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Background There are few published studies of the use of portable or handheld
computers in health care, but these devices have the potential to transform multiple
aspects of clinical teaching and practice.

Objective This article assesses resident physicians’ perceptions and experiences with
tablet computers before and after the introduction of these devices.

Methods We surveyed 49 resident physicians from 8 neurology, surgery, and internal
medicine clinical services before and after the introduction of tablet computers at a
415-bed Boston teaching hospital. The surveys queried respondents about their
assessment of tablet computers, including the perceived impact of tablets on clinical
tasks, job satisfaction, time spent at work, and quality of patient care.

Results Respondents reported that it was easier (73%) and faster (70%) to use a tablet
computer than to search for an available desktop. Tablets were useful for reviewing
data, writing notes, and entering orders. Respondents indicated that tablet computers
increased their job satisfaction (84%), reduced the amount of time spent in the hospital
(51%), and improved the quality of care (65%).

Conclusion The introduction of tablet computers enhanced resident physicians’
perceptions of efficiency, effectiveness, and job satisfaction. Investments in this
technology are warranted.

Background and Significance

While the introduction of hospital information technology (IT)
relied on desktop devices and traveling workstations, there is
increasing interest in the use of Health Insurance Portability
and Accountability Act of 1996-compliant portable and mobile
computers to deliver care in a diverse array of practice settings.
There are few published studies of the use of portable or
handheld computers in health care, but these devices have the
potential to transform multiple aspects of clinical teaching and
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practice.'"® For example, tablet computers have been shown to
be an effective learning tool for medical students and
residents.”'® Mobile computers may offer practical advan-
tages in alleviating congestion in clinical care areas where
physicians, other health care providers, students, and admin-
istrative staff compete for vacant devices.!”-'® Mobile technol-
ogy could potentially improve the convenience of order-
writing, laboratory monitoring, and access to reference mate-
rials and decision aids, with downstream benefits in terms of
quality of care, efficiency, and clinician satisfaction.
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Objective

Few studies to date have assessed resident physicians’ per-
ceptions of the benefits of mobile tablet technology for
clinical care across inpatient services.'® Understanding resi-
dents’ perceptions about the value of tablet computers and
their experiences using these devices to support clinical care
could inform hospitals’ decisions to purchase and deploy
tablet computers, and the devices’ likely acceptance and use.
Therefore, we conducted a pilot project to examine residents’
perceptions and experiences of using mobile tablet compu-
ters at a teaching hospital before and after the introduction of
these devices. We hypothesized that residents would readily
adopt and use this technology, and that their expectations
would match their experience in improving resident job
satisfaction, reducing time spent in the hospital, increasing
quality of care, and expediting clinical tasks.

Methods

Setting and Participants

This project was conducted on seven adult general medical-
surgical wards and the medical intensive care unit (MICU) of
a 415-bed academic medical center in downtown Boston
serving a diverse patient population. Each of the participat-
ing clinical services was staffed by 1 to 2 postgraduate year
(PGY)-1 interns, a PGY-2 or -3 resident, a PGY-4 resident or
medical student in some cases, and an attending physician.
Residents rotated among subspecialty services, generally at
2- to 3-week intervals, and were assigned to specific wards
during daytime and overnight shifts. Resident physicians
were responsible for conducting morning work rounds,
tracking test results, entering patient orders, ordering con-
sultations, communicating updates to the attending physi-
cians, and educating less-experienced trainees and students.
Adult medical-surgical and intensive care unit teams used
the Soarian (Cerner, Kansas City, Missouri, United States)
electronic health record for inpatient care.

