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Over the past several decades, patient-report-
ed outcomes (PROs) have become increas-
ingly important in assessing the quality and 

effectiveness of medical and surgical care.1,2 The 
benefit lies in the ability of PROs to characterize 
the impact of medical interventions on symptoms, 
function, and other outcomes from the patient’s 
perspective. Consequently, clinical practices can 
improve patients’ objective findings (from radio-
graphic and clinical examinations) as well as their 
preferences in a social-psychological context.2,3 As 
a patient’s satisfaction with a surgical intervention 
may not correlate with the surgeon’s objective as-
sessment of outcome, PROs offer unique insight 

into the patient’s perceptions of well-being.4

Health-related quality-of-life assessments can be 
made with either general-health or disease-specific 
instruments. These instruments traditionally are ad-
ministered with pen and paper—a data collection 
method with several limitations, chief being the 
need to manually transfer the data into an electron-
ic medical record, a research database, or both. 
In addition, administering surveys on paper risks 
potential disqualification of partially or incorrectly 
completed surveys. With pen and paper, it is diffi-
cult to mandate that every question be answered 
accurately.

Currently, there is a potential role for electronic 

Abstract
Patient-reported outcomes (PROs) are essen-
tial to assessing the effectiveness of care, 
and many general-health and disease-specif-
ic PROs have been developed. Until recently, 
data were collected predominantly with 
pen-and-paper questionnaires. Now, though, 
there is a potential role for electronic medi-
cal records in data collection.

In this study, patients were randomly 
assigned to complete either tablet or pa-
per questionnaires. They were surveyed on 
patient demographics, patterns of electronic 
device use, general-health and disease-spe-
cific PROs, and satisfaction. The primary 
outcome measure was survey completion 
rate. Secondary outcome measures were total 
time for completion, number of questions left 
unanswered on incomplete surveys, patient 

satisfaction, and survey preferences.
The study included 483 patients (258 in 

tablet group, 225 in paper group), and the 
overall completion rate was 84.4%. There 
was no significant difference in PRO comple-
tion between the tablet and paper groups. 
Time to completion did not differ between 
the groups, but their satisfaction rates were 
similar. However, more paper group patients 
reported a preference for a tablet survey.

Advantages of digital data collection include 
simple and reliable data storage, ability to im-
prove completion rates by requiring patients 
to answer all questions, and development 
of interface adaptations to accommodate 
patients with handicaps. Given our data and 
these theoretical benefits, we recommend 
using tablet data collection systems for PROs.
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medical records and digital tablet devices in survey 
administration and data collection and storage. 
Theoretical advantages include direct input of 
survey data into databases (eliminating manual 
data entry and associated entry errors), improved 
accuracy and completion rates, and long-term 
storage not dependent on paper charts.5

To our knowledge, there have been no prospec-
tive studies of different orthopedic outcomes col-
lection methods. Some studies have evaluated use 
of touch-based tablets in data collection. Dy and 
colleagues6 considered administration of the DASH 
(Disabilities of the Arm, Shoulder, and Hand) survey 
on an iPad tablet (Apple Computers) and retrospec-
tively compared the tablet and paper completion 
rates. The tablet group’s rate (98%) was significant-
ly higher than the paper group’s rate (76%). Aktas 
and colleagues7 reported a high completion rate 
for a tablet survey of palliative care outcomes (they 
did not compare modalities). A handful of other 
studies have found higher intraclass correlation and 
validation for digital data collection than for paper 
collection.7-14 The comparability of the data collected 
digitally vs on paper was the nidus for our decision 
to prospectively evaluate the ease and reliability of 
digital data collection.

We conducted a prospective, randomized study 
to compare the performance of tablet and paper 
versions of several general-health and muscu-
loskeletal disease–specific questionnaires. We 
hypothesized the tablet and paper surveys would 
have similar completion rates and times.

