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ABSTRACT
Electronic data capture technologies, such as interactive voice response (IVR)
systems, are emerging as important alternatives for collecting self-reported data. The
purpose of this research was to assess the measurement equivalence between the original
paper-based versions and the adapted interactive voice response (IVR) versions of the
EQ-5D and the QLQ-C30. Furthermore, we examined the test-retest reliability of two
consecutive administrations of the IVR versions of the EQ-5D and the QLQ-C30. The
comparison of the paper and IVR versions of the EQ-5D was conducted utilizing a
crossover design with subjects randomly assigned to one of two assessment orders: 1)
paper then IVR or 2) IVR then paper. A convenience sample of in-treatment outpatient
cancer clinic patients (n=139) were asked to complete each assessment two days apart.
For the test-retest component, outpatient cancer clinic patients (n=127) were asked to
complete the IVR-based EQ-5D twice, two days apart. The analyses tested for mean
differences (paired t-test) and test-retest reliability (ICC).
In the crossover analysis, ten of the fifteen mean differences analyzed for the
scales and items of the QLQ-C30 were within the equivalence interval set a priori. The
ICCs for the scales and items of the QLQ-C30 ranged from 0.698 to 0.899. Two of the
items, insomnia and appetite loss, did not meet our threshold of being statistically
different from an ICC of 0.70. The EQ-5D index score means were equivalent between
paper and IVR, however the EQ VAS score differences were not wholly contained in the
equivalence interval. The ICCs were above 0.890 for the index and the EQ VAS. In the
test-retest analysis, the ICCs for the nine multi-item scales for the QLQ-C30 were all
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above 0.69, ranging from 0.698 to 0.891. Ten of the fifteen mean differences analyzed
were within the equivalence interval set a priori. For the EQ-5D, the mean differences
were wholly contained within the equivalence intervals for both the index and the EQ
VAS and the ICCs were significantly different from 0.70. Overall, the IVR version of the
questionnaires provided psychometrically equivalent results to those obtained on the
original paper version and showed good stability over time.
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CHAPTER 1
INTRODUCTION

I.

Background

A patient-reported outcome (PRO) is a measure of any aspect of a patient’s health
status that comes directly from the patient (FDA 2006). PROs are increasingly being
used to complement survival rates and traditional indicators of clinical efficacy as a
measure of the value of medical interventions (McHorney 1997). PROs may also be the
only outcome of interest in situations where no physical or physiological outcomes can
be measured, such as pain (Wiklund 2004; Shiffman and Hufford 2001a; Shiffman et al.
2001b). In these situations, PROs are useful because the treatment effect is only known
by the patient.
One type of PRO is health-related quality of life (HRQOL), which aims to assess
self-reported health outcomes of individuals and populations. A variety of HRQOL
instruments exist, primarily distinguished by whether they are generic or disease-specific.
Generic instruments are designed to be applicable to all conditions, interventions, and
populations. The EQ-5D is one such instrument that was designed by the EuroQoL
Group to be a brief, self-completed questionnaire for describing and valuing healthrelated quality of life. The EQ-5D consists of 5 items, from which an index score can be
derived, and a visual analogue scale (EQ VAS), which ranges from 0 to 100 (Brooks
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1996). Disease-specific instruments are meant to provide greater detail about HRQOL
outcomes associated with a particular disease and its treatment. The European
Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Group
developed the QLQ-C30, a multidimensional, self-administered cancer specific
instrument (Aaronson et al. 1993). Both of these instruments have been widely used in
assessing patient-reported outcomes in clinical trial settings.
Concurrent with the increase in the use of PROs has been the development of
electronic data capture (EDC) which offers many advantages over the traditional paperbased questionnaires. Electronically adapted PROs (ePROs) have the advantages of less
administrative burden, avoidance of secondary data entry errors, easier implementation of
skip patterns, and more accurate and complete data (e.g., Bloom 1998; Taenzer et al.
1997; Tourangeau and Smith 1996; Velikova et al. 1999; Bushnell et al. 2006; Stone et
al. 2002). A variety of choices exist for adaptation to electronic devices exist. For
example, screen text devices include desktop and laptop computers, which may have
touchscreens, tablet or touchscreen notebook computers, handheld computers, and webbased systems. Another electronic option for data capture is telephone-based systems
that allow the user to respond using a touch-tone phone. However, evidence of the
measurement equivalence between the original paper-based format and the electronic
format is necessary to verify the redundancy of the data collected by the two forms.
Testing the measurement equivalence involves the development of evidence that the
electronic mode of data collection does not lead to different results. It is important for
well-designed studies to be conducted to confirm that the adaptation to the ePRO format
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did not introduce significant response bias to the measure and that the two modes of
administration produce equivalent results.

II.

Statement of the Problem

Many PROs were originally developed to be administered via paper-and-pencil.
Data were then manually entered into a database for analysis. However, advances in
technology have provided more efficient methods for data collection. Although there are
clear advantages to collecting data electronically, equivalence between the forms must be
established before being used as an endpoint in clinical research. The FDA is requiring
such evidence when a PRO instrument is modified or adapted to a new mode of
administration (e.g., electronic device) (FDA 2006). Modifications that occur when an
instrument is adapted from paper to EDC include changes in the wording or placement of
instructions, wording or order of the items and/or their response options, the memory
recall associated with an item or response set, as well as adaptation from visual cognitive
processes to auditory cognitive processes. This latter modification, specific to auditory
touch-tone devices, represents a significant departure from the original paper-based
administration mode.
Voice/auditory devices provide the respondent with an audio version of the
questions and response choices. While these systems are commonly referred to as
interactive voice response (IVR) systems, touch-tone response, not voice, is the only
response option currently available. Touch-tone response systems are telephone-based
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and interact with callers using a pre-recorded voice question and response option script.
Some of the advantages of this system are that no additional hardware is required for the
respondent other than a telephone, little if any respondent training is necessary, and data
are stored directly to a central database. In addition, the use of the recorded voice
prompts has been shown to reduce the literacy skill requirements of study participants
(Crow 1986; Henricksen 1999).
Numerous studies have been published in which IVR systems have been used to
collect patient-reported data. Some studies (e.g., Krystal et al. 2003; Mundt et al. 2002)
have provided support for the reliability and feasibility of the data collection mode, but
did not involve comparisons of the IVR responses with paper-based versions of the same
questionnaires. However, publications reporting on comparisons of PRO questionnaires
originally developed for paper-and-pencil self-administration with an IVR-adapted
administration are few. Alemi and colleagues (1994) compared IVR administration of a
follow-up questionnaire for recovering drug addicts with a mailed, self-administered
version of the same questionnaire. They found that there were no significant differences
between the responses collected via the two modes but that the IVR mode had a higher
response rate. Agel and colleagues (2001) compared the responses obtained on an IVRadministered version of the Short Musculoskeletal Function Assessment (SMFA)
questionnaire to those obtained with a paper self-administered version of the SMFA.
Based on the crossover design, there were no significant differences between the means
of the responses on the two versions of the questionnaire. However, the statistical
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analyses applied for assessing measurement equivalence in each of these studies were not
optimal.
The lack of peer-reviewed literature addressing the measurement equivalence of
IVR-based versions with the original paper-based, self-administered versions of
commonly used PRO questionnaires is evident. Hence, a study comparing the
measurement equivalence of IVR administration of widely used instruments, namely the
EQ-5D and the EORTC QLQ-C30, to the original paper versions is warranted and timely.

III.

Purpose of the Research

The purpose of this research was to assess the measurement equivalence between
the original paper-based versions and the adapted IVR versions of the EQ-5D and the
QLQ-C30. Furthermore, we examined the test-retest reliability of two consecutive
administrations of the IVR versions of the EQ-5D and the QLQ-C30.

IV.

Research Objectives

This study had the following six research objectives:

Objective 1
To evaluate the measurement equivalence of the original paper-based version of the EQ5D and the adapted IVR version.
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Objective 2
To evaluate the measurement equivalence of the original paper-based version of the EQ
VAS and the adapted IVR version.

Objective 3
To evaluate the measurement equivalence of the original paper-based version of the
QLQ-C30 and the IVR version.

Objective 4
To examine the test-retest reliability of the IVR version of the EQ-5D.

Objective 5
To examine the test-retest reliability of the IVR version of the EQ VAS.

Objective 6
To examine the test-retest reliability of the IVR version of the QLQ-C30.

V.

Research Hypotheses

The following twelve hypotheses were tested in this study:
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Hypothesis One
The mean index score obtained on the paper-based version of the EQ-5D is not
equivalent to that obtained on the IVR version of the EQ-5D.

Hypothesis Two
The intraclass correlation coefficient (ICC) obtained between modes (i.e., paper vs. IVR)
for the EQ-5D index is less than 0.70.

Hypothesis Three
The mean score obtained on the paper-based version of the EQ-5D visual analogue scale
(EQ VAS) is not equivalent to that obtained on the IVR version of the EQ VAS.

Hypothesis Four
The intraclass correlation coefficient (ICC) obtained between modes (i.e., paper vs. IVR)
for the EQ VAS is less than 0.70.

Hypothesis Five
The mean scores obtained on the paper-based version of the QLQ-C30 are not equivalent
to those obtained on the IVR version of the QLQ-C30.

Hypothesis Six
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The ICCs obtained between modes (i.e., paper vs. IVR) for the QLQ-C30 are less than
0.70.

Hypothesis Seven
The mean EQ-5D index score obtained on the first administration of the IVR version is
not equivalent to that obtained on the second administration of the IVR version.

Hypothesis Eight
The ICC obtained within mode (i.e., consecutive IVR administrations) for the EQ-5D
index score is less than 0.70.

Hypothesis Nine
The mean score obtained on the first administration of the IVR version of the EQ VAS is
not equivalent to that obtained on the second administration of the IVR version of the EQ
VAS.

Hypothesis Ten
The ICC obtained within mode (i.e., consecutive IVR administrations) for the EQ VAS is
less than 0.70.

Hypothesis Eleven
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The mean scores obtained on the first administration of the IVR version of the QLQ-C30
are not equivalent to those obtained on the second administration of the IVR version of
the QLQ-C30.

Hypothesis Twelve
The ICCs obtained within mode (i.e., consecutive IVR response administrations) for the
QLQ-C30 are less than 0.70.
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CHAPTER 2
LITERATURE REVIEW

This chapter is a review of the literature relevant to the topic of this research. This
chapter will cover seven broad areas:
I.

Overview of patient-reported outcome assessment

II.

Guidelines for the electronic adaptation of paper-based PROs

III.

The EQ-5D and its measurement properties

IV.

The QLQ-C30 and its measurement properties

V.

Modes of administering patient-reported outcome measures

VI.

Electronic PRO considerations

VII.

Measurement equivalence between paper and electronic modes

of

administration

I.

Overview of Patient-Reported Outcome (PRO) Assessment

Conceptualizing Patient-Reported Outcomes
In 1948, the World Health Organization (WHO) defined health as a state of
complete physical, mental, and social well-being and not merely the absence of disease
and infirmity. Since then, this definition has served as the broad conceptual framework
for the measurement of health. Traditionally, survival, symptom experience and clinical
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endpoints (e.g., blood pressure) were the primary measures of health. These endpoints
were then used to define the nature of disease and to assess the effectiveness of health
care interventions (Sullivan 1966). However, it has become clear that other metrics exist
that transcend the traditional measures of mortality and morbidity; one of these is quality
of life. There are many diseases where the goal of treatment is not curative but rather to
improve patient functioning and well-being (e.g., multiple sclerosis). In these situations,
the health care interventions have little measurable impact on mortality or disability.
Thus, the relevant measure of health should include a broader range of patient outcomes
in order to understand the true impact of disease and health care interventions (Bergner
and Rothman 1987).
The term quality of life includes a broad range of experiences related to one’s
overall well-being. This is an all-inclusive concept that incorporates factors that impact
an individual’s life such as physical, physiological and social functioning, job
satisfaction, spirituality, financial concerns and politics (Revicki et al. 2000). This
general concept of quality of life has meaning beyond an individual’s health. Therefore,
the more restricted concept of health-related quality of life (HRQOL) is used when
describing and measuring the impact of disease and its treatment. HRQOL represents
those components of quality of life that directly relate to an individual’s health (Spilker
1992) and how health impacts an individual’s ability to function, as well as his or her
perception of well-being, in physical, mental and social domains of life (Coons et al.
2000). Since, the purpose of HRQOL assessments is to examine how disease and
medical interventions impact a person’s life, there is nothing more relevant than basing
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these decisions on the patient’s own judgment. Thus the term patient-reported outcomes
(PRO) describe any instrument that is patient-oriented, single or multidimensional, and
variable over time (Schipper 1990). PRO measures complement traditional clinical
endpoints and capture concepts which may only be known by the patient. Additionally,
the US Food and Drug Administration (FDA) has allowed PRO measures to be used as
the primary endpoint for approval and labeling claims for pharmaceutical interventions.
The FDA has acknowledged that, for some interventions, no relevant biological or
physiological endpoint may exist and the data of primary interest must be collected
directly from the patient (e.g., pain). Thus the FDA is willing to accept claims that
demonstrate sufficient evidence of a clear relationship between the therapy and any
observed change in health status (Leidy et al. 1999). In randomized clinical trials, results
obtained from PRO measures are increasingly being used to complement safety data,
survival rates and traditional indicators of clinical efficacy as a measure of the value of
medical interventions (McHorney 1997). For example, PROs were reported in 30% of
the product labels of new molecular entities approved in the United States between 1997
and 2002. Moreover, 23 products (11%) were approved based on the use of PROs alone
particularly in the areas of pain relief, seizure frequency, and ocular itching (Willke
2004).
There is a wide selection of HRQOL instruments currently available. These
include both generic measures as well as disease-specific instruments. Depending on
their nature, these measures differ greatly in content, breadth, and depth of measurement.
Thus their appropriateness for different applications, populations, and settings also varies
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considerably. Generic measures are not disease-specific and therefore broadly
applicable. They can be used across patient populations, irrespective of the underlying
condition, and allow for a broad comparison of the relative impact of various health care
programs. However, generic measures may be less responsive to changes in specific
conditions. Generic measures are further categorized into health profiles and preferencebased measures. Health profiles provide scores that represent unique dimensions of
health status. Items from health profiles can be aggregated to provide summary scores of
the health components of interest, such as physical or mental summary scores. On the
other hand, preference-based measures have their basis in economic and decision theory,
and reflect the preferences of patients for different health states. Preference weights are
derived by using preference elicitation techniques and are on a scale anchored by 0.0 and
1.0, representing dead and full health, respectively. Some health states may be
considered worse than dead and are reflected by negative numbers on the scale (Shaw et
al. 2005). Disease-specific measures are those that were developed specifically for any
particular disease state. These measures may include only those dimensions of HRQOL
that are relevant to the area of study. Further, disease-specific measures may be more
responsive than generic measures in disease states for which they were developed but
cannot be used to compare across populations.
The actual dimensions included in a HRQOL measure vary from instrument to
instrument. The choice of instrument is dependent on the domains of interest to the
specific study. The results from HRQOL assessment must be interpreted from the
dimensions that are assessed (Bergner 1989). Typically, a generic instrument will be
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combined with a disease-specific instrument to provide a measure that can be compared
to other populations (i.e., generic) but also measure dimensions of specific importance to
the population or disease being studied (i.e., disease-specific). In general, the most
commonly measured concepts in clinical trials include overall health status, symptoms
associated with a medical condition, functional status (e.g., physical, psychological or
social), health perceptions (e.g., self-rating of health), satisfaction with treatment, and
adherence to a treatment regimen (FDA 2006). HRQOL instruments typically provide
measurement at a single point in time. Since health status may change in the next day,
month or year it is important for these instruments to be sensitive to these changes. Thus,
it is important to know if the differences observed are clinically relevant or meaningful to
the patient. To determine their relevance, the difference in scores is reference against an
established minimally important difference (MID). The MID represents the smallest
change that would be considered meaningful.

II.

Guidelines for the Electronic Adaptation of Paper-based PROs

In 2006, the FDA released their draft guidance for the pharmaceutical industry
titled "Patient-Reported Outcome Measures: Use in Medical Product Development to
Support Labeling Claims" (FDA 2006). This document outlines the process for the use
of PRO measures as effectiveness endpoints in clinical trials. The guidance defines a
PRO as a single or multi-domain measurement of any aspect of a patient’s health status
that is collected directly from the patient. PRO instruments provide a method for
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measuring treatment effects by capturing concepts related to how a patient feels or
functions. The guidance document outlines three reasons for the inclusion of PRO
instruments in clinical trials. First, some treatment effects may only be known to the
patient. Second, there may be a desire to know the patient’s perspective about the
effectiveness of the treatment. Finally, systematic assessment of the patient’s perspective
may provide valuable information that can be lost when that perspective is filtered
through a clinician’s evaluation. However, before an instrument can be used to support
medical product claims as, the adequacy of an instrument’s development history and
demonstrated measurement properties must be assessed.
Since many instruments are developed to be paper-based, there are specific
concerns with the migration to electronic data capture. Based on the draft guidance
document, the FDA intends to consider an instrument that has been adapted to an
electronic platform as different from the original instrument, thus, requiring additional
psychometric validation. However, the draft guidance does not outline the specific steps
that must be taken to validate an electronic PRO (ePRO). To fill this void, the
International Society for Pharmacoeconomics and Outcomes Research (ISPOR) ePRO
Task Force was commissioned to draft a report addressing the necessary steps to assure
the adequacy of a PRO that has been adapted to an electronic system. The primary
purpose of this manuscript was to present recommendations for the evidence necessary to
support the psychometric equivalence of ePROs to the paper-based PRO instruments
from which they were adapted. The resulting manuscript produced by the ISPOR ePRO
Task Force is titled “Recommendations on Evidence Needed to Support Measurement
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Equivalence between Electronic and Paper-based Patient-Reported Outcome (PRO)
Measures: ISPOR ePRO Good Research Practices Task Force Report” (Coons et al.
2008).
The ISPOR ePRO Task Force recommended that the amount of change that is
made to adapt a paper-based instrument to an electronic platform dictates the
psychometric evidence necessary to have confidence in the equivalence of the scores
resulting from the two modes. For minor changes, such as simply placing the items from
a paper-based instrument into a screen text format without changing font size, item
content, or response options, small scale (e.g., 5-10 subjects) cognitive debriefing may be
all that is necessary to establish equivalence between the two forms since the evidence for
validity of the original instrument still applies. Moderate levels of change, such as
migration to an IVR system (i.e., moving from a visual process to an auditory process),
require the formal testing of the equivalence of score means as well as some metric of the
correlation or agreement between the scores obtained via the two modalities.
Establishing equivalence in this situation is meant to confirm that the underlying
psychometric properties of the instrument have not changed significantly. When
substantial modifications are made to an instrument, which include changing the content
or meaning of a measure, the data on the reliability and validity of the original instrument
will not be useful in judging the quality of the electronic administration mode. Thus,
when major modification is made, the psychometric characteristics of the new measure
must be established along with usability testing in a large sample from the target
population.
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For testing measurement equivalence between the original paper-based measure
and the electronic version, the randomized parallel groups design and randomized
crossover design are preferred. The parallel groups design utilizes two independent
groups of subjects that complete one version of the instrument on one occasion.
Comparisons can then be made based on the difference between the mean scores between
the two groups. In the crossover design, subjects are randomized to the order of
administration (e.g., complete paper first) then crossed over to the alternative mode. This
design has the advantage of providing greater statistical power and a reduced sample size
compared to the parallel groups design since each subject serves as his or her own control
(Coons et al. 2008).
The preferred statistics for testing the equivalence of two different modes of
administration are the comparison of the adjusted mean scores, the intraclass correlation
coefficient, and the kappa coefficient. The test of mean differences is most appropriate
when the calculation of an ICC is not possible (i.e., in a randomized parallel group
design) but is also applicable and valid in the crossover setting as well. When testing for
mean differences, the difference between modes should not exceed what would be
considered the measure’s minimally important difference (MID). When an MID has
been established for an instrument, the 95% confidence interval of the mean difference is
evaluated relative to that value. If an MID has not been documented in the literature,
then an estimate is required. Cohen’s rule of thumb for effect sizes (Cohen 1988)
provides a framework for MID estimation that was endorsed in the FDA’s draft guidance
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(FDA 2006). A "small" effect size, defined as the difference of between 0.20 and 0.49
standard deviations, may be meaningful and represent an MID.
Exploring the correlations of the scores between two modalities of the same
instrument moves beyond mean equivalence and considers instances of exact or partial
agreement. The ICC can assess both the covariance and degree of agreement between
score distributions and has been used most frequently in previous studies that examined
the equivalence of paper PROs and ePROs (Gwaltney et al. 2008). The ICC takes into
account both relative position in the group of scores and the amount of deviation above or
below the group mean (Anastasi and Urbina 1996). The kappa coefficient examines the
proportion of responses in agreement relative to the proportion of responses that would
be expected by chance (Cohen 1960). The traditional kappa computation only considers
the absolute agreement of scores and does not consider scores that are close to one
another but not in exact agreement. Fleiss (1981) suggests the following classification
for the strength of the relationship defined by the kappa coefficient: correlations of less
than 0.40 are poor, 0.40 to 0.59 are fair, 0.60 to 0.74 are good, and greater than 0.74 are
excellent. The weighted kappa, an extension of the simple kappa approach, considers
such “partial” agreement (Cohen 1968). Weighted kappa and the ICC are equivalent in
cases where the scores being compared are continuous in nature (Fleiss and Cohen 1973)
and the ISPOR ePRO Task Force recommends using ICC in most cases.
Overall, the ISPOR ePRO Task Force’s report (Coons et al. 2008) fills in the gaps
created when the FDA issued its PRO draft guidance (FDA 2006). Specifically, the
issues of the appropriate study design and statistics relative to the amount of change made
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when migrating to an electronic platform have been clarified. Moreover, there should be
substantial improvements, based on these recommendations, in the consistency and
quality of the ePRO equivalence research that will appear in the literature.

