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ABSTRACT 

 

The EQ-VAS, a measure of self-reported health status, has been operationalized 

in ways that depart from the original format.  The primary purpose of the study was to 

examine the equivalence of the original paper-based vertical format with a touch screen-

based horizontal format.  Non-probability sampling was used to recruit 314 subjects 

intended to reflect the primary socio-demographic characteristics of the general adult 

population.  A two-part questionnaire completed roughly 10 minutes apart was 

administered in a randomized crossover design. One part was the original paper-based 

20cm vertical EQ-VAS; the other part was touch screen computer-based (designed by 

Assist Technologies) and included, among other items/scales, a horizontal EQ-VAS, the 

SF-36, and socio-demographic items.  A mean difference of ± eight points between the 

two versions was specified as the minimally important difference (MID).  Almost a third 

(30.1%) of the respondents reported identical scores on both formats and 80.1% of the 

respondents had difference scores within ± 8 points.  The 95% confidence intervals for 

both samples indicated that the difference in scores was relatively small and below our 

equivalence threshold.  In addition, data collected via touch screen may be more reliable 

since 22% of subjects did not complete the EQ-VAS paper format as instructed.  These 

results provided evidence for the measurement equivalence of the touch screen EQ-VAS 

with the original paper format.   

 A secondary purpose was to examine the psychometric properties of an 

electronic version of the SF-36.  Floor and ceiling effects were comparable to that 
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observed in other studies using the paper SF-36 in the general population.  All reliability 

coefficients exceeded 0.70; the range was from 0.75 to 0.93.  There was support for the 

construct validity of the touch screen SF-36, as the direction and strength of the 

correlations between the SF-36 scales and the EQ-5D domains were as hypothesized. 

Overall, there was a high level of correspondence between the touch screen SF-36 scores 

and previously reported paper based SF-36 scores in the general population.  The 

comparable psychometric properties and low level of missing data make touch screen 

questionnaires a very viable alternative to their paper-based formats. 
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CHAPTER 1 

INTRODUCTION 

 

I. Background 

 

The rapid evolution of outcomes research during the last two decades has led to 

an increased emphasis on health-related quality of life (HRQoL) assessments. 

Traditionally, mortality data was used as an outcome measure to assess the effectiveness 

of health care interventions (Sullivan, 1966).  However, in recent years, the paradigm for 

health care assessment has shifted by emphasizing outcome measures that incorporate the 

notion of not just the quantity of life but also the quality of life (Kongpatanakul and 

Strom, 1992) This viewpoint had also been espoused by the World Health Organization 

(WHO), which in 1948 defined health as “not only an absence of infirmity and disease 

but also a state of complete physical, mental and social well-being” (WHO, 1948).  

Hence, the interest in measuring HRQoL as an important treatment outcome has been 

growing (Spilker, 1992).  Additionally, the US Food and Drug Administration (FDA) has 

begun to allow quality of life promotional claims for pharmaceuticals that demonstrate 

sufficient evidence of acceptable methodology in measurement and a clear relationship 

between therapy and any observed change in HRQoL (Leidy et al., 1999a,1999b).   

HRQoL refers to how health impacts an individual’s ability to function and his or 

her perceived well-being in physical, mental and social domains of life (Coons et al., 

2000).  It is a multidimensional construct and, in general, the most commonly measured 
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HRQoL dimensions include physical functioning, social/role functioning, and mental 

health/emotional well-being.   

In randomized clinical trials, results obtained from HRQoL 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).  HRQoL indicators have been used to compare treatments where 

efficacy is similar but side effect profiles or effects on functional abilities differ.  HRQoL 

data can also be used to describe and monitor the health of large populations, to establish 

priorities and allocate resources (program/policy evaluation), and in clinical practice by 

helping to select between treatment options and monitor patient outcomes (McHorney, 

1999).   

There are a wide range of HRQoL instruments being used currently.  These 

include both generic measures as well as those designed specifically to measure the 

health status of persons with a particular illness or condition.  These measures differ 

greatly in content, breadth and depth of measurement and therefore their appropriateness 

for different applications; populations and settings also vary considerably.  When 

selecting between these different HRQOL measures, a variety of factors must be 

addressed, including conceptual and methodological issues.  In addition, careful thought 

must also be given to the mode of administration.  
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II. Statement of the Problem 

 

Traditionally, health related quality of life data have been collected via patient 

self-report using paper-based questionnaires.  Responses are then manually entered into 

an electronic database.  However, with improvements in technology and the development 

of personal computers, a more efficient alternative method of data collection has become 

available.  Questionnaires used for health status assessments can be converted to an 

electronic format, allowing the respondent to answer questions using user-friendly 

computer interfaces, such as a touch screen monitor.  Electronic completion of self-

reported questionnaires has many potential advantages.  It allows for instant data entry 

and processing, facilitates easy storage and retrieval of data and is well suited to skip 

patterns and branching logic.  Response errors can also be eliminated by presenting 

questions individually on the screen thereby minimizing cognitive errors, which may 

result in missing data points.  Data obtained using the touch screen is transferred 

electronically to a database thereby eliminating the labor intensive and error prone 

process of secondary data entry.  Write-in responses can also be avoided and data can be 

analyzed fairly quickly.  Previous studies have demonstrated the acceptability of using 

computers to administer HRQoL instruments (Buxton et al.,1998; Pouwer et al., 1998; 

Taenzer et al., 1997).  Drummond et al (1995) compared completion of a paper-based 

quality of life questionnaire with a computer version and found that data collected 

electronically was more complete and easier to handle.  Also, several studies have shown 
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that patients completed the electronic questionnaires quicker than their respective paper 

versions (Taenzer et al., 1997; Velikova et al., 1999b).   

