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Abstract

Background: Regulations, study design complexity and amounts of collected and shared data in clinical trials
render efficient data handling procedures inevitable. Recent research suggests that electronic data capture can be
key in this context but evidence is insufficient. This randomized controlled parallel group study tested the hypothesis
that time efficiency is superior when electronic (eCRF) instead of paper case report forms (pCRF) are used for data
collection. We additionally investigated predictors of time saving effects and data integrity.

Methods: This study was conducted on top of a clinical weight loss trial performed at a clinical research facility over
six months. All study nurses and patients participating in the clinical trial were eligible to participate and randomly
allocated to enter cross-sectional data obtained during routine visits either through pCRF or eCRF. A balanced
randomization list was generated before enrolment commenced. 90 and 30 records were gathered for the time that
27 patients and 2 study nurses required to report 2025 and 2037 field values, respectively. The primary hypothesis, that
eCRF use is faster than pCRF use, was tested by a two-tailed t-test. Analysis of variance and covariance were used to
evaluate predictors of entry performance. Data integrity was evaluated by descriptive statistics.

Results: All randomized patients were included in the study (eCRF group n = 13, pCRF group n = 14). eCRF, as
compared to pCRF, data collection was associated with significant time savings across all conditions (8.29 +5.15 min
vs. 10.54 £ 6.98 min, p =.047). This effect was not defined by participant type, i.e. patients or study nurses (Fg 112 =.15,
p =.699), CRF length (F,112) = 49, p = .609) or patient age (Beta =.09, p =.534). Additional 5.16 + 2.83 min per CRF
were saved with eCRFs due to data transcription redundancy when patients answered questionnaires directly in eCRFs.
Data integrity was superior in the eCRF condition (0 versus 3 data entry errors).

Conclusions: This is the first study to prove in direct comparison that using eCRFs instead of pCRFs increases time
efficiency of data collection in clinical trials, irrespective of item quantity or patient age, and improves data quality.

Trial registration: Clinical Trials NCT02649907.

Keywords: REDCap, Electronic case report form, Time efficiency, Data handling

Background

Over the last decades, the number of clinical trials (CTs)
conducted increased substantially [1]. This development
was paralleled by more demanding trial regulations in-
cluding data monitoring, increasing complexity of study
designs and lengthy data collection protocols [2]. A simi-
lar trend towards larger amounts of more complex data
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to be handled in shorter time developed in clinical rou-
tine and led to the increasing use of electronic health re-
cords (EHR) [3]. A large body of evidence suggests that
EHR yield both process and structural benefits [4]. The
addition of mobile technology to EHR was shown to fur-
ther improve data handling and increase time efficiency
[5]. Mobile technology is also well-accepted and pre-
ferred over classic data handling methods by users in
clinical settings [6]. Recent research suggests that im-
provements in EHR data handling technology can be key
to meet current challenges in data handling efficiency in
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CTs and should thus be leveraged in electronic data cap-
ture (EDC) [7, 8].

Various studies have addressed important concerns
that might be associated with the replacement of paper
case report forms and questionnaires (pCRF) by their
electronic counterparts (eCRF). This led to high quality
evidence that using EDC in CTs is a viable method in
multiple aspects. It can be used in different settings in-
cluding family practices, hospitals, research facilities,
field studies and participants’ homes [9-12]. pCRF and
eCRF were also repeatedly shown to provide excellent
internal consistency and construct equivalence, i.e. con-
structs can be measured equally across methods and en-
tered values have equivalent meanings [13-15]. eCRF
are furthermore preferred over paper bound methods by
participants and study personnel [16, 17] and help im-
prove data quality, particularly through a reduction of
data omission errors [15, 17, 18]. Multicenter studies
also benefit from easy data sharing between study sites,
which allows for syntactic and semantic interoperability
[19, 20]. Cost efficiency of eCRF use was evaluated in
simulation studies and in the context of observational
and interventional clinical trials and reported to be in-
creased due to elimination of pCRF logistics (printing,
delivery etc.), facilitation of data monitoring and time
savings for study personnel [18, 21-24]. None of the
studies, however, took precise time records rendering
causes of time savings unclear, importantly if and which
part of the data collection procedure particularly benefit-
ted from eCRF use. It is generally assumed that data
transcription redundancy and patient self-report of study
data play a major role, but a critical review of available
literature reveals that this assumption lacks support by
published data [25]. Improvement in efficiency with
eCRF may furthermore be affected by multiple factors
that have not been studied so far such as length of CRFs,
i.e. number of items in the CREF, complexity of items in
CRFs and patients’ (e.g. age-related) ability to use eCRF.
In summary, there are no studies that quantitatively
assessed the time efficiency of pCRF and eCRF in a
head-to-head comparison including the perspective of
both involved parties, i.e. study personnel and patients,
over multiple instruments in a CT [26]. Availability of
such quantitative evidence is particularly important to
estimate costs in planning of clinical trials and to sup-
port the implementation of an EDC system, which is as-
sociated with substantial costs [8, 27].