Device Selection and Preparation
With financial support from the office of graduate medical
education and the hospital’s information services department,
we purchased and deployed 13 tablet computers to 8 clinical
services from November 13, 2015 to July 1, 2016. In anticipa-
tion of the deployment, we identified technical requirements
to support Soarian clinical applications, Microsoft Office tools,
and medical references in discussions with hospital IT staff.
Soarian compatibility requirements included Intel 2.0 GHz
processor or equivalent, 512 MB RAM, Microsoft Windows,
Internet Explorer 6.0, Adobe Acrobat Reader v8, and Sun Java
Virtual Machine Version 1.5. A secure, encrypted wireless
network available throughout the hospital connected to the
devices automatically. Resident physicians piloted several
candidate devices including the Dell Venue Pro 8, Microsoft
Surface Pro 2, ASUS MeMo Pad 7, and Lenovo Yoga Pro.

After pilot-testing alternative tablet devices, we surveyed
29 users about their perceptions and experiences. Residents
considered the size of the device as an important selection
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criterion, and were particularly interested in tablets that could
fit in a white coat pocket. However, they ultimately preferred
larger devices that were lightweight, had a large enough screen
to view full electronic medical record (EMR) “pages” and
radiographic images, and offered multitouch screen capability,
extended battery life, and virtual keypad functionality. How-
ever, processing speed was the feature consistently rated most
important to users. We conferred with the hospital’s infection
control practitioners to confirm that the external surface,
keyboard, and touch screen of the preferred device could be
disinfected satisfactorily using the hospital’s existing inven-
tory of antiseptic wipes. After further review of pricing and
mobility, we purchased 13 Lenovo Yoga Pro ThinkPads (Mor-
risville, North Carolina, United States). This device featured
high processing speed, touch screen capability, use as either a
tablet or a notebook, 4GB memory, midrange cost, and 2.4
pound weight. Although we used the term “tablet computer”
consistently throughout the project, this mobile device is more
accurately characterized as a light laptop computer with a
touch screen and full operating system.

All 13 tablets connected to the hospital’s secure wireless
network and included Internet Explorer, Soarian (Cerner)
EMR and computerized order-entry system software, links to
the hospital’s Intranet and electronic paging directory,
Microsoft Outlook Webmail, and the institutional subscrip-
tion to UpToDate. Authenticated software ensured that only
hospital staff could access these programs and unlock the
tablets. Device tracking was enabled from the IT depart-
ment’s central console if necessary. All devices were pass-
word-protected and encrypted for security.

Allocation of Tablets

The medicine department is organized into eight subspecialty
inpatient services, and admitted patients are assigned to the
service that most closely matches their admission diagnosis.
One tablet was allocated to each of the two PGY-1 residents on
the nephrology and general medicine services, two tablets to
the PGY-2 residents who served as night float (covering several
medicine subspecialties), and another tablet was provided to a
PGY-3 resident in the MICU. We allocated 4 tablets to surgical
residents, including 1 surgical oncology intern (PGY-1), 1
colorectal or thoracic surgery intern (PGY-1), 1 vascular sur-
gery intern (PGY-1), and 1 consult resident (PGY-3) on general
surgery. We also provided 2 tablets to the neurology team. One
tablet was shared among neurology junior residents (PGY-3)
and the other was shared among neurology senior residents
(PGY-4). The distribution plan was intended to evaluate tablet
computer use and utility during a variety of shifts (full day,
night float, on-call) and among teams with geographically
dispersed patients.

Survey Development

We searched the medical literature for a survey instrument that
could be used to assess the impact of tablet computers on clinical
care and resident efficiency. Because we found no suitable
instrument in the literature, we developed surveys in an itera-
tive fashion based on input from IT staff, medical educators,
attending physicians, and medical and surgical residents.
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The baseline survey asked respondents to identify tasks
for which they believed that tablet computers would be most
useful (i.e., entering orders, writing notes, reviewing data,
signing out, accessing medical references, or other tasks). It
also elicited respondents’ assessments of whether tablets
would affect their residency program ranking (improved, no
change, decreased), improved their job satisfaction (yes, no),
total time spent in the hospital (decrease, no change,
increase), and the quality of care they delivered (improve,
no change, worsen). The survey elicited limited personal
information to ensure respondent confidentiality (resident
PGY-year, hospital service), a self-assessment of their IT
aptitude, and whether respondents owned or used a perso-
nal tablet or smartphone. The follow-up survey asked
respondents to rate their experience using the tablets by
assessing whether the tablets were helpful for clinical care
(yes, no), to assess where the residents found the devices
most useful (on the wards, in conference, out of the hospital,
in-hospital on call, out of hospital on call), and to identify the
most valuable applications (entering orders, writing notes,
reviewing data, signing out, accessing medical references,
other tasks). Respondents were asked also to assess the ease
and speed of the tablet computer to a standard desktop
workstation for tasks such as searching for an available
computer, viewing medical information, writing notes, and
entering orders using a 5-point Likert scale. Copies of the
instruments are provided in the Appendix (

