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Abstract
A growing number of clinical trials employ electronic media, in particular smartphones and tablets, to collect patient-reported
outcome data. This is driven by the ubiquity of the technology, and an increased awareness of associated improvements in data
integrity, quality and timeliness. Despite this, there remains a lingering question relating to the measurement equivalence of an
instrument when migrated from paper to a screen-based format. As a result, researchers often must provide evidence
demonstrating the measurement equivalence of paper and electronic versions, such as that recommended by the ISPOR ePRO
Good Research Practices Task Force. In the last decade, a considerable body of work has emerged that overwhelmingly supports
the measurement equivalence of instruments using screen-based electronic formats. Our review of key works derives recom-
mendations on evidence needed to support electronic implementation. We recommend application of best practice recom-
mendations is sufficient to conclude measurement equivalence with paper PROMs. In addition, we recommend that previous
usability evidence in a representative group is sufficient, as opposed to per-study testing. Further, we conclude that this also
applies to studies using multiple screen-based devices, including bring-your-own-device, if a minimum device specification can be
ensured and the instrument is composed of standard response scale types.
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Introduction

The collection of patient-reported outcome (PRO) data is an

increasingly important component of today’s clinical trials and

patient care, and an increasing number of studies use electronic

screen-based formats, such as smartphones and tablets, to collect

this data in field-based and in-clinic settings. The ubiquity, low

cost, and robustness of modern mobile devices has helped to drive

this increased adoption, along with the need to demonstrate the

integrity, quality, and timeliness of data collected. Further, due to

the desire to make trial participation more convenient and patient-

centric, there is increased interest in using the patients’ own

mobile devices (ie, BYOD [bring your own device]) to collect

PRO data. This may also have potential additional benefits such

as improved patient-reported outcome measure (PROM) comple-

tion compliance and reduced implementation costs.1

Because most PROMs were originally developed and vali-

dated in paper form, care is needed when migrating to elec-

tronic formats to ensure the instrument measurement properties

are unaffected. The most common changes applied when

migrating an instrument from paper to an electronic screen-

based format are minor in nature. These include small format-

ting changes such as presenting only a single question per

screen; wording changes such as changing question response

instructions from “tick” or “circle” on pen and paper to “select”

on an electronic implementation; and display orientation

changes such as transposing response options from a horizontal

listing on paper to a vertical listing on a mobile device screen.
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Outcomes researchers in the biopharmaceutical industry

perform these simple modifications on a frequent basis, but

despite this, unanswered questions about equivalence create

uncertainty about the evidence needed to support appropriate

migration. As a result, researchers often must provide evidence

demonstrating the equivalence of the original paper version and

the electronic version before administering the electronic ver-

sion in a clinical trial. For example, the ISPOR ePRO Good

Research Practices Task Force (2009) recommend this type of

modification requires de novo evidence prior to administration

in a trial—specifically the conduct of a cognitive interview and

usability study in the target patient population.2 These recom-

mendations have been largely adopted by the industry.3

In the last decade, a large number of quantitative and qualita-

tive equivalence studies have been conducted, and this provides

the opportunity to derive evidence-based recommendations. This

commentary summarises the main works in this area, and makes

recommendations for work needed to support minor instrument

changes due to migration between formats including the use of

bring your own device (BYOD) for ePRO. We limit our consid-

eration of electronic formats to screen-based modalities such as

PC, tablet computer, and smartphone/handheld device and do not

extend our findings to other modalities such as voice (interactive

voice response [IVR] and voice assistants).

Research Synthesis of Evidence on Instrument
Measurement Equivalence Meta-analyses

Two formal meta-analyses4,5 and one review of quantitative

equivalence studies6 have been reported in the scientific liter-

ature. These quantitative studies considered the equivalence of

paper and electronic formats, where ePRO solutions were

implemented using common hardware such that each partici-

pant used an electronic device, PC, or other solution of the

same make, model, and specification in addition to paper.

Gwaltney et al4 performed a meta-analysis of 46 published

equivalence studies reporting 278 instrument comparisons pub-

lished up to 2006 comparing PROM measurement properties

between paper and PC/handheld device implementations. This

meta-analysis involved a variety of patient populations, with

samples ranging from 10 to 189 subjects. Both the meta-

analysis of mean differences and correlations showed high

overall levels of agreement between paper and computerized

measures (eg, pooled correlation coefficient [weighted sum-

mary correlation derived from the individual study correlations

reported]: 0.90 [95% CI: 0.87-0.92]; Figure 1a). Estimating the

effect of publication bias, this study reported that an additional

95 studies showing a correlation equal to the lowest observed

amongst the studies (a correlation of 0.68) would be needed to

Figure 1. Results of correlation analyses from published meta-analyses of quantitative equivalence studies (correlation and 95% confidence
intervals).
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be included in the analysis to reduce the pooled correlation to

below 0.75.