In this study, we evaluated how time efficiency and
data quality are affected when source data is directly en-
tered through eCRF into an EDC as compared to data
capture with traditional paper pCRF including subse-
quent transcription to an eCRF. Secondary outcome par-
ameter furthermore included predictors of efficient
eCRF use.
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Methods

This study was conducted at a clinical research unit
(CRU) of the Berlin Institute of Health, Berlin, Germany.
It was approved by the local ethics committee review
board and complied with local data protection regula-
tions. The clinical trial was registered at ClinicalTrials.
gov (NCT02649907). Particular attention was devoted to
adherence to the Helsinki declaration [28].

Participants

All patients and study personnel involved in a clinical
weight loss trial conducted at our facility were eligible to
be included in this study. There were no further inclu-
sion or exclusion criteria. Study nurses gave verbal in-
formed consent and patients provided written informed
consent.

Study design

This study was conducted in a randomized controlled
parallel group design on top of a clinical weight loss trial
at our facility. In order not to interfere with standard
procedures, we collected data during routine visits of
the main study. Patients and study nurses were ran-
domly assigned to one of two data entry methods. A
randomization list was created by one of the investigator
(RF) using MATLAB R2008b (The MathWorks, Natick,
MA, USA) and used to allocate participants to either the
eCRF or pCRF group. This list contained six blocks of
ten pCRF and ten eCRF slots that were shuffled using a
uniformly distributed randomization function. With
every visit, study nurses looked up the next entry in the
randomization list, crossed out the entry and assigned
the participant the respective entry method, i.e. tablet
PC or paper and pencil. No stratification was used. Pre-
vious and subsequent list entries were visible for autho-
rized study personnel but the designated order was
strictly followed. Study nurses were not allocated one
particular intervention, i.e. data entry method, but chan-
ged methods between visits. Participants, ie. study
nurses and participants, then filled all CRFs scheduled
for the respective visit through the assigned method.
The aim was to take 15 time records for all possible
combinations of data entry methods and unique CRF
types (study nurse CRF, patient short CRF, patient inter-
mediate CRF, patient long CRF; see materials section for
details), which resulted in a total number of 120 records,
or 60 records for each data entry method, and a 3:1 par-
ticipant to study nurse ratio. This sample size was
chosen a priori since it is in line with previous studies in
the field (e.g. 110 records by Salaffi et al., 75 records by
Walther et al. [29, 30]) and resulted in a simple distribu-
tion of 15 records per groups times 2 data entry
methods. A researcher took record of the data acquisi-
tion process and took care that not more than the
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required number of CRFs was collected through each
data entry method, ie. if only one data entry method
was left for a certain CRF type, participants were auto-
matically assigned this method.

The pCRF content was subsequently manually tran-
scribed to the electronic database by a study nurse
(pCRF to eCRF). In addition to data entry times and in
order to test our hypotheses, each participants CRF
entry method and age were documented (a summary of
the study design is given in Fig. 1).

Material

Eligibility criteria for CRFs from the main study to be in-
cluded in this study were: fixed number of items irre-
spective of visit context (e.g. participant, intervention),
comparable length of field content irrespective of visit
context and possibility of continuous data entry without
breaks. Ten CRFs fulfilled these criteria and were, in de-
tail (item quantity in brackets): patient and medical his-
tory (292 items), examination at first visit (59 items),
examination at second visit (18 items), visual analogue
scale for subjective freezing (slider between 0 and 100
indicating subjective sensation of freezing, 3 items in-
cluding metadata), nutrition questionnaire (28 items),
international physical activity questionnaire (IPAQ, 38
items) [31], health survey (SF-36, 40 items including
metadata) [32], chronotype questionnaire (43 items)
[33], nutritional habits (52 items), test meal question-
naire (67 items). The first three CRFs were exclusively
filled out by the study nurses while the remainder were
exclusively answered by patients. Patient CRFs were sub-
divided into short (<40 items), intermediate (40-60
items) and long (> 60 items) types and balanced between
data entry methods to analyze the impact of CRF length
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on CRF entry efficiency (see Analysis in this section).
Balancing was achieved through a researcher who took
record of the data acquisition process and took care that
the distribution of CRFs between data entry methods
is equal, i.e. if a CRF was filled through one data
entry method it had to be filled by a participant
through the other method before the same method
could be used again.

Participants used either tablet computers (iPad mini 4°
or iPad Air 2°, Apple Inc., Cupertino, California, USA)
to access eCRFs through the web interface of a research
electronic data capture instance (REDCap, Vanderbilt
University, Nashville, TN, USA; [34]) or used classic
pCRFs. The transcription of pCRF data to eCRFs was
performed by a study nurse through a REDCap instance
running on a desktop computer. REDCap functionality
included a module to perform a quality control verifica-
tion on all fields in a project. Predefined (missing values,
incorrect data type or values out of range, outliers for
numerical fields, multiple choice fields containing in-
valid values) as well as user-defined rules were imple-
mented to ensure data integrity. Study nurses finally
checked each eCRF for data correctness and com-
pleteness before marking it as completed. Tablet func-
tions were limited for patient use in such a way that
patients were unable to switch between applications,
use cameras or cloud services or to access data sets
other than their own current instance. For data pro-
tection matters, no patient data were saved on tablets
at any time; data were instead saved to a back-end
that was accessible through the web interface. Data
entry times were measured by using digital chronom-
eters and results were written to standardized docu-
mentation sheets.

