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Abstract
Use of mobile tablet computers (MTCs) in residency education has grown. 
The objective of this study was to investigate the impact of MTCs on multiple 
specialties’ residency training and identify MTC adoption impediments. To 
our knowledge, this current project is one of the first multispecialty studies of 
MTC implementation. A prospective cohort study was formulated. In June 2012 
iPad2s were issued to all residents after completion of privacy/confidentiality 
agreements and a mandatory hard-copy pre-survey regarding four domains 
of usage (general, self-directed learning, clinical duties, and patient educa-
tion). Residents who received iPads previously were excluded. A voluntary 
post-survey was conducted online in June 2013. One-hundred eighty-five 
subjects completed pre-survey and 107 completed post-survey (58% overall 
response rate). Eighty-six pre- and post-surveys were linked (response rate 
of 46%). There was a significant increase in residents accessing patient 
information/records and charting electronically (26.9% to 79.1%; P<.001), but 
a significant decrease in looking up drug and treatment reference material 
(97.0% to 82.1%; P=.0039). There was a significant increase in MTC use as a 
primary means of charting when conducting rounds (4.9% to 39.5%; P<.001) 
and a significant decrease in using paper charts (30.1% to 15.7%; P=.0073). 
There was also a significant increase in MTC use as a primary means for 
explaining a diagnosis (7.7% to 57.7%; P<.001). The use of MTC has an 
impact on how residents approach medical education, clinical practice, and 
patient education. The survey tool may be useful in collecting data on MTC 
use by other graduate medical education programs. 
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Introduction
The adoption of mobile tablet computers (MTCs) among phy-
sicians has become increasingly common, particularly in the 
clinical setting. In a recent survey of 2,950 physicians, 72% 
reported owning a tablet computer and over half using these 
devices at point of care.1 Recent studies described the benefits 
of MTC implementation in a variety of settings, including the 
emergency department and in rural locations.2-8 Interest regarding 
the utility of MTCs in graduate medical education (GME) has 
been noted from a variety of medical and surgical specialties.9-19 
 A number of specialties have evaluated the impact of MTC 
implementation on residents. The adoption of MTCs has been 
associated with increased perceived and actual resident efficiency 
in an internal medicine residency program, although enthusiasm 
was slightly diminished in a follow-up study.9,10 Other internal 
medicine programs have also found high integration and clinical 
use of MTCs following distribution.11 Radiology residents have 
indicated that MTCs would be beneficial to them, particularly 
in studying, in addition to a change from printed to electronic 

educational materials in this specialty after MTC distribution.12-15 
Likewise, 81.6% of residents in an anesthesia program either 
agreed or strongly agreed that use of MTCs would improve 
their ability to learn their specialty.16 In a study of orthopaedic 
residents on an anesthesia rotation, it was similarly found that 
the residents’ perception of the quality of the instruction was 
improved significantly following distribution of a syllabus, 
educational materials, and schedule on an iPad instead of a 
printed format.17 In neurosurgical training, the easy access 
to information through the MTC and its portability provided 
more opportunities and time for studying for 92% of residents 
polled and an improvement in both global scoring and on 16 
of 18 individual scoring areas of the Congress of Neurological 
Surgeons Self-Assessment examination.18

 More recently, a small multispecialty, resident pilot study 
found that there was a self-reported increase in clinical efficiency 
in addition to reported feelings that the universal adoption of 
iPads would have benefits in coordination of care and educa-
tional activities.19 To our knowledge, there are no studies on the 
impact of the implementation of mobile tablet computing on all 
residents in a multispecialty GME institution. This study seeks 
to delineate the impact of MTCs on various resident specialties 
regarding patient education: general, didactic, and clinical use, 
and to identify impediments to MTC adoption. 