However, before the widespread application of the automated methods of data 

collection can be recommended, it is essential to ensure that the data collected using this 

form of computer technology is comparable to data collected via traditional pencil and 

paper questionnaires.  If an instrument is to be administered in a manner other than the 

one in which it was originally developed and tested, it is important to ensure that the 

alternate forms of the instrument demonstrate measurement equivalence.  An example of 

one such instrument for which an electronic version has been developed is the EQ-5D.   

  The EQ-5D, a multi-attribute, preference-based HRQoL instrument, is receiving 

increasing attention in the US, particularly since it has been included as part of the 

Medical Expenditure Panel Survey (MEPS) 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.  The current 

descriptive system consists of five dimensions.  Each dimension has three levels, 

reflecting “no problems,” “some problems,” and “extreme problems.”  A scoring function 

assigns a value to self-reported health states from a set of preference weights that have 

been empirically derived.   

  The second part of the EQ-5D, which is the focus of this study, is a 20 cm vertical 

visual analog scale (VAS) that has endpoints labeled “best imaginable health state” and 

“worst imaginable health state” anchored at 100 and 0, respectively.  Respondents are 

asked to indicate how they rate their own health by drawing a line from an anchor box to 
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that point on the VAS (i.e., EQ-VAS) which best represents their own health on that day.  

The EQ-VAS has been operationalized in ways that depart from the original version.  For 

example, although still paper-based, the EQ-VAS in the MEPS 2000 self-administered 

questionnaire (SAQ) was modified from the original 20cm vertical VAS to an 11.2cm 

horizontal VAS.  In addition, that approximate length and horizontal orientation has been 

adopted by Assist Technologies in its touch screen adaptation of the EQ-5D.  However, 

there exists no prior research that has examined the measurement equivalence of the 

horizontal and vertical orientations of the EQ-VAS.   

 

III. Purpose of the Research 

The primary purpose of this research was to test the equivalence of the original 

paper-based vertical version of the EQ-VAS with the touch screen-based horizontal 

version.  The study will also examine the scaling assumptions, data quality, reliability and 

validity of the electronic version of the SF-36.     

 

IV. Research Objectives 

This investigation had the following nine research objectives:  

 

Objective 1 

To determine the minimally important difference (MIID) on the EQ-VAS, which, in this 

situation, is the maximum difference between within-subject scores on the two versions 
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(vertical vs. horizontal) that would still allow the two approaches to be considered 

equivalent.  

 

Objective 2 

To evaluate the measurement equivalence between the original paper-based vertical 

version of the EQ-VAS and the touch screen-based horizontal version. 

 

Objective 3 

To determine if measurement equivalence between the original paper-based vertical 

version of the EQ-VAS and the touch screen-based horizontal version exists across the 

EQ-VAS scale (i.e., for every level of health status). 

 

Objective 4 

To examine the effect of order of administration of the two versions of the EQ-VAS on 

measurement equivalence between the original paper-based vertical version of the EQ-

VAS and the touch screen-based horizontal version. 

 

Objective 5 

To examine the effect of time (first vs. second administration) on measurement 

equivalence between the original paper-based vertical version of the EQ-VAS and the 

touch screen-based horizontal version. 
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Objective 6 

To examine the inter-relationships between demographic variables (e.g., age, education 

level, sex, race/ethnicity), health status variables, prior computer experience and mode of 

administration of HRQoL assessments. 

 

Objective 7 

To examine the data quality and scaling assumptions of the touch screen version of the 

SF-36.    

 

Objective 8 

To determine the item and scale reliabilities of the touch screen version of the SF-36 and 

compare it to the original paper version of the SF-36.    

 

Objective 9 

To examine the construct validity of the touch screen version of the SF-36 and compare it 

to the original paper version of the SF-36.    
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V. Research Hypotheses  

The following null hypothesis will be tested in this research:  

 

 
Hypothesis One (H01) 

There is no difference in scores obtained on the original paper-based vertical version of 

the EQ-VAS and the touch screen-based horizontal EQ-VAS version. 

 

Hypothesis Two (H02) 

There is no difference in reliability estimates obtained for the touch screen version of the 

SF-36 when compared with those obtained for the general US population. 

 

Hypothesis Three (H03) 

There is no difference in the validity of the touch screen version of the SF-36 when 

compared with that of the originally validated paper version.   
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CHAPTER 2 

LITERATURE REVIEW 

 

This chapter is a review of the literature relevant to this research.  The literature review 

covers four broad areas: 

I. An overview of health-related quality of life assessment  

II. Review of visual analog scales and their role in HRQoL assessment 

III. The EQ-5D instrument and its measurement properties 

IV. Modes of administration of HRQoL measures 

V. Measurement equivalence between alternate modes of administration 

 

I. Health-related Quality of Life (HRQoL) Assessment  

 

Importance of Measuring HRQoL 

 

The field of outcomes research has progressed substantially over the past two 

decades, resulting in some fundamental changes in health care research, policy, and 

practice.  One of these changes is reflected in the measurement of health, which has 

changed over time. Traditionally, measures of survival, clinical endpoints, and disease 

specific symptoms and problems were primarily used as outcome measures to assess the 

effectiveness of health care interventions (Sullivan, 1966).  However, in recent years, it 

has been recognized that determination of the value of health care services requires an 

expansion of metrics beyond the traditional measures of mortality and major morbidity.  



 
 

 

25 

Many health care interventions significantly affect patient functioning and well-being 

while having little measurable impact on risk of death or disability.  This is particularly 

true in the case of chronic illnesses that involve palliative therapies or therapies that may 

prevent further deterioration; the relevant measure of health status should include other 

domains of health other than length of life (Bergner and Rothman, 1987).  Therefore, a 

broader range of patient outcomes need to be measured in order to understand the true 

benefits and risks of health care interventions.  

These ideas however are not new.  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. This definition continues to serve as the 

broad conceptual framework for health.  Those who argue that the goal of medical care is 

not just to prolong life and prevent disability but also to relieve distress and preserve 

function and well-being are now endorsing these objectives.  Hence, other supplemental 

measures have been identified to provide a more multidimensional profile of health.  