patient entry

questionnaire A, B, ..., n

study nurse entry
patient and medical history
examination type A

patient information

examination type B

eCRF
electronic case report form
t(min)'
o
@
e o
@ 3
€ ©
paper case report form = transfer ©
t (min) ° t (min)
[
Q.
©
a
pCRF pCRF to eCRF
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Fig. 1 Summary of the study design. A nutritional assessment study served as use case to test our hypotheses regarding data collection methods
in clinical trials. In this study, patient information was collected in two ways. Patients either entered information themselves into standardized
instruments such as questionnaires or information about the patient was obtained by a study nurse and then entered. Entering patient information
could be done in two ways that included either direct access to the digital database through an electronic case report form (eCRF) or indirect access
by filling a paper based case report form (pCRF) that was subsequently transferred to the database (pCRF to eCRF). Precise records were taken for
times required for data entry by either CRF type, subject type performing data entry and instrument type being used
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Analysis

Participant characteristics were compared with an un-
paired two-tailed t-test (age) or Pearson’s chi-squared
test (male to female ratio). The primary hypothesis of
this study was that data collection through eCRFs is
faster than collecting data through pCRFs including sub-
sequent manual data transcription to an electronic
database and was tested by a two-tailed t-test for inde-
pendent samples. We subsequently used t-tests to inves-
tigate how sub-procedures, ie. pCRF data entry and
pCRF data transcription, affected the total pCRF proced-
ure and how these related to the direct eCRF entry
method.

Secondary hypotheses were that data entry times
would be less favorable for eCRFs in older patients and
with fewer items due to relatively longer times required
to load and render an eCRF. We tested these hypotheses
in a step-wise approach. First, we set-up an analysis of
covariance (ANCOVA) that allows for a regression ana-
lysis of continuous parameters. The ANCOVA included
“time” as the dependent variable, the two-level group
factors “CRF entry method” (eCRF, pCRF total) and
“participant type” (study nurse, patient) as predictors
and “item quantity” (continuous item numbers of each
CRF) as a covariate. “Item quantity” was nested within
“participant type” since each CRF was filled out by either
study nurses or participants and never both. Post-hoc
tests were performed by Fisher’s Least Significant Dif-
ference test. The influence of patients’ age on eCRF
entry performance, i.e. time required to fill out a ques-
tionnaire, was tested on the patient data subset by re-
gression analysis that included “time” as dependent
variable and “patient age” and “item quantity” as
predictors. Group data is reported as mean with its
standard deviation with a precision of two decimal
places throughout. P-values are rounded to three deci-
mal places and values lower than .001 are not reported
exact but as <.001.

Given that the above estimates of time savings result
from a composite measure that includes both study
nurses’ and patients’ CRF entry times, we conducted a
second evaluation dedicated to estimate additional time
saving effects of eCRFs resulting from patient self-
report. To be more precise, time savings due to patient
self-report of study data is not defined by a difference in
pCRF and eCRF data entry but rather by the subsequent
pCRF to eCRF transcription times of self-reported CRFs.
The total time consumption divided by the total number
of transcribed items reflects the time that study
personnel saved per item. The time per item multiplied
by the average quantity of CRF items containing patient
reported data (constant) gives an estimate of how much
time per CRF can be saved if source data was self-
reported by patients.
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To test data quality, we quantified the number of entry
errors for each “CRF entry method” and compared abso-
lute differences by descriptive statistics. Data entry or
transcription were considered erroneous if the field type
did not match the information provided (e.g. wrong date
format), there were semantic or logic errors, or if fields
were omitted.

All analyses were run using SPSS® Statistics (Version
23, IBM Corporation, Armonk, USA).

Results

Twenty-seven patients (57.1 £6.5 years old, 20 female,
eCRF group, n =13, pCRF group: n =14) and two study
nurses (36 and 49 years old, both female) were enrolled
until data collection was completed. A CONSORT flow
diagram of the patient enrolment procedure can be found
in Fig. 2. Study nurses had two and three years of eCRF
and pCRF user experience, respectively. None of the study
nurses ever used mobile devices for eCRF data entry be-
fore this study. Information on patients’ user experience
was unavailable since none but the original trial data was
obtained. A total of 120 records including 8124 filled
items were evaluated during the study period. A detailed
description of data composition is given in Table 1. Patient
groups did not differ with respect to age (p =.937) or male
to female ratio (p = .686). A detailed description of partici-
pant characteristics is given in Table 2.

Predictors for case report entry times

The test for the primary hypothesis revealed that
completing an eCRF was faster and took on average
8.29 +5.15 min as compared to an average of 10.54 +
6.98 min necessary to complete the whole pCRF pro-
cedure (t1s) =5.87, p =.047). Decomposition of the
pCRF procedure revealed that each single sub-step
was significantly faster than completing an eCRF.
Average times required were 5.23 £ 4.10 min (tqs) =
-3.59, p <.001) and 5.31+5.11 min (t;5 =-3.18,
p =.002) for pCRF data entry and pCRF to eCRF data
transcription, respectively (Fig. 3).