Methods
To evaluate the effect of MTCs on residents, a prospective 
cohort study was formulated. All residents were issued iPad 
2s20 at the start of the 2012-2013 academic year to support 
clinical and educational duties related to residency training. A 
mandatory completion of a hard-copy pre-survey and privacy/
confidentiality agreement was required. The University of 
Hawai‘i residency training programs total approximately 220 
institutional residents and fellows from nine core programs 
and six subspecialty fellowship programs. The pre- and post-
surveys were done upon the request of the residency program 
administration because they wanted to determine whether the 
introduction of the iPads had any impact on the residents’ 
educational experiences/training. The overall hypothesis was: 
Use of the iPad would make residency training more efficient 
and effective by making educational materials more readily 
available to the residents.  
 The survey instrument was based on a previous assessment 
of residents from two programs (Orthopaedic Surgery and 
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Pathology) who had received iPads at the start of the prior 
academic year (2011-2012) as part of a pilot study.  The survey 
items were developed largely based on the researchers’ past 
experiences and perceptions of tablet use. In addition to the 
collection of demographic information, there were four primary 
domains of interest that were addressed: general computer us-
age, self-directed learning, usage in clinical duties, and usage 
in patient education activities. The voluntary post-survey was 
administered to all residents online (via SurveyMonkey®) 
immediately prior to the conclusion of the 2012-2013 academic 
year. The pre- and post-survey questions were identical, with 
the exception of utilizing past tense for the post-test survey. 
 A total of 185 residents were included in this study. Partici-
pants were allowed to install additional applications, and several 
specialties reimbursed residents for applications purchased 
during the study. Continual remote access to electronic medical 
libraries was provided in addition to wireless network access 
across the various training locations. 
 For questions with only a single selection out of a group, we 
dichotomized each variable based on the frequency distribution. 
For example, “time spent on study weekly” was coded into over 
10 hours (10-13 hours, 14+ hours) vs less than 10 hours (0-3 
hours, 4-7 hours, 7-10 hours). For questions where one could 
select multiple choices, we coded each choice into a binary 
variable: chosen vs not chosen. The University of Hawai‘i’s 
Institutional Review Board deemed this study as exempt (UH 
CHS #19371).

 The survey data were summarized by descriptive statistics: 
frequencies, for categorical variables and for ordinal variables; 
means (standard deviations) of ranks of the data. Pre- and post-
survey responses were compared using matched-pair McNe-
mar’s test for binary variables and non-parametric Wilcoxon 
signed rank test for ordinal variables, based on ranks of the 
data. All analyses were performed in SAS 9.3 21 and a two-tailed 
P-value <.05 was considered statistically significant. 

Results
One hundred eighty-five subjects completed the pre-survey 
and 107 completed the post-survey for a 58% overall response 
rate. Respondents had a mean age of 31±6 years and 52% were 
female (Table 1). Eighty-six pre- and post-surveys could be 
linked and merged for a response rate of 46%. 
 Comparing pre- and post-survey responses, a significantly 
lower proportion of residents reported using their MTC to look 
up drug and treatment reference material (97.0% to 82.1%; 
P=.0039) and a significantly higher proportion to access patient 
information and records (26.9% to 79.1%; P<.001) following 
implementation (Table 2). There was no significant difference 
in the other activities between the pre- and post- surveys. For 
types of MTC use, residents ranked patient education higher 
(rank difference: post-pre=-0.47, P=.0053) and studying lower 
in the post-survey (rank difference: post-pre=0.39, P=.039), 
while there was no difference in clinical use or entertainment 
(Table 2). 
 

Table 1. Summary of Demographics Information of Those Who Completed the 
Pre-survey
Age (year), Mean ± SD 31 ± 6  
Female, n (%) 96 (52%)  

Residency Programs Sub-Specialty Fellowships Pre-Survey Distribution by 
Program (n)

Family medicine 18
Internal medicine 40

Cardiovascular disease 4
Geriatric medicine 4

Obstetrics and gynecology 25
Orthopaedic surgery 2
Pathology-anatomic and clinical 4
Pediatrics 23

Neonatal-perinatal medicine 1
Psychiatry 26

Child and adolescent psychiatry 1
Geriatric psychiatry 3

Surgery 21
Surgical critical care 2

Transitional year 9
Unidentified 2
Total  185

SD = standard deviation
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Table 2. Summary of Resident Use of Mobile Table Computer

Survey Question # Completed 
Surveys

Pre- / Post-Survey Status
P-valueYes / Yes: 

n
Yes / No: 

n
No / Yes: 

n 
No / No: 

n
Pre-Survey 
Yes: n (%)

Post-Survey 
Yes: n (%)

Activity with tablet computer
Look up drug and 
treatment reference 
material

67 54 11 1 1 65 (97.0%) 55 (82.1%) .0039

Access patient 
information/records 67 14 4 39 10 18 (26.9%) 53 (79.1%) <.001

# Completed 
Surveys

Pre-survey rank 
mean (SD)

Post-survey rank 
mean (SD)

Rank Difference (Post – Pre) 
mean (SD) P-value

Type of use
Studying 73 1.62 (0.79) 2.01 (1.34) 0.39 (1.60) .039
Clinical use 73 1.88 (0.81) 2.12 (1.02) 0.24 (1.31) .12
Patient education 73 3.15 (0.97) 2.68 (0.99) -0.47 (1.42) .0053
Personal entertainment 73 3.69 (1.02) 3.68 (0.92) -0.01 (1.32) .93
Other 73 5.59 (0.94) 4.51 (0.90) -1.08 (1.37) <.001

Note: Each respondent’s answers to the pre- and post-distribution surveys were matched for McNemar Chi-square analysis for categorical variables and Wilcoxon signed 
rank test for ordinal variables.  “# of completed surveys” is the number of respondents who provided responses to the same question in both the pre- and post- surveys. SD = 
standard deviation.