Central to the idea of expanded measures is the concept of “Health-Related Quality of 

Life” (HRQoL). 

Health-related quality of life (HRQoL) measures provide a patient perspective on 

the impact of disease and its treatment on the patient’s daily life and functioning.  These 

measures complement and extend information provided by clinical endpoints and add 

relevant outcome data not captured by them.  Evaluating HRQoL helps translate clinical 

improvement into patient-centered outcomes.  Additionally, the US Food and Drug 

Administration (FDA) has begun to allow quality of life promotional claims for 
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pharmaceuticals that demonstrate sufficient evidence of acceptable methodology in 

measurement and a clear relationship between therapy and any observed change in 

HRQoL (Leidy et al., 1999b). Hence, the interest in measuring health-related quality of 

life (HRQoL) as an important treatment outcome has been growing (Spilker, 1992).   

 

Conceptualizing HRQoL 

 

Numerous definitions of HRQoL have been proposed in the literature. 

Conceptions relevant to health and quality of life are diverse, are scattered through many 

disciplines, and use many different labels (Deyo et al., 1989).  The terms functional 

status, health status, quality of life and health-related quality of life are often used 

interchangeably but these terms have subtle but important differences with respect to 

dimensionality, perspective and scope (Bergner, 1989).   

The term quality of life represents a broader range of human experiences related 

to one’s overall well-being. It is an all-inclusive concept and incorporates all factors (e.g., 

physical, physiological, social, job satisfaction, spirituality, housing, economic and 

political) that impact an individual’s life (Revicki et al., 2000).  It has meaning beyond an 

individual’s health. Therefore, outcomes of disease and treatment generally are evaluated 

under the more restricted concept and term “health-related quality of life” (HRQoL).    

HRQoL represents those parts of quality of life that directly relate to an 

individual’s health (Spilker, 1992).  HRQoL refers to how health impacts an individual’s 

ability to function and his or her perceived well-being in physical, mental and social 

domains of life (Coons et al., 2000).  It is patient-oriented, multidimensional and variable 
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over time (Schipper, 1990).  Since, the purpose of HRQoL evaluations is to examine how 

disease and medical interventions impact a person’s daily functioning, there is nothing 

more relevant than basing these decisions on the patient’s own HRQoL assessment.   

The actual dimensions of HRQoL vary from one instrument to another and are 

dependent on the characteristics of the specific study.  Definitions of HRQoL frequently 

must be deduced from the dimensions that are assessed (Bergner, 1989).  However, in 

general, the most commonly measured HRQoL dimensions include physical functioning, 

social/role functioning, and mental health/emotional well-being.  Global perceptions of 

function and general well-being have also been included in many HRQoL measures 

(Shumaker and Berzon, 1995).   

Another feature of HRQoL measurement is that it usually refers to an individual’s 

health status at any given point in time.  HRQoL is a point in time measure and therefore 

may change in the next day, month or year.  The variable nature of health-related quality 

of life affects the methodology involved in its assessment.  The timing of measurement 

can significantly influence whether a health care intervention will be shown to affect a 

person’s health related quality of life.  

 

Applications of HRQoL 

 

HRQoL is increasingly being recognized as an important outcome in studies 

evaluating pharmaceutical agents, medical technology, and the organization of health 

care.  In randomized clinical trials, results obtained from HRQoL measures are 

increasingly being used to complement safety data, survival rates and traditional 



 
 

 

28 

indicators of clinical efficacy as a measure of the value of medical interventions 

(McHorney, 1997).  It is the outcome of choice for conditions in which there are no 

physical, physiological, or biochemical markers of disease activity, or for situations in 

which treatment effectiveness is based primarily on patient perception (e.g., pain related 

conditions).  HRQoL indicators have also been used to compare treatments where 

efficacy is similar but side effect profiles or effects on functional abilities differ (Leidy et 

al., 1999a, 1999b).   

HRQoL data can also be used to describe and monitor the health of large 

populations, to establish priorities and allocate resources (program/policy evaluation), 

and in clinical practice by helping to select between treatment options and monitor 

patient outcomes (McHorney, 1999).  Efforts are increasing to incorporate HRQoL as an 

indicator of quality of care and clinical effectiveness, and payers are beginning to 

consider HRQoL in reimbursement decisions (Weinberger et al., 1996).   

 

HRQoL Measures 

 

The rapid evolution of outcomes research during the last two decades has led to 

an increased emphasis on HRQoL assessments.  There are a wide range of HRQoL 

instruments being used currently.  These include both generic measures as well as those 

designed specifically to measure the health status of persons with a particular illness or 

condition.  These measures differ greatly in content, breadth and depth of measurement 

and therefore their appropriateness for different applications; populations and settings 

also vary considerably.   
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Generic measures are non-disease specific and therefore broadly applicable.  They 

can be used across patient populations, irrespective of the underlying condition and 

therefore allow for a broad comparison of the relative impact of various health care 

programs.  Generic measures may, however be less responsive to changes in specific 

conditions.  Generic measures are further categorized into health profiles and utility 

measures (Cramer and Spilker, 1998).  Health profiles refer to instruments in which the 

dimensions are not aggregated.  Items within a dimension as well as the dimension itself 

are given equal weight.  On the other hand, utility 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 utility elicitation techniques and HRQoL is 

summarized as a single utility-based score.      

