
one month for forming and stabilizing the new behaviors;
therefore, the intervention phase is extended to three
months.

Although performing a case—control study increased
its robustness and generalizability of our findings, a

Title of the appropriateness criteria/guideline

Developed by

American College of Radiology (ACR) CT Scan Appropriateness Criteria [31]
Diagnostic Imaging Referral Guidelines: a guide for physicians [32]

Clinical Appropriateness Guidelines [33]

Care Core Criteria for Imaging [34]

Referral Guidelines for Imaging [35]

Referral Guidelines [36]

American College of Radiology (ACR)
The Canadian Association of Radiologist
American Imaging Management (AIM)
Care Core National

European Commission

Roya College of Radiologist
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before- after intervention was conducted due to the fol-
lowing limitations:

+ The size of the hospital: Shahid Beheshti is a medium
size hospital with small number of residents (n = 16).
So, the number of residents were not enough to con-
duct case and control study.

+ Limited number of existing academic hospitals: Sha-
hid Beheshti hospital is the only academic hospital
in the given city and it was impossible to consider
other neurology and neurosurgery departments as a
control group. Selecting the attending physicians as
a control group were also impossible due to imper-
fect matching criteria in terms of age, working expe-
riences, expertise, and knowledge among residents
and attending physicians. Selecting another clinical
department at Shahid Beheshti hospital was not also
logical since a control group might suffer from con-
tamination bias. We believed that members of the
‘control’ group might inadvertently be exposed to the
intervention.

To protect the physician against the patient as a poten-
tial plaintiff and fear of litigation, using the HAC app was
optional. The residents were unaware about the objec-
tive of the study and outcome measurement (effect on
HAC app on number of CT scan ordered). No other
competing interventions were conducted to reduce head
CT scan for hospitalized patients at N&N departments.
However, applying the HAC app as an assistive device to
order head CT was emphasized by attending physicians.
To audit and track residents adopting the HAC app, the
research team audited CT scan utilization and commu-
nicated the rate of CT ordered by residents with the chair
of the N&N departments during the intervention phase.

The engagement of senior physicians was crucial for
HAC app adoption. Using the HAC app was an option
thus, we need a strategy to motive residents to use HAC
app. Moreover, the attending’s emphasis was a part of
the adoption process of HAC app. Evidence introduced
social support (senior/peer pressure) as one of the main
features of the early stages of mobile engagement [37].

Investigating the continuous use of HAC app

To realize the continuous use of HAC app, we ceased the
intervention; therefore, no further tracking of the resi-
dents of CT scan utilization was performed nor was it
communicated with the chair of the N&N departments.
Then, residents continued the use of HAC app and CT
utilization were investigated two months after cessation of
the intervention from October 2018 to November 2018.
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Selection of participants

All residents in N&N departments (n = 16) who used
Android mobile phones were included in the current
study since literature debated that the residents were
mostly responsible for ordering inappropriate services
at the academic hospitals [23-25]. All encounters, were
hospitalized in the N&N departments and received
CT scan during study periods were used for outcome
measure.

Outcome measure

According to previous studies to investigate the effec-
tiveness of information technology tools on physicians’
ordering behavior [38], per patient CT scan ordered
by residents was applied as a unit of analysis during
research phases. The outcome measure was assessed
using a checklist as well as reviewing medical records
at all two-time points of the intervention. In the base-
line phase, all medical records, which belonged to
patients with head CT scan and were hospitalized at
N&N departments, were reviewed using a two-sec-
tion checklist. The first section covered patient back-
ground information, including age, sex, and patient
record number, length of stay, medical diagnosis, type
of treatment, and insurance type. The second section
covered background information about head CT, such
as type of CT (CTA, with contrast, without contrast),
requested ward (neurology, neurosurgery), time and
date of CT scan, and the numbers of CT scans. The
same chart review process was applied during three
months of intervention phase and two months after
cessation of the intervention or post-intervention fol-
low up phase.