Impediments to MTC Adoption
There were no significant differences between the pre- and 
post- surveys in terms of residents’ concerns about using mobile 
device to communicate between physicians (results not shown). 
For patient care activities, there was a significant increase in 
the concern that patients did not have the technology (P=.018) 
(results not shown). 

Educational Use
Table 3 summarizes educational usage, clinical usage, and use 
in patient education of the MTCs. With regard to educational 
usage, there was a significant decrease in the percent of time 
spent studying from textbooks (P<.001). Similarly there was a 
significant decrease in the proportion of respondents studying 
over 10 hours weekly (P=.033). There was no difference in 
time spent studying from a computer. There was a significant 
decrease in use of print articles (59.0% to 42.2%; P=.013) as 
well as using a computer for assigned reading (47.0% to 31.3%; 
P=.042); conversely, there was a significant increase in the use 
of a MTC for assigned reading (14.5% to 66.3%; P<.001). Use 
of a phone for reading was rare in the pre and post-distribution 
analysis. Following distribution of the tablets, residents were 
significantly more likely to study at a hospital (rank differ-
ence: post-pre = -1.11, P<.001) or library (rank difference: 
post-pre=-1.90, P<.001) and less likely to study at home (rank 
difference: post-pre = 1.60, P<.001). 

Clinical Use
There was a significant increase in the proportion of tablet use 
for logging procedures and cases (4.9% to 39.5%; P<.001) 
(Table 3). There was no difference in the use of a traditional 
computer for charting, however, there was a significant decrease 
in use of paper charts (30.1% to 15.7%; P=.0073) concomitant 
with a significant increase in use of a MTC for charting (6.0% 
to 27.7%; P<.001). There was a non-significant trend towards 
decreased use of Picture Archive and Communication System 
(PACS) (72.0% to 57.3%; P=.052) and a non-significant in-
creased use of a tablet as the primary means for radiographic 
image viewing (2.4% to 8.5%; P=.059) (Table 3).

Patient Education
Regarding patient education, there were no significant differ-
ences in the use of media or an internet page and printouts or 
handouts as a primary means to explain a diagnosis in the pre 
and post-distribution survey. However, there was a significant 
increase in the use of a MTC as a primary means for explaining 
a diagnosis (7.7% to 57.7%; P<.001) (Table 3). There was no 
significant difference in the proportion of residents who felt that 
MTCs would reduce the patient’s length of stay in the hospital 
or affect patient satisfaction.
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Table 3. Medical Education, Clinical Practice and Patient Education Use of Mobile Tablet Computers
Medical Education

# Completed 
Surveys

Pre-survey rank 
mean (SD)

Post-survey rank 
mean (SD)

Rank Difference (Post – Pre) 
mean (SD) P-value

Preferred location to study
Hospital study area 71 3.24 (1.51) 3.38 (1.24) 0.14 (1.75) .50
Hospital work area 71 3.17 (1.46) 2.06 (1.16) -1.11 (1.74) <.001
Library 71 4.35 (1.43) 2.44 (1.34) -1.90 (2.05) <.001
Home 71 1.63 (0.98) 3.26 (1.28) 1.60 (1.61) <.001
Coffee shop 71 3.75 (1.68) 3.85 (1.27) 0.10 (1.65) .62

Survey 
Question

# Completed 
Surveys Pre / Post Survey Status P-value

Yes / Yes: 
n

Yes / No: 
n

No / Yes: 
n

No / No: 
n

Pre-Survey 
Yes: n (%) 

Post-Survey 
Yes:  n (%)

Percentage of time studying with tool
Studying from  
textbooks:
Yes: “>=50%” 
No: “<50%”

84 25 30 2 27 55 (65.5%) 27 (32.1%) <.001

Weekly studying time:
Yes: “10+ hrs”
No: “<10 hrs”

83 6 16 6 54 22 (26.5%) 12 (14.5%) .033

What was used to read assigned article
Hard copy 83 26 23 9 25 49 (59.0%) 35 (42.2%) .013
Computer 83 12 27 14 30 39 (47.0%) 26 (31.3%) .042
Tablet Computer 83 10 2 45 26 12 (14.5%) 55 (66.3%) <.001

Clinical Practice
How were procedures/cases logged
Tablet computer in 
addition to ACGME log: 81 3 1 29 48 4 (4.9%) 32 (39.5%) <.001

How did you chart when conducting rounds?
Paper Charts 83 9 16 4 54 25 (30.1%) 13 (15.7%) .0073
Tablet Computer 83 1 4 22 56 5 (6.0%) 23 (27.7%) <.001
Primary means by which you viewed radiographic images
Dedicated PACS 
computer system 
(hospital)