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.  These 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 choice of an HRQoL measure depends on a variety of factors including 

conceptual and methodological issues.  The selection of the HRQoL instrument from the 

pool of potential measures is based on an evaluation of each instrument’s psychometric 

characteristics.  In general, a combination of generic and disease-specific instruments is 

used depending on the objective of the study.  In addition, careful thought must also be 

given to the mode of administration.  
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II. Visual Analog Scales  

 

Description 

 

 

Visual analog scales (VAS) are a type of rating scale that have a long history in 

psychometric research and in the measurement of health.  The VAS began to appear in 

the literature with increasing frequency in the 1960s.  Although originally conceptualized 

as a method to be used for the evaluation of individuals by raters, the use was extended to 

the rating of subjective phenomena by individuals experiencing the phenomena of 

interest (Wewers and Lowe, 1990).  The VAS has been used to measure a variety of 

subjective phenomena including mood, anxiety, alertness, craving for cigarettes, quality 

of sleep, functional abilities, nausea, fatigue, dyspnea and pain.  In recent years, the 

visual analog scale has been incorporated in HRQoL instruments such as the EQ-5D in 

order to measure general health status.  They have been used commonly as a means to 

measure both individuals’ rating of their own health and their preference for other, 

hypothetical health states.   

It is usually depicted as a straight line of specified length with verbal descriptors 

at each end.  The VAS has traditionally been used as a horizontally oriented scale, 

generally 100mm (or 10 cm) in length without markings and with the endpoints being 

anchored by a word or short phrase to indicate the extremes of the variable being 

measured (Gift, 1989).  While there is no clear scientific reason for this standard length, 

there is historical precedent (Freyd, 1923) and this length allows for easy quantitative 

reading.  There have however, been numerous variations to this approach including 
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modifying the length of the line, altering the labels at the ends of the line, addition of 

scale marking which may or may not have numeric/verbal descriptors and/or changing 

the orientation of the scale.   

A VAS which has verbal descriptors (e.g., mild, moderate, severe) placed at 

intervals along the line is known as a graphic rating scale (GRS) whereas in numeric 

rating scales, the VAS is calibrated with numbers ranging from 1 to 20.  The low end of 

the scale is to the left in a horizontally oriented scale and at the bottom of a vertically 

oriented scale.  Subjects respond to the VAS by placing a mark on the line, between the 

two extremes, at a point that best represents their current perception of a given 

phenomenon.  The scale is scored by measuring the distance from the low end of the 

scale to the subject’s mark, on a predetermined measurement interval.  The most 

commonly chosen interval is millimeters with a 10 centimeter line, producing a 100-point 

scale.  The VAS has been used in a manner comparable to a Likert scale, with numbers 

replacing verbal descriptors. It has also been used to derive preference weights, as an 

alternative to methods such as paired comparisons, time-trade off (TTO) and standard 

gamble (SG).   

 

Characteristics of VAS and Issues Regarding its Use 

 

A VAS, because of the apparent simplicity of the technique and its adaptability to 

a wide range of research settings, is an attractive measurement options.  The VAS is 

simple and quick to construct, easy to administer and score, relatively simple to 

understand and lends itself to self-completion thereby making it appropriate for a variety 
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of subjects (Little and McPhail, 1973; Luria, 1975; Morrison, 1983; Rampling and 

Williams, 1977).  Those with sight impairment, such as dilated pupils, can see it easily, 

especially if the anchors are printed with large type.  In some cases, the anchors can also 

be read to the subject.  Even in cases where patients have been medicated for pain, they 

have demonstrated sufficient manual dexterity required to use a VAS (Revill et al., 1976).  

Proponents of the VAS have also claimed that it is suitable for frequent and repeated use, 

requires little motivation for completion by subjects and is suitable for use by untrained 

staff (Folstein and Luria, 1973; Rampling and Williams, 1977).  Visual analog scales also 

have very low usage of words and therefore the vocabulary level of the respondents is not 

a very important consideration.   

Although ease of use is a frequently cited advantage, Carlsson (1983) questioned 

this assumption pointing out that the VAS requires an ability to transform a complex 

subjective experience into a visual-spatial display, involving perceptual judgment and 

accuracy.  Some people find it difficult to comprehend the idea of converting a subjective 

sensation to a straight line.  Huskisson (1974) found that seven percent of subjects were 

unable to use the VAS after a single explanation as compared to only three percent of 

subjects who needed more than one explanation to use a graphic rating scale.  

Researchers have attempted to overcome this limitation by either teaching subjects to use 

the scale or by providing detailed written instructions at the top of the scale (Guyatt et al., 

1987).   

Kremer and colleagues (1981) reported failure rates of 11% and claimed that the 

completion of the VAS is difficult for many patients in spite of careful instructions and 
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practice, diminishing the validity of the method.  Age and the loss of ability to think 

abstractly, mental disorganization and confusion, and perceptual skills and memory have 

all been suggested as factors which may contribute to respondent error (Carlsson, 1983; 

Hornblow and Kidson, 1976; Kremer et al., 1981).  Hornblow and Kidson (1976) suggest 

that the ability to use the VAS for assessment of anxiety as a continuum decreases as the 

psychiatric symptoms of subjects become more severe.  In contrast, Carlsson (1983) 

explored the impact of learning, memory and perceptual judgment on the reliability and 

validity of the VAS and found no relationship between these variables and the subject’s 

ability to make reliable pain assessments on the VAS.  It has also been recommended to 

present VAS in a horizontal rather than a vertical format, as Scott and Huskisson (1976) 

found a seven percent failure rate for the vertical VAS, which was reduced by changing 

to the horizontal mode.   

Other pragmatic concerns include accurate reproduction of the instrument itself.  

For example, when visual analog scales are administered via paper format, distortion to 

the scales has been reported during photocopying (Lorig, 1983).  Some machines have 

been known to decrease its size while others, after warming, increase its size; therefore, 

printing is recommended.  Similarly, the angle at which the subject views the VAS may 

alter placement of the mark due to perceived variations in the length of the line.  This 

may be particularly true for hospitalized patients who complete a VAS in bed.  The VAS 

has been primarily designed to be used with a seated subject marking the scale, but not all 

subjects may be able to use the scale in this manner.  It remains to be determined whether 

using the scale in the supine position influences the results obtained (Gift, 1989).  



 
 

 

34 

Additionally, other perceptual/motor issues include the effects of medications on 

comprehension, eye-hand coordination, and other limitations caused by the subject’s 

clinical status and/or treatment (Wewers and Lowe, 1990).    