The full model ANCOVA revealed a significant main
effect for CRF entry method on time consumption
(Fa,112) =4.33, p =.040). There was no time difference,
however, with regards to the participant type irrespective
of CRF entry method (Fg,112) =2.36, p =.127) or the
interaction between participant type and CRF entry
method (Fg,112) =.15, p =.699). These results do not
provide evidence that the main effect was confounded
by or confined to time saving effects in one participant
type. Descriptive statistics of the primary outcome par-
ameter grouped by participant types were as follows.
The average time required for patients to complete an
eCRF was 7.89+4.17 min as compared to 10.28 +
6.18 min for the pCRF procedure including transcription,
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Fig. 2 CONSORT 2010 Flow Diagram. This diagram illustrates that all patients that were assessed for eligibility to participate in this study also agreed
to participate. Non of the included patients withdrew consent or decided not to use the randomized data entry method. Given the cross-sectional
design without follow-up there was also no loss to follow-up. Study nurses were not included in this diagram since they were not allocated one
particular intervention, i.e. data entry method, but changed methods between visits

Analysed (n=14)
+ Excluded from analysis (n=0)

which corresponds to a time saving effect of 23% by eCRF
use. The average time required for study nurses to
complete an eCRF was 9.49 +7.43 min as compared to
11.32 + 9.2 min for the whole pCRF procedure, which cor-
responds to a time saving effect of 16% by eCRF use. The
global test furthermore revealed a significant main effect
of the CRF item quantity on data entry time (Fip112) =
34.80, p <.001) that was not specific to the CRF entry
method (F(3,112) = 49, p =.609).

In line with results from the ANCOVA, CRF item
quantity was a significant predictor for data entry time
in the regression model (Beta=.48, p =.001). Patient
age, however, was not a significant predictor (Beta = .09,
p =.534).

Time saved for study personnel when patients use eCRF
Based on results we calculated estimates for the time
that would be saved for study personnel engaged in data
collection when patients used eCRFs instead of pCRFs.
Results suggest that study personnel would save on aver-
age 6.88 +3.77 s per item or 5.16 + 2.83 min per CRF as-
suming an average number of 45 items per CRF as was
the case in our study.

Effects of CRF entry method on data quality

The total number of data entry errors was only 3 in 120
records that were analyzed in this study. All three data
entry errors occurred in the pCRF condition (3/60, 5%)
and none in the eCRF condition (0/60, 0%). All entry
errors were data that was omitted. There were no
transcription errors.

Discussion

This is the first study to demonstrate in direct compari-
son that the use of eCRFs in CTs including patient re-
ported data capture facilitates time efficient data
handling irrespective of CRF item quantity and patient
age [26]. Data integrity was also higher in the eCRF con-
dition (0 mistakes), yet this result is tentative as some-
what unexpectedly only 3 mistakes were made per 4000
total entries into the pCRFs.

Effect of CRF entry method on data handling efficiency
and comparison to previous studies

In our study, the use of eCRFs for patient-reported and
nurse-reported measures lead to a 23% and 16% reduc-
tion of time consumption as compared to pCRF use,
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Table 1 Summary of data composition

CRF entry method

eCRF pCRF
Total number of records 60 60
Records per subject type
Patient 45 45
Study nurse 15 15
Records per instrument
Patient and medical history 6 6
Examination at first visit 3 3
Examination at second visit 6 6
VAS? freezing 5 5
Nutrition questionnaire 5 5
IPAQ 5 5
SF-36° 5 5
Chronotype questionnaire 5 5
Nutritional habits 5 5
Test meal questionnaire 15 15

Equal numbers of records were obtained for each CRF, subject and instrument
type. Differences in record numbers between items were owed to the design
of the use case study and controlled for in the statistical model

dvisual analogue scale

Pinternational physical activity questionnaire

short form (36) health survey

respectively. Decomposition of the pCRF procedure re-
vealed that data entry per se was quick but transcribing
the data into an EDC led to time savings with eCRFs.
One could argue that the benefit of time savings due to
unnecessity of data transcription can only be generated
if data transcription was done manually and not per-
formed through automated procedures, e.g. using pub-
licly available scanning software including optical field
and character recognition (OCR). However, both manual
and automated transcription into an EDC are followed

Table 2 Demographic characteristics of participants

CRF entry method

eCRF pCRF

Patient characteristics

Number of patients 13 14

Age (years) 57.54+579 5736+591

Male/female 2/11 3/1
Study nurse characteristics

Number of study nurses 2 2

Age (years) 36, 49 36, 49

Male/female 0/2 0/2

Participants were either patients enrolled in a clinical weight loss trial or study
nurses capturing data of these patients. Until completion of data collection 13
patients were enrolled in the eCRF group and 14 patients in the pCRF group.
Patient groups did not differ with respect to age (p =.937) or male to female
ratio (p =.686)
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Fig. 3 Plot of average time consumption for data entry procedures.
Patients and study nurses could enter data to the database in two
ways; they either entered data directly through eCRF or first to a
pCRF whose content was subsequently transferred from pCRF to
eCRF resulting in a pCRF total time. Results show that entering data
through eCRF is significantly faster than the complete pCRF procedure
(-2.25 +.99 min, p = .047). Errors bars represent standard deviation

J

by additional time-consuming data validation [35].
While the necessity of a validation process does not ex-
plicitly imply that pCRFs require twice the amount of
time as compared to eCRFs given equal data entry times,
it does exemplify that direct data acquisition with eCRFs
should be more time efficient in any scenario that in-
volves transcription procedures.