82 34 25 13 10 59 (72.0%) 47 (57.3%) .052

Tablet Computer 82 1 1 6 74 2 (2.4%) 7 (8.5%) .059

Patient Education
Print-out/hand-out 26 13 6 1 6 19 (73.1%) 14 (53.8%) .059
Tablet Computer 26 2 0 13 11 2 (7.7%) 15 (57.7%) <.001
Will the use of the tablet 
computer improve 
patient satisfaction?
Yes: “Improve”
No: “No effect”

82 31 19 10 22 50 (61.0%) 41 (50.0%) .095

Note: Each respondent’s answers to the pre- and post-distribution surveys were matched for McNemar Chi-square analysis for categorical variables and Wilcoxon signed rank 
test for ordinal variables. “# of completed surveys” is the number of respondents who provided responses to the same question in both the pre- and post- surveys.  ACGME = 
Accreditation Council for Graduate Medical Education; HR = hour; PACS = Picture Archive and Communication System; SD = standard deviation.
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Discussion
There has been recent interest in the literature in utilizing 
MTCs in GME. We sought to determine this effect across five 
domains: general use, impediments to use, educational use, 
clinical use, and use for patient education. There was a sig-
nificant increase in the proportion of residents that used their 
iPad to access patient information and records with a small but 
significant decrease in use to find drug and treatment reference 
material in “general use.” These findings are consistent with 
other studies.9,11,19 Interestingly, the only significant change in 
pre- and post-distribution response concerning impediments 
to utilization of the device with physicians or patients was an 
increase in concern that patients did not have the technology. 
 In “educational use,” residents identified a significant increase 
in the use of hospital work areas and libraries as study locations 
with a commensurate decrease in the preference for studying at 
home. There was a significant shift from the use of print ma-
terials to the use of the tablet computer for access to textbooks 
and journal articles, as noted previously.13-15 There was also a 
significant decrease in the proportion of residents indicating 
that they studied for 10+ hours. This is in contrast to what was 
observed in other studies.13,14 However, this difference in find-
ings may be a result of increased studying efficiency similar to 
the increased efficiency observed in internal medicine residents 
with iPads.9 Future studies could help determine if increased 
studying efficiency is present and if there is an improvement 
on objective outcomes such as in-training examination scores, 
as was demonstrated among orthopaedic residents in a previous 
pilot study.22

 Similar to the findings of MTC use in the general domain 
analysis, “clinical usage” residents indicated a significant in-
crease in the use of their MTC for charting while conducting 
rounds. Over the same period there was a significant decrease 
in the proportion of residents reporting use of paper charting. 
This may highlight the advantages of access and portability of 
the MTC, but may also reflect a hospital/system requirement. 
This finding is similar to other studies where it was noted that 
iPads were heavily used for clinical work and were noted to 
have improvements on workflow.9,11

 Residents indicated an increase in their usage of their iPad 
as a primary means for explaining a diagnosis to a patient. 
There was also an increase in the proportion of residents who 
indicated that they felt use of iPads by residents would lead to 
improved patient satisfaction. This is similar in theme to the 
positive patient comments noted in studies of internal medicine 
residents.10

 This study has a number of limitations. This is a single-
institution study with a limited number of specialty residency 
programs, which may limit its generalizability. In both the pre- 
and post-distribution surveys the linked response rate was 46%, 
and indications of usage on the survey may have been affected 
by recall or participation bias. Also, the overall sample size does 
not allow for comparisons between specialties. Additionally, 
a few weeks prior to distribution of the second survey, policy 
was changed such that the iPads were available for purchase 

at the end of residency at full price rather than a nominal fee. 
This may have led to negative associations with the study, and 
may have resulted in the lower response rate of the secondary 
survey. The lack of qualitative data limited our ability to explain 
the quantitative results. No educational outcome data, eg, in-
training assessment data, were linked with the current study to 
formally evaluate the effectiveness of the MTC use. Lastly, this 
study did not specifically address potential concerns of patient 
privacy or data security. While a small majority indicated that 
concerns of patient privacy did not hold them back from pur-
suing physician-to-physician or physician-to-patient activities 
with their device, this was not explored further. However, the 
devices were secured with a password, and access to the EHR 
was through a password-protected secure server. 

Conclusion
Since this study was initiated, the use of MTCs in GME has 
grown significantly. The use of MTC has a significant impact 
on how residents approach medical education, clinical practice, 
and patient education. The survey tool can be useful in col-
lecting data on MTC use by other graduate medical education 
programs. However, formal evaluations of the effectiveness 
in improving educational outcomes are still needed. A more 
thorough assessment (quantitative and qualitative) needs to 
be conducted to determine the long-term impact of iPad use 
in residency education/training. A follow up study could be 
conducted across all specialties to identify commonalities in 
experience versus specialty-specific issues. If needed, this could 
aid efforts to better tailor MTC use, especially with regard to 
learning how to optimally care for patients.
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