Campbell et al6 reported a review of 55 quantitative

equivalence studies of 79 PROMs, conducted between 2007

and 2014, comparing paper to PC/handheld device adminis-

tration. This work explored the methodologies employed by

the identified equivalence studies, but did not perform a for-

mal meta-analysis. While the review reported 43 studies

(78%) concluding equivalence between paper and ePRO, it

identified 2 studies (4%) that failed to report equivalence and

a further 10 studies (18%) where the authors’ conclusions

were not clear. One study reporting nonequivalence identified

an intraclass correlation coefficient (ICC) of at least 0.95 as

acceptance criterion, despite observing ICCs for all scores

above 0.7,7 which is the typical acceptance threshold for

test-retest reliability assessment and often also adopted for

migration equivalence assessment.2 The second study con-

cluding nonequivalence did not use conventional equivalence

testing methodology.8

The meta-analysis reported by Muehlhausen et al5 also con-

sidered studies conducted since the analysis of Gwaltney

(2007-2013) and included 72 studies, 25 of which were

included in the review of Campbell, including the two studies

in which authors concluded nonequivalence.7,8 This meta-

analysis included 23 different patient populations, and 152

PROM comparisons. Electronic modalities included PC, hand-

held device, and IVR. Meta-analysis of mean differences and

correlations concluded that electronic and paper PROMs, and

different modes of electronic administration, produce equiva-

lent scores across a wide range of patient populations and

instruments (pooled correlation coefficient: 0.875 [95% CI

0.867-0.884]; Figure 1b). This meta-analysis also explored the

potential impact of publication bias affecting the results, and

indicated that in the analysis of correlations, a further 123

studies showing a correlation equal to the lowest observed

among the studies (a correlation of 0.65) would be needed to

reduce the pooled correlation coefficient to below 0.75.

Qualitative Meta-synthesis

More recently, a qualitative synthesis of cognitive interview

and usability testing (CI/UT) studies—equivalence testing

methodology recommended by the ISPOR task force2—has

been reported.3 This synthesis comprised 53 unpublished

CI/UT studies involving a total of 101 PROM evaluations. The

studies represented the full set of CI/UT evaluations conducted

by a particular clinical research organization between 2012 and

2015, and so were robust to potential publication bias effects.

Each study required participants to read the PROM on both

paper and electronic formats before the conduct of a standar-

dized semistructured interview by an experienced qualitative

interviewer to probe whether perceived differences in the self-

report task, or aspects of the changes between formats, might

impact the potential to answer differently between formats.

In this synthesis, 6 studies (11%) reported significant find-

ings that may affect measurement equivalence from cognitive

interview or usability testing, but in all cases these could be

eliminated by good product design (eg, the contrast and color

used when presenting visual analogue scale lines) or by imple-

menting ePRO design best practice recommendations, such as

those reported by the Critical Path Institute’s ePRO Consor-

tium.9,10 Design issues identified in these studies that could

result in nonequivalence included the following: needing to

scroll where multiple questions were provided on the same

screen; difficulties using the mouse for PC-based formats; font

display size and reduced paragraph spacing on the electronic

format; insufficient thickness of visual analogue scale lines for

clear representation on screen; difficulty in the use of up/down

arrows to control numeric data entry; difficulty understanding

how to enter free text on a mobile device diary; and ensuring

appropriate instructional text and term definitions were visi-

ble.3 The authors concluded that issues found would be elim-

inated when implementing minor changes during instrument

migration by (1) applying ePRO design best practice and (2)

ensuring product usability has been assessed in a representative

patient group. They went on to propose and specify an expert

screen review to assess ePRO implementation that could

replace CI/UT in many instances.

BYOD Quantitative Equivalence Study

To date, one formal quantitative equivalence study investigat-

ing PROM measurement properties using patient’s own

devices (BYOD) has been published.11 The completed study

compared the equivalence of measures collected using a

PROM composed of typical response scale types (visual ana-

log, verbal response, and numeric response scales) between

BYOD (the device brought to clinic by the subject), paper, and

a provisioned device administration. Evidence for equivalence

was defined as the lower bound of the 95% confidence interval

for the ICC exceeding 0.7.

Provisioned devices were selected from a predefined set of

5 devices provided to the clinic, enabling additional equiva-

lence assessment across a range of standard device sizes and

the two main platforms (Android and iOS). The study was

conducted in 155 subjects, ages 19-69 years, suffering from

chronic health conditions resulting in daily pain or discom-

fort. All administrations were conducted in clinic, within a

single visit. The devices brought by subjects were iOS or

Android smartphones or tablets of various sizes (79 [51%]

had 3- to 5-inch screens, 52 [34%] had 5- to 7-inch screens,

and 24 [15%] had >7-inch screen sizes). Aside from requiring

an iOS or Android device with an active app store account,

there were no other limitations imposed on the devices that

subjects could use for the BYOD administration. However, 16

subjects (10%) were unable to complete the PROM on their

own device as a result of forgotten app store credentials

(8/16), app incompatibility issues (4/16), inability to locate

the downloaded app (Android only, 3/16), and insufficient

Byrom et al 3



storage space (1/16). Aside from app incompatibility, these

issues could be mitigated in conventional study designs where

the screening period may provide sufficient time to retrieve

access credentials, or make space on the device.