, available in the online version).

Project Protocol and Data Collection

Each eligible resident received an email from a research
assistant 1 week prior to the clinical rotation in which the
tablet computers were available to them. The email message
explained the purpose of the project and offered the resident
the opportunity to use the tablet during the course of the 3-
to 4-week rotation. Participation was optional, but partici-
pants agreed to complete a confidential electronic survey
before and after the rotation. Participants also agreed to take
personal responsibility for the security of the device. Parti-
cipants were permitted to take tablets home or to store them
in a hospital-issued locker. No other incentives or compensa-
tion were offered.

Surveys were created and distributed electronically using
SurveyMonkey (San Mateo, California, United States) (Sup-
plementary Material, available in the online version). The
baseline survey was distributed 7 days prior to the start of
the rotation. A follow-up survey was distributed within
1 week after completing the rotation. A secure, encrypted
database was used to track responses. Nonresponders
received up to three reminder emails. If a resident used a
tablet on multiple rotations, he or she was asked to complete
surveys for each rotation. We tracked whether the resident’s
response was for an initial or repeat trial.

Analyses

We tabulated respondents’ characteristics such as gender,
clinical service, PGY, and self-reported technological aptitude.
We also tabulated residents’ assessments of the ease and speed
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of use of tablet computers compared with traditional desktop
workstations for various clinical tasks, such as locating an
available desktop computer, viewing medical information, writ-
ing notes, and entering orders. We then compared residents’
assessments at baseline and follow-up of the effects of tablet
computers on clinical tasks, job satisfaction, time spent working
in the hospital, and quality of care, using the chi-square statistic.
We repeated this analysis, stratifying residents by their self-
reported “tech” aptitude. A two-tailed p-value of < 0.05 was
considered statistically significant. Analyses were performed
using Stata 9.0 (StataCorp, College Station, Texas, United States).
Free-text comments from tablet-user surveys were examined.
This project was reviewed in advance by the hospital’s institu-
tional review board (IRB) and determined to be a quality
improvement and educational project exempt from IRB review.

Results

Participant Characteristics

Of 63 eligible residents, 49 (78%) agreed to participate in the
project and completed a baseline survey. Of the 14 residents
who declined to participate (13 in medicine, 1 in surgery),
several expressed reluctance to take personal responsibility
for the tablet. Thirty-seven residents completed a follow-up
survey. displays participants’ demographic char-
acteristics identified via baseline surveys. The majority were
male interns who considered themselves above-average in IT
literacy. All respondents owned a smart phone and 59% had a
personal tablet computer.

Ease and Speed of Use

The tablet computers were well received by house staff on all
services and units ( ). In the follow-up survey, 62% of
the 37 respondents reported using the device on a daily basis,
and another 27% used the tablet several days per week.
Residents found the tablet most useful while working on
the inpatient wards (51%) and in the hospital on call (41%).
The majority also agreed that it was easier (73%) and faster
(70%) to use the tablet than traditional desktop computers,
which often have limited availability. “The portability of the
tablet really made work much easier,” said a respondent.
“Tablets enabled me to work on notes, orders, and collect
data when no computers were available.”