Understanding residents’ experience with the HAC app

We conducted one FGD with residents to provide
insights and further guidance for developers on con-
tributing factors in the successful adoption of HAC
app. The research team aimed two objectives to
develop FGD: (1) to review and digest residents’ expe-
rience acquired during interaction with the HAC app;
(2) to pave the way to go beyond narrow considera-
tions of the IT artifact and to get deepen into under-
explored facts for further revision of HAC app via
iterative approach. FGD was directed with semi-struc-
tured questions to prompt discussion on the HAC app
and the usage of mobile apps in general. These sessions
were digitally recorded and transcribed by two authors
to identify common themes. Quotations illustrating
the key themes were analyzed based on physicians’
insights.
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Data analysis

Data were analyzed using descriptive statistics such
as frequency and median. Since the distribution of
data was skewed or non-normally distributed data, we
applied the median to report CT utilization per patient
during three points of the study. A Chi-square test was
used to compare the difference between the CT scans
of two groups of N&N, and the exact test was used if
the test conditions were not met. Chi-squared test is
used to determine the significant relationship between
sex, disease, and treatment of encounters during three
phases of the study. Since the distribution of age and
length of stay were not normal, the Kruskal-Wallis test
was used to determine any significant relationships
between age and length of stay throughout various
stages in this study. To determine statistically signifi-
cant differences for CT scan utilization between three
phases of study also we also used Kruskal-Wallis test.
The Mann-Whitney test is used to compare CT scan
utilization significant differences between two phases
of study independently.

All statistical analyses were performed using Statisti-
cal Package for Social Sciences 16.0 (SPSS Inc., Chicago,
IL, USA) at a significant level of 0.05. We applied Wolcott
[39] thematic analysis approach including description,
analysis, and interpretation to analyze FGD collected
data and transform physicians’ ideas into insights, and
themes.

Ethical consideration

The current study was approved by a Research Eth-
ics Committee of Deputy of Research & Technology at
KAUMS [Code# IR KAUMS.MEDNT.REC.1396.95]. We
declare that all research phases performed in accordance
with the Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects. Research
participants were informed about the study before ini-
tiating the intervention phase. Informed consent was
obtained and the voluntary nature of the participation
was explained to participants, and they were assured
about anonymity and confidentiality of data collected.

Results

Development of HAC App: content and functionalities
HAC app enables end-users to search head CT scan
appropriateness criteria based on diseases, signs and
symptoms, and modality type including CT scan, CTA,
and MRI. To apply HAC app, users enter specific dis-
eases, signs or symptoms enclosed in Care Core guideline
in the "Index" box. To avoid confusion and proper data
presentation, the list of clinical criteria under the disease
heading are grouped using plus sign (+). The detailed
clinical criteria are provided via clicking on the plus sign.
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HAC app also supports searching conditions under head-
ings of the imaging modalities. To organize and easily
find frequently used diseases or clinical criteria, a short-
list menu is designed. It enables users to add common
diagnoses to the shortlist menu. Screenshots of the func-
tionalities of the HAC app are presented in Fig. 1.

Investigating encounters with CT scan at N&N departments
A total of 415 N&N encounters with CT scan order,
pre-intervention 127 (30.6%), intervention phase 187
(45.1%), and 101 (24.3%) in the post-intervention follow-
up phase were included in this study. Of these encoun-
ters, 298 (71.8) were male, and 117 (28.2) were female.
The patients’ median age was 54 (Q; = 31, Q; = 73). The
patients were mostly admitted at the N&N wards due
to hemorrhagic lesion 94 (22.65%), ischemic lesions 92
(22.17%), and other neurologic disorders 127 (30.60%).

Table 2 also indicates that the maximum number of
patients who needed CT scan 187 (45.1%) were admitted
during the intervention phase. Moreover, complicated
cases including patients with the final diagnosis of hem-
orrhagic lesion 47 (50%) and ischemic lesions 54 (58.7%)
also increased during the intervention phase. However,
the comparison of CT scan ordering per patient at the
N&N department did not increase during the interven-
tion phase from July to September (Fig. 2).

Investigating the effectiveness of HAC app on head CT
utilization: before and after intervention

We compared monthly CT scan utilization per patients
during three phases of study using median. Although
Fig. 2 reveals the median for CT scan utilization during
three phases of study was 2, third quartiles (Q3) indi-
cates CT scan utilization declines from median= 4 at
the before intervention phase to 2 after the intervention
phase. This decline (Q3=2) remained the same during
the intervention phase and post-intervention follow up
phase.

