
Equivalence of Paper and Electronic 
Administration of Patient-Reported Outcomes:  A 

Comparison in Psoriatic Arthritis

Elash, CA1, Tiplady, B2, Reaney, M2, Turner-Bowker, D3, 
Cline, J1, DeRosa, M3, Scanlon, M4.

1ERT, Pittsburgh,  PA, USA; 2ERT, Peterborough, UK; 3Adelphi Values, Boston, MA, USA 
(conducted while at ERT, Pittsburgh);  4Health Research Associates, Mount Lake Terrace, WA, USA 



Migration of Questionnaires to Electronic Format

• Electronic patient reported outcomes (ePRO) 
increasingly used in clinical research

• Where instrument has been validated in paper 
format, ePRO version should be equivalent to 
paper

• Some changes generally needed in migration
– Tap rather than tick or circle response
– Number of questions per screen/page
– Vertical or horizontal layout of response options

• Could the changes affect responses?



Background

“When a PRO instrument is 
modified, sponsors generally 

should provide evidence to confirm 
the new instrument’s adequacy. 

Examples of changes that can alter 
the way that patients respond to the 
same set of questions include […] 
Changing an instrument from paper 
to electronic format



Background

Coons SJ, Gwaltney CJ, Hays RD, et al. Recommendations on Evidence Needed to Support 
Measurement Equivalence between Electronic and Paper-based Patient-Reported Outcome 
(PRO) Measures: ISPOR ePRO Good Research Practices Task Force Report. 2008.



Assessment of Psoriatic Arthritis (PsA)
• PsA is a type of inflammatory arthritis, common in patients with psoriasis
• Seven scales selected to be used on electronic tablet

– SF-36v2 Health Survey
– Bath Ankylosing Spondylitis Disease Activity Index 

(BASDAI)
– Health Assessment Questionnaire (HAQDI)
– Dermatology Quality of Life Instrument (DLQI)
– Patient Global Assessment of Disease Activity (PGAD)
– Subject Assessment of Pain (SAP)
– Fatigue VAS

• Cognitive interviews with 24 PsA patients confirmed 
that patients interpreted scales in the same way for
paper and ePRO



Equivalence Study: Objectives

1) To assess equivalence of scores obtained by paper and electronic tablet 
administration of the PRO measures; 

2) To assess the test-retest reliability of paper administration of the PRO 
measures (in order to provide a reference value for comparison of the paper 
to electronic reliability).

3) To determine subjects' opinions about the ease of use, acceptability, and 
preferences relating to the electronic tablet versions of the PRO measures; 



Equivalence Study: Method

• Prospective, non-interventional, randomized 
crossover study

• N=53 adult PsA patients
– 34 female, 19 male
– Mean age (SD) = 55.6 years (14.9)

• Sampled from 4 clinical sites in the US



Equivalence Study: Design

• Three-period within-subjects crossover design
• Study conducted in single half-day session

45  min45  min

• Randomized order of instrument presentation
– Same order used for given patient for all three periods
– Order randomized between patients

Post Assessment Survey:
Ease of use, acceptability, 
preference for, and any 
difficulties experienced 
using paper or eTablet.



Analyses

● Correlational approach using Intraclass Correlation Coefficient (ICC)  
– ICC preferred to Spearman’s r
– Value from 0 (no agreement) to 1 (perfect agreement)
– Value > 0.70 indicates good correspondence (Lohr et al., 1996)
– Agreement measured between paper and ePRO scores
– Test-retest reliability obtained for the two administrations using paper 

● Numerical agreement approach
– Mean score differences were examined by mode
– Bland-Altman plots calculated

● Descriptive statistics summarized ease of use, acceptability, and preferences.

Lohr KN, Aaronson NK, Alonso J, Burnam MA, Patrick DL, Perrin EB, Roberts JS. Evaluating quality-of-life and 
health status instruments: development of scientific review criteria. Clin Ther 1996; 18:979-92



Results : ICC Paper vs ePRO

• ICC values for SF-36v2 measures ranged from 
0.75 to 0.97.

• ICC values for multi-item questionnaires, BASDAI, 
DLQI and HAQDI, were all > 0.9

• ICC values for single-item VAS measures  ranged from 
0.80 to 0.93. 

All ICCs above target value of 0.70, 
indicating good to excellent agreement



Results : ICC Comparison to Paper-Paper reliability

SF-36 Physical Functioning 0.97 0.97
SF-36 Physical Component Summary 0.95 0.96
DLQI 0.95 0.96
HAQDI 0.95 0.97 0.95-1.00
SF-36 General Health 0.94 0.95
SF-36 Mental Health 0.94 0.95
Fatigue 0.93 0.93
BASDAI 0.92 0.94
SF-36 Vitality 0.91 0.88
SF-36 Bodily Pain 0.9 0.91 0.85-0.94
SF-36 Mental Component Summary 0.9 0.94
SF-36 Social Functioning 0.87 0.85
SF-36 Role Physical 0.84 0.9
Pain 0.81 0.83 0.75-0.84
Disease Activity 0.8 0.92
SF-36 Role Emotional 0.75 0.85

Mean 0.90 0.92

Paper-
ePRO

Paper-
paper

Instrument

Scales 
sorted by 
value of 
Paper-ePRO
ICC



Results : Agreement Between Measures

Effect size difference (Electronic - Paper)
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Results: Bland-Altman Plot

HAQ-DI Overall Score

Mean Score (E+P)/2
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Results: Post-Assessment Survey

How easy or difficult did you find using the electronic tablet/paper questionnaires in the study?

% of Patients
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Quite Difficult

Very Difficult
Electronic 
Paper 



Results: Post-Assessment Survey

Electronic

Which type of questionnaire 
did you prefer using? 

37 (74.0%)

No Preference

12 (24.0%)

Paper

1 (2.0%)

Yes No

Did you find the electronic tablet acceptable to use? 52 (98.1%) 1 (1.9%)

Did you find the paper questionnaires acceptable to use? 50 (96.2%) 2 (3.8%)



Sample Quotes:  Electronic Tablet

• It's easier, faster, comfortable.

• I think everyone should use one; it's very easy to use.

• Much easier than the paper to use.

• It's probably easier for everybody. It was simple to use and easier for saving files.

• The lighting overhead caused glares on the screen, which makes it little hard to read.

• The only problem was the glare, so I had to move the device several times.

• Stylus was sometimes sluggish.



Sample Quotes:  Paper

• Discomfort in hands at times with pen.

• Found it harder to remember the question and to understand them even 
though they are much the same. I'm used to the electronics.

• My handwriting is not as good and my hand was getting tired due to the 
arthritis and little painful and stiff.

• Reading papers make my eyes tired after awhile.

• Holding pen becomes difficult over time.



Summary and Conclusions

• PRO scores are equivalent when administered to PsA patients via 
ePRO (electronic tablet) and paper modes.
– ICCs show good equivalence, comparable to test-retest reliability
– Mean scores closely similar between modes
– Bland-Altman plots well-behaved

• PROs administered on electronic tablet were found by patients to be: 
– easy to use, 
– acceptable,
– preferred over paper-based measures.
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Examples of differences in paper & electronic versions: DLQI



Examples of differences in paper & electronic versions: HAQ



Examples of differences in paper & electronic versions: SAP