Respondents indicated that tablets improved the speed at
which they could complete work-related tasks such as view-
ing medical information (51%), writing notes (57%), and
entering orders (49%), compared with a standard desktop
computer workstation. According to one resident, “[Tablets]
improved efficiency so I could spend more time talking to the
patient.” Another resident stated that “The ability to quickly
put in orders at anytime and anywhere without needing
immediate access to a desktop is invaluable.”

Impact on Job Satisfaction and Quality of Care
compares respondents’ assessments of the impact
of tablet computers on clinical tasks, job satisfaction, time
spent in the hospital, and perceived quality of care at baseline
and follow-up. Expectations were high at baseline: 98% of
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Respondent characteristics (N = 49)

Characteristics N (%)
Male 28 (57.1)
Service
Surgery (surgical oncology, colorectal, 5(10.2)
thoracic, vascular, and general
surgery consult)
Neurology 8 (16.3)
Internal medicine 2 (44.9)
(general medicine and nephrology)
Internal medicine night float 10 (20.4)
Intensive care unit 4(8.2)
Postgraduate year (PGY)
PGY-1 25 (51.0)
PGY-2 16 (32.7)
PGY-3 5(10.2)
PGY-4 3(6.1)
How tech-savvy do you consider yourself?
Very tech savvy 2 (24.5)
Above average 4 (49.0)
Average 10 (20.4)
Below average 3(6.1)
Not at all 0 (0)
Do you own or use a smartphone?
Yes, Apple 39 (79.6)
Yes, Android 10 (20.4)
No 0 (0)
Do you own or use a tablet?
Yes, iPad 29 (59.2)
Yes, Windows device 2 (4.1)
Yes, other tablet type 3(6.1)
No 15 (30.6)

respondents anticipated that tablets would be helpful in
delivering clinical care, 86% predicted improved job satisfac-
tion, 57% predicted that the device would decrease overall
time spent in the hospital, and 69% believed that tablet
computers would help to ensure high-quality care. According
to one respondent, “Portability and consistent access to EMR
will help.” Another respondent wrote that “We have renal
rounds in the dialysis unit, but have patients on our service
geographically spread throughout the hospital, so it will be
convenient to have a portable tablet to work on.”

On follow-up, there were no statistically significant differ-
ences in respondents’ perceptions compared with their expec-
tations at baseline. Residents reported that tablet computers
facilitated clinical care (95%), improved job satisfaction (84%),
reduced time spent in the hospital (51%), and enhanced the
quality of care (65%). A greater percent of residents at baseline
than at follow-up believed that tablets would be (or were)
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Respondent assessment of the ease and speed of use
of tablet computers (N = 37)

Questions N (%)
How often did you use the tablet?
Always (daily) 23 (62.2)
Often (few d per wk) 10 (27.0)
Occasionally (once a wk or less) | 2 (5.4)

Never 2 (5.4)

Where did you find the
tablet most useful?

On inpatient wards 9 (51.4)
Out of hospital (not on call) 1(2.7)
Out of hospital (on call) 1(2.7)
In hospital (on call) 15 (40.5)
Other 1(2.7)
Using the tablet was ... Easier Faster
...than searching for and locating
an available desktop
Agree 27 (73.0) | 26 (70.3)
Neutral 4(10.8) | 4(10.8)
Disagree 2 (5.4) 4 (10.8)
Missing 4(10.8) 3(8.1)
...for viewing medical information
than on a standard desktop
Agree 14 (37.8) 9 (51.4)
Neutral 12 (32.4) | 10 (27.0)
Disagree 7 (18.9) 3(8.1)
Missing 6 (16.2) 5(13.5)
...for writing notes than
on a standard desktop
Agree 14 (37.8) | 21 (56.8)
Neutral 9 (24.3) 7 (18.9)
Disagree 9 (24.3) 7 (18.9)
Missing 5(13.5) 2(5.4)
...for entering orders than
on a standard desktop
Agree 15 (40.5) | 18 (48.6)
Neutral 11(29.7) | 7 (18.9)
Disagree 6(16.2) 7 (18.9)
Missing 4(10.8) 4(10.8)