The randomized, crossover study uniquely assessed each

PROM item separately, as opposed to looking only at the

instrument total or subscores. The authors felt that this enabled

greater generalizability of findings to other instruments con-

taining different questions but using the same response scale

types. Strong evidence of measurement equivalence between

paper, BYOD, and the provisioned device was reported: all

ICCs in the overall test exceeded 0.816, with the lower bound

of the 95% confidence interval exceeding 0.77 in all cases.

A further study sponsored by the Critical Path Institute’s

PRO and ePRO Consortia is under way.12 This will be a valu-

able addition to the body of evidence as it is designed to capture

field-based equivalence in an uncontrolled setting, which goes

beyond the simple assessment of measurement equivalence, as

reported by the study above.

Recommendations

The body of work we have reviewed provides strong evidence

to support the measurement equivalence of PROMs when

migrated from paper to electronic formats, and between elec-

tronic formats. Average equivalence coefficients from quanti-

tative studies are well above the threshold for test-retest

reliability. Beyond this, there are very few individual analyses

out of the hundreds that have been conducted, suggesting non-

equivalence between paper PROs and electronic PROs.

Although file-drawer effects (the effects that negative unpub-

lished work may have on review findings13) are always a

source of bias, the number of studies that would be required

to reach a conclusion of non-equivalence is very large. Based

on this, we conclude that the risk of introducing measurement

error or bias when using electronic platforms to administer

PROMs is small. We propose alternative recommendations

on the evidence needed to demonstrate measurement equiva-

lence when migrating PROMs from paper to screen-based elec-

tronic formats in clinical research studies where a provisioned

handheld device of the same make and model will be provided

to all participants, and when using BYOD.

Instrument Migration to a Standard Device

Based on the 2 meta-analyses,4,5 and the synthesis of CI/UT

studies,3 there is sufficient strength of evidence to conclude

that if ePRO design best practice9,10 is used, and the platform

has previously demonstrated usability (eg, assessing the ease of

app access and usage, use of navigational controls and touch-

screen, and operation without assistance) in a representative

group, there is no need to perform additional quantitative or

qualitative equivalence studies where response scale types

employ commonly used types (visual analog, verbal, and

numeric response scales), and standard objects (eg, date pick-

ers). In these cases, a structured expert screen review, as

detailed by Muehlhausen et al,3 is sufficient. To effectively

represent most patient populations, representative groups

should include subjects with a range of characteristics that may

impact their ability to use and operate an ePRO device, such as

device-literacy, manual dexterity, eyesight, and cognitive

capabilities.

Bring Your Own Device

With the additional evidence of the recent BYOD equivalence

study,11 we propose that there is no need to perform measure-

ment equivalence studies across different device sizes when

planning for BYOD ePRO if a minimum device specification

can be defined and identified, and the instrument is composed

of standard response scale types (visual analog, verbal, and

numeric response scales) and standard objects (eg, date pick-

ers). Ensuring a minimum device specification is a sensible

precaution while the impact of scrolling on PROM measure-

ment properties is unstudied, and screen review should be

conducted on a device in common with the minimum device

specification permitted for the proposed study. However, we

acknowledge that it is becoming less likely that trial partici-

pants will present with devices of insufficient size due to the

current trend towards manufacture of larger smartphone

devices. When reported, the ongoing field-based BYOD

equivalence assessment study12 will provide additional

important understanding of the equivalence of BYOD in an

uncontrolled field-based setting.

Conclusions

In the last decade, a compelling accumulation of evidence sup-

porting measurement equivalence following PROM migration

has been published. In the light of this, we believe there is now

enough data to make evidence-based recommendations on the

evidence needed to support measurement equivalence follow-

ing minor changes due to instrument migration, in the ways

described above. This also applies to the evidence needed to

support measurement equivalence when using BYOD with a

defined minimum device specification.

BYOD promises to provide greater convenience for trial

participants, enabling subjects to record PROM data on the

device they refer to regularly and are familiar with. This may

lead to increased PROM compliance and reductions in missing

data. BYOD may also simplify trial logistics if device provi-

sioning is not required, and may lower the associated costs of

collection of these data.

While the evidence we have reviewed supports the use of

BYOD from the viewpoint of ensuring that PROM measure-

ment properties are maintained when used across devices of

varying platforms and sizes, it is important to recognize that

BYOD is associated with additional technical and practical

considerations that need to be addressed by solution providers

and those designing and managing clinical trials. These

include, for example, the ability for subjects to turn off

in-app notifications, remove the study app, change their
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device or plan, and run out of data credit or device storage;

interruptions due to other activities on the device—such as

receiving a phone call; or additional security and privacy

concerns when collecting data through a less controlled plat-

form. These are not the focus of this commentary, but should

be addressed through appropriate technical and practical

working practices.
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