Methods
This study was approved by our Institutional Review 
Board. Participants were recruited during their clinic 
visit to 3 subspecialty orthopedic services (upper 
extremity, spine, arthroplasty). The questionnaires 
included basic demographics questions and ques-
tions about tablet use (comfort level with com-
puters, measured on a Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree), and owner-
ship of a tablet or smartphone). Also included were 
European Quality of Life–5 Dimensions (EQ-5D, 
General Health), a disease questionnaire specific 
to 1 of the 3 subspecialty services, and a satisfac-
tion survey. Patients were asked to complete the 
Oswestry Disability Index (ODI) for low-back pain, 
the Neck Disability Index (NDI) for neck pain, the 
Hip Disability and Osteoarthritis Outcomes Score 
(HOOS) for hip pain, the Knee Injury and Osteoar-
thritis Outcomes Score (KOOS) for knee pain, or the 
QuickDASH survey for upper extremity complaints 
(subspecialty-specific). After recruitment, a com-
puter-generated randomization technique was used 
to randomly assign patients to either a paper or an 
electronic (iPad) data collection group.15 We included 
all surveys for which patients had sufficient comple-
tion time (no clinic staff interruptions) and excluded 
surveys marked incomplete (because of interrup-
tions for clinic workflow efficiency). For direct input 
from tablets and for data storage, we used the 
Research Electronic Data Capture (REDCap) system 
hosted at our institution.16 Our staff registered 
patients as REDCap participants, assigned them to 
their disease-specific study arms, and gave them 
tablets to use to complete the surveys.

Patients who were randomly assigned to take 
the surveys on paper were given a packet that 
included the demographics survey, the EQ-5D, a 
disease-specific survey, and a satisfaction survey. 
Their responses were then manually entered by 
the investigators into the REDCap system.

Patients who were randomly assigned to take 
the surveys on tablets used the REDCap survey 
feature, which allowed them to directly input their 
responses into the database (Figure). To allow 
them to skip a question (same as on paper), we 
did not activate the REDCap “require” feature. Had 
this feature been used, patients would have had 
to answer each question before being allowed to 
proceed to the next one. Similarly, patients could 
select multiple answers for a single question (as 
on paper). With these modifications, we attempted 
to replicate, as much as possible, the experience 
of taking a survey on paper.Figure. Screenshot of satisfaction survey on tablet (iPad; Apple Computers).
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Our primary outcome measure was survey com-
pletion rate. Secondary outcome measures were 
total time for completion, number of questions left 
unanswered on incomplete surveys, patient satis-
faction with survey length (Likert scale, 1-5), ease 
of completion (Likert scale, 1-5), ability to compre-
hend questions (Likert scale, 1-5), and preference 
for the other survey modality (Appendix). We used 
the findings of Dy and colleagues6 to identify the 
sample size needed for detecting a significant 
difference between the tablet and the paper group 
when using a 2-sided test with a power set to 
80%. In their study, 24% of paper surveys and 2% 
of tablet surveys were unscorable,6 which we used 
as our predicted incompletion rate.

We used SPSS statistical software (IBM) to 
analyze our data, t test to compare continuous 
variables, χ2 test to compare categorical variables, 
and linear regression to test the relationship be-
tween number of questions and completion rate. 
Statistical significance was set at P < .05.

Results
Of the 510 patients enrolled in the study, 483 
completed the initial demographics questionnaire 
and were included in the analysis. Patients were 
excluded if they were unable to complete the 
initial demographics questionnaire because of 
clinic workflow (eg, immediate need to be seen by 
physician, need to transfer to radiology for imaging 
and not being able to revisit the survey). Mean age 
was 56 years (range, 14-93 years), and 51% of the 
respondents were female. Fifty percent owned 
tablets, 70% owned smartphones, and mean (SD) 
self-rating of computer skills was 3.13 (1.16) (Likert 
scale, 1-5). There were no significant demographic 

differences between the tablet and paper groups 
(Table 1). The EQ-5D was completed by 477 
patients (252 tablet, 225 paper). Regarding the 
disease-specific questionnaires, 212 patients (102 
tablet, 110 paper) were administered the ODI, 65 
(30 tablet, 35 paper) the NDI, 28 (14 tablet, 14 pa-
per) the HOOS, 57 (24 tablet, 33 paper) the KOOS, 
and 101 (67 tablet, 34 paper) the QuickDASH.

For each disease-specific questionnaire, the 
instrument’s published instructions for calculating 
scores were followed; these scores were then 
compared in order to further characterize the 
groups. There were significant differences in scores 
on the EQ-5D descriptive questions, a pain visual 
analog scale (VAS), and the NDI. Mean EQ-5D 
score was 0.664 for the tablet group and 0.699 for 
the paper group (P = .041), mean pain VAS score 
was 62.5 for the tablet group and 71.6 for the paper 
group (P < .001), and mean NDI score was 42.8 
for the tablet group and 32.4 for the paper group 
(P = .033). The other scores were not significantly 
different between the 2 groups (Table 2).