III.

The EQ-5D and its Measurement Properties

The EQ-5D was first conceived by the EuroQol Group in 1987, when its members
set out to test the feasibility of developing a standardized, generic instrument for
describing and valuing health-related quality of life (Brooks 2003). The EuroQol Group
orginially produced a 6-dimensional instrument, but by 1991 the 5-dimensional format
had been developed and remains in place. The instrument provides both a descriptive
profile and an overall index for HRQOL (Gudex 2005). Five dimensions are included in
the descriptive system: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Each dimension has three levels: no problems, some or moderate
problems, and extreme problems or unable to perform. The descriptive system can be
used as a health profile for individuals or groups, measured cross-sectionally or over a
period of time, to describe health outcomes. It can also be converted into a weighted
health state index by applying scores from value sets elicited from general population
samples. In addition, a 100 cm visual analogue scale (EQ VAS) provides an index of
overall, self-rated health status. The EQ VAS ranges from 0 to100 with “0” representing
the worst imaginable health state and “100” representing the best imaginable health state.
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This information can be used as a quantitative measure of health status as judged by the
individual (Brooks 2003).
The EQ-5D has demonstrated sound psychometric properties in terms of both
validity and reliability. The construct validity of the EQ-5D has been assessed by
examining the relationship between the EQ-5D and other HRQOL instruments measuring
similar constructs. A comparison between the EQ-5D and the SF-36 was conducted by
Brazier and colleagues (1993). They found broad agreement between the two measures
with the EQ-5D having a correlation of 0.65 with the physical component summary
(PCS) score of the SF-36. Further, the EQ-5D index score and EQ VAS had correlations
of 0.54 and 0.44, respectively, with the mental component summary (MCS) score of the
SF-12 (Haywood et al. 2002). Similarly, Johnson and Coons (1998) found the
relationships between the EQ-5D dimensions and the PCS-12 and MCS-12 to be as
hypothesized. The EQ VAS had a stronger relationship with the PCS-12, indicating that
people give more consideration to their physical health in providing a global health
rating.
The test-retest reliability of the EQ-5D was initially demonstrated in two distinct
samples of subjects where the instrument was administered twice, 3 months apart
(Macran 2003). The first sample consisted of 221 adults selected to be representative of
the general population of Great Britain. The scores obtained provided kappa coefficients
ranging from 0.49 to 0.75 for the five domains of the descriptive system. The EQ VAS
showed good reliability with an ICC of 0.84 (Dolan et al. 1994). In the second sample,
224 subjects with rheumatoid arthritis completed the instrument. These scores resulted in
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kappa coefficients of 0.40 to 0.65 for the descriptive system and an ICC of 0.78 for the
EQ VAS (Macran 2003). Fransen and Edmonds (1999) reported ICCs of 0.70 for the
EQ-5D index score and 0.73 for the EQ VAS when administered one week apart in 82
patients with osteoarthritis of the knee. Stavem and colleagues (2001) found weighted
kappa coefficients ranging from 0.49 to 0.86 for the items in the descriptive system and
an ICC of 0.93 for the index score when the EQ-5D was assessed over a two week
interval in a sample of 397 epilepsy patients.
In addition to having sound measurement properties, the EQ-5D has been shown
to be sensitive to change. A recent study provides estimates of minimally important
differences in a sample of cancer patients (Pickard et al. 2007). In this study, a sample of
534 cancer patients was administered the EQ-5D. The subjects had advanced stages of
eleven types of cancer (bladder, brain, breast, colon/rectum, head/neck, liver/pancreas,
kidney, lung, lymphoma, ovary, and prostate) and all had received at least two treatment
cycles of chemotherapy. The estimates of the MID for the EQ-5D index score was 0.12
with a standard deviation of 0.20. Commonly cited thresholds for MIDs are those effect
sizes proposed by Cohen as being small effects and are defined as 0.20 to 0.49 of a
standard deviation. Using this guideline provides a range of 0.04 to 0.10 for the MID for
the EQ-5D index score. For the EQ VAS, the authors reported that an 8-point difference
is meaningful with a standard deviation of 20. Again, using Cohen’s small effect size
range provides an MID range of 4 to 10 points on the EQ VAS.
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IV.

The QLQ-C30 and its Measurement Properties

In 1986, the European Organization for Research and Treatment of Cancer
(EORTC) initiated a program with the intent to develop a core questionnaire that
incorporated a range of physical, emotional, and social health dimensions. The
questionnaire was developed to be applicable to a broad array of cancer patients
irrespective of the specific cancer diagnosis. This core questionnaire was to be
supplemented by diagnosis-specific (e.g., lung cancer and breast cancer) questionnaire
modules. The first iteration of the core questionnaire, the EORTC QLQ-C36, was a 36item, multidimensional, self-administered instrument suitable for a range of settings. The
field testing of the QLQ-C36 indicated a need for further refinement of the questionnaire.
Some items were found to be non-informative and were discarded. The 8-item emotional
functioning scale was revised due to inadequate reliability. The final result of the pilot
testing produced the QLQ-C30 (Aaronson et al. 1993). The EORTC QLQ-C30 is a 30item questionnaire composed of single-items and multi-item scales. The instrument has
five functional scales (physical, role, cognitive, emotional, and social), three symptom
scales (fatigue, pain, and nausea/vomiting), and a global health and global quality of life
scale. The remaining single items assess dyspnea, appetite loss, sleep disturbance,
constipation, and diarrhea.
The validity and reliability of the core questionnaire was tested in a sample of 346
patients. The questionnaire was given once following diagnosis, but before beginning
treatment, and once during the period of treatment (Aaronson et al. 1993). Validity was
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assessed using inter-scale correlations, known-group comparisons, and responsiveness to
change in health status analyses. The inter-scale correlations reflected the nonorthogonality of the scales but were only of a moderate size, indicating the scales are
assessing distinct components of the quality-of-life construct. The known-groups were
compared on the pretreatment and ongoing treatment QLQ-C30 scores utilizing the
Eastern Cooperative Oncology Group (ECOG) performance status scale scores as a
grouping variable. Compared to those with poorer ECOG performance, those with better
performance status reported significantly higher levels of physical, role, cognitive
functioning, and overall quality of life, and significantly lower symptom levels for all
seven symptoms evaluated. In the ongoing treatment group, statistically significant
differences were noted in the expected directions in all functional scores and all symptom
scores. With respect to responsiveness to change, no changes were noted in QLQ-C30
scores among those patients whose performance status has remained unchanged. Further,
statistically significant differences between groups were observed for the physical
functioning, role functioning, fatigue, nausea/vomiting, and global quality of life scores
over time. The reliability coefficients for the multi-item scales ranged from 0.54 to 0.86
before treatment and 0.52 to 0.89 during treatment. These results taken in totality
provided evidence supporting the adequacy of the psychometric properties of this
instrument (Aaronson et al. 1993).
Additional work on the instrument was undertaken stemming from concern about
the reliability and adequacy of the two items in the role functioning scale. The original
wording of the role functioning items was: ‘Are you limited in any way in doing either
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your work or doing household jobs?’ and ‘Are you completely unable to work at a job or
do household jobs?’ with the response options being ‘Yes’ and ‘No’. Upon completion
of testing in 1181 patients, these items were changed to read ‘Were you limited in doing
either your work or other daily activities?’ and ‘Were you limited in pursuing you
hobbies or other leisure time activities?’ These items were now preceded with the prefix
‘During the past week’. Further, the original response set was changed to ‘Not at all’, ‘A
little’, ‘Quite a bit’, and ‘Very much’ for the new items. Furthermore, there was concern
that one item in the global quality of life scale, asking for a rating of ‘overall physical
condition’, placed undue emphasis on physical functioning as a component of this
domain. This item ‘How would you rate your overall physical condition during the past
week?’ was replaced by ‘How would you rate you overall health during the past week?’
These changes provided significant increases in the reliability of the role functioning
scale changing from an original ICC of 0.59 to 0.82 for the scale with the new items. For
the global quality of life scale the ICC changed from 0.82 to a revised version ICC of
0.83. The small change in reliability was acceptable as this change was not made out of
concern for the reliability of the item but because of the undue emphasis on physical
functioning (Osoba 1997).
The current version of the QLQ-C30 is version 3.0 and has been in use since the
year 2000. This version differs from version 2.0 due to the change in the response set of
the physical functioning items. These items originally had the response choices ‘Yes’
and ‘No’. Version 3.0 changed the response set to a 4-point scale, namely ‘Not at all’, ‘A
little’, ‘Quite a bit’, and ‘Very much’. Bjordal (2000) field tested the new version of the
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QLQ-C30 in a sample of 622 from 12 countries. Cronbach’s alpha for the scale increased
from 0.66 in the earlier scale to 0.84 in the newly constructed scale. Furthermore, the
new scale had a stronger association with the Karnofsky Performance Status scale,
underscoring its validity.
The QLQ-C30 has demonstrated its ability to detect clinically important change
across the scales. King (1996) reviewed the literature to produce examples of clinically
important changes based on a small effect size, based on Cohen’s rule of thumb of 0.20 to
0.49 standard deviations (Cohen 1988). King (1996) found differences of four points on
the global quality of life scale, emotional functioning, social functioning, and cognitive
functioning scales equal to an effect size of approximately 0.20. A five point difference
was observed to be a small difference on the physical functioning, role functioning, and
the pain symptom scales. Further, a three point difference on the nausea/vomiting scale
and a seven point difference on the fatigue scale were defined as small differences.
Although Cohen’s (1988) standard is arbitrary, there is some consistency with the
differences noted in a more recent study which assessed these differences. This study by
King (2007) found consistency within one point on all of the scales except for the
physical functioning and fatigue scales. On both of these scales, the estimates of the
minimally important differences were lower. For the physical functioning scale, the MID
was estimated to be 3.33 compared to the earlier estimate of 5 points. The fatigue scale
displayed the largest difference between the two studies, with the recent study suggesting
a 4.4 point difference was small compared to 7 points previously reported (King 1996).
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V.

Modes of Administering Patient-reported Outcome Measures

There are a variety of electronic platforms available for the adaptation of a paper-based
PRO instruments. These modalities primarily fall within two main categories: those
administered using electronic screen text and those administered using voice, or auditory,
devices. Screen text devices adapt the original paper-based version of the instrument to a
computerized version of the questionnaire’s items and responses. Auditory devices are
primarily telephone based and utilize touch-tone response choices. This type of device is
commonly referred to as interactive voice response (IVR), although real-time voice
response is not yet available. Screen text devices include desktop, laptop and tablet
computers, which may include a touchscreen, handheld/palm computers, and web-based
systems. Computer touchscreen systems have a touch-sensitive monitor that allows the
patient to respond to questions by the touch of a finger or stylus.

Touchscreen

applications may be used with or without a keyboard and/or mouse.
Touchscreen applications on laptop or tablet computers offer the advantages of
the desktop touchscreen with added mobility, but with the potential disadvantages of a
smaller screen size. Nevertheless, most paper-based PRO questionnaires can be readily
adapted to this small laptop/tablet computer format. With handheld computer devices,
data are entered via the touch sensitive screen using a special pen/stylus. Handheld
computers offer the advantage of being lightweight and the most portable of the screen
text devices, but the drawback can be limited screen space. This may require the
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respondent to scroll to view the entire question and response set. It also limits the use of
larger, easier to read fonts. However, portability of the handheld computer gives it the
advantage of being potentially more useful for real-time assessment of patient experience
such as eDiaries (Shiffman et al. 2001; Dale and Hagen 2007).
Web-based systems present questionnaires in an identical manner as other
computer systems. However, they require the respondents to have access to a computer
with internet service or a device enabled with access to a wireless network. While webbased systems potentially offer the respondent the convenience of completing the
questionnaire in their home, the touchscreen and mobility advantages may be lost unless
the computer has touchscreen and wireless internet capabilities. Internet applications
must consider browser software variations in formatting and presentation of the questions
on the screen.
Audiovisual Computer Assisted Self Interviewing (A-CASI) is an EDC hybrid
device that combines screen text and voice/auditory functionality into one platform.
Respondents are presented with a questionnaire on a computer monitor, with or without a
touchscreen, accompanied by an audible reading of the questions and responses. Hybrid
devices can offer the respondent the choice of disabling the audio reading of the
questionnaire and responding to the visual presentation only, or vice versa, which can be
useful for assessing special populations, such as those with low literacy or visual
impairment (Hahn et al. 2004).
Voice/auditory devices provide the respondent with an audio version of the
questions and response choices. Specifically, IVR platforms are telephone-based systems
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that interact with callers using a pre-recorded voice question and response script. Some
of the advantages of IVR are that no additional hardware is required for the respondent
other than a telephone, little if any respondent training is necessary, data are stored
directly to the central database, and IVR systems can record voice responses. The use of
the recorded voice prompts has been shown to reduce the literacy skill requirements of
study participants (Crow 1986; Henricksen 1999). IVR systems accept a combination of
voice input and touch-tone keypad selection to facilitate the completion of questionnaires.
IVR systems allow for respondents to call in or for the system to call respondents;
however, it is recommended that researchers provide written complementary materials
for questions and response options at the start of the study, particularly for lengthy
questionnaires. The auditory presentation of IVR systems departs from the visual
medium in which most PRO instruments were developed, but it is very similar to
telephone interview-administered modes of data collection. While peer-reviewed
publications regarding IVR systems have appeared in the literature since 1989, few
studies have directly compared IVR and paper-based versions of PRO measures. Further
research is needed to assess whether, and under what conditions (e.g., length of
assessment or item, number of options, respondent cognitive capacity), transfer from
PRO written modalities to IVR yields equivalent data.
When choosing among the different ePRO platforms one should consider the type
of PRO measure being adapted, the target population, the complexity of data capture
requirements or scoring calculations, and the timeframe required for patient reporting
(e.g., immediate vs. recall). For all the above ePRO applications in which the data are
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not stored immediately in a central database, once data are collected they can be
transferred via internet, intranet or server-based system to a centralized storage and
processing facility.

VI.

Electronic PRO Considerations

Time to Completion
Time to completion is often used as a comparison measure between the paperbased and the electronic adaptation of the PRO questionnaires. Although the time to
completion varies by the questionnaire, respondents are typically faster on the electronic
version than the paper version (Velikova et al. 1999; Buxton et al. 1998; Bushnell et al.
2003). However, in studies conducted by Bliven (2001), Caro (2001) and Crawley
(2002) respondents were faster on the paper version. Some studies indicated that
computer experience, age, physical condition and lower education were associated with
the time needed to complete the electronic questionnaires (Allenby et al. 2002; Buxton et
al. 1998; Crawley et al. 2000; Bliven et al. 2001). These variables, however, weren’t
statistically significant in all studies (Bliven et al. 2001; Taezner et al. 2000).

Satisfaction
Satisfaction and the ease of use is another outcome of interest when evaluating
electronic PRO measures. Satisfaction and ease of use are typically measured through
the administration of follow-up questions after completion. Typically, respondents are
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asked about the ease of using the electronic format, the adequacy of the instructions,
ability to read the screen (if screen text devices are used), and the acceptability of the
time taken to complete the instruments. The majority of studies report high levels of
satisfaction and ease of use (Velikova et al. 1999; Wright et al. 2003; Allenby et al. 2002;
Buxton et al. 1998; Cook et al. 2004; Hahn et al. 2004; Mullen et al. 2004; Bushnell et al.
2003; Caro et al. 2001; Crawley et al. 2000; Weinberger et al. 1996; Bliven et al. 2001).
Furthermore, open-ended questions were asked regarding whether the patients found
anything confusing about the task. Most of the confusing comments reported in the
literature pertain to the question wording or response choices and not the technology
itself (Allenby et al. 2002).

Missing Data
Quantity of missing data is another often used comparison between paper and
electronic PRO modes of administration. While most of the comparisons in the literature
reviewed were favorable to the electronic format, the categorization of missing data is an
issue that must be explored for ePRO data. While ePROs may not produce the missing
data traditionally reported in paper-based measures, the amount of usable data from each
format should be compared. Electronic formats typically have high rates of data
completion, near or exactly 100% of the data fields are complete (Velikova et al. 1999;
Allenby et al. 2002; Gaertner et al. 2004; Drummond et al. 1995). However, it is
important to distinguish between complete data and usable data when analyzing data
completeness for electronic modalities. For example, responses are typically considered
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complete if the data point is available, although the response to the question posed may
not be usable for data analysis. Morevoer, it is necessary for the ePRO instruments to
have “choose not to respond” or “skip question” response options, and these choices must
be analyzed in a similar manner as missing data from paper questionnaires. Otherwise,
data quality may be inflated for the electronic modes of PRO administration and the
validity of the comparisons with paper forms may be questioned.

Sample Size
Sample size and the sampling method should be carefully considered in ePRO
validation study to ensure the power to detect changes in response scores and detect
specific ranges of reliability coefficients. Few of the studies reported in the literature
actually computed the necessary sample size needed for their research. Convenience
sampling is the primary technique used in almost all electronic validation studies. The
sample sizes necessary for an adequate test of measurement equivalence will depend
upon the design chosen as well as the statistic chosen to test equivalence. The sample
size computations are the same for both the crossover and parallel groups design,
however because each subject serves as their own control in the crossover design, the
sample size will be one half of that needed for the parallel groups design. Several
methods are available to compute sample requirements and two are outlined that provide
valid estimates of sample size. It should be noted that the calculated sample sizes denote
the number of completed assessments necessary for the analysis and the appropriate
adjustments must be made for expected response rates and experimental mortality.
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There are special considerations related to the sample size when planning an
equivalence study. First, we may be interested in testing the magnitude of the reliability
coefficient. Streiner and Norman (2003), suggest a form of the confidence interval
approach for estimating the sample size in a reliability study. This approach may be
useful ePRO validation studies since reliability will be an important outcome measure.
This method relies on the Fisher Zr transformation of the intraclass correlation from
Fisher’s book (1970), to remove the skewness in the standard error. Using this sample
size calculation will most likely yield a fewer number of patients than the fixed number
approach suggested by Nunnally (1978), 300 subjects, and Kline (1986), 200 subjects.
This calculation differs from other methods which base the sample size on the number of
subjects needed to determine if the coefficient is statistically different from some
arbitrary value. In this situation we will need to specify the reliability coefficient we
expect to attain. The original paper-based instrument validation literature should provide
this information. Furthermore, a critical value of reliability will need to be specified that
the researcher is interested in being certain the observed reliability is above. Nunnally
(1978) suggests that a reliability of 0.70 is minimally acceptable for group comparisons.
This standard was also endorsed by the ISPOR ePRO Task Force (Coons 2008).

Sample size calculation from Streiner and Norman (2003):
n = 2 + [k/2(k-1)(ZR-ZR-)2]
where k is the number of assessments,
and ZR = 1/2log[1+(k-1)ρ/1- ρ]; ρ is the specified value of the reliability
coefficient,
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and ZR- = 1/2log[1+(k-1)R-/1-R-],
and R- = ρ –SE; SE is the standard error, or ½ of the 1-sided confidence interval.