 The VAS provides a continuous scale for magnitude estimation and subjects who 

perceive their ratings to fall between categories (i.e., those specified in a Likert scale or a 

graphic rating scale) prefer the continuous nature of the VAS (Aitken, 1969).  End 

aversion is a well-known measurement bias that affects scales scored on a continuum 

such as visual analog scales.  It refers to the reluctance of some respondents to use the 

extreme categories of a category scale or to use the portion of the scale near the ends of a 

continuous scale (Torrance et al., 2001). 

On the VAS, the anchors usually represent the extremes of the characteristic 

under study but in many cases, researchers do not agree on what constitutes the extremes.  

Even when the continuum of the characteristic has been agreed upon, the exact wording 

of the anchors is a source of considerable debate.  For example, “no pain” is easily 

understood by subjects, whereas “pain as bad as it can be” has no absolute value and 

could be argued to be immeasurable.  Therefore, any mark along the line between these 

two extremes is totally dependent upon the subject’s unique interpretation of the maximal 

value and based on the subject’s experience to date.  This can be problematic particularly 

in repeated measures design, where intra-subject differences on repeated observations 

may reflect subjective changes in the perceived range of the phenomena represented by 

the VAS rather than “real” differences between the experience of the phenomena at given 
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observation points.  In other words, the metric of the VAS for the individual subject has 

changed due to the experience (Wewers and Lowe, 1990).   

 While most visual analog scales described in the literature are single-item scales, 

a number of multi-item visual analog scale-based measures have also been developed.  

Some of these measures have been used in exploratory research to define and weight 

relevant variables and to explore relationships between different dimensions of subjective 

experience (McCormack et al., 1988).  Well-known examples of this approach include 

the use of two visual analog scales to capture the intensity and distress dimensions of 

pain and Padilla’s multidimensional measure of quality of life (Padilla et al., 1983).  In 

some cases, this can be problematic.  When multiple horizontal scales have been used, 

subjects had a tendency to mark all the scales down the middle.  Also, since the 

dimensions may have shared variances, it can impact statistical tests (Cella and Perry, 

1986).   

 

 

Psychometric Properties of the VAS 

 

Validity 

 

Validity for the VAS has been established in a variety of studies, the majority of 

which have focused on visual analog scales developed to measure mood or pain.  

Examinations have included assessment of construct, discriminant and criterion-related 

validity.  However, the majority of investigators who have evaluated the VAS have 

utilized a criterion-related approach.  In most of the studies, an established instrument 
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was used as the criterion.  The McGill pain questionnaire has been used to establish the 

validity of the VAS as a measure of pain, while the Beck Depression Inventory and the 

depression scale of the Symptom Checklist-90 have been used to establish its validity as a 

measure of depression (Davies et al., 1975; Melzack, 1975).  Several other correlation 

studies have also been reported in the literature 

Some studies tested the ability of the VAS to discriminate between subject groups 

based on objective criteria, as a means of validating the VAS.  Gift et al. (1986) 

established the validity of the VAS as a measure of dyspnea by examining the degree of 

airway obstruction in patients with obstructive lung disease.  The study found the VAS to 

have good discriminant validity.  Similar results were also obtained when comparing 

non-patient volunteers with oncology in-patients receiving chemotherapy (Padilla et al., 

1983).  Joyce et al. (1975) found that VAS-based pain scores differentiated between 

responses to two analgesics, and between high and low doses of each of the drugs.  Price 

et al. (1983) also reported the validity of a VAS for pain when used to discriminate 

different intensities of experimentally induced pain.  Robinson et al (1975) used measures 

of food intake to validate a VAS for hunger for use with both normal and psychiatric 

patient populations.  High correlations have been reported between the VAS and verbal/ 

numerical rating scales and 4-point scales (Ohnhaus and Adler, 1975; Scott and 

Huskisson, 1976; Woodforde and Merskey, 1972; Downie et al., 1978;  Elton et al., 1979; 

Kremer et al., 1981). 
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Reliability 

 

The reliability of a linear analog as a method of assessment depends, first, upon 

visual and motor co-ordination, that is, the ability of the patient to place a mark where he 

or she intends to put it.  Second, there is a presumption that the same rating will be given 

for the same perception of health status on more than one occasion.  Using the test-retest 

method, subjects have been shown to be reliably reporting measures of subjective 

sensation (Brazier et al., 1999; Luria, 1975).   

The time interval between initial testing and the retest has shown to have an 

impact on reliability estimates.  Ratings that were repeated after an hour had higher 

reliability than those repeated after two weeks (Carlsson, 1983; Padilla et al., 1983).  

Test-retest reliability has been assessed for the VAS on the basis of scores obtained at a 

variety of intervals, including six months apart, three weeks apart, and two hours apart 

(Hornblow and Kidson, 1976; Luria, 1975; Morrison, 1983). The studies that did 

recognize the continuously changing quality of subjective experience employed 

experimental designs that attempted to maintain the relevant subjective experience at a 

constant level during the test-retest procedure (Robinson et al., 1975).  Revill et al. (1976) 

evaluated the reliability of a VAS for pain, designed to measure pain in childbirth, by 

recording repeated measures of feelings about remembered events.  There were very high 

correlations between initial rating and the 5 minute repeat rating (r = 0.95) and 24 hour 

repeat rating (r= 0.97).  There are several other factors that influence the reproducibility 

of the VAS including the length of the VAS line.  Revill et al. (1976) reported that the 

VAS for measuring pain with 10, 15 and 20 cm lines demonstrated significantly lower 
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variability than a 5 cm line.  The smallest line length, 5cm, had the largest error and the 

authors recommended using one of the other lengths (i.e., 10, 15 or 20 cm).  Another 

factor found to influence the reproducibility of the VAS is the intensity of the sensation 

being experienced.  Dixon and Bird (1981) investigated a vertical 10 cm VAS and noted 

that the reproducibility was found to be variable along its length.  Subjects were found to 

be better able to reproduce marks along the extremes or in the center of the scale, while 

the region +/- 2 cm of the midpoint was the least reproducible.   