The overall completion rate for all question-
naires was 84.4%. The KOOS completion rate 
was 83.3% for the tablet group and 54.5% for the 
paper group (P = .023). Although it was not statis-
tically significant, there was a trend toward higher 
rates of completing all disease-specific question-
naires in the tablet group relative to the paper 
group. Time for completion of PRO questionnaires 
did not differ between the groups (Table 3).

Satisfaction regarding the surveys and their mo-
dalities was similar between the groups. However, 
the 41.4% of paper group patients who reported 
they would prefer to use a tablet to take the 
survey in the future was higher (P < .001) than the 

Table 1. Patient Demographicsa

Variable

Survey Modality Group

P
Total

(N = 483)
Tablet

(n = 258)
Paper

(n = 225)

Mean age, y (range) 55.7 (14-93) 54.7 (14-88) 56.8 (15-93) .215

Sex
   Male, n (%)
   Female, n (%)

235 (48.7%)
248 (51.3%)

127 (49.2%)
131 (50.8%)

108 (48.0%)
117 (52.0%)

.575

Mean computer skill level (Likert scale, 1-5) 3.13 (1.16) 3.16 (1.1) 3.10 (1.2) .562

Tablet ownership, n (%) 243 (50.2%) 130 (50.4%) 113 (50.0%) .608

Smartphone ownership, n (%) 335 (69.5%) 184 (71.6%) 151 (66.8%) .433

aAge was compared with t test, categorical variables with χ2 test, and ordinal variable (self-rated computer skill) with Mann-Whitney U test.
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Table 2. Mean (SD) Survey Scores

Score

Survey Modality Group

P
Total

(N = 483)
Tablet

(n = 258)
Paper

(n = 225)

EQ-5D 0.680 (0.185) 0.664 (0.196) 0.699 (0.171) .041

VAS 67.0 (21.8) 62.5 (23.3) 71.6 (19.2) <.001

ODI 39.1 (20.8) 41.8 (20.41) 36.6 (21.0) .065

NDI 37.2 (0.198) 42.8 (0.214) 32.4 (0.171) .033

HOOS 48.8 (24.8) 51.6 (23.1) 46.2 (26.9) .597

KOOS 39.4 (21.1) 40.4 (21.9) 38.8 (20.7) .780

QuickDASH 37.9 (24.1) 40.5 (22.7) 32.8 (26.3) .133

Abbreviations: EQ-5D, European Quality of Life–5 Dimensions (General Health); HOOS, Hip Disability and Osteoarthritis Outcomes Score; KOOS, Knee Injury and Osteoarthritis Out-
comes Score; NDI, Neck Disability Index; ODI, Oswestry Disability Index; QuickDASH, abbreviated version of Disabilities of the Arm, Shoulder, and Hand; VAS, visual analog scale.

Table 3. Survey Durations and Completion Rates by Survey Modality

Survey Survey Modality Group P

EQ-5D
Completion rate, n (%)
Unanswered questions/incomplete forms, mean (SD) n
Mean (SD) duration, s

Total (n = 477)
420 (88.1%)
1.16 (0.45)

84 (45)

Tablet (n = 252)
215 (85.3%)
1.08 (0.28)

88 (51)

Paper (n = 225)
205 (91.1%)
1.30 (0.66)

81 (39)

.051

.083
.105

ODI
Completion rate, n (%)
Unanswered questions/incomplete forms, mean (SD) n
Mean (SD) duration, s

Total (n = 212)
165 (77.8%)
1.20 (0.55)
144 (78)

Tablet (n = 102)
85 (83.3%)
1.14 (0.53)
145 (76)

Paper (n = 110)
80 (72.7%)
1.23 (0.57)
143 (80)

.063

.619

.869

NDI
Completion rate, n (%)
Unanswered questions/incomplete forms, mean (SD) n
Mean (SD) duration, s

Total (n = 65)
59 (90.8%)
1.5 (1.22)
120 (66)

Tablet (n = 30)
28 (93.3%)

1 (1.34)
124 (67)

Paper (n = 35)
31 (88.6%)
1.75 (1.50)
117 (67)

.508

.541

.716

HOOS
Completion rate, n (%)
Unanswered questions/incomplete forms, mean (SD) n
Mean (SD) duration, s

Total (n = 85)
16 (57.1%)

6 (7)
242 (93)

Tablet (n = 38)
8 (57.1%)
6.7 (8.7)
247 (114)

Paper (n = 47)
8 (57.1%)
5.5 (5.6)
238 (78)