Another situation involves the computation of sample sizes for the comparison of
mean differences. This scenario concerns the equivalence testing of the mean difference
from two instrument administrations. We are interested in a 2-sided test of mean the
difference with known variance and effect size. In this situation the null hypothesis is
that a difference of a certain size exists. The study is designed at rejecting the null in
favor of the alternative hypothesis that no difference exists. It is important to note, that in
this case the roles of alpha and beta are reversed. If we decide the instruments are not
equivalent when they are we commit a Type I error (α). If we decide that the instruments
are not equivalent when they are not we commit a Type II error (β). These are the exact
opposite definitions of α and β used in conventional significance testing (Jones et al.
1996). To compute the sample size in this case some conservative estimate of the
correlation between the dependent data must be specified. Hence these calculations are
only applicable to the crossover design. This calculation may be most useful when ICC
will be the primary statistic used for denoting reliability, but one wishes to have adequate
power for an equivalence test of mean differences.
Sample size calculation from Lachin (1981):
n = 2 (Z1-α + Z1-β/2)2 σ2 (1-ρ)/ δ2
where Z1-α = percentile of the normal curve for the significance criteria for 1tailed tests,
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and Z1- β/2 = the percentile of the normal curve which gives power for 2-tailed
tests,
and σ = standard deviation of the estimate,
and ρ = specified value of the reliability coefficient,
and δ = effect size to be detected.

VII.

Measurement Equivalence between Paper and Electronic Modes of
Administration

There has been a considerable amount of research in the area of assessing
measurement equivalence between paper and electronic PROs. The majority of this
research has assessed the measurement equivalence of instruments adapted for computer
touchscreens. Relatively few studies exist examining telephone or desktop computer
administered PROs. Furthermore, the instruments being used in this study, the EQ-5D
and the QLQ-C30, have not been extensively tested on the full range of electronic
modalities.
A recent meta-analysis assessing the equivalence of electronic and paper PROs
was conducted by Gwaltney and associates (2008).

This study analyzed the mean

difference data from 38 studies and the correlation coefficients from 32 studies. Two
hundred and twenty-three mean differences were analyzed and the average mean
difference was 0.2% for the scale range.

This average mean difference was not

significantly different from 0 (p=0.93). The range of the mean differences was -7.8% to
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7.6% of the scale score. The mean difference was within ±5% of the scale score in 93%
in the studies analyzed. Of the studies analyzed with correlations, 30 of the 32 studies
had average correlations greater than 0.75 and the weighted summary correlation was
0.90 (0.87-0.92). The number of studies needed to bring the summary correlation below
0.75 was 95 studies.

The authors of this meta-analysis conclude that touchscreen

computer- and paper-based measures produce equivalent scores. While the means and
correlations were weighted in the analyses according to the sample size of the study from
which they came, the meta-analysis didn’t account for the quality of the study design.
There appears to be wide variations in many of the study designs used as well as the
outcomes used to test equivalence. While informative, this meta-analysis would provide
a more conclusive result if other factors (e.g., study design) were factored into the
analyses.

Electronic versions of the EORTC QLQ-C30
Five studies were found that compared an electronic version of the EORTC QLQC30 to the original paper version. Two of these studies tested for mean differences and
presented correlation coefficients in their results. In the first study, Velikova and
colleagues (1999) compared the acceptability and preference, data quality, and reliability
of the paper versus touchscreen versions of the QLQ-C30, version 2.0. Cancer patients
were enrolled consecutively in an open, randomized, crossover design. Each patient
completed one version of the questionnaire in the morning and the other in the afternoon,
approximately three hours apart. Sample size calculations estimated that 100 patients
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were needed for the assessment of acceptability and 150 were needed to detect small
differences (i.e., 5 percentage points) in the scale and item scores of the EORTC QLQC30.
One hundred forty-nine patients were included in the analysis of the study. There
were no missing data collected with the electronic questionnaire, while there were 357
patient related errors and 725 scanner related errors for the paper version. Patients were
1.8 minutes faster completing the electronic version (p<0.0001) needing on average 8.3
minutes, compared to a average of 9.6 minutes for the paper version. Response to the
second administration was quicker, especially when the paper version was administered
first (p<0.0001). Older patients were slower on both modes of administration (p<0.001).
The mean differences between the scores obtained with the two modes of the
questionnaire were small (all < 5 percentage points) and no mode by order interactions
were observed. However, statistically significant mean differences were noted on the
emotional, fatigue, and nausea/vomiting scales and also on the appetite item between the
touchscreen and paper version. The weighted kappa coefficients for the scales and single
items ranged from 0.57 to 0.77. Four out of the nine scales had internal consistency
reliability coefficients greater than 0.70 while all six of the single item symptom scales
had reliability estimates above 0.70. Furthermore, fifty-two percent of the patients
preferred the electronic version, while 24% preferred the paper version and 24% had no
preference. Seventy-six percent of the patients found the computer version acceptable.
Preference for mode of administration was not related to age, sex, order of
administration, or time for completion.
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In a separate study reported in the same publication, Velikova and colleagues
(1999) evaluated the test-retest reliability of the touchscreen EORTC QLQ-C30. One
hundred and two patients completed the electronic versions of the questionnaire, once in
the morning and once in the afternoon, approximately three hours apart. Patients needed
8.8 minutes on average to complete the first administration and were faster on the second
administration needing only 6.8 minutes. Pearson product-moment correlations ranged
from 0.78 to 0.95 for all subscales. The weighted kappa coefficients ranged from 0.60 to
0.90 for all subscales. Seven of the nine scales had a weighted kappa of 0.70 or above.
All six of the single symptom items had correlations above 0.70. The percent exact
agreement ranged from 38% to 90% across the items and scales on the EORTC QLQC30. Overall, these studies provide evidence of the equivalence of the paper and
touchscreen version of the QLQ-C30. Moreover, the stability of the touchscreen QLQC30 scores over time was confirmed.
In a less rigorous study, Taenzer and associates (2000) reported the mean
differences of a computerized (e.g., standard monitor, keyboard, and mouse) version of
the QLQ-C30. Fifty-three lung cancer patients were recruited sequentially and assigned
to either a control (paper only) or experimental (computer only) group. These groups
were not randomized or crossed over and each subject only completed the version to
which they were assigned on one occasion. Samples of 28 subjects were enrolled in the
control group and 29 subjects were enrolled in the experimental group. Overall, there
were statistically significant mean differences between the control group and the
experimental group on the physical scale (p<0.05), the role functioning scale (p<0.01)
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and on the dyspnea (p<0.05) singe item score. Further, the mean exact agreement for all
items was 89% and the majority of correlations ranged from 0.80 to 0.90. The authors
concluded that the computerized version was efficient and acceptable for use.
The three other studies identified, which did not formally test equivalence,
examined outcomes such as subject’s satisfaction with the electronic system, compliance,
ease of use, and data quality and completeness of the electronic system. Wright and
colleagues (2003) examined cancer patient’s willingness to participate, compliance over
time, and attitude toward the measurement of the QLQ-C30 presented on computer
touchscreen. Two studies were conducted, the first was a prospective cohort which
followed patients for six months and ask the patients to complete the electronic
questionnaire each time they visited the clinic. The second study attempted to have all
patients that visited the clinics over a three month period complete the electronic version
of the questionnaire. Two hundred sixty-five patients completed study one, while 1271
completed study two.
Seventy-nine percent of the patients in study 1 had no problem with the computer
touchscreen. Ninety-four percent of patients in study 2 reported no problem with the
computer touchscreen. The compliance rates (i.e., questionnaire completion) for study 1
were below 40% after the third visit, while study 2 achieved compliance rates of 60%.
Compliance was better in younger patients, male patients, and patients with less
socioeconomic deprivation, as measured by the Carstairs Index. Some evidence
suggested that divorced, separated, or widowed patients were more compliant than
persons whom were never married. Education and response to treatment were not
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statistically significant in relation to compliance. Data was more complete in study 2
with 98% and 91% compete data from the two study sites, Leeds and Edinburgh,
respectively, from those who participated. In 41% of the visits the physician used the
information collected on the electronic platform. In 42% of the visits the physicians
found the information clinically useful. The authors concluded the following: it is
feasible to use touchscreen technology; patients find the equipment easy to use and;
approaches that integrate data collection into clinical practice improved compliance.
The acceptability of computer touchscreen technology was evaluated in 450
patients attending an ambulatory oncology clinic (Allenby et al. 2002). The patients were
enrolled in a randomized trial evaluating the collection of self-reported information using
touchscreen technology. A research nurse recruited eligible patients who were waiting
for their outpatient consultation. The study included the following three questionnaires:
the 32 item Cancer Needs Questionnaire (CNQ), the 30-item EORTC QLQ-C30 version
2.0, and the 13-item Beck Depression Inventory - Short Form (BDI). Each questionnaire
was replicated from the paper version to the electronic version using the same wording
and similar format. One question at a time was presented on the screen and all
questionnaires were presented in the same sequence each time. The touchscreen systems
were located in cubicles of the waiting area of the outpatient department of a large
tertiary cancer institute. Each patient received instructions regarding how to operate the
computer and was then asked to complete the three questionnaires.
Fifty-five percent of the patients had no prior computer experience. At baseline,
97% of the patients answered all the questions on the CNQ, 99% answered all questions
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on the EORTC QLQ-C30, and 99% answered all questions on the BDI. Eighty-six
percent of the patients completed the two month follow-up and 71% completed the 6month follow-up. Overall, 99% found the touchscreen easy to use, 98% found the
instructions easy to understand, 98% found the questions easy to read on the screen, and
99% found the time taken to complete the questionnaires acceptable. Nine percent of the
patients found something confusing about the task. The researchers concluded the
confusion related to problems other than the technology such as questionnaire wording
and how patients were to respond if cancer was in remission. The average time taken to
complete all three questionnaires was 16.1 minutes. Eight percent of the patients took at
least 25 minutes to complete the questionnaires. When compared to the patients who
took less than 25 minutes, there was a significantly higher number of those taking more
than 25 minutes who had never used a computer previously (p < 0.0001) and significantly
more found some aspect confusing (p = 0.028). Other factors affecting time taken to
complete the questionnaire were patient’s age, physical condition, greater needs, lower
education, and lower functional status.
Buxton and associates (1998) conducted a study to evaluate the ease of use and
acceptability of using computer touchscreen for the assessment of health-related quality
of life using a computerized form of the QLQ-C30. A sample of 178 patients was
recruited from outpatient clinics over a three month period to participate in the study.
Patients completed a computer version of the QLQ-C30 followed by an exit interview to
evaluate the ease of use and acceptability of the electronic format. Further, the time
taken to complete the questionnaire and any problems encountered by the patients were
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also recorded. The average time to complete the questionnaire was 6.8 minutes, with a
median time of 5 minutes and a range of 2 to 25 minutes. The mean completion time
using a written format was found to be 11 minutes in a previous study. Patients in the
fastest quartile were more likely to have used a computer previously, more likely to have
achieved a higher education level, and younger.
Patients indicated reading the screen (95%), entering patient identification number
(76%), following instructions on the screen (74%) and touching the desired answer (71%)
was ‘very easy’. All 178 patients who completed the questionnaire stated the amount of
time was acceptable and 96% were willing to complete a similar questionnaire in the
future. The researchers found no missing items after completion of the 178
questionnaires. The most frequent problem encountered in 68% of the sample was
entering the patients’ identification number due to a lack of clarity in the instructions for
this step in the process. Twenty-three percent of the patients had problems using the
screen due to a lack of responsiveness to touch, however patients were still able to
complete the questionnaires.
Velikova and colleagues (2001) compared the concordance between the scores on
the QLQ-C30 completed on a touchscreen computer and the course of disease and
treatment effectiveness found in patient medical records. Patients were asked to
complete the QLQ-C30 each time they attended the clinic over a 6-month period. The
clinicians were blinded in this study and did know that the medical records were being
compared to the patient’s self-reports on the QLQ-C30. During the study period, 114
subjects provided data that were used in the study. These subjects completed the QLQ-
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C30 350 times, with 66 patients completing it two or more times. Overall, a higher
proportion of patients reported symptoms and functional problems on the QLQ-C30 than
were mentioned in the medical records. The highest concordance was observed for the
pain scale. The agreement between the two sources was 67% and 65% for mild and
moderate pain, respectively. For the other scales, 20% to 76% of patients self-reported
impairments on one or more scales whereas the reporting rate of the medical records was
between 1% and 17%. However, the self-reported QLQ-C30 scores’ change over time
did correspond to the severity of disease and treatment course in individual patients.
These data suggest the possibility for an impact of self-reported data on the process of
medical care. This information can be used to supplement that which is generally
covered and recorded by the attending physician. Furthermore, this study provides
evidence supporting the administration of ePRO measures in the clinical setting.

Electronic versions of the EQ-5D
Similar to the QLQ-C30, there were only a couple of articles found comparing the
data obtained from the paper version of the EQ-5D to the electronic version. Bushnell
and colleagues (2006) conducted a study of the equivalence of a hand-held version of the
EQ-5D with the original paper version. This study employed a randomized crossover
design with a 24 hour period between the electronic and paper administrations. The
study also included a retest of the crossover questionnaire seven days later, that is, a
sequence of either paper-EDC-EDC (n=35) or EDC-paper-paper (n=37). The crossover
analyses included tests of mean differences along with ICCs for measuring the stability of

58
scores, while the test-retest analysis involved only the ICCs. In the crossover analyses,
no mean differences were found between the paper and the hand-held version of the EQ5D, regardless of the order of administration. Further, when the paper was administered
first, the EQ VAS and index score ICCs were 0.77 and 0.80, respectively. When the
hand-held was administered first, the ICCs were 0.75 for the EQ VAS and 0.73 for the
index score. In the one week test-retest analysis, the ICCs for the electronic versions
were 0.75 for the index and 0.73 for the EQ VAS. The ICCs for paper were 0.77 for the
index and 0.82 for the EQ VAS. Overall, these results indicate acceptable levels of
equivalence as no mean differences were found and the ICCs were sufficiently high.
In a more recent study, Ramachandran and colleagues (2008) examined the
measurement equivalence of the original paper-based vertical format of the EQ VAS with
a touchscreen computer-based horizontal format. This study did not assess the EQ-5D
index equivalence. A total of 314 subjects were administered two modes of the EQ VAS
in a randomized crossover design. One mode was the original paper-based 20cm vertical
EQ VAS; the other mode was touchscreen-based. Measurement equivalence was
assessed by testing the 95% confidence interval of the mean differences from an
equivalence threshold of -3 to +3 points on the EQ VAS and evaluating the ICC. In this
study, the adjusted mean (SE) EQ VAS score was 80.96 (0.87) on the paper and 79.59
(0.85) on the touchscreen. The mean (CI) difference between scores on the two formats
was 1.37 with a confidence interval of 0.175 to 2.559, wholly contained within the
equivalence interval. The ICC was 0.75 and almost a third (30.1%) of the respondents
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reported identical scores on both formats. Measurement equivalence of this EQ VAS
touchscreen administration mode with the original paper mode was concluded.

Computer Touchscreen Comparisons
As previously mentioned, there have been more studies conducted regarding the
equivalence of computer touchscreens than other electronic modes. Cook and associates
(2004), conducted a study to compare the responses to paper and touchscreen versions of
the Short-Form McGill Pain Questionnaire (SF-MPQ) and Pain Disability Index (PDI).
Patients were recruited from a university-based pain management clinic. Of 200 patients
recruited with chronic pain, 189 completed the questionnaires. The study used a
randomized crossover design with patients randomly assigned to one of two experiment
groups: condition one completed the electronic versions followed by paper and condition
two completed the paper versions followed by electronic. The mean completion time for
the full set of questionnaires was 62 minutes (SD=18).
Internal consistency reliability estimates (Cronbach’s alpha) were similar between
the two modes of administration ranging from 0.78 to 0.87 for the SF-MPQ. Cronbach’s
alpha was the same for the PDI total score (0.85) for the paper and electronic versions.
The majority of Pain Rating Index descriptors and the Present Pain Intensity scales from
the SF-MPQ had close to two-thirds exact matches between formats, and over 90%
within ±1 point. More than one-third of the respondents had exact matches when rating
pain intensity on the VAS, while 80% fell within ±1 point. While some order effects
were found, no adjustment for multiple comparisons was made. Forty-eight percent of
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respondents reported no formal computer training, while 37% reported using a computer
less than once per month. Thirty-nine percent of the respondents rated the electronic
questionnaires as easier to understand and complete, while 24% rated the paper easier to
understand and 37% had no preference between the two modes. The responses for the
preferred format indicated that 48% favored the electronic format, 24% favored the paper
format, and 28% had no preference.
A study was conducted by Hahn and associates (2004) to evaluate patient burden
and preferences for a multimedia program to assess quality of life in cancer patients with
low literacy skills and computer experience. The Functional Assessment of Cancer
Therapy-General (FACT-G), SF-36, and a Standard Gamble Utility Questionnaire
(SGUQ) were administered to 126 patients in three cancer care centers in the Chicago
area. The three instruments were adapted to a computer touchscreen with an audio
headset. The questions and responses were displayed on the screen and each question
was read aloud. The patients completed the FACT-G and the SF-36 in random order
followed by the SGUQ. Questions evaluating ease of use and preference were presented
after each questionnaire.
Study interviewers reported that 31% (39) of the patients did not require help
using the touchscreen. The remaining patients needed some (59%) or a lot (10%) of
assistance. One-hundred and twenty patients (95%) indicated that the touchscreen was
easy or very easy to use. Also, nearly everyone reported that the FACT-G, SF-36 and
SGUQ were easy or very easy to use. Patients rarely left an item blank resulting in
individual item response rates near 100%. Sixty-nine percent of the low literacy group