According to Table 3, total head CT utilization for
seven months was 920. We investigated the effect of HAC
app on CT utilization at all three-time points of the inter-
vention including pre-intervention, intervention phase,
and post- intervention follow up phase using Kruskal—
Wallis test. The decrease of total CT scan utilization at
three phases of study at both N&N departments was sta-
tistically significant (P = 0.027).

To compare CT scan utilization significant differences
between two phases of study independently, Mann-Whit-
ney test was used. Significant differences were found in
the pre-intervention phase and intervention phase at
both neurology (P = 0.024) and neurosurgery (P * 0.001)
departments. However, the decline was marginally signif-
icant for total CT scan utilization (P = 0.054).
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Table 2 Patient characteristics during three phases of pre-intervention, intervention, and post-intervention
Patient characteristics Pre-intervention Intervention (N = 187) Post-Intervention Total (N = 415)
(N=127) (N=101)
Sex (%)
Male 88 (29.5) 138 (46.3) 72 (24.2) 298 (100)
Female 39(333) 49 (41.9) 29 (24.8) 117 (100)
Diagnosis (%)
Head trauma 25(36.2) 29(42) 15(21.8) 69 (100)
Hemorrhagic lesion 27 (28.7) 47 (50) 20(21.3) 94 (100)
Ischemic lesions 18 (19.6) 54 (58.7) 20 (21.7) 92 (100)
Tumors 15 (45.5) 8(24.2) 10 (30.3) 33 (100)
Other neurological disorders 42 (33.1) 49 (38.6) 36 (28.3) 127 (100)
Treatment (%)
Surgical 61 (39.6) 55(35.7) 38(24.7) 154 (100)
Medical 66 (25.3) 132 (50.6) 63(24.1) 261 (100)
Age
Median (Q1; Q3)* 47 (26;67) 58 (37, 76) 55(33;70) 54 (31;73)
Length of stay
Median (Q1; Q3)* 8(5;12) 6(4;10) 5(4;10) 6(4;10)

*All data has been reported using Median (Q;, Q;)

Understanding the continuous use of HAC app

To understand continuous intention of use of HAC app
among residents, we compared the CT scan utilization
during the intervention phase and post- intervention fol-
low up phase (Table 3). The total head CT scan utilization
and CT scan utilization at neurology and neurosurgery
departments were not statistically significant between
two phases of intervention phase and post- intervention
follow up phases (P = 1).

Understanding residents’ experience with the HAC app

We reviewed and digested residents’ experience acquired
during interaction with the HAC app via FGD and two
critical themes extracted in terms of HAC app strengths
and area for improvement, and physicians’ expectations
of HAC app next version (Table 4).

Discussion

The purpose of the present study was to examine the
effect of clinical-guideline-based mobile application,
HAC app on head CT scan utilization in N&N depart-
ments. Our result demonstrated that guideline-based
mobile application might affect the head CT scans uti-
lization during the intervention period. The results of
this study are inconsistent with those of Carnevale and
Sharp’s study of using clinical guidelines through infor-
mation technology (IT) tools. In their research, clinical
guidelines in the form of a computerized decision sup-
port system (CDSS) had no or modest effect on reducing
CT scans [12, 13]. However, the results of present study