There are few other studies that looked at the time
saving effect of electronic case report forms. Schmidt et
al. conducted an observational cross-over study on top
of an open-label non-randomized Phase II study. They
reported that replacing pCRFs by eCRFs decreased the
time required for data entry by 59-69%, which substan-
tially outperforms our findings [36]. Methodological as-
pects critically resolve this substantial difference to our
results since Schmidt et al. included 48-69% of prepopu-
lated data from the clinical information system (CIS) in
their calculations. Data entry was furthermore exclu-
sively performed by study personnel and times were not
measured but estimated by participants, which poses a
relevant bias that could not be controlled for, e.g.
through blinding. Although exact time saving potential
generated in the study by Schmidt et al. remains un-
clear given methodological shortcomings, the study
highlights that prepopulating data from the CIS may
further increase data handling efficiency in future
studies.
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In contrast to the results discussed above, a study by
Walther et al., which was not conducted on top of a clin-
ical trial and did not randomize the intervention, found
no significant difference in time consumption between
pCRFs and eCRFs (on various portable devices) [30]. Al-
though total times for the pCRF condition were not re-
ported as such, they found that filling out pCRFs took on
average 17 min and data transfer about 15 min summing
up to about 32 min of total pCRF time. In comparison,
data entry times for eCRFs were 33 min for tablet com-
puter use, 38 min for netbook use and 40 min for PDA
(personal data assistant) use. Although no initial time sav-
ing effects were reported, they found that the time re-
quired to enter data to eCRFs decreased over the course
of three weeks by roughly 30-50% depending on the type
of method. Importantly, this study exclusively tracked
times required by study personnel to enter telephone
interview data. These results suggest that the complexity
of data entry plays a role in the time efficiency of eCRFs.
The authors argue that the lack of difference between
methods might also be due to the fact that interview con-
tent text fields were overrepresented in their CRFs and
that longer text passages are less difficult to enter with
handwriting, i.e. into pCRFs. It would thus be plausible to
assume that data-entry challenges play a predominant role
in eCRF vs. pCREF efficiency. In our trial, we found no ef-
fect of item quantity, type or length of CRFs. This suggests
that technical challenges were less predominant and is in
line with the fact that our eCRFs were void of entrance
fields for longer passages of text (see next paragraph for in
depth discussion).

Thriemer et al. assessed the burden of community-
acquired bloodstream infections in febrile patients utilizing
technically simple tools running on PDAs and found a 50%
reduction in time consumption per patient for eCRFs ver-
sus pCRFs (5 vs. 10 min, n =2209 and 180, respectively)
[37]. Unlike our study, this study only evaluated entry of
routine clinical data performed by study personnel and
was not conducted on top of a randomized clinical trial.
Time saving effects were again substantial for eCRFs, even
in the condition that benefitted least in our study, i.e. data
entered by study personnel. One possible explanation is
the method that was used to calculate time savings. In the
study by Thriemer et al. only two of four CRF sections
were converted to an efficient eCRF structure. Here,
mainly checkboxes and radio buttons that benefit particu-
larly from direct data entry were included. The remaining
sections, which were difficult to implement in the eCRF
design, were manually transcribed in both conditions.
To calculate time savings an average of 1.4 min/page
was assumed, i.e. transcription times were not mea-
sured but estimated. The reduction from 14 to 7 pages
requiring transcription in the eCRF condition thus re-
sulted in an estimated time saving potential of at least
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50%. It is, however, unclear if transcription of the tran-
scribed sections (2 section of PDA data entry) would
indeed have doubled times. In contrast, we took precise
time records of how eCRF use affects time efficiency
when all pCRF based data entry is digitalized. This is
more likely to be the daily routine of a clinical research
unit and a real-world scenario.

Effects of predictors other than CRF entry method on
data entry time

To our knowledge, there are no other studies published
in peer-reviewed journals that evaluated predictors such
as patient age or CRF item quantity on data entry times
in the context of two different methods, i.e. pCRF and
eCRF. One study used an indirect method and assessed
how total patient interview times were changed when
pCRFs were replaced by eCRFs and did not find an age-
dependent effect, yet it remains unclear how data entry
as a subroutine of the patient interview was affected
[29]. It has also not been established if patients per-
formed similarly to experienced and trained study
nurses. For example, one well-documented concern is
that elderly patients are less comfortable and skilled
using novel technology [38]. Regression analyses, how-
ever, clearly yielded that age was not a significant pre-
dictor of eCRF entry times in twenty-seven patients.
Future studies should evaluate the subjective perception
and preferred data entry method in order to get an idea
if responses in a subset of patients might be affected by
using novel technology.