61
and 59% of the high literacy group preferred the touchscreen to an interviewer asking the
questions. Average completion time was 33 and 28 minutes for the low and high literacy
groups respectively. Thirty-eight percent of the patients were willing to complete the
questionnaires each time they visited a doctor, while 48% said they would do it
sometimes and 14% indicated they would not complete the questionnaires each time.
Similarly, Mullen and associates (2004) conducted a study to determine the
acceptability and usability of a computerized (i.e., computer touchscreen) quality of life
and symptom assessment tool in an ambulatory radiation oncology clinic. The pilot study
included two convenience sample groups as part of a larger descriptive cross-sectional
study. The first sample group consisted of 45 consecutive clinic patients. The second
group consisted of 10 clinicians who cared for the patients in the first sample. Forty-four
percent of the sample was frequent computer users, 20% occasional computer users, and
27% never used computers. Seventy percent of the patients reported that they liked
computer-based questionnaires, while 7% did not like the computer-based questionnaires.
Furthermore, 77% of the clinicians agreed that the computer-generated output identified
appropriate areas of quality of life deficits or concerns.
Bushnell and colleagues (2003) compared the paper and electronic administration
of the Asthma Quality of Life Questionnaire (AQLQ-S), Pediatric Astma Quality of Life
Questionnaire (PAQLQ-S), and the Pediatric Asthma Caregiver’s Quality of Life
Questionnaire (PACQLQ). The study used a randomized crossover design using the two
modes of administration; paper followed by computer touchscreen and computer
touchscreen followed by paper. Enrollees were allocated in a predetermined order. The
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measures were given to three separate groups: Children with asthma between the ages of
7 and 17 years (n=50); adults with asthma (n=50) and; caregivers of asthmatic children
(n=50). The crossover administration also included two questions regarding ease of use
and modality preference. A retest of the electronic version was administered seven days
after the first administration to the first 30 people who consented from each of the three
groups. The scores from the two modes of administration were compared to determine if
differences existed. Any difference of 0.5 points or greater between the paper and
computer versions were considered clinically important. Internal consistency reliability
of the instruments was assessed using Cronbach’s alpha. Test-retest reliability of the
electronic retesting was assessed using the ICC. To assess the convergent validity,
Pearson’s product-moment correlations were computed.
The AQLQ scores were similar between the two modes with no significant mean
differences among domain scores and ICC values between 0.90 and 0.96 for the domains.
The PAQLQ-S domain scores were also similar with no significant differences among
means and ICC values between 0.89 and 0.93. The PACQLQ domain scores were higher
with the computer administration but the differences were not significant. Further, the
ICC values for the PACQLQ ranged from 0.72 to 0.84. The test-retest reliability ICCs
for the computer administration ranged from 0.81 to 0.90 for the scales of the AQLQ-S,
from 0.66 to 0.80 for the PAQLQ-S scales, and from 0.78 to 0.85 for the PACQLQ
scales. For the electronic administrations 80.4% of adults, 92.3% of children and 88.3%
of caregivers stated the electronic method was easier to use that the paper version.
Further, 69% of adults, 77% of children and 73% of caregivers preferred the electronic
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administration over paper. The amount of time to complete the electronic questionnaires
was shorter than for completing paper.
The agreement between anxiety, depression and supportive care needs data
obtained using touchscreen computer technology was compared with traditional paperbased questionnaires (Boyes et al. 2001). Study participants consisted of people
diagnosed with cancer who were in consecutive attendance at either the medical or
radiation oncology outpatient clinic at two major public cancer treatment centers in New
South Wales, Australia. Consenting patients (n=357) were asked to complete a paperbased questionnaire and a touchscreen questionnaire on the same day. Of the 357 eligible
patients, 355 consented to participate and 350 (98%) completed computer- and paperbased questionnaires. Two questionnaires were answered by each patient: the Hospital
Anxiety and Depression Scale (HADS) and the short-form Supportive Care Needs
Survey (SCNS-short). An additional 14 questions asked about demographic information,
diagnosis, remission status, primary cancer site and treatment history. Simple kappa
coefficients and the proportion of exact agreement were calculated for each item.
The researchers found moderate agreement between patient’s responses to
individual items on the computer version and paper version of the HADS. The simple
kappa coefficients ranged from 0.39 to 0.88 and exact agreement ranged from 60% to
95%. For the SCNS, there was fair agreement between the computer version and paper
version with kappa coefficients that ranged from 0.09 to 0.45 and exact agreement ranged
from 45% to 72%. The authors conclude that the data collected by the two modes of
administration were comparable.
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In a study by Caro and colleagues (2001), the SF-36 and the AQLQ were
compared to paper implementation to determine whether electronic implementation alters
responses. Patients with previously diagnosed asthma were recruited from an outpatient
asthma clinic. The consenting patients (n=68) were trained on the use of an electronic
diary and a date and time were set for completion of the questionnaires. The patients
were given the Quebec French version of each questionnaire. The sequence of
administration was alternated such that the first patient completed the electronic versions
of both questionnaires followed the paper versions, the second patient completed the
paper versions first followed by the electronic versions with administrations continuing in
an odd-even fashion. Each patient waited at least two hours between the administrations
of the electronic and paper versions.
The researchers reported 43 unusable or missing responses for the paper version
of the SF-36 and 14 unusable or missing responses for the paper-based AQLQ. Further,
there was an entire patient’s record for both the SF-36 and AQLQ that was inexplicably
missing (68 responses) from the electronic version. For the SF-36, the exact item
agreement between the two modes ranged from 59% to 91% and, on items 6-32 of the
AQLQ, agreement ranged from 72% to 88% between the two modes of administration.
For the eight SF-36 scales, the ICCs ranged from 0.83 to 0.97. For the AQLQ, the ICC
for the composite score was 0.99 and the ICCs ranged from 0.97 to 0.99 for the four
AQLQ domains. The average time to complete the SF-36 was 11:21 minutes for the
electronic version and 9:47 minutes for the paper version (p=0.041). The time to
complete the AQLQ was 12 minutes for the electronic version and 11 minutes for the
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paper version (p=0.068). Seventy-seven percent of the patients expressed a preference
for the electronic versions and 96% found the electronic versions easy to use.
Crawley and associates (2000) evaluated the preferences and burdens of the
clinical team and patients for touchscreen and paper modes of administration for the
Quality of Life in Reflux and Dyspepsia (QOLRAD) and the SF-36. To test the
hypothesis that preference for touchscreen administration over paper-based
administration might vary with age, a randomly assigned, crossover design was
employed. One-hundred thirty four patients were separated into two groups. Group 1
completed the paper version on their first visit and the computer version 3 to 5 days later.
Group 2 completed the questionnaires in reverse order. Subjects were randomized by age
so that 50% of the patients were under 60 and 50% were 60 or older in each group.
Overall, those 60 and older took significantly longer to complete the
questionnaires using the computer than did those under 60 (15.52 minutes versus 12.34
minutes, p < 0.005). A similar difference for the paper version was observed with those
60 and older taking 14.08 minutes to complete the paper version, while those under 60
took 11.75 minutes (p = 0.03). Fifty-five percent of the patients felt that the computer
was easier to use, while 37% felt there was no difference between computer and paper.
Sixty-six percent of the patients preferred the computer method, while 22% indicated
there was no difference regarding their preference. The site coordinator data (n=11)
indicated that 82% would prefer to use the computer version for a clinical trial, while
73% of the coordinators thought the patients would prefer the computer versions.
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Telephone Comparisons
Paper and IVR diaries were compared in a crossover study that included 72
subjects with allergic rhinitis (Weiler 2004). Each subject was randomly assigned to
either complete a paper diary for 1 week, complete a IVR diary for 1 week, or to
complete both instruments concurrently for 1 week. The diaries consisted of 11 symptom
related questions, which were completed twice a day (i.e., morning and afternoon).
Overall, 0.45% of the paper symptom data was missing and 4.12% of the IVR symptom
data was missing while ninety-four percent of the data was identical. Subjects were
asked their preference and 85% preferred the paper instrument, while 4% preferred the
IVR instrument and 11% had no preference. The paired mean differences on the paper
were 13.18 in the morning assessment and 13.61 in the afternoon. For the IVR, the mean
differences were 13.23 in the morning and 13.64 in the afternoon. The scores on both
modes had correlations of 0.98 in the morning and 0.97 in the afternoon. The authors
conclude that the IVR administrations can capture data that is statistically
indistinguishable from the paper diary.
Wu and associates (1997) conducted a study in which patients with HIV were
randomized to different modes of administration of two health status measures used in
HIV/AIDS: the Medical Outcomes Study Health Survey modified for use in HIV/AIDS
(MOS HIV) and the EQ-5D. The researchers were interested in assessing the effect of
order in which the two questionnaires were administered and to examine the effect of the
number of response categories on a scale of physical functioning. The following
randomization categories were used: mode of administration (self-first vs interview-first);
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questionnaire order; type of interview (face-to-face vs. phone); physical response (two vs.
three responses). The order of each of the 16 combinations was determined uniquely for
each participant. Sixty-eight participants completed an initial questionnaire.
Self and interview administration yielded similar scores on eight of the 11 scales
of the MOS HIV. Small, non-significant differences were observed on general health
perceptions, cognitive functioning and social functioning. Patients being interviewed
face-to-face did not evaluate their health differently than those patients interviewed by
telephone on any scale except quality of life (p=0.02). When the EQ-5D was
administered first, mean scores were usually higher for the MOS-HIV. Respondents who
described themselves as ‘limited a little’ when three response choices were presented on
the physical functioning scale of the MOS HIV, were more likely to report themselves as
limited when presented with two choices. This difference only occurred on the selfadministered version and was not observed on the interview-administered questionnaire.
Finally, Weinberger and associates (1996) conducted a study to compare
telephone interview, face-to-face interview and self administration of the SF-36. Patients
from the Durham Veteran Affairs Medical Center who were scheduled for regular
appointments were randomized by Social Security number to one of four study arms.
Study arms included: face-telephone-face (FTF), where the SF-36 was administered by
face-to-face interview at the patient’s regular visit, then by telephone three days later and
again face-to-face arranged 14 to 30 days from the initial visit; face-self-face (FSF)
consisting of face-to-face interview at the initial visit, self-administration via mail three
days later then another face-to-face interview 14 to 30 days after initial visit; self-face-
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self (SFS) consisting of self administration at initial visit, face-to-face interview three
days later then another self administration 14 to 30 days after initial visit via mail and;
telephone-face-telephone (TFT) consisting of a telephone administration one to two days
after the initial visit, face-to-face interview administration three days later and telephone
administration 14 to 30 days after the initial visit. One hundred eighty patients were
enrolled.
The Cronbach’s alpha coefficients indicated that all scales of the SF-36 were
internally consistent regardless of the mode of administration. When face-to-face
administration preceded self administration, there were significant directional differences
(p=0.03) in physical functioning, social functioning, emotional-role functioning and
mental health. All of these differences presented more positive ratings for the face-toface administration. Concordance between modes of administration, measured by
correlation coefficients did not differ significantly by method of administration. Seventy
percent of the patients preferred the face-to-face administration, 20% favored self
administration and 10% favored telephone administration. Time to complete the SF-36
differed between modes of administration with face-to-face interviews taking 9.6 minutes
and self-administration taking 12.7 minutes (p<0.01). Ten respondents had missing data,
one for face-to-face, one for telephone, and eight for self-administration.

Desktop Computer Comparisons
Only one study was found that compared desktop (without a touchscreen)
computers with the paper administrations. Bliven and colleagues (2001), conducted a
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study to evaluate computer-based software tools to collect health-related quality of life
data. The goals of the study were to: validate the quality of data collected electronically;
define predictors of computer use from baseline socio-demographic data; measure the
perceived difficulty of completing the instruments and; measure the time to complete the
instruments. Sixty-six consecutive outpatients were enrolled during cardiology clinic
visits at a large, inner city, public hospital. Eleven patients were excluded due to
functional illiteracy. Fifty-five patients were administered a brief demographic
questionnaire followed by a generic (RAND-36) or disease-specific functional status
measure (Seattle Angina Questionnaire [SAQ]). Patients presenting to the cardiology
clinic for indications other than coronary artery disease (n=26) were administered the
RAND-36. Patients with a diagnosis of coronary artery disease (n=29) were
administered the SAQ. All subjects completed both a self-administered paper version
and a computer-assisted (touchscreen) version of the questionnaire. Subjects were
randomized to ensure half of each group completed the paper version first and half
completed the computer version first.
Forty-two of the study participants had never used a computer before however the
patient’s ability to fully complete the questionnaires did not differ between the paper
version and the computer version. The completeness of the data was around 85% for
both modes of administration. Older patients had significantly more missing data on the
paper version of the questionnaires (p<0.05) compared to younger patients. Computer
literacy was not associated with the ability to complete the computer questionnaire.
Education level was not significantly associated with completing either the paper or
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electronic version of the questionnaires. The computer-assisted questionnaires required
45 seconds longer to complete than the paper version. The researchers found that all five
domains of the SAQ (Pearson’s r = 0.84 to 0.93) and all eight sub-scale scores of the
RAND-36 (Pearson’s r = 0.54 to 0.75) from the computer version were significantly
correlated with scores on the paper version. Using the interclass correlation coefficient,
all five domains of the SAQ (ICC = 0.84 to 0.90) and all eight sub-scale scores of the
RAND-36 ( ICC = 0.54 to 0.75) collected with the computer version were significantly
correlated with those collected with the paper version. Eighty-two percent preferred the
computer-assisted administration to paper, 89% reported they would feel comfortable
using the electronic version unassisted, and 89% rated the electronic version ‘very easy’
or ‘easy’ to use.

Handheld Computer Comparisons
There have been several studies conducted that assessed the equivalence of
handheld computers, or palm-top computers, with the original paper versions. These
studies have mostly examined the equivalence of diaries and not longer questionnaires.
For example, Gaertner and associates (2004) compared an electronic and paper version of
the MIDOS pain and symptom diary. The quality of the data obtained and patient
satisfaction were assessed in a randomized crossover design. Twenty-four patients with
cancer-related pain completed the study. A PalmPilot® was used for the electronic
administration of the pain diary. No mean differences were found in the patient’s ratings
for average and maximum pain. Similarly, no differences were found comparing the
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mean time spent completing each diary, approximately 15 minutes for both. The
instructions, clarity, regularity or daily records, and overall satisfaction were very good
for both the paper and electronic forms of the diary after two weeks of use. No patients
had missing values in the daily paper pain records and only one patient had one missing
value in the weekly record of the paper diary. Eleven patients had missing values in the
daily handheld pain records and four patients had missing weekly records in the handheld
diary.
In another instance of an electronic diary study, Lauritsen and colleagues (2004),
compared the accuracy, responsiveness and autocorrelation of consecutive entries
between paper diaries, electronic diaries (i.e., handheld computer), and telephone diaries.
The primary outcome was registration of symptoms through four weeks of treatment for
gastro-oesophageal reflux disease (GORD). Patients recorded symptoms once in the
morning and once prior to bedtime, as well as sleep disturbances associated with
heartburn which were recorded in the morning upon waking. Severity of heartburn was
rated on a 4-point scale (i.e., none, mild, moderate, or severe). One hundred seventyseven patients were randomized to complete one of the three modes.
The proportions of entries that were on time or a half of day later were 63% for
the paper diary, 33% for the electronic diary and 15% for the telephone diary. Symptoms
reported for GORD in the three diary groups were similar across the diary modes. There
was a statistically significant difference in heartburn symptoms for electronic diaries
versus paper diaries (P<0.001) and for telephone diaries versus paper diaries (p<0.05),
indicating a higher proportion of similar assessments for heartburn symptoms in the paper
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diary group (e.g., across the morning to evening time period). There was a trend for the
paper diary group to have the strongest autocorrelation in all the analysis, indicating
possible prospective and retrospective entries of heartburn. There were a higher
proportion of similar assessments of heartburn symptoms in the paper diary group and
patients were more satisfied using the paper diaries than the telephone diaries (p<0.05).
Fifty-three percent of the patients indicated that they had trouble with the telephone
diaries, 29% had trouble with the electronic diaries and 14% has trouble with the paper
diaries.
Palermo and associates (2004), compared the collection of chronic pain
information using electronic diary and paper diary. A convenience sample of children
was recruited as part of a larger study of pain and disability in children with juvenile
idiopathic arthritis and headaches. Children were randomized to complete either a paper
diary (n=30) or electronic diary (n=30). Sample size was based on Fisher’s exact test to
detect significant effects in compliance between the two diary formats. The electronic
diary utilized a personal digital assistant (PDA) to collect patient information. The
primary measures included 19 items corresponding to pain and distress, somatic
symptoms and activity limitations completed at the end of each day. The researchers
analyzed the ease of use and acceptability to the patients and the compliance rates and
data quality between the paper and electronic diary modes.
Children using the electronic diary completed more diary days (6.6) than children
using paper diary (3.8) (p < 0.001). Children using the electronic diaries were more
compliant with 83% completing all seven days, compared to children using paper diaries
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with 46% who completed all seven days. There were no significant differences in the
participant’s report of the acceptability of each diary format. Eighty-three percent of the
electronic group and 53% of the paper group thought it ‘very easy’ or ‘easy’ to remember
to fill out the diary. Seventy-two percent of the electronic diary group and 68% of the
paper group was not bothered at all to fill out the daily diary, while 61% liked the way
the electronic diary looked compared to 33% liking the paper group. More errors and
omissions were present in the paper diaries than in the electronic diaries. No significant
differences in average pain intensity were present between the paper diaries and the
electronic diaries.
Walker and colleagues (2004), conducted a study to compare adherence with
record keeping with paper diaries with hand-held computers. Forty-one patients with
haemophilia were randomized to handheld computer or paper diaries. Five outcomes
were measured, including submission of infusion data, time interval between infusions
and receipt of data, number of reminder phone calls, the accuracy of data, and
comprehensiveness of the data. There were significant differences in the number of data
submissions per patient (23 vs 4, p<0.0001), elapsed time between infusions and receipt
of data (0.25 vs 25 days, p<0.0001) and number of reminder phone calls (1 vs 5,
p<0.0001) between the electronic and paper diaries, respectively. There were no
significant differences in the number of unaccounted vials per patient, 3 versus 5
(p=0.45), and the number of patients with an error in the number of vials unaccounted, 15
versus 13 (p=1.00), between the electronic and paper diaries, respectively.
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Two studies were found that examined the handheld administration of longer
questionnaires. Ryan and colleagues (2002) conducted a study to test the differences
between a handheld and paper administration of the SF-36. The completion times,
reported ease of use, and preference were compared for both the paper and electronic
version of the SF-36. The study utilized a randomized crossover design. Patients were
randomized to complete the paper or electronic version first with a five minute
diversionary task before completing the remaining version. Convenience sampling was
used to enroll 127 people from a local secondary school (n=33), local senior citizens club
(n=19), local university students and employees (n=38) and chronic pain patients (n=37).
Data from 12 subjects was discarded for various reasons and the data from 115 subjects
was analyzed.
There were no missing responses for the electronic version of the SF-36, however
2.6% of the paper responses were missing or were problematic responses (e.g., multiple
responses to an item). Seventy-one percent of the respondents preferred the electronic
version, while 22% preferred paper, and 7% had no preference. Completion times for the
electronic and paper versions of the instrument were 5.3 and 5.6 minutes, respectively.
There was a significant order effect with those receiving paper first being faster on the
electronic version. While the same effect was present with those receiving the electronic
version first, the difference was not significant. Social function scale scores were
significantly higher for the paper version of the SF-36. However, other scales differences
were small and not statistically significant.
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In the second handheld questionnaire study, Drummond and associates (1995)
conducted a study to compare the use of paper and handheld computer versions of the
Psychological General Well-Being Index (PGWB) and the Gastrointestinal Symptom
Rating Scale (GSRS). The open, randomized crossover design had 46 respondents who
completed the study. The patients completed a baseline paper questionnaire on their first
clinic visit, at which time they were randomized to complete either a paper or computer
version on their second visit and the other mode on their third visit. The rate of missing
data for the computer measure was zero, while the paper modality had 0.89% of the data
missing (p = 0.0093).
Thirteen percent of the patients preferred the paper version, while 57% preferred
the computer version, and 30% had no preference. Reasons for preferring the paper
version included; more used to paper (n=2), faster (n=2), easier (n=1) and could look
over to check (n=1). The reasons given for preference of the computer version were:
easier to fill/correct (n=10), more fun/novel (n=7), faster (n=6), easier on eye/compact
(n=2), easier up-to-date (n=1), and uses fewer trees (n=1). Some of the noted
disadvantages of the computer version noted by the patients were the small screen and
screen contrast (n=3). Of the seven staff members involved in the study, two preferred
handheld computer, one preferred paper, and four expressed no difference.
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CHAPTER 3
METHODOLOGY

This primary purpose of this research was to assess the psychometric equivalence
of the IVR versions of the EQ-5D and the QLQ-C30 with the original paper-based
versions. The study methodology includes a robust combination of two study designs: a
randomized crossover (between mode) design and a IVR test-retest (within mode) design.
Incorporating the EQ-5D and the EORTC QLQ-C30 into one study provides results for
both a generic and a disease-targeted (i.e., cancer) HRQOL measure. This research was
conducted under the auspices of the University of Arizona Human Subjects Protection
Program.

I.

Hypotheses

As previously stated in Chapter 1, the following twelve hypotheses were tested to fulfill
the aims of this research.

Hypothesis One
The mean index score obtained on the paper-based version of the EQ-5D is not
equivalent to that obtained on the IVR version of the EQ-5D.

Hypothesis Two

77
The intraclass correlation coefficient (ICC) obtained between modes (i.e., paper vs. IVR)
for the EQ-5D index is less than 0.70.

Hypothesis Three
The mean score obtained on the paper-based version of the EQ-5D visual analogue scale
(EQ VAS) is not equivalent to that obtained on the IVR version of the EQ VAS.

Hypothesis Four
The intraclass correlation coefficient (ICC) obtained between modes (i.e., paper vs. IVR)
for the EQ VAS is less than 0.70.

Hypothesis Five
The mean scores obtained on the paper-based version of the QLQ-C30 are not equivalent
to those obtained on the IVR version of the QLQ-C30.

Hypothesis Six
The ICCs obtained between modes (i.e., paper vs. IVR) for the QLQ-C30 are less than
0.70.

Hypothesis Seven
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The mean EQ-5D index score obtained on the first administration of the IVR version is
not equivalent to that obtained on the second administration of the IVR version.

Hypothesis Eight
The ICC obtained within mode (i.e., consecutive IVR administrations) for the EQ-5D
index score is less than 0.70.

Hypothesis Nine
The mean score obtained on the first administration of the IVR version of the EQ VAS is
not equivalent to that obtained on the second administration of the IVR version of the EQ
VAS.

Hypothesis Ten
The ICC obtained within mode (i.e., consecutive IVR administrations) for the EQ VAS is
less than 0.70.

Hypothesis Eleven
The mean scores obtained on the first administration of the IVR version of the QLQ-C30
are not equivalent to those obtained on the second administration of the IVR version of
the QLQ-C30.

Hypothesis Twelve
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The ICCs obtained within mode (i.e., consecutive IVR response administrations) for the
QLQ-C30 are less than 0.70.

II.

Subjects

Due to the nature of this research, it was not deemed necessary to obtain a
random, US population-based sample.

Instead a non-probability (i.e., convenience)

sample was obtained from the patient population at the Arizona Cancer Center outpatient
clinics.