“most useful” for order-writing (39% vs. 22%), a nonsignificant
difference (p = 0.215). In contrast, a greater percent of resi-
dents found tablets most useful for writing notes and review-
ing data at follow-up than predicted at baseline. Favorable
assessments of the benefit of tablets with respect to time spent
in the hospital and improved quality of care were lower at
follow-up compared with baseline, but these differences were
not statistically significant.
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Respondent assessment of tablet impact at baseline
and follow-up

Survey item Baseline | Follow-up | p-Value?
survey survey
N =49 N =37
N (%) N (%)
Tablets helpful for 0.400
clinical care
Yes 48 (98.0) | 35 (94.6)
No 1(2.0) 2 (5.4)
Tablets most useful for 0.320
Orders 19 (38.8) | 8 (21.6)
Notes 12 (24.5) | 10 (27.0)

Reviewing data 15 (30.6) | 14 (37.8)
Accessing medical 2(4.7) 1(2.7)

references
Other 1(2.0) 4(10.8)
Tablets improve your 0.959
job satisfaction
Yes 42 (85.7) | 31(83.8)
No 7 (14.3) | 5(13.5)
Missing 0 (0) 1(2.7)
Tablets change the 0.689

amount of time spent
in the hospital

Decrease time 28 (57.1) | 19 (51.4)

No change 21 (42.9) | 17 (45.9)

Increase time 0 (0) 1(2.7)
Tablets affect the 0.790
quality of care
delivered

Improve care 34 (69.4) | 24 (64.9)
No change in care 15 (30.6) | 12 (32.4)

Worsen care 0 (0) 1(2.7)

aChi-square statistic.

Respondents at baseline identified order-writing as the
most likely useful function of tablets. At follow-up, “review-
ing data” was the most frequently cited use. Differences
between expectations and experience may have been influ-
enced by clinical rotation and shift. According to one resi-
dent, “I had the tablet on night float and did not use it much
since there were plenty of available computers in the ED
[emergency department] at that time. However, I do think
they will be helpful during long-call hours.” Several residents
noted unforeseen challenges with wireless Internet access in
certain areas of the hospital. No significant differences were
identified in subgroup analyses comparing residents who
identified themselves as above average in IT literacy com-
pared with those who self-identified as below average, the
factor we hypothesized to have the greatest impact on
resident perceptions.
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Discussion

This pilot project assessed resident physicians’ perceptions
and experience of using tablet computers on the inpatient
services of a teaching hospital. The majority of residents had
high expectations at baseline that tablets would offer
improved efficiency, quality of care delivery, and work
satisfaction. At follow-up, respondents indicated that these
initial expectations were generally satisfied. A majority of
respondents reported that tablets were faster than desktops
for viewing medical information and writing notes,
improved job satisfaction, and improved the quality of
care. Mobility and access both offered substantial advantages
for residents on busy inpatient services, and residents felt
that tablets were faster and easier to locate compared with
desktop computers. Interruptions in wireless connectivity
were cited as an occasional disappointment.

Our project provides insight into the acceptability of
mobile technology for house staff. Several previous studies
have evaluated mobile technology’s influence on educational
outcomes.'®20-23 In a study by Moodley et al, infectious
disease fellows identified 24 iPad applications to facilitate
their clinical tasks, decision-making, and education.?* In
neurosurgical training, easily accessible information and
portability guaranteed by tablets provided more opportu-
nities and time for 92% of residents polled, and was asso-
ciated with improved performance on 16 of 18 domains on
the Congress of Neurological Surgeons Self-Assessment
Examination.?>?® A study of 9 neurology residents found
that tablet computers resulted in time savings in preparing
and postprocessing of ward rounds.?” In contrast, no prior
studies have examined the impact of mobile technology on
perceptions of clinical care and resident work life.