It is furthermore self-evident that study personnel are
better trained than patients and might thus particularly
benefit from using eCRF, yet study nurses, and possibly
the majority of patients, had no prior experience using
mobile devices to enter study data. In support of this as-
sumption, results do not suggest that participant type,
i.e. study nurse or patient, is a relevant confounder. In
contrast, post-hoc analyses revealed that patients tended
to be more efficient than nurses using eCRF. The possi-
bility of an underlying training effect could not be tested
on the basis of this study’s data since the order in which
patients answered CRFs was not recorded and CRF com-
plexity may additionally confound sequence effects. Yet,
it is possible that this effect is due to differences in the
CRF content between subject types with patient ques-
tionnaires having a relatively larger amount of check-
boxes and radio buttons requiring less time than text
fields. This does not, however, rule out that training ef-
fects might play a more important role in longitudinal
studies in which patients use eCRF multiple times and if
study personnel become familiarized with the use mobile
eCRF. Study nurses, like the patients, had no prior ex-
perience using mobile devices to enter source data.
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The third secondary hypothesis we tested was that
longer questionnaires might benefit more from digital
data capture since time required to load and render
eCRF is relatively shorter. Although number of items
per CRF is self-evidently a significant predictor of data
entry time, this effect was not specific for any particular
CRF entry method.

Estimates of time saved for study personnel

In an attempt to estimate how much time patient self-
report saves study personnel, we extrapolated time sav-
ings due to data transcription redundancy. We estimated
that this would save about 6 s per item or 5 min per
questionnaire in this study. Since 7 patient question-
naires were included, time savings would sum up to
about 35 min per patient and scheduled visit which im-
plies substantial time and cost savings considering the
complete study course. This secondary outcome data
has yet to be interpreted carefully in the context of cost-
efficiency since aspects such as providing the required
infrastructure were not included. There is yet a retro-
spective meta-analysis of 27 studies available reporting
substantial cost savings when eCRFs instead pCRFs are
used [22].

Data entry quality

Quantitative interpretations regarding data integrity are
difficult to draw since the total number of data entry er-
rors was generally low in this study. Yet, relative num-
bers are strikingly similar to published error rates of
about 5% when using pCRFs and less than 1% when
using eCRFs [30, 37]. Descriptive statistics are in line
with published data indicating that eCRF data quality
tends to be superior to pCRF data quality and facilitates
collection of accurate and complete data [22]. The Food
and Drug Administration acknowledge in their 2013
guidance on electronic source data in clinical investiga-
tions that prompts, flags, and data quality checks in
eCRFs minimize errors and omissions during data entry,
a view that is supported by our data [39]. They also
argue that capturing source data electronically would
eliminate unnecessary duplication of data, reduce tran-
scription errors, facilitate data monitoring and promote
real-time access for data review, assumptions that yet re-
quire validation in future studies.

Limitations

Our analyses assume that using pCRFs inevitably renders
manual data transfer to an electronic database necessary.
The use of OCR scanners is an alternative method to im-
port pCRF content. However, recent research has shown
that these systems have an error rate of up to 20% and re-
quire substantial time effort to check data integrity [35]. A
notable exception is the recognition rate of multiple
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choice radio buttons that was reported to be as high as
99.2%. This suggests that pCRFs thus might be a viable
solution for simple questionnaires but not as a generic so-
lution. Future studies might still decide to evaluate a
head-to-head comparison of eCRFs and pCRFs in combin-
ation with OCR technology. Another limitation is that the
full time saving potential of eCRFs was possibly underesti-
mated since our system not yet included the possibility to
directly draw CIS data. It is consistently shown that this
option would allow prepopulating about 15% of clinical
data directly and up to about 50% indirectly [36, 40]. It
is furthermore important to note that the comparison of
the eCRF performance of study nurses and patients is ten-
tative since only two study nurses participated in the study
and used both data entry methods unlike patients who
were randomly assigned one method. It was impossible to
include more than the two nurses in this study since these
were the only two nurses with sufficient training to con-
duct the clinical trial on top of which we conducted our
study. Future studies investigating the effect of training on
eCRF data entry performance as a primary outcome
parameter should include equal numbers of nurses and
patients and randomize both groups.

Conclusions

This study provides evidence that the use of mobile
eCRF is associated with substantial time reductions for
entering patient self-reported data and data collected by
study personnel to an EDC system. This effect is not in-
fluenced by patient age, CRF item quantity or question-
naire variants. The use of eCRFs should be preferred
over pCREFs in clinical research settings in terms of time
efficiency, data quality and patient utilization.

Abbreviations

CIS: Clinical information system; eCRF: Electronic case report form;

EDC: Electronic data capture; OCR: Optical field or character recognition;
pCRF: Paper case report form; PDA: Personal data assistant

Acknowledgements
We thank the Berlin Institute of Health for their support of this study.

Funding
This study did not receive funding.

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available since these are essential part of another study on top of
which this study was conducted but are available from the corresponding
author on reasonable request.

Authors’ contributions

RF had full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of data analysis. RF, AMD, AK, KM and

SS contributed to data analysis and interpretation. RF drafted the manuscript.
KM, AMD, AK and SS substantially contributed to revision of the manuscript.

All authors approved the manuscript prior to submission.

Authors’ information
Not applicable.



Fleischmann et al. BIC Medical Research Methodology (2017) 17:153

Ethics approval and consent to participate

This study was approved by the local ethics committee review board and
complied with local data protection regulations Study nurses gave oral
informed consent while patients had to provide written informed consent
prior to data collection.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Clinical Research Unit, Charité Campus Mitte, Berlin Institute of Health (BIH),
Charitéplatz 1, 10117 Berlin, Germany. “Department of Neurology, University
Medicine Greifswald, Ferdinand-Sauerbruch-Strale, 17475 Greifswald,
Germany.