Sample Size Considerations
The study hypotheses tested for mean differences as well as differences in ICCs.
Thus, the approaches for determining the sample size differ for each of these
comparisons. Hence, the sample size required for this study was based on two different
calculations. The sample size estimation for mean differences was based on a number of
factors. In order to calculate the sample size for a paired analysis, one must specify the
type I error rate (α), the type II error rate (β), the effect size (δ), the standard deviation (σ)
of the outcome of interest, and the pre-post correlation (ρ). The type I error rate is the
probability of incorrectly rejecting the null hypothesis when it is actually true.
Conventionally, this rate is set at 0.05 in sample size calculations to limit the chance of
committing such an error to 5%. The type II error rate is typically set at 0.20 and limits
the chance of failing to reject a false null hypothesis to 20%. The complement to type II
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error is power (1-β) which is the probability of avoiding a type II error, in this case 0.80.
The effect size is a measure of the strength of a relationship between two variables and
tells us the magnitude of any observed differences. For the computation of the sample
size, the effect size is the smallest difference one wishes to be able to detect. In our case,
this difference is the maximum difference between scores on the EQ-5D indes, the EQ
VAS, and QLQ-C30 that would be acceptable to denote equivalence between the two
repeated administrations. For this study, differences of 0.05 for the EQ-5D index score
and 6 points on both the EQ VAS and QLQ-C30 global quality of life scale were used as
the differences we wished to detect. The standard deviation for each of these scores was
0.14 for the EQ-5D, 20 points on the EQ VAS, and 22 points on the QLQ-C30 global
quality of life scale. The pre-post correlation is the correlation of scores expected to be
obtained in the paired analysis. For these sample size calculations, we used an ICC of
0.70 as the pre-post correlation based on the recommendation of Nunnally (1978). The
resulting sample sizes, based on the calculations in Lachin (1981), for a 95% confidence
interval are 50 subjects for the EQ-5D index, 70 subjects for the EQ VAS, and 86
subjects for the QLQ-C30 global quality of life scale. The following calculations were
used to derive the estimates of the calculations and were rounded up to provide groups of
equal size
.
Sample size calculation from Lachin (1981):
n = 2 (Z1-α + Z1-β/2)2 σ2 (1-ρ)/ δ2
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where Z1-α = percentile of the normal curve for the significance criteria for 1tailed tests,
and Z1- β/2 = the percentile of the normal curve which gives power for 2-tailed
tests,
and σ = standard deviation of the estimate,
and ρ = specified value of the reliability coefficient,
and δ = effect size to be detected.

Sample size calculation for the EQ-5D index:
n = 2 (1.96+1.28)2 (.14)2 (1-0.7) / .072
n = 25.19

Sample size calculation for the EQ VAS:
n = 2 (1.96+1.28)2 (20)2 (1-0.7) / 62
n = 69.98

Sample size calculation for the QLQ-C30 global quality of life scale:
n = 2 (1.96+1.28)2 (22)2 (1-0.7) / 62
n = 84.68

In contrast, the sample size for the ICC analyses was based on the estimation of
the magnitude of the reliability coefficient from Streiner and Norman (2003).

To
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compute the required sample size we needed to specify several elements, including an
estimate of the likely ICC (R), the certainty we want in this estimate (SE), and the
number of observations we are going to use in the study (k). For our purposes we
estimated the likely ICC from the EQ-5D, EQ VAS, and QLQ-C30 to be 0.85. We
wished to have a sufficient sample size to be 95% certain that the ICC is definitely above
0.70. Finally, we had two observations for each instrument. The outcome for this sample
size calculation is 108.22 subjects per group.
Sample size calculation from Steiner and Norman (2003):
n = 2 + [k/2(k-1)(ZR-ZR-)2]
where k is the number of assessments,
and ZR = 1/2log[1+(k-1)ρ/1- ρ]; ρ is the specified value of the reliability
coefficient,
and ZR- = 1/2log[1+(k-1)R-/1-R-],
and R- = ρ –SE; SE is the standard error, or ½ of the 1-sided confidence interval.

ICC sample size calculation:
ZR = 1/2log[1+(2-1).85/1-.85] = .54554
ZR-= 1/2log[1+(2-1).775/1-.775] = .44851
n = 2 + [2/2(2-1)(.47712-.37666)2] = 108.22

Thus, the necessary sample was derived from the more conservative sample size
calculation provided from the computation for our tests of the ICC. The higher sample
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size also gives some sensitivity around the Lachin (1981) calculations; in addition to a
large enough sample size to allow for dropouts and incomplete data. Since we utilized a
crossover design and a single group pre-post (i.e., test-retest) design, we rounded up and
recruited 110 subjects in each study component. Thus, a total of 220 subjects were
targeted for recruitment in this study.

Inclusion Criteria
To qualify for inclusion in this study, all subjects were cancer survivors, 18 years
of age or older. For the purpose of this research, the term cancer survivor is based on the
NCI definition of “survivorship”, which includes anyone who has had a cancer diagnosis.
Further, the subjects must have had access and the ability to use a touchtone phone, as
well as understand written and spoken English. In addition, the 220 subjects were
divided into two subsets (n=110) based on their treatment status.
For the crossover (i.e., between mode) component of the study, 110 subjects in
treatment (for cure or palliation) were recruited. Treatment included either
chemotherapy, radiation, a combination of chemotherapy and radiation, or other
treatment regimens. Potential study subjects in this subset were chosen to reflect a
variety of cancer types and stages. Selecting cancer patients who were undergoing
treatment allowed the study results to be more generalizable to patient populations
participating in cancer clinical trials.
For the test-retest (i.e., within mode) component of the study, 110 cancer
survivors not undergoing treatment were recruited. Potential study subjects were chosen
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to reflect a variety of cancer types, stages, and points along the cancer care continuum.
We believe that not selecting a specific cancer type or treatment stage enhanced the
generalizability of the test-retest findings.

Subject Recruitment
Potential subjects were recruited through the outpatient oncology
offices/clinics at the Arizona Cancer Center.

Recruitment materials emphasized the

importance of this type of research in enabling clinicians and researchers to more
effectively obtain patients’ perspectives regarding the impact of cancer and its treatment
on their lives. The Behavioral Measurements Shared Service (BMSS) at the Arizona
Cancer Center coordinated recruitment for this study.

The recruiters from the BMSS

canvassed the outpatient clinic waiting areas at the Arizona Cancer Center’s University
Medical Center (UMC) North facility and the radiation-oncology clinic located in the
basement of UMC hospital. Interested individuals had the opportunity to enroll based
upon face-to-face contact with a recruiter at the clinics. Also, individuals who learned
about the study from our flyers were able to enroll by calling a dedicated phone line at
the BMSS. All recruitment procedures were in full compliance with applicable HIPAA
requirements and the study was conducted under the auspices of the University of
Arizona’s Human Subjects Protection Program (i.e., IRB). All subjects who agreed to
complete the study questionnaires received $20.
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III.

Research Design

Randomized Crossover Design (i.e., between mode)
The randomized crossover design utilized a pre-test, post-test design with each
subject serving as their own control after being “crossed-over” to the second intervention.
The use of the crossover design in this study involved the random assignment of
respondents to complete either the paper PROs or the telephone PRO questionnaires for
the first administration and then the other mode for the second administration. Testing
and order effects were threats to the validity of this design, but the within-patient design
(i.e., subjects as their own control) provided greater statistical power and decreased
sample size requirements. Therefore, the time between administrations was deemed
adequate to minimize testing effects, or carryover, from the first administration, but not
so long that the underlying symptoms (e.g., pain, fatigue) or constructs (e.g., physical
functioning) being measured might have actually changed. Figure 1 describes how the
crossover design was employed in this study.
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Figure 3.1: Randomized Crossover Design
“In-Treatment” Subject Sample, (n=110)
Crossover Component
Randomization
(stratified for cancer type,
age and sex)
(n=55)
IVR administration

(n=55)
Paper administration
Crossover

IVR administration
(2 days after paper
administration)

Paper administration
(2 days after IVR
administration)

The 110 “in-treatment” subjects were randomly assigned to one of two study
arms: (1) IVR then paper or (2) paper then IVR. Approximately 55 subjects were
assigned to each arm. This was done to enable assessment of potential order effects
based on mode of administration. After random assignment, a study packet was mailed
to each participant. The packet contained a cover letter, a study information sheet, the
study disclaimer and two sealed envelopes labeled “1” and “2.” Subjects were provided
the dates on which to open the envelopes and complete administration of the
questionnaires.

The two administrations were scheduled two days apart during a

relatively stable phase of the subjects course of treatment. The subjects were contacted
by telephone on the day of the first scheduled administration to remind or confirm
completion of the first set of questionnaires and encourage them to complete the second
set.
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Each envelope contained information regarding completion of the designated
mode of administration. The envelope instructing participants to complete the IVR
administration included written information regarding accessing the IVR system using an
available phone. The envelope instructing participants to complete the self-administered
paper versions of the questionnaires contained self-addressed postage-paid return
envelopes. The cover letter asked the subject to complete the paper questionnaires and
mail them back upon completion.
If there was a delay in receipt (via mail) or completion (via IVR) of the
questionnaires, the BMSS recruiters called to inquire about any difficulties the subject
may have encountered and/or to confirm that the subject was fully aware of the study
protocol timelines and encouraged completion of the tasks.

Test-retest Design (i.e., within-mode)
The test-retest reliability was assessed by administering the IVR versions of the
EQ-5D and the QLQ-C30 to a single group of subjects on two occasions. The set of
questionnaires were self-administered two days apart. The primary threat to validity for
this design was the testing, or memory effect. Thus, the intervening time was sufficiently
short to assume the subject’s health had not changed but long enough to “wash out” any
memory effects. Figure 2 describes the test-retest component of this study.
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Figure 3.2: Test-retest Design
Subject Sample, (n=110)
Test-retest Component

1st IVR administration

2nd IVR administration
(2 days later)

The second subset of 110 subjects were asked to complete the questionnaires via
the IVR system twice, two days apart. Upon enrollment into the study, subjects were
mailed a packet containing a cover letter, a study information sheet, the study disclaimer
and two sealed envelopes labeled “1” and “2.” Subjects were provided the dates on
which to open the envelopes and complete administration of the questionnaires.

As with

the crossover phase, subjects were called on the scheduled administration date and
reminded to complete the calls. Any delays or difficulties were followed up by the
BMSS staff.
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IV.

Study Measures

The components of this study (i.e., crossover and test-retest) utilized the same data
collection instruments.

The touch-tone based questionnaires were adapted to the

telephone system using the exact wording of the items and responses. The questionnaire
administrations were estimated to take about 10-15 minutes to complete each time.

EQ-5D
The EQ-5D self-report questionnaire consists of two parts: a descriptive system
and a visual analog scale (EQ VAS). The descriptive system consists of five items,
which asks respondents to describe their own health with respect to mobility, self-care,
usual activities, pain/discomfort and anxiety/depression.

Each dimension has three

levels, reflecting “no problems,” “some problems,” and “extreme problems.” These
responses are used to classify the respondent into one of 243 unique EQ-5D health states.
A scoring function assigns a value to self-reported health states from a set of preference
weights that have been empirically derived. The appropriate preference weights for these
data are those derived for the US population based on the work of Shaw and colleagues
(2005). The resulting EQ-5D index score is on a scale that is anchored by 1.0 and 0.0,
where 1.0 equates to perfect health and 0.0 equals death.

In addition to the

multidimensional descriptive system, the EQ-5D also has a visual analog scale (EQ VAS)
to measure an individual’s overall health. The original EQ VAS is a thermometer-like 20-
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cm vertical line with endpoints labeled ‘worst imaginable health state’ and ‘best
imaginable health state’ anchored at 0 and 100, respectively (Brooks 2003).

QLQ-C30
The EORTC QLQ-C30 is a 30-item questionnaire composed of single-items and
multi-item scales. The instrument has five functional scales (physical, role, cognitive,
emotional, and social), three symptom scales (fatigue, pain and nausea/vomiting), and a
global health and global quality of life scale. The remaining single items assess dyspnea,
appetite loss, sleep disturbance, constipation, and diarrhea. Each multi-item scale and
single item scores range from 0 to 100. Higher scale scores indicate higher levels of the
construct or function being measured (e.g., health status/QoL, social functioning). For
the single item measures, higher scores indicate a higher level of symptoms or problems
(e.g., more insomnia). The scale and item scores are not combined into an overall score,
rather each are reported individually (Aaronson et al. 1993).

Descriptive Items
Upon enrollment into the study, questions were asked regarding the demographic
characteristics of the subjects (i.e., year of birth and sex) as well as general information
regarding the subject’s cancer diagnosis (i.e., cancer site/type).

If the subject was

receiving treatment, the type of treatment (i.e., chemotherapy, radiation, combination of
both, or other treatment regiment) was asked. The second time a subject completed the
questionnaires, they were asked to complete a global assessment of change question.
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This question asked “How is your health now compared to the last time you completed
these questionnaires: much better, somewhat better, the same, somewhat worse, or much
worse?”

This was asked to aid in identifying variation in scores from the prior

administration, as well as in interpreting the statistical test results.

Also, at the

completion of the second administration in the crossover component, additional items
were included that address the subjects’ perceptions of the relative ease of use and
acceptability of each mode of administration and relative preference for them. The ease
of use item asked “Which method was easier to use: paper and pencil, telephone version,
or no difference?” The preference question was “If there were a choice, which method of
completing the questionnaires would you prefer: paper and pencil, telephone version, or
no preference?”

Data Entry and Confidentiality
The data were collected using both paper instruments and electronic data capture.
The original paper instruments were kept secure in a locked file drawer with access
restricted to the primary investigators. The electronic data were collected via a secure
server network that was implemented by ClinPhone. The questionnaires were entered in
the computer database using subject ID#s for identification purposes only. Names or
contact information were not linked to subject ID#s once data was complete.
Furthermore, ClinPhone were only provided study ID#s.

Once questionnaires were

completed, contact forms that include names and contact information were shredded.
Once the data collection period was over, ClinPhone provided the primary investigators
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the collected data via secure password protected files. Once all data was available, the
primary investigators merged the data into a single, analytical database, with access
restricted to the primary investigators. No data will be retained except for the final, deidentified data set which will be retained for a period of five years. Any linkages
between the names and contact information of study participants and their study ID#s
were destroyed upon the completion of data collection.

V.

Data Analysis

Since the study was investigating two distinct HRQOL questionnaires, the
analyses were conducted separately; accordingly no statistical correction to control for
multiple testing was applied. The following analyses were conducted separately for each
study design (i.e., crossover and test-retest) as well. Descriptive statistics regarding
cancer type, age, and sex were calculated to characterize the sample; no subgroup
analyses were performed. All statistical analyses were performed using SPSS version
16.0 (Chicago, Illinois) and evaluated using an alpha (α) level of 0.05.
The overall research objectives were to assess the equivalence of the
administration modes in addition to evaluating the test-retest reliability of the touch-tone
version of the questionnaires.

In accordance with the sample size calculation, two

measures of equivalence were assessed: the mean difference between the scores obtained
via the two administration modes and the reliability of the scores as measured by the ICC.

93
Mean Differences
For the crossover component, analyses of the means was based on analysis of
variance (i.e., split-plot ANOVA) with factors for mode, period of administration (first or
second) and subject; the p-values from the significance tests are reported. The split-plot
ANOVA also accounts for the interaction effect (period x mode effect, often termed as
carryover). We included the period effect since it accounts for any learning or any other
period effects as described in Hills and Armitage (1979) and since we have no a priori
evidence that we can ignore it. The adjusted mean difference between modes was
estimated together with the associated 95% confidence interval for the difference.
Equivalence on this measure was considered to have been established if the 95%
confidence interval excludes the MID used in the sample size calculations, namely 0.07
for the EQ-5D index and 6 points for the EQ VAS and the QLQ-C30 global quality of
life scores.
For the test-retest component, analyses of the means were based on a paired t-test.
The mean difference was estimated together with the associated two-sided 95%
confidence interval for the difference. Equivalence on this measure was considered to
have been established if the 95% confidence interval excludes the MID used in the
sample size calculations, again 0.07 for the EQ-5D index and 6 for both the QLQ-C30
and the EQ VAS.
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Intraclass Correlation Coefficient
To test the hypotheses regarding the reliability of the instruments, both between
modes (i.e., crossover) and within modes (i.e., test-retest), analyses were based upon the
ICC. The ICC may be conceptualized as the ratio of between-groups variance to total
variance (Shrout and Fleiss 1979). In this study, the between-groups variance is the
measure of the variability of the scores between the repeated (i.e., first and second)
questionnaire administrations. It approaches 1.0 when the between-groups effect is very
large relative to the within-groups effect. ICC is 0 when within-groups variance equals
between-groups variance, indicative of the grouping variable having no effect. Though
less common, the ICC can be negative when the within-groups variance exceeds the
between-groups variance. The ICC is calculated based on the analysis of variance model
that includes factors for mode and subject; the analysis will be the same regardless of
whether mode is treated as a fixed or random effect. A one sided 95% confidence
interval for the lower bound was computed using the formula provided in McGraw and
Wong (1996). Equivalence on this measure was considered to have been established if
the lower bound of the 95% confidence interval exceeded 0.70.
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CHAPTER 4
RESULTS

I.

Response Rates

In the crossover component, 184 subjects agreed to participate. Of those 184
subjects, 139 subjects completed both administrations for a response rate of 75.5%
(Figure 3.1). Although our sample size calculations indicated we would need 110
subjects for the crossover study, we recruited an additional 74 subjects to account for any
missing or unusable data and a lower than expected response rate. The two primary
recruitment locations were the outpatient cancer clinics/waiting areas at UMC North and
the patient waiting areas at the radiation oncology clinic in the basement of the main
UMC hospital. Subjects could also enroll in the study by calling a dedicated telephone
number listed on the study flyers that were distributed at both recruitment sites. We
recruited 77% (n=142) of our sample from the UMC North facility, while 15% (n=27)
were enrolled over the phone and eight percent (n=15) were recruited from the radiation
oncology clinics.
Of the 45 subjects who did not complete both questionnaire administrations, nine
subjects completed one administration, while 36 subjects did not complete any
administrations. Of the nine who completed only one administration, two subjects
completed the IVR version of the questionnaires and the remaining seven completed the
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paper version. Thus, the analytical sample was composed of the 139 subjects who
completed both questionnaire administrations.

Figure 4.1 – Crossover Response Rates
Subjects Recruited
(n=184)

Completed Study
(n=139, 75.5%)

Paper then
IVR
(n=72, 52%)

IVR then
Paper
(n=67, 48%)

Dropped Out
(n=45, 24.5%)

Completed one
administration

(n=9, 20%)

IVR
(n=2, 22%)

Did not
attempt
(n=36, 80%)

Paper
(n=7, 78%)

In the test-retest component, 163 subjects agreed to participate with 127
completing both administrations for a response rate of 77.9% (Figure 3.2). Similar to the
crossover component, we recruited an additional of 53 subjects to account for any
missing or unusable data and a lower than expected response. In addition to subjects
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calling from the study flyers, the patient waiting areas at the UMC North outpatient
clinics were used to recruit for the test-retest component.. The radiation oncology clinic
primarily had patients who were receiving treatment. Since we were only recruiting
subjects who were not undergoing treatment, this location was not the optimal site for the
test-retest recruitment. Of the 163 subjects recruited, 86% (n=140) were recruited from
UMC North and 14% (n=23)were enrolled over the phone based on responding to a flyer.
There were a total of 36 subjects who did not complete both IVR administrations.
Of those 36 subjects, eleven subjects completed the first IVR administration, while the
remaining 25 subjects did not attempt any IVR administration. Thus, the test-retest
analytical sample consisted of the 127 subjects who completed both IVR administrations.

Figure 4.2 – Test-retest Response Rates
Subjects Recruited
(n=163)

Completed Study
(n=127, 77.9%)

Dropped Out
(n=36, 22.1%)

Completed 1st
administration

(n=11, 31%)

Did not
attempt
(n=25, 69%)
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II.