In a study to compare vertical and horizontal VAS for the measurement of chronic 

pain, no significant difference was identified between the distributions of scores on the 

two scales although scores on the horizontal VAS tended to be slightly lower. The 

horizontal VAS also produced less variability and more closely approximated a normal 

distribution (Scott and Huskisson, 1976; Sriwatanakul et al., 1983).  In addition, subjects 

have expressed preferences for horizontal as compared to vertical scales (Sriwatanakul et 

al., 1983).  Inter-rater reliability estimates have also been reported when the VAS has 

been used by more than one rater (Little and McPhail, 1973).  Several studies have 

compared scores on patient-rated and physician-rated visual analog scales for depression 

to establish inter-rater reliability (Little and McPhail, 1973; Malpas et al., 1974).   

 

Sensitivity 

 

In addition to reliability and validity, the sensitivity of a scale (i.e., discriminating 

capacity) is an important consideration in measurement.  Small increments of change in 

phenomena have been demonstrated with the VAS in several studies (Miller and Ferris, 
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1993).  The VAS has been found to be a more sensitive measure of subjective sensations 

than a graphic rating scale or a four-point rating scale (Joyce et al., 1975; Ohnhaus and 

Adler, 1975; Scott and Huskisson, 1976).  Some studies have indicated that the vertically 

oriented VAS is more sensitive, produces higher scores, and is easier for subjects to use 

than the horizontal scale (Scott and Huskisson, 1979; Gift et al., 1986; Sriwatanakul et 

al., 1983).  The use of gradations on the scale has been shown to reduce its sensitivity, a 

situation that could be clinically significant for some phenomena (Gift, 1989).  When 

numbers or verbal labels are used to define intermediate points, it results in clustering of 

scores around a preferred digit or around the verbal descriptors (Aitken, 1969; Huskisson, 

1974; Scott and Huskisson, 1976).   

 Ceiling effects have been reported on the VAS in some subjects when measuring 

change over time (Little and McPhail, 1973).  Little and McPhail (1973) noted that on 

several occasions while using a VAS for depression as a repeated measure, they found 

that patients scored the VAS at the maximum level of depression before the completion 

of the study, thus leaving themselves no room to record a higher score should their mood 

worsen.  This issue was addressed in a study by Borg (1982) in which the upper end of 

the scale was opened and subjects were allowed to indicate amounts higher than the 

maximum.    

 

Analysis of VAS Data 

 

The choice of statistical procedures for use with the visual analog scales is 

influenced by whether the VAS is treated as an ordinal, interval or ratio scale.  There is 
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no disagreement in the literature as to whether the VAS provides ordinal scores that can 

be ranked and analyzed using non-parametric, rank based methods (McCormack et al., 

1988).  However, for the most part VAS scores have usually been treated as interval level 

data.  The arguments advanced in favor of treating VAS scores as interval level data 

suitable for group comparisons are, first, that the assumptions underlying the acceptance 

of VAS as interval scales are shared with many of the accepted forms of psychological 

measurement and, second, when used in this manner they are able to discriminate 

between groups in the expected direction and to provide replicable results (McCormack 

et al., 1988).   

A few studies conducted by Price and colleagues (1983b, 1987, 1994) have 

claimed that the VAS in addition to being a valid and reliable measure yields numerical 

values on a ratio scale.  The authors demonstrated that the stimulus-response function 

derived from using a VAS was well described by a power function and this power 

function was consistent with separate judgments of ratios of pain intensity.  Both of these 

separate but interrelated results served as evidence that visual analog scales have ratio 

scale properties.  In recent years, Ludington and Dexter (1998) have suggested that VAS 

scores are ratio data, where zero represents a true absence of the phenomena of interest 

and that the scale has linear scale properties.  Myles and colleagues (1999) provided 

additional support for the ratio scale properties of the VAS in post-operative patients with 

mild to moderate pain.   

The choice of statistical test to analyze VAS data depends largely on the 

distributional assumptions about the data.  Nonparametric approaches based on the rank 
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order of data have an advantage. They do not incorrectly suggest that a difference exists 

among groups more often than specified by the nominal false-positive or type 1 error 

rate, regardless of whether the statistical distribution of the VAS measurement is normal 

or not (Dexter and Chestnut, 1995).  Scott and Huskisson (1976) have recommended that 

nonparametric methods be used to analyze VAS measurements.  Scores obtained with the 

VAS have been shown to be skewed (Aitken, 1969).  A variety of techniques have been 

used to correct this, however, scores obtained with or without transformation show no 

differences in sensitivity or results obtained.   

On the other hand, parametric procedures that assume that VAS measurements 

follow a normal distribution also have an advantage.  If the distribution of the data were 

normal, the tests would have the highest power (i.e., ability) to detect differences among 

groups. However, even if the distribution were not normal, parametric tests usually give 

false-positive rates that are close to the nominal value (Fleiss, 1986).  Therefore, Philip 

(1990) recommended that parametric statistics be used to analyze VAS data.  Aitken 

(1969) recommended using parametric methods with VAS scores only after the data had 

been transformed to achieve a normal distribution.  In a literature review of papers that 

analyzed VAS measurements in anesthesia, 54% of the studies used a nonparametric test 

(Mann-Whitney or Kruskal-Wallis), and 34% used a parametric test (t-test or ANOVA) 

(Mantha et al., 1993).   

Dexter and Chestnut (1995) in a study examining the choice of statistical tests to 

compare VAS measurements found that no statistical test, either parametric or 

nonparametric incorrectly suggested that a difference existed among groups, when there 
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was no difference, more often than the expected rate.  The authors concluded that 

parametric tests without transformation were good choices to compare VAS 

measurements among groups since parametric methods, when compared to 

nonparametric tests, have greater power and more theory to guide experimental design 

and post hoc analysis.  