1.000
.788
.829

KOOS
Completion rate, n (%)
Unanswered questions/incomplete forms, mean (SD) n
Mean (SD) duration, s

Total (n = 57)
38 (66.7%)
0.75 (3.3)
257 (116)

Tablet (n = 24)
20 (83.3%)

1.5 (1)
255 (87)

Paper (n = 33)
18 (54.5%)

3.8 (3.5)
259 (132)

.023

.220

.916

QuickDASH
Completion rate, n (%)
Unanswered questions/incomplete forms, mean (SD) n
Mean (SD) duration, s

Total (n = 101)
95 (94.1%)

1 (0)
114 (66)

Tablet (n = 67)
64 (95.5%)

1 (0)
111 (59)

Paper (n = 34)
31 (91.2%)

1 (0)
117 (73)

.508
1.000
.723

Total
Completion rate, n (%)

Total (n = 940)
793 (84.4%)

Tablet (n = 489)
420 (85.9%)

Paper (n = 451)
373 (82.7%) .208

Abbreviations: EQ-5D, European Quality of Life–5 Dimensions (General Health); HOOS, Hip Disability and Osteoarthritis Outcomes Score; KOOS, Knee Injury and Osteoarthritis 
Outcomes Score; NDI, Neck Disability Index; ODI, Oswestry Disability Index; QuickDASH, abbreviated version of Disabilities of the Arm, Shoulder, and Hand.
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19.7% of tablet group patients who reported they 
would prefer the paper survey (Table 4).

Discussion
Electronic data entry has many advantages over 
traditional paper-based data collection and can be 
used with PRO surveys to measure response to 
treatment. Our study evaluated whether comple-
tion rates differed between surveys administered 
on digital tablets and those administered on tradi-
tional paper forms in a clinic setting. We selected 
general-health and disease-specific instruments 
commonly used to collect PROs from orthopedic 
patients. Our primary outcome measure was 
survey completion rate. Secondary outcome mea-
sures were total time for completion, number of 
questions left unanswered on incomplete surveys, 
patient satisfaction, and survey preferences.

In this study, our tablet and paper groups had 
similar overall survey completion rates, which 
suggests digital tablet-based data collection is non-
inferior to traditional pen-and-paper data collection 
with respect to patient response rate in the clinical 
setting. It is worth emphasizing that the tablet 
surveys were made to resemble and function 
as much as possible like the paper surveys. For 
example, patients were allowed to select multiple 
answers as well as advance without answering 
a question. Paper surveys were mimicked so we 
could study inherent differences in patient respon-
siveness without adding digital features to prevent 
patients from selecting multiple answers or 
skipping questions. We postulate that adding these 
digital features could have introduced a significant 
difference in patient responsiveness. 

Time for survey completion was not significantly 
different between the tablet and paper groups, 
demonstrating that data can be digitally collected 
and the aforementioned advantages realized with-
out significant delay or clinic workflow disruption. 

In the future, patients may be able to complete 
their forms digitally, on their own devices, before 
arriving for their clinic visits—resulting in improved 
clinic workflow and data collection efficiency.

Scores computed for the health-related qual-
ity-of-life questionnaires were not significantly 
different between the tablet and paper groups, 
except for EQ-5D and NDI. Although statistically 
significant, the 0.035 difference between the 
groups’ EQ-5D scores (0.664, 0.699) is not clinical-
ly significant. (Pickard and colleagues17 established 
that 0.06 is the clinically significant difference be-
tween EQ-5D scores in the United States.) If there 
were any clinical difference in the present study, 
our paper group patients appeared to be in better 
health than our tablet group patients. 

Patients’ motivation to complete surveys often 
plays a large role in meaningful rates of comple-
tion. On our subjective satisfaction survey, a larger 
percentage of patients reported they would prefer 
to use a tablet for future surveys (Table 4). This 
finding may be driven by the novelty or ease of 
using a popular device. Nevertheless, we think it 
is worthwhile to heed patient preferences, as they 
may point to more successful data collection and 
compliance.