Received: 15 January 2017 Accepted: 15 November 2017
Published online: 01 December 2017

References

1. Number of Registered Studies Over Time. In: Trends, Charts, and Maps.
2016. https://clinicaltrials.gov/ct2/resources/
trends#TypesOfRegisteredStudies. Accessed 11 Dec 2016.

2. Jones CE, Munoz FM, Kochhar S, Vergnano S, Cutland CL, Steinhoff M, Black
S, Heininger U, Bonhoeffer J, Heath PT. Guidance for the collection of case
report form variables to assess safety in clinical trials of vaccines in
pregnancy. Vaccine. 2016;34(49):6007-14.

3. Jha AK, Burke MF, DesRoches C, Joshi MS, Kralovec PD, Campbell EG, Buntin
MB. Progress toward meaningful use: hospitals’ adoption of electronic
health records. Am J Manag Care. 2011;17(12 Spec No.:SP117-24.

4. Holroyd-Leduc JM, Lorenzetti D, Straus SE, Sykes L, Quan H. The impact of
the electronic medical record on structure, process, and outcomes within
primary care: a systematic review of the evidence. J Am Med Inform Assoc.
2011;18(6):732-7.

5. Fleischmann R, Duhm J, Hupperts H, Brandt SA. Tablet computers with
mobile electronic medical records enhance clinical routine and promote
bedside time: a controlled prospective crossover study. J Neurol. 2015;
262(3):532-40.

6. Duhm J, Fleischmann R, Schmidt S, Hupperts H, Brandt SA. Mobile
electronic medical records promote workflow: Physicians' perspective from
a survey. JMIR mHealth uHealth. 2016;4(2):.e70.

7. Jones WS, Roe MT, Antman EM, Pletcher MJ, Harrington RA, Rothman RL,
Oetgen WJ, Rao SV, Krucoff MW, Curtis LH, et al. The changing landscape of
randomized clinical trials in cardiovascular disease. J Am Coll Cardiol. 2016;
68(17):1898-907.

8. Welker JA. Implementation of electronic data capture systems: barriers and
solutions. Contemp Clin Trials. 2007;28(3):329-36.

9. Cleland J, Caldow J, Ryan D. A qualitative study of the attitudes of patients
and staff to the use of mobile phone technology for recording and
gathering asthma data. J Telemed Telecare. 2007;13(2):85-9.

10.  Borlawsky TB, Lele O, Jensen D, Hood NE, Wewers ME. Enabling distributed
electronic research data collection for a rural Appalachian tobacco cessation
study. J Am Med Inform Assoc. 2011;18(Suppl 1):i140-3.

11, Azad TD, Kalani M, Wolf T, Kearney A, Lee Y, Flannery L, Chen D, Berroya R,
Eisenberg M, Park J, et al. Building an electronic health record integrated
quality of life outcomes registry for spine surgery. J Neurosurg Spine. 2016;
24(1):176-85.

12. Pace WD, Staton EW. Electronic data collection options for practice-based
research networks. Ann Fam Med. 2005;3(Suppl 1):521-9.

13. Bushnell DM, Martin ML, Parasuraman B. Electronic versus paper
questionnaires: a further comparison in persons with asthma. J Asthma.
2003/40(7):751-62.

14.  Farnell DJ, Routledge J, Hannon R, Logue JP, Cowan RA, Wylie JP,
Barraclough LH, Livsey JE, Swindell R, Davidson SE. Efficacy of data capture

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Page 9 of 10

for patient-reported toxicity following radiotherapy for prostate or cervical
cancer. Eur J Cancer. 2010;46(3):534-40.

Jamison RN, Raymond SA, Levine JG, Slawsby EA, Nedeljkovic SS, Katz NP.
Electronic diaries for monitoring chronic pain: 1-year validation study. Pain.
2001;91(3):277-85.

Dupont A, Wheeler J, Herndon JE 2nd, Coan A, Zafar SY, Hood L, Patwardhan
M, Shaw HS, Lyerly HK, Abernethy AP. Use of tablet personal computers for
sensitive patient-reported information. J Support Oncol. 2009;7(3):91-7.

Haller G, Haller DM, Courvoisier DS, Lovis C. Handheld vs. laptop computers
for electronic data collection in clinical research: a crossover randomized
trial. J Am Med Inform Assoc. 2009;16(5):651-9.

Dillon DG, Pirie F, Rice S, Pomilla C, Sandhu MS, Motala AA, Young EH.
African Partnership for Chronic Disease R: open-source electronic data
capture system offered increased accuracy and cost-effectiveness compared
with paper methods in Africa. J Clin Epidemiol. 2014,67(12):1358-63.

Nahm M, Shepherd J, Buzenberg A, Rostami R, Corcoran A, McCall J,
Pietrobon R. Design and implementation of an institutional case report
form library. Clin Trials. 2011;8(1):94-102.

Schweitzer M, Oberbichler S. Requirements for evidence-based templates in
electronic case report forms. Stud Health Technol Inform. 2016;223:142-9.
Njuguna HN, Caselton DL, Arunga GO, Emukule GO, Kinyanjui DK, Kalani RM,
Kinkade C, Muthoka PM, Katz MA, Mott JA. A comparison of smartphones to
paper-based questionnaires for routine influenza sentinel surveillance,
Kenya, 2011-2012. BMC Med Inform Decis Making. 2014;14:107.