 

III. The Development and Use of the EQ-5D 

 

Background 

 

In 1987, the EuroQol Group first met to determine the feasibility of jointly 

developing a standardized non-disease-specific instrument for describing and valuing 

health-related quality of life.  The purpose was to develop an instrument that would 

complement other forms of quality of life measurement and would facilitate the 

collection of a common data set for reference purposes. The EuroQol Group has a global 

focus, hence of importance to the group was the capacity to generate cross-national 

comparisons of health state valuations (Brooks, 1996). 

 The EQ-5D instrument has been in the public domain since 1990 and is one of a 

small number of available generic index measures. Empirical work using the original six-

dimensional format has been published in a number of countries.  However, as a 

consequence of further development work, in 1991, the instrument was modified to a 

standard five-dimensional format.  It has been cross-culturally translated for use in a 

variety of populations.   
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The EQ-5D Instrument 

 

The EQ-5D is a generic HRQoL instrument and was designed for self-completion 

by the respondent.  It consists of two main parts: a health status descriptive system and a 

visual analog scale (EQ-VAS).  The descriptive system records self-reported problems on 

each of five domains: mobility, self-care, usual activities, pain/discomfort, and 

anxiety/depression.  These dimensions/domains were selected following a detailed 

examination of the descriptive content of other existing health status measures including 

the Quality of Well-Being Scale, Sickness Impact Profile, Nottingham Health Profile, and 

the Rosser Index (The EuroQol Group, 1990).  For each domain there are three response 

levels corresponding to no problems, moderate problems, and extreme problems. The 

resultant descriptive system is presented in Table 2.1.   

Data from the EQ-5D descriptive system can be presented in two distinct forms.  

Raw scores on the five domains can be used in combination (as a health profile) and 

defined by a five-digit descriptor.  For example, state 21132 would indicate some 

problems with mobility, no problems with self-care or usual activities, extreme pain or 

discomfort, and moderate anxiety or depression (Rabin et al., 2001).  Theoretically, the 

design of the descriptive system identifies as many as 243 (35) unique health states, 

although a small number of these health states are not plausible in reality. This 

information is primarily used for descriptive purposes in clinical studies (Dolan, 1997). 

Another way to present the data is in the form of a health index, which on a scale 

where 0 is equal to death and 1 equals full health.  Scoring methods have been developed 

to assign a preference value or weight to each health state generated by the descriptive 
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system (Dolan et al., 1996; Dolan and Roberts, 2002).  These preference weights have 

been obtained in a number of countries using either VAS or time trade off (TTO) 

preference-elicitation methods, generally from samples from the general population 

(Dolan, 1997).  Preference-based EQ-5D scores can be used to calculate quality-adjusted 

life-years (QALYs) for cost-utility analysis of health interventions (Drummond et al., 

1997).   
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Table 2.1: EQ-5D Descriptive System  

 

By placing a check mark in one box in each group below, please indicate which 

statements best describe your own health state today. 

 

Mobility 

I have no problems in walking about � 

I have some problems in walking about � 

I am confined to bed � 

 

Self-Care 

I have no problems with self-care � 

I have some problems washing or dressing myself � 

I am unable to wash or dress myself � 

 

Usual Activities (e.g. work, study, housework, family or 

leisure activities) 

I have no problems with performing my usual activities � 

I have some problems with performing my usual activities � 

I am unable to perform my usual activities � 

 

Pain/Discomfort 

I have no pain or discomfort � 

I have moderate pain or discomfort � 

I have extreme pain or discomfort � 

 

Anxiety/Depression 

I am not anxious or depressed � 

I am moderately anxious or depressed � 

I am extremely anxious or depressed � 

 

The second part of the EQ-5D instrument is the visual analog scale (EQ-VAS).  

The EQ-VAS is a vertical, graduated (0–100 points) 20 cm 'thermometer', with 100 at the 
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top representing 'best imaginable health state' and 0 at the bottom representing 'worst 

imaginable health state.'  The VAS approach was chosen due to its relative simplicity for 

scaling purposes and it is intended to be a generic measure with interval scale properties.  

The EQ-VAS allows respondents to rate their health on the day of administration of the 

instrument (Brooks, 1996; Rabin and de Charro, 2001). The visual analog scale score can 

be interpreted directly as a quantitative measure of the patient’s valuation of their own 

general health status (Hurst et al. 1997).  The EQ-VAS score can be used as a measure of 

clinical outcome, using individual respondent’s own judgment (Gudex et al., 1996)   

 

Use of the EQ-5D 

 

 As noted before, the EQ-5D instrument is generic or general. It is not aimed at 

one particular disease or treatment but rather designed for use across a wide range of 

health interventions.  The EQ-5D instrument provides a convenient way of collecting 

data about a respondent’s own rating of his or her current health status.  The descriptive 

system can be used as a profile, and allows for comparisons in a cross-sectional study 

with other patients or the general population.  It can also be used to examine the health of 

a cohort of individuals over time with or without a health care intervention as part of a 

longitudinal study.  Also, the self-rated health status information based on EQ-VAS 

scores can be used longitudinally to compare changes in health status of an individual 

patient or groups of patients.  The EQ-5D instrument can be used to generate a tariff of 

individual or social valuations of health states.  Using preferences elicited from the 

general population, a value can be assigned to any classified health state and then (with or 
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without combining life years) used for comparison among individuals or groups.  The 

descriptive information and/or the assigned valuations can be analyzed by demographic 

variables such as age, sex, or education.   