are consistent with those of Bookman, Ip, Goergen, and
Min [40-43]. The reason for this discrepancy may be
related to how an intervention is implemented and rein-
forced. In all of the mentioned studies, including the pre-
sent study, there is one thing in common: the varieties of
organizational, administrative, and social approaches in
the form of feedback, social pressure like emphasis by
senior physicians, and hard stop approaches which were
employed to integrate IT tools in clinical practices and
workflows. For example, Goergen designed the CDSS
fully interactive to answer physicians’ questions and to
provide feedback, decision reasoning, and interpretation
[42]. Therefore, it appears that adopting mobile devices,
like any other IT application, should integrate all the
socio-technical requirements in terms of human, social,
organizational, and technical factors to adopt success-
fully [44]. The study also revealed that although HAC app
affects residents’ CT scan utilization, these changes were
not sustained. As a result, we cannot directly attribute the
resident’s CT utilization changes to HAC app, and there
might be other contributing factors to these results. We
believe that the HAC app was effective during the inter-
vention phase, since using guideline and reducing inap-
propriate CT utilization was also highlighted by senior
physicians in the morning report sessions. Therefore, this
emphasis might work as a subjective norm/social influ-
ence for adopting mobile app. Previous evidence argued
that subjective norms/social influence, including "supe-
rior influence", "peer influence", and "regulation" has a
substantial effect on intention of use of IT application
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Fig. 2 Comparisons of monthly CT scan utilization per patient at N&N departments
Table 3 CT scan utilization per patient in three phases of pre-intervention, intervention, and post- intervention follow up phase
Phases of study CT scan utilization
Total head CT CT at Neur. CT at Neurosurg. Total
Total Per Pt Total Per Pt Total Per Pt
Pre-intervention 334 2(1,4)* 64 0(0,1)* 272 14 * 336
Intervention 381 20,2* 150 0(0,1)* 231 1(02)* 381
post-intervention follow up 205 1(1,2)* 73 0(0,1)* 130 10,2)* 203
Total 920 287 633 920
p-value Kruskal-Wallis 0.027 0.028 ©0.001
p-Value Mann-Whitney
Pre-intervention and intervention 0.054 0.024 0.001
Pre and post intervention follow up 0.075 0.35 0.003

Intervention and post intervention follow up

1

1

Pt patient, Neur neurology, Neurosurg neurosurgery
*All data has been reported using Median (Q,, Q;)
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Table 4 Thematic analysis of physicians'insights regarding HAC app
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Physicians’insights Themes Quotations

Current version of
HAC app: strengths
& weaknesses

User interface "I think the icons are really clear"
"HAC app was easy to use"

"The visibility of screen was appropriate."

"Help tab was unclear; because it was located at the bottom of "About us”tab."

Usefulness

"Providing an electronic guideline with a capability to search would support its accessibility; however, it is not
efficient to be used at patient bedside".

The navigation between diagnosis, symptoms, and pages was a bit awkward."

"It was suitable for reading not practical at the point of care; Actually, at the point of care, | need something
which speeds up my workflow and productivity."

"We mostly need mobile devices for prompt decision making. So, it is apparent that in these kind of situations we
do not have time to search and read something. We seek suggestions, instead".

Functionality

"It is easy to know what to do/where to move to perform tasks."

"Lack of proper search capabilities: once the search was made, the term was highlighted in the app (e.g. head-
ache); providing a long list of conditions which enclose the term "Headache" make it confusing""

"Lack of information layering; since the mobile screen is too small, providing a long list of search results make it

time demanding and inefficient."

"Unclear status: “not entirely clear if I actually completed the task’, since there is no feedback if you complete the

task!"

"| believe the small size of the mobile screen makes it difficult to work with; In fact, searching information from a
long list of symptoms or diseases in the form of a mobile LCD was hard and time-consuming.'

Physicians'expecta-  Effectiveness
tions of HAC app

next version

diseases be more helpful."

"Maybe developing a disease-specific app which focuses on CT scan appropriateness criteria for one or two

"| prefer app to assist me in the prediction of the next step for patient treatment; something could help me for

decision-making, for example, interpreting the CT scan.'

"Perhaps rather than providing an electronic guideline with a capability to search from the list of disease or
symptoms, providing a kind of algorithm for complex neurological conditions would provide more clinical value""

"| prefer those applications that | can enter the patient’s signs and symptoms and it lets me know which imaging
procedure is suitable for the given patient."

[45, 46]. Existing literature also highlighted the crucial
role of social support/ senior pressure in the early stages
of mobile engagement model [37].