Sample Characteristics

The crossover sample of respondents was 67.6% female and had a mean age of
61.5 years. The ages ranged from 19 to 86. The test-retest sample was 65.4% female and
the mean age was 61.6 with a range of 20 to 83 (Table 4.1).
Table 4.1 - Respondent Characteristics
Characteristic
Age
Mean (SD)
Median
Sex
Male (%)
Female (%)

Crossover (n=139)

Test-retest (n=127)

61.52 (12.21)
62.00

61.58 (13.48)
62.00

45 (32.4)
95 (67.6)

44 (34.6)
83 (65.4)

Furthermore, 37.4% (n=52) of the crossover sample reported a diagnosis of breast
cancer, 17.3% (n=24) reported a diagnosis of lung cancer, 11.5% (n=16) reported a
diagnosis of colorectal cancer, and 7.9% (n=11) reported a diagnosis of prostate cancer
(Table 4.2). The remaining cancer types (n=36) included eight cases of melanoma, five
cases each of ovarian cancer and lymphoma, and 18 diagnoses of other cancer types.
In the test-retest sample, the two largest survivorship groups were breast cancer
(31.5%) and melanoma (28.3%). Colorectal cancer and lymphoma represented the next
most prevalent proportions of 9.5% and 7.1%, respectively. The remaining 30 diagnoses
were divided among 19 different cancer types or were unknown.
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Table 4.2 - Cancer Diagnoses
Cancer Diagnosis
Anal
Bladder
Breast
Cervical
Colorectal
Esophageal
Gastro-intestinal
Leukemia
Lung
Lymphoma
Melanoma
Merkel Cell
Ovarian
Pancreatic
Prostate
Renal
Sarcoma
Stomach
Testicular
Throat
Thyroid
Uterine
Unknown

Crossover, n (%)
--1 (0.7)
54 (38.8)
--16 (11.5)
--2 (1.4)
2 (1.4)
24 (17.3)
5 (3.6)
8 (5.8)
--5 (3.6)
1 (0.7)
11 (7.9)
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)
--1 (0.7)
--5 (3.6)

Test-retest, n (%)
1 (0.8)
1 (0.8)
40 (31.5)
2 (1.6)
12 (9.5)
1 (0.8)
--5 (3.9)
3 (2.4)
9 (7.1)
36 (28.3)
2 (1.6)
--1 (0.8)
5 (3.9)
------1 (0.8)
1 (0.8)
--1 (0.8)
6 (4.7)

The predominant treatment modality for the crossover sample was chemotherapy
(n=100, 71.9%), while 13.6% were receiving radiation therapy (n=19) and eight subjects
had undergone surgery (5.8%). All other subjects (n=12) were receiving other treatment
strategies (e.g., hormones, interferon) or the treatment modality was unknown (Table
4.3).
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Table 4.3 - Crossover Subject’s Treatment Modalities
Treatment Modality
Chemotherapy

n (%)
100 (71.9)

Radiation

19 (13.6)

Chemotherapy/Radiation Combination

1 (0.7)

Hormone therapy

3 (2.1)

Interferon

1 (0.7)

Statin therapy

1 (0.7)

Skin Cream

1 (0.7)

Surgery

8 (5.8)

Unknown

5 (3.6)

A key limitation of this study is the study sample’s likely lack of generalizability
to the general US population and the cancer survivor population. The potential for
selection bias along with a non-probability sampling approach make generalizations
difficult. First, everyone in our sample had a cancer diagnosis while is estimated that
about 10.8 million people in the US have ever had a cancer diagnosis, or about 3.5% of
the population (American Cancer Society 2008). Second, our age and sex distributions
were much different than the general US population where the median age is 36.4 years
and the sex distribution is much closer to 50:50 compared to a median age of 62 and a
female to male ratio of 2:1 in our sample (US Census Bureau 2008). In the cancer
survivor population, males are estimated to account for 53% of new cancer cases in 2007
(Jemal 2007) while only accounting for 32.4% and 34.6% in the crossover and test-retest
study components, respectively. Further, cancers of the prostate are estimated to account
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for about 29% of all newly diagnosed cancers in men. Of the subjects in our sample,
only 7.9% in the crossover group and 3.9% in the test-retest group had a diagnosis of
prostate cancer. Thus, we have a much lower proportion of prostate cancer diagnoses
represented in our sample than is present in the general cancer survivor population. In
contrast, breast cancer is expected to account for about 26% of new cancer cases in
females. Breast cancer was the diagnosis of 38.8% of the subjects (all female) in the
crossover analyses and accounted for 31.5% of the cancer diagnoses in the test-retest
component. The subjects in our two samples over represent the percentage of breast
cancer diagnoses expected in 2007.

III.

Data Quality

The amount of missing and unusable data from the paper and IVR administrations
was tabulated for all subjects who completed both questionnaire administrations in both
the crossover and test-retest components. Of the 139 paper responses in the crossover
study, there was missing data for a total of 21 questions out of 4,170 total questions asked
on the QLQ-C30. There was one subject who did not complete the second page of the
paper QLQ-C30, accounting for 14 of the 21 missing responses. The remaining seven
missing paper responses were divided among six subjects. There were only two skipped
questions from two subjects on the IVR version of the QLQ-C30. Two missing
responses, from the same subject, were noted on the paper descriptive system of the EQ5D. Similarly, only two missing responses were observed, from different subjects, on the
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IVR version of the EQ-5D descriptive system. There were four subjects out of the 139
(2.9%) who did not complete the paper EQ VAS in contrast to no missing data on the
IVR version of the EQ VAS. Further, there were 53 subjects (38.8%) who did not
complete the paper EQ VAS according to the instructions. Twenty-four subjects (17.3%)
drew a line from the bottom of the VAS scale (i.e., originating from ‘0’) to the point
representing the valuation of their health. Thirteen subjects (9.4%) drew a circle around
the corresponding VAS response and an additional 13 subjects drew a line across the
VAS to select their value. Three other unusual responses were noted: two subjects drew
an arrow pointing to their VAS response and one subject placed an ‘X’ on the scale.
Of the 127 subjects completing both questionnaires in the test-retest component of
this study, there were 12 missing responses on the IVR version of the QLQ-C30 among
six subjects. Of these 12 missing responses, 10 were on the second administration of the
QLQ-C30, while only two missing responses were on the first administration. There
were no missing data on the EQ-5D descriptive system or on the EQ VAS.
While no missing responses were noted on the IVR version of the EQ VAS, this
mode was not free of unusual phenomenon. There were eight subjects who entered a
single digit response on the IVR EQ VAS.

Four of those single digit responses

corresponded exactly with the 1st digit of the two-digit VAS response given on paper.
For example, a subject may report an EQ VAS score of 70 on the paper version but the
IVR version score was recorded as a 7. Two subjects reported paper VAS scores of 70
and 40 but the corresponding IVR scores were 8 and 5, respectively. Of the remaining
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two subjects, one subject did not respond to the paper VAS and the other subject had very
disparate scores of a 40 on the paper and a 7 on the IVR version.
In the test-retest there were six instances of these non-equivalent single-digit
responses and one subject who recorded two identical single-digit responses. This latter
subject had a score of 5 for each administration of the IVR version of the VAS.
However, this subject recorded identical scores on each of the five dimensions on both
administrations for a calculated index score of 0.7077. Only one of the five remaining
subjects recorded a single-digit response that corresponded exactly with the 1st digit of
the two-digit VAS response given on paper, a 9 then a 95. Of the four other subjects, one
subject chose an 8 on the first administration and a 9 on the second IVR administration.
This subject also had exact agreement of his/her scores on the five dimensions across
both administrations totaling an index score of 1.0. The three remaining subjects’ scores
were dissimilar enough as to not allow any associations to be drawn. These scores were
9 then 65, 75 then 8, and 9 then 50 on the first and second administrations, respectively,
for the three subjects. In the first two cases above, both subjects’ scores on the five
dimensions agreed exactly on both administrations.
While the amount of missing, or unusable, data from the EQ-5D and the QLQC30 is acceptable, the unusable data provided on the IVR version of the EQ VAS is a
limitation of this study. We think it is unlikely that the subjects intended such a wide
disparity when evaluating their current health status, particularly over the two- to threeday interval used in this study. This situation results in unusable EQ VAS data provided
by the electronic platform. The VAS uses a very different response set than the other
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items of the EQ-5D, which has three single-digit response choices, and the QLQ-C30,
which has response sets of either four or seven single-digit options. When migrated to
the IVR system, these response sets only require the respondent to touch one number on
the telephone keypad. In contrast, the EQ VAS can have responses ranging from ‘0’ to
‘100’, requiring some respondents to select two numbers from the telephone keypad. The
IVR system did not have subjects confirm their responses to the EQ VAS in this study.
This feature, which could be easily adapted, could have eliminated the opportunity for a
subject to enter a single digit without confirming their intent.

IV.

Crossover Results for the EQ-5D

The analyses for the index score and the EQ VAS were based on a “per protocol”
analysis. Hence, subjects were included in the analyses if both questionnaire
administrations were completed within 72 hours, which was the maximum amount of
time for completion of the two administrations including the intervening day.
Furthermore, subjects were excluded from the analysis if their score difference exceeded
two standard deviations, namely 40 points on the EQ VAS and 0.28 on the EQ-5D index
score. The analysis included 109 subjects for the EQ VAS and 113 subjects for the
index.
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Crossover EQ-5D Means
For the EQ-5D index, the means (SD) of the paper and IVR administrations were
0.790 (0.172) and 0.800 (0.180), respectively. Further, the mean index scores were lower
for the second administration for both the paper and IVR versions, regardless of the order
of the administrations (e.g., paper first or IVR first) (Table 4.4). However, the tests for
an order effect (p=0.223) and for an order by mode interaction (p=0.137) based on the
split-plot ANOVA were not statistically significant. The distribution of our mean EQ-5D
index scores on both modes is comparable to that reported by Pickard and colleagues
(2007). In their study, which included only cancer survivors, the mean EQ-5D index
score was 0.78 with a standard deviation of 0.15. These are very similar to the means and
standard deviations we report, although our means and standard deviations are 0.02-0.05
higher.

Table 4.4 - Crossover EQ-5D Index Means (SD)

Paper EQ-5D index

IVR EQ-5D index

Order
1st
2nd
Total

Mean (SD)
0.803 (0.148)
0.775 (0.195)
0.790 (0.172)

n
59
54
113

1st
2nd
Total

0.824 (0.159)
0.773 (0.200)
0.800 (0.180)

59
54
113

Crossover EQ VAS Means
The EQ VAS means (SD) were 71.99 (19.65) for paper and 74.14 (19.83) for
IVR. In contrast the EQ-5D index score means, the EQ VAS means were higher upon
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the second administration for both the paper and IVR versions, regardless of order (Table
4.5). Similarly, there was not a statistically significant order effect (p=0.080) or mode by
order interaction (p=0.101) present in the analysis of means for the EQ VAS. The
standard deviations of EQ VAS scores are analogous to those from Pickard and
colleagues (2007). For instance, the mean EQ VAS score from Pickard and colleagues is
68 with a standard deviation of 20. Although the standard deviations are similar, the EQ
VAS mean scores from our sample are up to 8-points higher.

Table 4.5 - Crossover EQ VAS Means (SD)

Paper EQ-5D VAS

IVR EQ-5D VAS

Order
1st
2nd
Total

Mean (SD)
68.11 (19.64)
75.94 (19.21)
71.99 (19.65)

n
55
54
109

1st
2nd
Total

71.62 (20.71)
76.70 (18.74)
74.14 (19.83)

55
54
109

Crossover EQ-5D Mean Differences
The tests of the equivalence of the means involved the calculation of the adjusted
mean differences and the associated 95% confidence interval (CI) for each mode (i.e.,
IVR and paper). The adjusted means (i.e., least squares means [SE]) for the EQ-5D
index were 0.789 (0.016) for the paper version and 0.798 (0.017) for the IVR version.
The adjusted mean index score difference was 0.009 and the 95% CI of the mean
difference was -0.024 to 0.006. This confidence interval was wholly contained within the
equivalence interval of -0.035 to +0.035 set for the EQ-5D index score. For the EQ VAS,
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the adjusted means were 72.03 (1.85) for the paper and 74.16 (1.89) for the IVR. The
adjusted mean difference (SE) was 2.13 (0.83) and associated 95% CI of the mean
difference was -3.784 to -0.484, partially contained within the equivalence interval of -3
to +3 (Table 4.6).
Table 4.6 - EQ-5D Adjusted Mean Differences

EQ-5D index
Paper
IVR
EQ VAS
Paper
IVR

Adjusted
Means (SE)1

Equivalence
Interval

Mean Difference
(95% CI)

0.789 (0.016)
0.798 (0.017)

-0.035 to +0.035

0.009 (-0.024 to 0.006)

72.03 (1.85)
74.16 (1.89)

-3.0 to +3.0

2.13 (-3.784 to 0.484)

While the 95% confidence interval of the mean difference for the EQ-5D index
score was within the equivalence interval, the 95% confidence interval of the mean
difference for the EQ VAS was not wholly contained in the a priori equivalence interval.
In the equivalence situation, the mean difference confidence interval can be wholly
contained within, lie completely outside the equivalence interval, or can be partially
contained. In the first two situations, equivalence is confirmed or rejected, respectively.
In the latter situation, the result is inconclusive. Thus, the result for the EQ VAS neither
confirms nor denies equivalence between the two measures based on the test of mean
equivalence. In this situation, the ICC will be informative to determine the redundancy
of the scores on the two modalities.
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Crossover EQ-5D Intraclass Correlation Coefficients, Percent Exact Agreement, and
Kappa Coefficients
For the EQ-5D index, the ICC was 0.894 (95% lower CI 0.857). This value was
significantly different from our threshold value of 0.70. Furthermore, the ICC for the EQ
VAS was 0.897 (95% lower CI 0.859) also significantly different from 0.70 (Table 4.7).
Table 4.7 - Crossover ICCs and 95% Lower Confidence Intervals

EQ-5D Index
EQ VAS

ICC
0.894
0.897

95% ICC lower CI
0.857
0.859

Our reliability coefficients compare very favorably to others found in the
literature. Bushnell and associates (2006) compared the paper and handheld versions of
the EQ-5D, with both modes given with 24 hours. They found when the paper version
was administered first, the EQ VAS and index score ICCs were 0.77 and 0.80,
respectively. When the hand-held was administered first, the ICCs were 0.75 for the EQ
VAS and 0.73 for the index score. In the one week test-retest analysis, the ICCs for the
electronic versions were 0.75 for the index and 0.73 for the EQ VAS. In a different
study, Ramachandran and colleagues (2008) reported ICCs for a comparison of the
paper-based and touchscreen EQ VAS of 0.75.
Furthermore, the ISPOR ePRO Task Force recommended that the electronic
version be compared to the within mode (i.e., paper vs. paper) reliability coefficients.
The paper-based, one week, test-retest ICCs from Bushnell and colleagues (2006) were
0.77 for the index and 0.82 for the EQ VAS. Dolan (1994) reports three-month test-retest
ICC of 0.84 for the paper-based EQ VAS. Macran (2003) analyzed the test-retest
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reliability of the paper-based EQ VAS in a rheumatoid arthritis sample and found the ICC
to be 0.78 over three months.
The percent exact agreement and kappa coefficients were also calculated for the
five items of the EQ-5D descriptive system. The percent exact agreement was above
79% for all of the dimensions measured with the self-care dimension having the highest
agreement at 95%. The kappa coefficients were all above 0.650 for every dimension,
with the highest being 0.761, again for the self-care domain (Table 4.8).

Table 4.8 – Crossover Percent Exact Agreement and Kappa Coefficients for the Five
EQ-5D Dimensions
EQ-5D Dimension
Mobility
Self-Care
Usual Activities
Pain/Discomfort
Anxiety/Depression

Percent Exact Agreement
81.3%
95.0%
79.1%
84.9%
86.3%

kappa (SE)
0.657 (0.074)
0.761 (0.115)
0.650 (0.065)
0.721 (0.064)
0.746 (0.059)

Macran (2003) reported kappa coefficients for the descriptive system for two
different test-retest paper administrations with a three-month interval. The first study
used data collected in the MVH study and reported kappa coefficients that ranged from
0.49 to 0.75 on the descriptive system. The second analysis from a rheumatoid arthritis
study reported kappa’s on the five dimensions that ranged from 0.40 to 0.65. The kappa
coefficients from our study are all higher than those reported in Macran (2003) for each
respective dimension. The only exception is the kappa reported for the mobility
dimension in the MVH study was 0.750 compared to our 0.657. Thus, our kappa
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coefficients and proportions of exact agreement represent high levels of concordance
between the scores on the paper and IVR versions of the EQ-5D.

V.

Crossover Results for the QLQ-C30

Similar to the EQ-5D, the analyses for the scale scores and single-item scores of
the QLQ-C30 were based on a “per protocol” analysis. Subjects were included in the
analyses if they completed both questionnaire administrations within 72 hours. The
standard deviations for a cancer patient sample receiving treatment from Bjordal et al.
(2000) were used to determine inclusion for the “per protocol” analyses (Table 4.9).
Subjects were excluded from the analysis if the absolute difference between their two
scores exceeded two standard deviations.

Table 4.9 – QLQ-C30 Scale and Item Standard Deviations
QLQ-C30 Scale or Item
Quality of Life Scale
Physical Functioning Scale
Role Functioning Scale
Emotional Functioning Scale
Cognitive Functioning Scale
Social Functioning Scale
Fatigue Scale
Nausea/Vomiting Scale
Pain Scale
Dyspnoea Item
Insomnia Item
Appetite Loss Item
Constipation Item
Diarrhoea Item
Financial Problems Item

Standard Deviation
24.6
34.2
24.8
25.0
28.6
28.6
22.5
30.3
29.3
35.1
37.8
32.5
19.7
30.4
23.1

2 Standard Deviations
49.2
68.4
49.6
50.0
57.2
57.2
45.0
60.6
58.6
70.2
75.6
65.0
39.4
60.8
46.2
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Crossover QLQ-C30 Means
The means and standard deviations from the crossover component for each of the
nine multi-item scales and six single items of the QLQ-C30 are listed in Table 4.10.
Based on the split-plot ANOVA, there were no statistically significant order effects
observed.

However, there were statistically significant (α<0.05) order by mode

interactions in the pain (p=0.045) and fatigue scales (p<0.001), and in the dyspnoea
(p=0.001), insomnia (p=0.045), diarrhoea (p=0.032) items. Most of overall mean scores
were higher for the IVR mode of administration, except in the emotional functioning, role
functioning, and nausea/vomiting scales and in the financial difficulties and dyspnoea
items. Further, the mean scores for the second administration, regardless of mode, were
mostly higher compared to the first administration.

Table 4.10 – Crossover QLQ-C30 Scale and Single Item Means (SD)
QLQ-C30 Scale or
Item
Paper Global
Quality of Life
Scale
IVR Global Quality
of Life Scale
Paper Physical
Functioning Scale

IVR Physical
Functioning Scale

Order
1st
2nd
Total

Mean (SD)
64.58 (19.92)
69.85 (22.88)
67.10 (21.45)

n
60
55
115

1st
2nd
Total
1st
2nd
Total

63.89 (21.57)
70.76 (20.90)
67.17 (21.44)
75.89 (21.82)
77.02 (19.94)
76.44 (19.94)

60
55
115
60
56
116

1st
2nd
Total

78.56 (19.91)
76.55 (21.95)
77.59 (20.85)

60
56
116
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Table 4.10 – Crossover QLQ-C30 Scale and Single Item Means (SD) (continued)
QLQ-C30 Scale or
Item
Paper Role
Functioning Scale

IVR Role
Functioning Scale
Paper Emotional
Functioning Scale

IVR Emotional
Functioning Scale
Paper Cognitive
Functioning Scale

IVR Cognitive
Functioning Scale
Paper Social
Functioning Scale

IVR Social
Functioning Scale
Paper Fatigue Scale

IVR Fatigue Scale

Order
1st
2nd
Total

Mean (SD)
69.40 (28.57)
73.51 (26.36)
71.37 (27.50)

n
61
56
117

1st
2nd
Total
1st
2nd
Total

69.13 (26.32)
72.02 (28.97)
70.51 (27.54)
73.09 (24.03)
76.06 (22.17)
74.50 (23.11)

61
56
117
61
55
116

1st
2nd
Total
1st
2nd
Total

74.18 (21.39)
73.33 (19.60)
73.78 (20.48)
77.05 (20.90)
83.33 (23.79)
80.00 (22.43)

61
55
116
61
54
115

1st
2nd
Total
1st
2nd
Total

79.78 (19.51)
83.02 (22.31)
81.30 (20.84)
68.31 (27.51)
75.00 (28.55)
71.45 (28.08)

61
54
115
61
54
115

1st
2nd
Total
1st
2nd
Total

70.77 (26.99)
77.16 (28.65)
73.77 (27.84)
41.71 (25.55)
35.35 (23.43)
38.70 (24.67)

61
54
115
61
55
116

1st
2nd
Total

38.43 (21.62)
42.63 (23.69)
40.42 (22.62)

61
55
116
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Table 4.10 – Crossover QLQ-C30 Scale and Single Item Means (SD) (continued)
QLQ-C30 Scale or
Item
Paper
Nausea/Vomiting
Scale

Order
1st
2nd
Total

Mean (SD)
11.67 (17.71)
8.93 (19.32)
10.34 (18.48)

n
60
56
116

IVR
Nausea/Vomiting
Scale
Paper Pain Scale

1st
2nd
Total
1st
2nd
Total

10.56 (15.33)
8.33 (17.12)
9.48 (16.18)
28.14 (28.14)
24.70 (27.89)
26.50 (27.95)

60
56
116
61
56
117

IVR Pain Scale

1st
2nd
Total
1st
2nd
Total

26.78 (27.43)
27.98 (28.09)
27.35 (27.64)
20.77 (25.21)
17.86 (25.40)
19.37 (25.23)

61
56
117
61
56
117

1st
2nd
Total
1st
2nd
Total

15.30 (20.70)
21.43 (28.73)
18.23 (24.95)
31.15 (29.73)
27.38 (26.29)
29.34 (28.08)

61
56
117
61
56
117

1st
2nd
Total
1st
2nd
Total

31.15 (25.00)
35.12 (27.28)
33.05 (26.08)
19.67 (27.47)
14.29 (25.31)
17.09 (26.48)

61
56
117
61
56
117

1st
2nd
Total

19.67 (26.09)
20.24 (26.73)
19.94 (26.28)

61
56
117

Paper Dyspnoea
Item

IVR Dyspnoea Item

Paper Insomnia
Item

IVR Insomnia Item

Paper Appetite
Loss Item

IVR Appetite Loss
Item
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Table 4.10 – Crossover QLQ-C30 Scale and Single Item Means (SD) (continued)
QLQ-C30 Scale or
Item
Paper Constipation
Item

IVR Constipation
Item
Paper Diarrhoea
Item

IVR Diarrhoea
Loss Item
Paper Financial
Difficulties Item

IVR Financial
Difficulties Item

Order
1st
2nd
Total

Mean (SD)
20.34 (29.04)
19.75 (27.10)
20.06 (28.01)

N
59
54
113

1st
2nd
Total
1st
2nd
Total

20.34 (24.77)
24.69 (31.18)
22.42 (27.97)
12.43 (22.23)
13.10 (22.63)
12.75 (22.33)

59
54
113
59
56
115

1st
2nd
Total
1st
2nd
Total

11.30 (21.09)
16.07 (24.61)
13.62 (22.90)
26.67 (32.36)
23.90 (34.82)
25.37 (33.41)

59
56
115
60
53
113

1st
2nd
Total

23.89 (31.94)
23.90 (35.43)
23.90 (33.47)

60
53
113

When comparing our mean scores with those from the touchscreen version
reported by Velikova and colleagues (1999), we find that, for the function scales, our
sample reported higher scores, indicating better functioning. For instance, the mean
score for the overall quality of life scale from our study was 67 for both the paper and
IVR versions. Velikova and colleagues reported mean scores of 51 for the paper overall
quality of life score and 52 on the touchscreen version. Regarding the symptom scales
and items, our scores were lower than those reported by Velikova and associates,
indicating our sample experienced fewer cancer-related symptoms. The one exception
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was for the financial difficulties item where the scores from our sample were almost
identical to those in Velikova and colleagues for both the paper and electronic versions.