Le Jeannic A, Quelen C, Alberti C, Durand-Zaleski |, CompaRec I. Comparison
of two data collection processes in clinical studies: electronic and paper
case report forms. BVC Med Res Methodol. 2014;14:7.

Pavlovic |, Kern T, Miklavcic D. Comparison of paper-based and electronic
data collection process in clinical trials: costs simulation study. Contemp
Clin Trials. 2009;30(4):300-16.

Kinnula S, Renko M, Tapiainen T, Pokka T, Uhari M. Post-discharge follow-up
of hospital-associated infections in paediatric patients with conventional
questionnaires and electronic surveillance. J Hosp Infect. 2012;80(1):13-6.
Campbell N, Ali F, Finlay AY, Salek SS. Equivalence of electronic and paper-
based patient-reported outcome measures. Qual Life Res. 2015,24(8):1949-61.
Rorie DA, Flynn RWV, Grieve K, Doney A, Mackenzie |, MacDonald TM, et al.
Electronic case report forms and electronic data capture within clinical trials
and pharmacoepidemiology. British journal of clinical pharmacology. 2017;
83(9):1880-95.

Eisenstein EL, Collins R, Cracknell BS, Podesta O, Reid ED, Sandercock P,
Shakhov Y, Terrin ML, Sellers MA, Califf RM, et al. Sensible approaches for
reducing clinical trial costs. Clin Trials. 2008;5(1):75-84.

World Medical A. World medical association declaration of Helsinki: ethical
principles for medical research involving human subjects. JAMA. 2013;
310(20):2191-4.

Salaffi F, Gasparini S, Ciapetti A, Gutierrez M, Grassi W. Usability of an
innovative and interactive electronic system for collection of patient-
reported data in axial spondyloarthritis: comparison with the traditional
paper-administered format. Rheumatology (Oxford). 2013;52(11):2062-70.
Walther B, Hossin S, Townend J, Abernethy N, Parker D, Jeffries D.
Comparison of electronic data capture (EDC) with the standard data
capture method for clinical trial data. PLoS One. 2011;6(9):e25348.

Booth M. Assessment of physical activity: an international perspective. Res Q
Exerc Sport. 2000;71(2 Suppl):S114-20.

Brazier JE, Harper R, Jones NM, O'Cathain A, Thomas KJ, Usherwood T,
Westlake L. Validating the SF-36 health survey questionnaire: new outcome
measure for primary care. BMJ. 1992;305(6846):160-4.

Roenneberg T, Wirz-Justice A, Merrow M. Life between clocks: daily
temporal patterns of human chronotypes. J Biol Rhythm. 2003;18(1):80-90.
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)-a metadata-driven methodology and
workflow process for providing translational research informatics support.

J Biomed Inform. 2009;42(2):377-81.

Ali S, Powers R, Beorse J, Noor A, Naureen F, Anjum N, Ishag M, Aamir J,
Anderson R. ODK scan: digitizing data collection and impacting data
management processes in Pakistan’s tuberculosis control program. Futur
Internet. 2016;8(4):51.

Schmidt M, Shwarz-Boeger U, Harbeck N, Harzendorf N, Paepke S, Kiechle
M, et al. EHR and EDC Integration in Reality. Applied Clinical Trials [Internet].
2009. Available from: http://www.appliedclinicaltrialsonline.com/ehr-and-
edc-integration-reality. Accessed 11 Dec 2016.


https://clinicaltrials.gov/ct2/resources/trends#TypesOfRegisteredStudies
https://clinicaltrials.gov/ct2/resources/trends#TypesOfRegisteredStudies
http://www.appliedclinicaltrialsonline.com/ehr-and-edc-integration-reality
http://www.appliedclinicaltrialsonline.com/ehr-and-edc-integration-reality

Fleischmann et al. BIC Medical Research Methodology (2017) 17:153

37.

38.

39.

40.

Thriemer K, Ley B, Ame SM, Puri MK, Hashim R, Chang NY, Salim LA,
Ochiai RL, Wierzba TF, Clemens D, et al. Replacing paper data collection
forms with electronic data entry in the field: findings from a study of
community-acquired bloodstream infections in Pemba, Zanzibar. BMC Res
Notes. 2012;5:113.

Robotham D, Satkunanathan S, Doughty L, Wykes T. Do we still have a
digital divide in mental health? A five-year survey follow-up. J Med Internet
Res. 2016;18(11):2309.

Food and Drug Administration (FDA). Electronic source data in clinical
investigations. In: Guidance for industry. Silver Spring: U.S. Department of
Health and Human Services; 2013. p. 1-11.

El Fadly A, Lucas N, Rance B, Verplancke P, Lastic PY, Daniel C. The REUSE
project: EHR as single datasource for biomedical research. Stud Health
Technol Inform. 2010;160(Pt 2):1324-8.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Participants
	Study design
	Material
	Analysis

	Results
	Predictors for case report entry times
	Time saved for study personnel when patients use eCRF
	Effects of CRF entry method on data quality

	Discussion
	Effect of CRF entry method on data handling efficiency and comparison to previous studies
	Effects of predictors other than CRF entry method on data entry time
	Estimates of time saved for study personnel
	Data entry quality
	Limitations

	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