Another purpose of the current study was to under-
stand the continuous intention of use of HAC app
among residents. The results suggested that the
decrease of the CT utilization was statistically insig-
nificant in post- intervention follow up phase and resi-
dents discontinued using HAC app. In our opinion,
one of the reasons that the residents stopped using the
HAC app after removing the intervention might have
been attributed to its functionality and perceived use-
fulness. Previous evidence indicates that effectiveness,
efficiency, functionality, usability, and quality of mobile
application had significant effect on its acceptance
[47-50]. There has been a focus in the literature on the
strong impact of perceived usefulness on intention to
use mobile application. Payne found physicians employ
mobile apps by which they improve care efficiency and
productivity [51]. Pokhrel [52] via a qualitative study
among HCP presented that they prefer mobile apps
which support them in their clinical practices includ-
ing "suggestive diagnosis and treatment after entering

the symptoms of a particular disorder”, and "guides
and supports in diagnosis and treatment". Our finding
during FGD with residents also support Pokhrel’s find-
ing and emphasize that the sole automation of clinical
guideline using mobile app would not entirely address
HCP’s needs at the point of the care. Our results do
not support the results derived by Qumseya [10], Al-
Ghamdi [11], Dupaix [17], and Hakes [53]. In his study,
Al-Ghamdi debated that physicians introduced a great
impact of mobile devices on clinical practices through
faster access to clinical practice guideline [11]. Dupaix
et al, via survey study, also revealed that distribution
of mobile devices among the residents would increase
reading educational material among physicians and
their study time at the hospital [17]. This difference
may be due to the fact that aforementioned studies
mainly focused on evaluating attitudes and percep-
tions of HCP regarding mobile devices not evaluating
their actual use at the point of care. It would be a huge
gap among HCP’s perceptions about the capabilities of
mobile devices and real interaction with them through
clinical workflow.
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Implications for research and education

Given the short term effect of HAC app on CT utilization
our results did not necessarily confirm any direct cause-
and-effect relationship between the mobile app and phy-
sicians’ behavior. Lack of the results from the empirical
studies in the area of effectiveness of mobile apps among
HCP and focus of existing literature on evaluating atti-
tude and perception of HCP necessitate the further stud-
ies to realize contributing factors in the success of mobile
adoption and its continuous usage. It seems mobile apps’
investigations should move towards its second wave of
studies in the form of experimental, clinical trial, cohort
studies at both phases of adoption and mobile engage-
ment. Moreover, in order to increase robustness of the
future research design and reduce results discrepancies,
developing studies protocol to support more reliable and
consistent results for these type of studies is strongly rec-
ommend. Since, mobile artefact considers as one of the
most widespread technology adoptions of all time, the
Lesson learned from these sorts of studies creates values
for variety of stakeholders.

Strengths and limitations

To our knowledge, this study represents the first attempt
to investigate the appropriateness guideline-based mobile
application to support head CT scan ordering. While
most previous studies concerned physicians’ attitudes
and perceptions towards mobile application, we have
conducted an experimental one to evaluate the impacts
of mobile apps on care outcome. Our study has several
limitations: First, it was carried out on a small sample size
for a relatively short time period in a single health care
setting. Such limitations decrease the generalizability of
findings to other similar groups. However, we worked
post-intervention follow-up to make it entirely impos-
sible to confirm any cause-and-effect relationship of the
mobile app on CT order by chance. In the area of the
development of mobile application, HAC app’s graphical
user interface was designed only for the Android mobile
operating system. Moreover, using the HAC app was
optional and statistics reports of HAC app for instance
how long users spent in the app, how many times applied
the app, and which icons, buttons are clicked have not
be tracked in the current study. To eliminate the effect of
usability factors in HAC app adoption by residents, we
should have conducted usability testing before full imple-
mentation of HAC pp.

Although, the attending’s emphasis was a part of the
adoption process of HAC app, their influence should
have been investigated on the use of the HAC app.
Moreover, audits of care processes at the N&N depart-
ments for example residents’ consultation with attending
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physicians for ordering CT scan was also not carried out
in the current study. The outcome assessment of HAC
app was narrowly focused on number of CT scan, and
various features of CT scan ordering including repeated
CT scan, CT scan intervals and their appropriateness
were not accurately measured in the study. Furthermore,
Hence patients’ medical diagnosis would affect CT scan
requests attention should be given to patients’ recruit-
ment in the forthcoming studies.

Conclusion

Hence, the effect of guideline -based mobile application
was not a long-lasting change, it did not necessarily con-
firm any cause and effect relationship between the mobile
app and physicians’ behavior. We suggested further stud-
ies using a larger sample and in the form of experimental,
clinical trial, and post-implementation studies before its
widespread use.
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