Mobile technology may be particularly valuable to resi-
dent physicians, as they are responsible for providing
around-the-clock patient care, often in geographically dis-
persed locations. Residents frequently move among hospital
wards and clinics with the need to access clinical information
and reference materials from a variety of sources. In our
project, tablet computers allowed residents to find and view
pertinent information—including laboratory test results,
vital signs, and notes—during teaching conferences or multi-
disciplinary rounds. Patient care interventions, such as pla-
cing orders or preparing discharge paperwork, could be
enacted expediently. Tablets also reduced congestion and
wait times associated with accessing stationary desktop
computers and wheeled workstations.

While the majority of residents used the mobile devices
daily, about one-third of residents used the tablets intermit-
tently or not at all. Intermittent use suggests a tentative or
stuttering process of technology adoption or the perception
that tablets are better for certain tasks or settings. Some
individuals who chose not to use the tablets expressed concern
about their responsibility for securing the device or about their
ability to integrate the technology into their usual workflow.
We did not elicit adverse effects related to tablet use for
patients, attending physicians, or other members of the care
team. Previous research identified an association between
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computer use by clinicians in safety-net clinics with lower
patient satisfaction.?® Although physician computer order-
entry systems reduce adverse drug events in certain settings,
the technology’s potential negative effects on patient safety
and clinician efficiency have also been reported.?>3 Use of
handheld computers for clinical care has been limited by
interoperability, security, and poor user interfaces.>® Multiple
reports suggest that electronic health records increase the
time clinicians spend in indirect care,?” reducing the amount
of face-to-face patient care to only 27% of the workday.>®

Our project is subject to several limitations. As a single
institution project, its results cannot be readily generalized.
The project was limited to a single tablet device and the
number of respondents was relatively small. Clearly, many
different types of tablet computers are used for various pur-
poses in health care. Users’ experiences reflect the utility of
those devices for a specific set of applications. Although the
participation rate was high (78% of eligible residents agreed to
participate), participation was voluntary and therefore vulner-
able to selection bias. Although we believe the surveys have face
validity, they have not been subjected to rigorous validity and
reliability testing. Future research should ensure that survey
tools are carefully tested in advance. Residents who declined to
participate could have rated the devices less favorably than
those who participated. Because we did not survey tablet users
about their use of the devices for nonclinical tasks, it is possible
that the tablets conferred unmeasured benefits that influenced
respondents’ perception of the devices’ value.

Conclusion

In conclusion, resident physicians readily adopted tablet
computers and found these devices improved the speed
and ease of performing clinical care functions, job satisfac-
tion, and residents’ perceptions of the quality of care they
delivered. Additional experience is needed to understand
how best to implement mobile technology in teaching
hospitals and whether the technology might introduce
unanticipated risks and vulnerabilities. Future research
should measure the efficiency and quality of care of teams
equipped with mobile computers, and the impact of these
devices on patient assessment of patient-doctor communi-
cation. We need to know more about the use and value of
different types of devices and of best practices for ensuring
the security of these potentially important tools.

Clinical Relevance Statement

This project surveyed resident physicians about the impact
of tablet computers before and after their introduction on
the adult inpatient services of a teaching hospital. Residents
physicians found tablets to be easier to use and access than
desktop workstations. The majority of residents indicated
that tablet computers increased their job satisfaction,
reduced the amount of time spent in the hospital, and
improved the quality of care. The introduction of mobile
information technology may provide significant benefits to
frontline clinicians.
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Multiple Choice Question

Resident physicians perceived that the introduction of tablet
computers affected which of the following?

a. Job satisfaction only

b. Time spent in the hospital only
. Quality of patient care only

d. All of the above

Correct Answer: The correct answer is option d. In this
study performed at a teaching hospital, the authors
surveyed resident physicians before and after the intro-
duction of tablet computers on each of eight inpatient
clinical services. Expectations were high at baseline and
generally satisfied. Respondents at follow-up indicated
that tablet computers increased their job satisfaction
(84%), reduced the amount of time spent in the hospital
(51%), and improved the quality of care (65%).

The hospital institutional review board (IRB) reviewed
this project in advance and determined that it was a
quality improvement and educational project exempt
from IRB review and from applicable federal regulations
governing human research.

None.
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