Several other studies have compared elec-
tronic and paper data capture.6,7,9-14,18-22 Dy and 
colleagues6 reported on administering the DASH 
survey on an iPad tablet using REDCap in an 
outpatient setting. They found that the percentage 
of surveys that could be scored (<3 questions 
left unanswered) was significantly higher for their 
tablet group (98%) than their paper group (76%). 
The larger difference in survey completion rates 
in their study (vs ours) may be attributable to 
their use of DASH, which has more survey items 
(compared with QuickDASH, the instrument we 
used) and thus may be more sensitive to detecting 
differences, at the risk of increasing the burden on 

Table 4. Satisfaction Survey Questions

Question

Survey Modality Group

P
Total

(n = 419)
Tablet

(n = 204)
Paper

(n = 215)

Mean (SD), Likert scale 1-5
   Ease of use
   Survey of appropriate length
   Understood questions asked

3.96 (1.14)
4.02 (0.937)
4.19 (0.876)

3.95 (1.05)
4.05 (0.828)
4.28 (0.674)

3.97 (1.22)
3.99 (1.03)
4.11 (1.025)

.847

.492

.050

Prefers opposite method, n (%) 129 (30.9%) 40 (19.7%) 89 (41.4%) <.001
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survey takers.23 Aktas and colleagues7 conducted 
a similar but smaller study of completion rates, 
completion times, and overall practicality of using 
digital tablets to collect PROs in a palliative care 
clinic (they did not compare tablet and paper mo-
dalities). Marsh and colleagues,12 who studied the 
agreement between data collected on electronic 
and paper versions of the WOMAC (Western 
Ontario and McMaster Universities) Osteoarthritis 
Index and the SF-12 (12-item Short Form Health 
Survey, Version 2) after total hip and total knee 
arthroplasty, found a high intraclass correlation 
coefficient between the 2 methods. Griffiths-Jones 
and colleagues11 also found a high degree of agree-
ment between patient data collected on digital 
and paper surveys. In a similar study, Fanning and 
McAuley10 compared digital tablet and paper sur-
vey administration in an older population and found 
a higher percentage of preference for tablets, with 
ease of use and anxiety during survey completion 
correlating with preference. These findings mirror 
ours, even with our inclusion of patients in a broad-
er age range.

Strengths of our study included its overall cohort 
size and the variety of measurement instruments 
used. In addition, we measured time for survey 
completion to assess the practicality of tablet- 
based data collection and refrained from using 
digital features that could have artificially improved 
the completion rate for this survey modality.

Our study had a few limitations. First, we recruit-
ed unequal numbers of patients from the different 
subspecialties—a result of each subspecialty 
having a different number of attending physicians 
and a different patient volume. Given randomiza-
tion and use of similar patients across the study 
arms, however, this likely did not present any 
significant bias. Second, each patient completed a 
tablet survey or a paper survey but not both, and 
therefore we could not compare a patient’s perfor-
mance on the 2 modalities. However, the burden 
of completing the same survey more than once 
likely would have lowered our participation rate and 
introduced additional biases we wanted to avoid. 
Third, despite our attempt to mimic the look of a 
paper survey, the tablet’s user interface presented 
several potential difficulties. For example, its small 
text and small answer buttons may have been 
limiting for patients with poor vision. These design 
features emphasize the importance of having a 
user interface that can be adapted to the individu-
al, regardless of handicap. Indeed, adaptability is a 
potential strength of digital interfaces. For adapt-

ability, an interface designer can use large, scalable 
text and add audio prompts and other features.

Our findings can be useful in evaluating pa-
tient responsiveness to surveys administered on 
digital tablets in an outpatient clinic setting. In this 
prospective, randomized study, we found that, for 
survey completion, use of a tablet device did not 
require more time than use of a paper form. In 
addition, the administration modalities had similar 
completion and error rates for a variety of orthope-
dic outcomes surveys. We did not activate digital 
features that would have given unfair advantage 
to the digital data collection modality. We also 
found a strong preference for use of technology 
in PRO data collection, and this may help improve 
collection rates. Last, though optimizing the flow 
of patients in our clinic was not a strict research 
metric, we prioritized making sure patients were 
not spending any more time completing these 
surveys than in the past. Given the potential ben-
efits of digital surveys—immediate and accurate 
transfer of collected data into multiple databases, 
including the patient’s electronic medical record—
our experience supports continuing validation of 
these instruments for potential wider use.
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Appendix. Patient Satisfaction Survey Administered to Patients

I completed the surveys without any difficulty.
Strongly disagree
Disagree
Neither agree nor disagree
Agree
Strongly agree

I found the survey to be of appropriate length. 
Strongly disagree
Disagree
Neither agree nor disagree
Agree
Strongly agree

I understood all the questions asked in the surveys.
Strongly disagree
Disagree
Neither agree nor disagree
Agree
Strongly agree

Would you have rather filled out this survey on paper or digitally via an iPad?
Paper 
iPad