Crossover QLQ-C30 Mean Differences
The mean differences and their associated 95% confidence intervals are listed in
Table 4.11. Ten of the fifteen mean differences analyzed were within the equivalence
interval set a priori. Thus, equivalence of the means between the paper and IVR versions
of the QLQ-C30 has been shown on these scales and items. However, there were
instances where the 95% confidence interval of the mean difference for five scales and
items was not wholly contained in the equivalence interval. Therefore, the results from
the mean equivalence analyses for social functioning scale, fatigue scale, insomnia item,
appetite loss item, and constipation item were inconclusive. Equivalence using this
measure can neither be confirmed nor denied. It is interesting to note that the fatigue
scale and insomnia item also had statistically significant order by mode interactions.

Table 4.11 – Crossover QLQ-C30 Adjusted Mean Differences

QLQ-C30 Scale or Item
Quality of Life Scale
Paper
IVR
Physical Functioning Scale
Paper
IVR
Role Functioning Scale
Paper
IVR

Adjusted
Means (SE)

Equivalence
Interval

Mean difference
(95%CI)

67.22 (2.00)
67.32 (1.98)

-3.5 to +3.5

0.107
(-2.50 to +2.28)

76.46 (1.95)
77.55 (1.94)

-3.75 to +3.75

1.095
(-2.84 to +0.65)

71.46 (2.55)
70.58 (2.56)

-5.0 to +5.0

0.881
(-2.34 to +4.10)
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Table 4.11 – Crossover QLQ-C30 Adjusted Mean Differences (continued)

QLQ-C30 Scale or Item
Emotional Functioning Scale
Paper
IVR
Cognitive Functioning Scale
Paper
IVR
Social Functioning Scale
Paper
IVR
Fatigue Scale
Paper
IVR
Nausea/Vomiting Scale
Paper
IVR
Pain Scale
Paper
IVR
Dyspnoea Item
Paper
IVR
Insomnia Item
Paper
IVR
Appetite Loss Item
Paper
IVR
Constipation Item
Paper
IVR
Diarrhoea Item
Paper
IVR
Financial Problems Item
Paper
IVR

Adjusted
Means (SE)

Equivalence
Interval

Mean difference
(95%CI)

74.57 (2.15)
73.76 (1.91)

-3.75 to +3.75

0.817
(-1.26 to +2.90)

80.19 (2.08)
81.40 (1.95)

-3.75 to +3.75

1.212
(-3.56 to +1.13)

71.65 (2.62)
73.96 (2.60)

-4.25 to +4.25

2.310
(-5.62 to +1.00)

38.53 (2.23)
40.53 (2.10)

-4.25 to +4.25

1.997
(-4.65 to +0.65)

10.30 (1.72)
9.44 (1.51)

-3.5 to +3.5

0.853
(-0.81 to +2.52)

26.42 (2.60)
27.38 (2.57)

-4.5 to +4.5

0.954
(-3.22 to +1.32)

19.31 (2.34)
18.37 (2.30)

-4.5 to +4.5

0.947
(-1.71 to +3.60)

29.26 (2.60)
33.13 (2.42)

-5.25 to +5.25

3.869
(-7.65 to -0.09)

16.98 (2.45)
19.96 (2.44)

-5.5 to +5.5

2.976
(-6.21 to +0.26)

20.05 (2.65)
22.52 (2.64)

-5.0 to +5.0

2.469
(-5.16 to +0.22)

12.76 (2.09)
13.69 (2.13)

-3.0 to +3.0

0.923
(-2.80 to +0.95)

25.28 (3.16)
23.89 (3.17)

-4.5 to +4.5

1.389
(-1.16 to +3.94)
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Crossover QLQ-C30 Reliability and Internal Consistency
The ICCs for the nine multi-item scales for the QLQ-C30 were all above 0.79,
ranging from 0.791 to 0.899, and significantly different from our threshold reliability of
0.70 (Table 4.12). The internal consistency of the scales, as measured by Cronbach’s
alpha, was high with correlations above 0.88. Six of the nine scales had Cronbach’s
alphas above 0.90. The ICCs for six single items of the QLQ-C30 ranged from 0.689 to
0.896. Two of the items, insomnia and appetite loss, did not meet our threshold of being
statistically different from an ICC of 0.70. Thus, we do not denote equivalence based the
ICC for these two items. However, when taken in totality, the evidence supports the
stability of the scores between the paper and IVR versions of the QLQ-C30.

Table 4.12 – Crossover QLQ-C30 Scale and Item Intraclass Correlation
Coefficients, 95% ICC Lower CIs, and Cronbach’s alphas

QLQ-C30 Scale or Item
Quality of Life Scale
Physical Functioning Scale
Role Functioning Scale
Emotional Functioning Scale
Cognitive Functioning Scale
Social Functioning Scale
Fatigue Scale
Nausea/Vomiting Scale
Pain Scale
Dyspnoea Item
Insomnia Item
Appetite Loss Item
Constipation Item
Diarrhoea Item
Financial Problems Item

ICC
0.821
0.894
0.799
0.864
0.827
0.796
0.791
0.865
0.899
0.819
0.698
0.769
0.862
0.896
0.917

95% ICC
lower CI
0.763
0.859
0.737
0.820
0.772
0.733
0.726
0.821
0.865
0.762
0.611
0.698
0.816
0.861
0.888

Cronbach’s
alpha
0.901
0.945
0.888
0.927
0.906
0.887
0.884
0.928
0.946
-
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The Cronbach’s alphas from our study compare favorably to those reported in the
QLQ-C30 development paper (Aaronson et al. 1993). For the nine scales, Aaronson and
colleagues reported Cronbach’s alphas that range from 0.52 to 0.89. For each scale, our
internal consistency coefficients were higher than those reported by Aaronson and
colleagues. There are only two ICCs reported for the paper version in the literature, one
for the role functioning scale and one for the global quality of life scale over a retest
period of seven days (Osoba 1997). The ICC for the role functioning scale was 0.82 and
it was 0.83 for the global quality of life scale. The ICCs for these two scales from our
study are similar, although slightly lower, and sufficiently high.

VI.

Test-retest Results for the EQ-5D

The test-retest analyses for the index score and the EQ VAS were based on a “per
protocol” subject inclusion. Hence, subjects were in the analyses if they completed both
questionnaire administrations within 72 hours, which, based on the study protocol, was
the maximum amount of time for completion of the two administrations including the
intervening day. Furthermore, subjects were excluded from the analysis if their score
difference exceeded two standard deviations, namely 40 points on the EQ VAS and 0.28
on the EQ-5D index score. Thus, 114 subjects were included in the analysis of the EQ5D index score data and 110 were included in the analysis of the EQ VAS data.
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Test-retest EQ-5D Means
The means (SD) for the index scores were 0.871 (0.14) and 0.871 (0.15) for the
first and second administrations, respectively (Table 4.13). The test-retest means (SD)
for the EQ VAS were 81.3 (17.5) for the first administration and 80.8 (17.5) for the
second administration. These means were higher than the means observed in the
crossover component. This was expected since the test-retest sample was comprised of
cancer survivors who were not actively receiving treatment compared to those in the
crossover sample who were undergoing treatment at the time of the questionnaires were
administered. Thus, we would predict those in the crossover sample to self-report worse
health-related quality of life. While the means were higher in the test-retest sample, the
standard deviations were very similar to those from the crossover sample for both the
index score and the EQ VAS.

Table 4.13 – Test-retest EQ-5D Index and EQ VAS Means (SD)

IVR EQ-5D index

IVR EQ VAS

Administration
1st
2nd

Mean (SD)
0.871 (0.136)
0.871 (0.147)

n
114
114

1st
2nd

81.34 (17.46)
80.83 (17.52)

110
110

Test-retest EQ-5D Mean Differences
The difference between the two EQ-5D index means of the 1st and 2nd IVR
administrations was 0.0002. The 95% confidence interval was -0.0129 to 0.0133, which
was wholly contained within the equivalence interval of -0.035 to 0.035 (Table 4.14).
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The mean difference between the two IVR administrations of the EQ VAS was 0.509
with a 95% confidence interval of 0.598 to 1.617. As with the index, the confidence of
the EQ VAS mean difference was contained within the a priori equivalence interval of -3
to +3. These results provide evidence of the stability of the IVR-based EQ-5D scores
upon repeated administrations.

Table 4.14 – Test-retest EQ-5D Index and EQ VAS Mean Differences

EQ-5D index
EQ VAS

Equivalence Interval
-0.035 to +0.035
-3.0 to +3.0

Mean Difference
(95% CI)
0.0002 (-0.013 to 0.013)
0.5091 (-0.60 to 0.1.62)

Test-retest EQ-5D Intraclass Correlation Coefficients, Percent Exact Agreement, and
Kappa Coefficients
The ICC for the EQ-5D index score was 0.876 with a 95% lower bound of 0.835,
significantly different from our threshold value of 0.70 (Table 4.15). The ICC for the EQ
VAS for the two administrations was 0.944 with a 95% lower bound of 0.924,
significantly different from 0.70. Our reliability coefficients compare very favorably to
those found in the literature. Bushnell and associates (2006) administered the handheld
version of the EQ-5D at two points with a one-week interval. The ICCs for the electronic
versions were 0.75 for the index and 0.73 for the EQ VAS. The paper-based, one week,
test-retest ICCs from Bushnell and colleagues (2006) were 0.77 for the EQ-5D index and
0.82 for the EQ VAS. Dolan (1994) reports 3-month test-retest ICC of 0.84 for the
paper-based EQ VAS. Macran (2003) analyzed the test-retest reliability of the paper-
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based EQ VAS in a rheumatoid arthritis sample and found the ICC to be 0.78 over three
months. Our results are significantly higher than those reported in the literature. They
also compare favorably to the only electronic modality test-retest ICCs found in the
literature for the EQ-5D (i.e., Bushnell et al. 2006).

Table 4.15 – EQ-5D Test-retest ICCs and 95% Lower Confidence Intervals

EQ-5D Index
EQ VAS

ICC
0.876
0.944

95% ICC lower CI
0.835
0.924

The percent exact agreement and the kappa coefficients are reported in Table
4.16. The percent exact agreements of the scores between the two administrations were
high, equal to or above 85% for all five dimensions. All of the kappa coefficients
exhibited ‘substantial agreement’ based on the classification system proposed by Landis
and Koch (1977). Landis and Koch (1977) propose that kappa coefficients ranging from
0.61 to 0.80 exhibit substantial agreement.

Table 4.16 – Test-retest Percent Exact Agreement and Kappa Coefficients for the
Five EQ-5D Dimensions
EQ-5D Dimension
Mobility
Self-Care
Usual Activities
Pain/Discomfort
Anxiety/Depression

Percent Exact Agreement
89.8%
97.6%
85.0%
85.8%
88.2%

kappa (SE)
0.714 (0.080)
0.755 (0.136)
0.668 (0.073)
0.751 (0.062)
0.752 (0.064)
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Our IVR test-retest kappa coefficients compare satisfactorily to the paper-based
test-retest kappa coefficients. Macran (2003) reported kappa coefficients for the
descriptive system for two different test-retest paper administrations with a three-month
interval. The first study used data collected in the MVH study and reported kappa
coefficients that ranged from 0.49 to 0.75 on the descriptive system. The second analysis
from a rheumatoid arthritis study reported kappas on the five dimensions that ranged
from 0.40 to 0.65. The kappa coefficients from our study are similar or higher than those
reported by Macran (2003) across all dimensions.

VII.

Test-retest Results for the QLQ-C30

Similar to the QLQ-C30 crossover analyses, the test-retest results were based on a
“per protocol” analysis. Subjects were included in the analyses if they completed both
questionnaire administrations within 72 hours. Furthermore, subjects were excluded
from the analysis if the absolute difference between their two scores exceeded two
standard deviations taken from Bjordal et al. (2000) and reported in Table 4.9.

Test-retest QLQ-C30 Means
The means and standard deviations for each of the two IVR administrations of the
multi-item scales and items of the QLQ-C30 are reported in Table 4.17. The mean scores
were mostly in the direction of change expected, with scores on the functioning being
higher and lower scores on the symptom scales upon the 2nd administration. As expected,
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the test-retest sample reported higher scores on the functioning scales and lower scores in
the symptom scales when compared to the scores on the QLQ-C30 from the crossover
sample.

Table 4.17 – Test-retest QLQ-C30 Scale and Single Item Means (SD)
QLQ-C30 Scales and
Items
IVR Global Quality of
Life Scale
IVR Physical
Functioning Scale
IVR Role Functioning
Scale
IVR Emotional
Functioning Scale
IVR Cognitive
Functioning Scale
IVR Social
Functioning Scale
IVR Fatigue Scale
IVR Nausea/Vomiting
Scale
IVR Pain Scale
IVR Dyspnoea Item
IVR Insomnia Item
IVR Appetite Loss
Item
IVR Constipation
Item
IVR Diarrhoea Loss
Item

Administration
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd
1st
2nd

Mean (SD)
78.35 (17.92)
79.24 (17.51)
87.42 (15.79)
88.12 (15.91)
86.23 (22.00)
86.09 (19.86)
77.68 (18.26)
81.09 (18.15)
84.65 (15.22)
87.28 (15.73)
88.30 (20.19)
90.20 (19.31)
24.64 (20.33)
22.51 (20.31)
4.53 (10.70)
4.39 (9.42)
17.54 (23.03)
16.81 (22.13)
9.57 (18.08)
6.67 (15.42)
27.25 (25.20)
24.35 (23.50)
10.43 (20.88)
9.28 (19.01)
13.40 (22.58)
11.31 (19.79)
11.31 (20.29)
9.23 (18.01)

n
112
112
115
115
115
115
115
115
114
114
114
114
115
115
114
114
115
115
115
115
115
115
115
115
112
112
112
112
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Table 4.17 – Test-retest QLQ-C30 Scale and Single Item Means (SD) (continued)
QLQ-C30 Scales and
Items
IVR Financial
Difficulties Item

Administration
1st
2nd

n
114
114

Mean (SD)
15.20 (27.39)
14.04 (26.94)

Test-retest QLQ-C30 Mean Differences
The results from the paired t-tests for the mean differences and associated 95%
confidence intervals are listed in Table 4.18.

Ten of the fifteen mean differences

analyzed were within the equivalence interval set a priori. Thus, equivalence of the
means between the two IVR administrations of the QLQ-C30 has been shown on these
scales and items. There were five instances where the 95% confidence interval of the
mean difference for two scales and three items was not wholly contained in the
equivalence interval. Therefore, the results from the mean equivalence analyses for
emotional functioning scale, cognitive functioning scale, dyspnoea item, insomnia item,
and diarrhoea item were inconclusive. Equivalence of the means between the retest IVR
administrations can neither be confirmed nor denied for these scales and items.

Table 4.18 – Test-retest QLQ-C30 Adjusted Mean Differences

Scale or Item
Quality of Life Scale

Equivalence Interval
-3.5 to +3.5

Physical Functioning Scale
-3.75 to +3.75
Role Functioning Scale
-5.0 to +5.0

Mean difference
(95%CI)
-0.893
(-2.44 to 0.65)
-0.696
(-1.82 to 0.43)
0.145
(-2.35 to 2.64)
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Table 4.18 – Test-retest QLQ-C30 Adjusted Mean Differences (continued)

Scale or Item
Emotional Functioning Scale

Equivalence Interval
-3.75 to +3.75

Cognitive Functioning Scale
-3.75 to +3.75
Social Functioning Scale
-4.25 to +4.25
Fatigue Scale
-4.25 to +4.25
Nausea/Vomiting Scale
-3.5 to +3.5
Pain Scale
-4.5 to +4.5
Dyspnoea Item
-4.5 to +4.5
Insomnia Item
-5.25 to +5.25
Appetite Loss Item
-5.5 to +5.5
Constipation Item
-5.0 to +5.0
Diarrhoea Item
-3.0 to +3.0
Financial Problems Item
-4.5 to +4.5

Mean difference
(95%CI)
-3.406
(-5.17 to -1.64)
-2.632
(-4.83 to -0.43)
-1.901
(-4.18 to +0.38)
2.126
(+0.15 to +4.10)
0.146
(-0.82 to +1.11)
0.725
(-1.25 to +2.70)
2.900
(+0.97 to +4.82)
2.900
(+0.51 to +5.29)
1.160
(-1.28 to +3.60)
2.083
(-0.33 to +4.50)
2.083
(+0.16 to +4.01)
1.170
(-1.00 to +3.34)

Test-retest QLQ-C30 Reliability and Internal Consistency
The ICCs for the nine multi-item scales for the QLQ-C30 were all above 0.69,
ranging from 0.698 to 0.891 (Table 4.19). Eight of the scales were significantly different
from our threshold reliability of 0.70, with the only exception being the cognitive
functioning scale. The internal consistency of the scales, as measured by Cronbach’s
alpha, was high with correlations above 0.82. Six of the nine scales had alphas above
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0.90. The ICCs for the six single items of the QLQ-C30 ranged from 0.782 to 0.908. All
of the single items were significantly higher than the minimally acceptable reliability of
0.70. Thus, there is evidence of sound reliability for the IVR version of the QLQ-C30.
We have not confirmed equivalence on this metric for the cognitive functioning scale.
However, when taken in totality, the evidence supports the stability of the scores derived
from the IVR version of the QLQ-C30.

Table 4.19 – Test-retest QLQ-C30 Scale and Item Intraclass Correlation
Coefficients, 95% ICC Lower CIs, and Cronbach’s alphas
ICC
Scale or Item
Quality of Life Scale
Physical Functioning Scale
Role Functioning Scale
Emotional Functioning Scale
Cognitive Functioning Scale
Social Functioning Scale
Fatigue Scale
Nausea/Vomiting Scale
Pain Scale
Dyspnoea Item
Insomnia Item
Appetite Loss Item
Constipation Item
Diarrhoea Item
Financial Problems Item

0.891
0.926
0.793
0.848
0.698
0.804
0.858
0.868
0.889
0.797
0.854
0.782
0.813
0.852
0.908

95% ICC
lower CI
0.854
0.901
0.728
0.783
0.608
0.842
0.810
0.824
0.851
0.727
0.805
0.714
0.753
0.802
0.876

Cronbach’s
alpha
0.943
0.962
0.884
0.926
0.828
0.893
0.925
0.929
0.941
-

There are only two test-retest ICCs reported for the paper version of the QLQC30 in the literature, one for the role functioning scale and one for the global quality of
life scale over a retest period of seven days (Osoba 1997). The ICC for the role
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functioning scale was 0.82 and it was 0.83 for the global quality of life scale. The ICCs
for these two scales from our study were both higher. Furthermore, the Cronbach’s
alphas from our study compare favorably to those reported in the QLQ-C30 development
paper (Aaronson et al. 1993). For the nine scales, Aaronson and colleagues reported
Cronbach’s alphas that ranged from 0.52 to 0.89. We do not report any coefficients
lower than 0.82 and. for each multi-item scale, our internal consistency coefficients are
higher.
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CHAPTER 5
DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

I.

Discussion and Conclusions

The use of paper self-administered questionnaires in research is pervasive and
long standing. However, recent advances in technology have enabled the original paperbased instruments to be migrated to electronic formats. Electronic questionnaires have
advantages such as less administrative burden, avoidance of secondary data entry errors,
easier implementation of skip patterns, and more accurate and complete data (e.g., Bloom
1998; Taenzer et al. 1997; Tourangeau and Smith 1996; Velikova et al. 1999; Bushnell et
al. 2006; Stone et al. 2002). A variety of choices exist for adaptation of paper-based
instruments to electronic devices. For example, one electronic option for data capture is
telephone-based systems, called interactive voice response systems, which allow the user
to respond using a touch-tone phone. IVR systems have the advantage of requiring little
respondent training, instantaneous storage of responses to a central database, and little
investment in hardware.
Many generic and disease-specific health-related quality of life questionnaires,
such as the EQ-5D and the QLQ-C30, respectively, have been adapted to electronic
formats. The EQ-5D instrument is receiving increasing attention in the US, particularly
since it has been included as part of the Medical Expenditure Panel Survey (MEPS)
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conducted by the US Agency for Healthcare Research and Quality (AHRQ). The EQ-5D
has two parts; the first is a descriptive system that classifies respondents into one of 243
distinct health states and the second part is a 20 cm vertical visual analog scale (EQ
VAS). The EORTC QLQ-C30 is one of the most commonly used disease-specific
instruments in cancer clinical trials (King 1996). The 30 items in the QLQ-C30 produce
scores for nine multi-item functioning, well-being, and symptom scales and six symptom
items. Despite the many potential benefits of electronic data capture, it remains unclear
whether electronic versions of these instruments yield similar results to the original
paper-based versions.
While equivalence of paper and electronic versions of the EQ-5D and the QLQC30 has been studied, no prior published reports of research were found that had
examined the measurement equivalence of the IVR versions of these instruments. It is
important to ensure that the alternative forms of the instrument demonstrate measurement
equivalence to the original when an instrument is to be administered in a manner other
than in which it was originally developed and tested. The primary aim of this research
was to investigate the measurement equivalence of the IVR version of the EQ-5D and the
QLQ-C30 with the original paper-based versions.
This study utilized two distinct methodological designs: a randomized crossover
design and a test-retest design. In the randomized crossover design, each subject served
as his or her own control. Thus, after completing the first questionnaire administration,
either paper or IVR, the subject “crossed-over” to complete the other modality for the
second administration. The subjects in the crossover design were cancer survivors who
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were undergoing treatment at the time of the questionnaire administrations. In the testretest study component, subjects completed two IVR administrations of the
questionnaires two days apart. The test-retest subjects were cancer survivors who were
not undergoing treatment at the time of the questionnaire administrations.
Upon recruitment into the study, subjects were mailed a packet containing the
materials necessary to complete the two questionnaire administrations. The packet
included a cover letter, study disclaimer and instructions for accessing the IVR system.
Each subject also received a sealed envelope containing an access code only known to
them. The paper-based EQ-5D and QLQ-C30 were also provided for the crossover
subjects, along with a self-addressed stamped envelope to return the questionnaires upon
completion.
The sample for this investigation was selected from the patient population at the
Arizona Cancer Center. A convenience sample approach was utilized and a variety of
cancer types and treatment stages were selected. Although a probability sampling
technique would have produced a sample that was more representative of the general
population, non-probability convenience sampling was deemed adequate for the
objectives of this study. Potential participants were eligible for the study if they were 18
years of age and older, had a diagnosis of cancer, could speak and read English, and had
access to a touch-tone telephone. The study sample was neither comparable to the
general US population not to the general cancer survivor population. Our age and sex
distribution were much different than the general US population with our sample having
a higher mean age and a greater proportion of females. Further, males are estimated to
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account for 53% of new cancer cases in 2007 (Jemal 2007) whereas they only accounted
for around 33% in our study. We also had a much lower proportion of prostate cancer
diagnoses represented in our sample than is present in the general cancer survivor
population. In contrast, the subjects in our two samples over represent the percentage of
breast cancer diagnoses expected in 2007.
A major advantage of electronic questionnaires is the ability to collect high
quality data with fewer missing or problematic responses. It minimizes the extent to
which responses are unusable by restricting the respondent to a single answer before
allowing the respondent to proceed to the next question. Write-in responses are
eliminated and all of the data are directly stored to a central database, eliminating data
entry. In general, all of these advantages were observed in this study.
There was a small amount of missing data on both the paper-based and the IVR
versions of the questionnaires. On the paper and IVR versions of the QLQ-C30, the
amount of missing data was less than 0.01% of the total collected. Similarly, the paperbased and IVR versions of the EQ-5D had few missing responses. Overall, the data
completeness was extremely high. However, response problems were detected in the
paper EQ VAS. About 39% of participants marked the paper EQ VAS ambiguously by
not following instructions correctly. Other studies have reported similar problems with
paper questionnaires. Ryan and colleagues (1992) compared paper and electronic
versions of the SF-36 and reported that 44% of participants had at least one missing or
problematic response (Ryan et al., 2002). Also, Streiner and Norman (1995) in their
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review found that 5% to 10% of returned paper questionnaires were reported as unusable
because of omitted, illegible, or invalid responses.
While no missing responses were noted on the IVR version of the EQ VAS, this
mode was not free of unusual phenomenon. There were eight subjects who entered a
single digit response on the IVR EQ VAS.

Four of those single digit responses

corresponded exactly with the 1st digit of the two-digit VAS response given on paper.
For example, a subject may report an EQ VAS score of 70 on the paper version but the
IVR version score was recorded as a 7. Two subjects reported paper VAS scores of 70
and 40 but the corresponding IVR scores were 8 and 5, respectively. Of the remaining
two subjects, one subject did not respond to the paper VAS and the other subject had very
disparate scores of a 40 on the paper and a 7 on the IVR version.
In the test-retest component there were five subjects and six instances of these
non-equivalent single-digit responses and one subject who recorded two identical singledigit responses. This latter subject had a score of 5 for each administration of the IVR
version of the VAS. However, this subject recorded identical scores on each of the five
dimensions on both administrations for a calculated EQ-5D index score of 0.7077. Only
one of the five remaining subjects recorded a single-digit response that corresponded
exactly with the 1st digit of the two-digit VAS response given on paper, a 9 then a 95. Of
the four other subjects, one subject chose an 8 on the first administration and a 9 on the
second IVR administration. This subject also had exact agreement of his/her scores on
the five EQ-5D dimensions across both administrations for an EQ-5D index score of 1.0.
The three remaining subjects’ scores were dissimilar enough as to not allow any
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associations to be drawn. These scores were 9 then 65, 75 then 8, and 9 then 50 on the
first and second administrations, respectively, for the three subjects. In the first two cases
above, both subjects’ scores on the five dimensions reflected exact agreement on both
administrations.
The conclusions based on the analyses necessary to meet the study objectives are
summarized below. Each objective relates to some aspect of the measurement
equivalence of the instrument being tested across two repeated administrations. We
tested for equivalence by examining the mean differences between the two
administrations and also by calculating reliability coefficients. The totality of the
evidence was considered when concluding equivalence for each objective.

Objective 1: To evaluate the measurement equivalence of the original paper-based
version of the EQ-5D index score and the adapted IVR version.
The primary results, based on the equivalence of means and the computation of
the ICC, suggest high concordance between the index scores obtained from the paper and
IVR versions of the EQ-5D. The small difference between the adjusted mean index
scores (i.e., 0.009) and the high magnitude of the ICC (i.e., 0.894) provide sound
evidence of psychometric equivalence between the paper and IVR modes. Further, there
were high percentages of exact agreement on the individual item responses between the
two modes suggesting strong agreement at the item level. Moreover, there were no
reported difficulties completing either the paper or IVR version of the EQ-5D and few
instances of missing responses were present on either modality. Overall, the data quality
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was high for both modes. Based on these findings, the IVR version of the EQ-5D index
provided data equivalent to the paper version in this sample.

Objective 2: To evaluate the measurement equivalence of the original paper-based
version of the EQ VAS and the adapted IVR version.
The primary results, based on the test of mean equivalence and the ICC, provide
an acceptable level of similarity between the VAS scores obtained from the paper and
IVR versions. The results from the test of mean equivalence were inconclusive as the
95% confidence interval of the adjusted mean difference was only partially contained
within the equivalence interval. However, the ICC was high in magnitude (i.e., 0.897)
suggesting the scores obtained between the paper and IVR versions were highly
correlated. There were a large percentage of subjects who did not follow the instructions
on the paper version, similar to other studies, however these responses were scored.
Further, the IVR version of the EQ VAS had occurrences of widely divergent scores. It
is unlikely that these score differences were intended by subjects, particularly over such a
short retest period (i.e., up to 72 hours). It appears these score differences were a result
of a lack of score confirmation for this two-digit response by the IVR system. Overall,
the scores obtained from the IVR version of the EQ VAS are equivalent to those obtained
using the paper-based version.
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Objective 3: To evaluate the measurement equivalence of the original paper-based
version of the QLQ-C30 and the IVR version.
The results of the analyses testing for mean differences showed equivalence on
seven of the nine multi-item scales of the QLQ-C30. However, only three of the six
single items of the QLQ-C30 had 95% confidence intervals of the adjusted mean
difference within the equivalence interval set a priori. Upon examination of the ICCs, all
nine of the multi-item scale scores, and four of the six single items, had ICCs that were
significantly different from (and higher than) our threshold value. The insomnia and
appetite loss items were the only scales or items of the QLQ-C30 that had both
inconclusive results for the mean differences and ICCs that were not significantly
different from the threshold value. Thus, it does not appear the IVR version provides
equivalent scores on these two items compared to the paper version. However, when the
evidence for all of the scales and items contained in the QLQ-C30 is considered in
totality, the findings indicate the equivalence of scores between the paper and IVR
versions of the QLQ-C30.

Objective 4: To examine the test-retest reliability of the IVR version of the EQ-5D index
score.
The findings for the EQ-5D index score indicated a high degree of correlation
between the first and second IVR administration (i.e., ICC = 0.876). Further, the means
on the two IVR administrations were almost identical (i.e., mean difference = 0.0002).
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There were also high levels of exact agreement at the item level. Based on these results,
the IVR version of the EQ-5D is reliable upon repeated measurements.

Objective 5: To examine the test-retest reliability of the IVR version of the EQ VAS.
The adjusted mean differences on the two IVR administrations of the EQ VAS
were very similar with a mean difference of 0.5091. The findings for the EQ VAS also
revealed extremely strong test-retest reliability as evidenced by an ICC of 0.944 between
the two administrations. The IVR version of the EQ VAS did suffer from the same data
quality issue as noted in the crossover component (i.e., discordant responses). However,
given the high level of correlation between the two administrations and the lack of mean
differences, the scores stemming IVR version of the EQ VAS are reliable upon repeated
administrations.

Objective 6: To examine the test-retest reliability of the IVR version of the QLQ-C30.
Ten of the fifteen scales and items demonstrated mean equivalence between the
two repeated administrations of the IVR version of the QLQ-C30. Fourteen of the fifteen
multi-item scales and items had ICCs significantly above our threshold ICC value (i.e.,
0.70). The cognitive functioning scale did not display equivalence on neither the test of
means nor the ICC. However, when the findings are considered in totality, the scores
obtained upon repeated administrations of the IVR version of the QLQ-C30 are reliable.
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Based on a review of the literature, there were no studies found that addressed the
psychometric equivalence of the IVR version of the EQ-5D and the QLQ-C30. This
study makes a contribution to the ePRO literature by providing evidence of the
equivalence of scores of the IVR version of the two instruments administered in this
study. We found reliability coefficients that compare favorably to others found in the
literature. The reliability coefficients (i.e., ICC) from this study were above 0.89 in the
crossover component and 0.87 in the test-retest component for both the EQ-5D index and
the EQ VAS. Bushnell and associates (2006) compared the paper and handheld versions
of the EQ-5D, with both modes given within 24 hours. They found when the paper
version was administered first, the EQ VAS and index score ICCs were 0.77 and 0.80,
respectively. When the hand-held version was administered first, the ICCs were 0.75 for
the EQ VAS and 0.73 for the index score. In the one-week test-retest analysis, the ICCs
for the electronic versions were 0.75 for the index and 0.73 for the EQ VAS. In a
different study, Ramachandran and colleagues (2008) reported ICCs for a comparison of
the paper-based and touchscreen EQ VAS of 0.75. The reliabilities found in this study
were higher than those found in other studies analyzing different electronic modes of
administering the EQ-5D.
Furthermore, the ISPOR ePRO Task Force recommended that the electronic
version be compared to the within mode (i.e., paper vs. paper) reliability coefficients.
The paper-based, one week, test-retest ICCs from Bushnell and colleagues (2006) were
0.77 for the index and 0.82 for the EQ VAS. Dolan (1994) reports three-month test-retest
ICC of 0.84 for the paper-based EQ VAS. Macran (2003) analyzed the test-retest

138
reliability of the paper-based EQ VAS in a rheumatoid arthritis sample and found the ICC
to be 0.78 over three months. Again, the reliability coefficients found in both the
crossover component and test-retest component were higher than the within mode (i.e.,
paper vs. paper) reliabilities.
There was one ePRO study found that provides reliability results for which to
compare those found in our study. Velikova and colleagues (1999) compared the
acceptability and preference, data quality, and reliability of the paper versus touchscreen
versions of the QLQ-C30, version 2.0. Statistically significant mean differences were
noted on the emotional, fatigue, and nausea/vomiting scales and also on the appetite item
between the touchscreen and paper version. The weighted kappa coefficients (similar to
the ICC) for the scales and single items ranged from 0.57 to 0.77. The reliability
coefficients from this study compare very favorably to those reported by Velikova and
colleagues (1999). The ICCs from this study ranged from 0.769 to 0.899 in the crossover
component and ranged from 0.698 to 0.908 in the test-retest component.
Furthermore, the Cronbach’s alphas from our study compare favorably to those
reported in the QLQ-C30 development paper (Aaronson et al. 1993). For the nine multiitem scales, Aaronson and colleagues reported Cronbach’s alphas that range from 0.52 to
0.89. For each scale, our internal consistency coefficients were higher than those
reported by Aaronson and colleagues (1993). There are only two ICCs reported for the
paper version in the literature, one for the role functioning scale and one for the global
quality of life scale over a retest period of seven days (Osoba 1997). The ICC for the role
functioning scale was 0.82 and it was 0.83 for the global quality of life scale. The ICCs
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for these two scales from our study are similar, although slightly lower, and sufficiently
high.
In conclusion, the results of this study provide evidence that the data collected
with the IVR versions of the EQ-5D and the QLQ-C30 are equivalent to that collected via
the paper versions of these instruments. Moreover, the results of the test-retest analyses
support the consistency of the scores produced by the IVR version of these instruments
upon repeated administrations. When comparing the results from this study to other
ePRO applications of the same instruments, our results are consistent or better than those
reported in the literature. Upon comparing our results to the within-mode paper
reliabilities, our results are on par or better than those reported in the validation literature
for the QLQ-C30 and the EQ-5D.

II.

Recommendations for Future Studies

Modification to IVR version of the EQ-5D Visual Analogue Scale (EQ VAS)
One of the limitations of this study was a result of how the IVR version of the EQ
VAS was operationalized. The VAS uses a very different response set than the other
items of the EQ-5D, which have three single-digit response choices, and the QLQ-C30,
which has either four or seven choice response sets. When migrated to the IVR system,
the response sets of the EQ-5D and the QLQ-C30 require the respondent to touch only
one number on the telephone keypad. Thus, it is not necessary that the respondent
confirm their answer. In contrast, the EQ VAS can have responses ranging from ‘0’ to
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‘100,’ requiring those who rate there health in anything but the bottom decile to select
two or three numbers from the telephone keypad.
The IVR system did not have subjects confirm their responses to the EQ VAS in
this study. This feature, which could be easily incorporated, could have eliminated the
opportunity for a subject to enter a single digit without confirming his of her intent.
Thus, the phenomenon of having a person rate his or her health as a score of ‘90’ on the
EQ VAS on the paper administration, for example, and then choose a score of ‘9’ on the
IVR version two days later could have been eliminated. It is possible, although not
probable, that this was the subject’s intent. The EQ-5D index scores were examined in
all of these ‘outlier’ cases and no such divergent scores were noted between the two
administrations. Thus, it is recommended that the IVR version of the EQ VAS have
respondents confirm their response choices. This would improve the reliability of the
scores obtained on this measure and reduce the presence of unusable data.

ePRO Equivalence Study Design
The following section provides an overview of the recommendations for future
studies testing the measurement equivalence of electronic modes of administration
against the original paper-based version. The recommended study design for testing
equivalence is the randomized crossover design, which utilizes a pre-test, post-test
methodology with each subject serving as his or her own control. The randomized
crossover design is preferred to the parallel groups design on the basis of efficiency in
both the sample size requirements and the calculations of the appropriate statistics,

141
namely the ICC. Testing and order effects are threats to the validity of this design.
Therefore, the time between the two administrations of the instrument being test should
be adequate to minimize testing effects, or carryover, from the first administration.
However, the intervening time period should not be so long that the underlying symptoms
(e.g., pain, fatigue) or constructs (e.g., physical functioning) being measured might have
actually changed. This time interval should be carefully selected based on a number of
factors, including: the population of interest (e.g., whether potential subjects will be
receiving treatment); the length of the questionnaire(s); the instrument’s sensitivity to
change; respondent burden and; the intended use.
The overall research objectives should assess the mean difference between the
scores obtained via the two administration modes (i.e., paper and ePRO) and the
reliability of the scores as measured by the ICC. It would further strengthen the design to
also include a retest of both the paper and the electronic mode in a separate sample.
Thus, two approaches for determining the sample size should be used with the greater of
the two being the sampling target. The sample size estimation for mean differences is
given in Lachin (1981). This calculation is based on a number of factors: the type I error
rate (α); the type II error rate (β); the effect size (δ); the standard deviation (σ) of the
outcome of interest and; the pre-post correlation (ρ). For the computation of the sample
size, the effect size is the maximum difference between scores that would be acceptable
to denote equivalence between the two repeated administrations. The pre-post correlation
is the correlation of scores expected to be obtained in the paired analysis.
Sample size calculation from Lachin (1981):
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n = 2 (Z1-α + Z1-β/2)2 σ2 (1-ρ)/ δ2
where Z1-α = percentile of the normal curve for the significance criteria for 1tailed tests,
and Z1- β/2 = the percentile of the normal curve which gives power for 2-tailed
tests,
and σ = standard deviation of the estimate,
and ρ = specified value of the reliability coefficient,
and δ = effect size to be detected.

In the second approach, the sample size for the ICC analyses is based on the
estimation of the magnitude of the reliability coefficient (Streiner and Norman 2003). To
compute the required sample size several elements are specified including: an estimate of
the likely ICC (R); the certainty we want in this estimate (SE) and; the number of
observations we are going to use in the study (k).
Sample size calculation from Steiner and Norman (2003):
n = 2 + [k/2(k-1)(ZR-ZR-)2]
where k is the number of assessments,
and ZR = 1/2log[1+(k-1)ρ/1- ρ]; ρ is the specified value of the reliability
coefficient,
and ZR- = 1/2log[1+(k-1)R-/1-R-],
and R- = ρ –SE; SE is the standard error, or ½ of the 1-sided confidence interval.
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In these studies, analyses of the means should be based on an analysis of variance
(i.e., split-plot ANOVA) model, with factors for mode, period of administration (first or
second) and subject. This analysis accounts for the interaction between period and mode
and also any learning or other period effects as described in Hills and Armitage (1979).
Further, post hoc analysis of the adjusted mean difference between the two modes should
be estimated together with the associated 95% confidence interval for this difference.
Equivalence on this measure is then evaluated if the 95% confidence interval is wholly
contained within the equivalence interval as described in Jones and colleagues (1996).
To test reliability of the instruments between modes, it is suggested the analyses
be based upon the computation of the ICC. The ICC is based on the analysis of variance
model that includes factors for mode and subject and the analysis will be the same
regardless of whether mode is treated as a fixed or random effect. A one sided 95%
confidence interval for the lower bound should be computed using the formula provided
in McGraw and Wong (1996). Equivalence should be tested by comparing the 95%
lower bound to some minimally acceptable reliability threshold set a priori.
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