 

Measurement Properties of the EQ-5D 

 

Validity  

 

 The construct validity of the EQ-5D has been tested by examining the correlation 

between the EQ-5D and other established general health status and condition-specific 

instruments.  Brazier et al. (1993) compared the EQ-5D instrument with the SF-36 and 

found abroad ordinal agreement between the two measures.  Both sections of the EQ-5D 

have demonstrated moderate correlations with each other (r = 0.64) and with the physical 

functioning component score of the SF-12 (r= 0.65).  These relationships are as expected 

since the majority of the EQ-5D is concerned with physical health.  Small to moderate 

correlations have been observed for the EQ-5D index score (r = 0.54) and EQ-VAS (r = 

0.44) with the mental component score of the SF-12 (Haywood et al., 2002a).   

 In a study of rheumatoid arthritis patients aimed at-testing the construct validity of 

the EQ-5D, Hurst et al. (1994) concluded that the EQ-5D is simple to use, showed 

clinically relevant correlations with other condition-specific instruments, and seems to 

measure both the current clinical symptoms of rheumatoid arthritis patients and changes 

in some of these symptoms over time.  Johnson and Coons (1998) provided evidence for 

the convergent and discriminant validity of the EQ-5D by examining the relationship 
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between EQ-5D scores and SF-12 component scores.  Relationships between the EQ-5D 

dimensions and the PCS-12 and MCS-12 were 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.  Wu et al (2002) examined the 

validity of the EQ-5D in a sample of subjects with advanced HIV disease.  Each 

dimension of the EQ-5D was most highly correlated with the similar dimension measured 

concurrently using the MOS-HIV, which provides evidence for construct validity.  All 

the hypothesized relationships of at least moderate correlations (0.3-0.6) between EQ-5D 

items and MOS-HIV scales were generally confirmed (Wu et al., 2002a).   

 The validity of the EQ-5D has also been examined in relationship to severity of 

illness and measures of socioeconomic status (Badia et al., 1996; Essink-Bot et al., 1995; 

Hurst et al., 1994; Richards and Irving, 1997).  When EQ-5D items have been analyzed 

independently, they have been shown to discriminate between patients with and without 

disease (Essink-Bot et al., 1997).  The EQ-5D index score has demonstrated predicted 

relationships with functional class and socioeconomic status with higher values being 

associated with higher functional class, employment, higher socioeconomic status and 

greater independence (Hurst et al., 1994).  Respondents with higher levels of education 

and household income have been found to report better health (Brazier et al., 1993).  

Patients with significant chronic health problems report poorer health status than subjects 

without, at least in the functional dimensions.  Higher scores on the EQ-VAS have been 

significantly associated with living independently or being employed.  Compared with 
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those unable to work due to ill health, patients in work have significantly better levels of 

health on the EQ-5D (Haywood et al., 2002b). 

 

Reliability 

 

 When assessing the performance of a measure, it is important to know the extent 

to which any change reflected by the measure is due to ‘real’ change and not just due to 

measurement error.  This characteristic was assessed by calculating test-retest reliability 

estimates, which measure the consistency of the instrument over time.  It refers to the 

ability of the measuring instrument to produce the same result on two or more occasions, 

assuming that the characteristic under study has remained unchanged.  The time interval 

is one of the most important considerations when assessing the test-retest reliability of a 

measure.  If the interval is too short, respondents may remember what they answered on 

the first occasion, while if it is too long, the characteristic that is being measured might 

have changed.   

 The test-retest reliability is summarized by calculating a reliability coefficient, 

which estimates the proportion of total variance in the scores that is due to ‘true’ 

variance.  The reliability coefficient ranges from 0 to 1.0, where 0 indicates no reliability 

and 1.0 indicates perfect reliability (no measurement error).  There are a number of 

methods to calculate such coefficients but the intraclass correlation coefficient (ICC) is 

usually considered the most appropriate for continuous data and the Cohen’s kappa or 

weighted kappa coefficient is considered best for nominal data (Cohen, 1960; Cohen, 

1968; Fleiss and Cohen, 1973).     
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 The test-retest performance (reliability and responsiveness) of the EQ-5D 

descriptive system and EQ-VAS has been examined in both the general population as 

well as in clinical samples.  The same group of individuals are administered the EQ-5D 

on two occasions separated by a time period.  In the 1993 MVH survey, a representative 

sample of 221 individuals completed the EQ-5D on two occasions, three months apart 

(Dolan, 1994).  In terms of reliability, on the EQ-5D descriptive system, the mobility 

dimension was the most reliable (kappa coefficient = 0.75 [SE = 0.06]) and the pain 

dimension was the least reliable (kappa coefficient = 0.57 [SE = 0.07]).  Eighty-four 

individuals (38% of the sample) changed their response on at least 1 dimension between 

time 1 and time 2, with 132 changes in total.  The majority of cases who changed 

reported improved health at time 2 (61%) and also only changed on 1 dimension (63%).  

No individuals changed on all five dimensions.  On the EQ-VAS, the mean score 

improved from 81.2 (SD = 17) to 83.8 (SD =17).  Seventy-six percent of the sample 

showed a change in their EQ-VAS score; 50% of cases improved and 26% of cases 

worsened.  Most of the changes were within ± 10 points.  The EQ-VAS showed good 

reliability with an ICC of 0.84 (95% CI = 0.65 – 0.78).   High reliability was associated 

with better self-rated health status.   

Hurst et al (1997) analyzed the performance of the EQ-5D in terms of its validity, 

responsiveness and test-retest reliability in a sample of 224 out-patients with rheumatoid 

arthritis.  The participants completed the EQ-5D at two time points, 3 months apart.  A 

sub-sample also completed the EQ-5D again over a shorter time period of two weeks.  

With respect to test-retest reliability, the EQ-5D performed less well for this clinical 
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sample than it had for the general population sample.  Reliability estimates were based on 

participants who reported no change in their arthritis condition over both the three month 

and two week period.  Over the three month test period, the study reported reliability 

estimates of 0.73 (95% CI = 0.63-0.83) for the EQ-5D index score and 0.70 (95% CI = 

0.60-0.80) for the EQ-VAS.  When tested over two weeks, reliability estimates were 

slightly better.  The authors reported ICCs of 0.78 (95% CI = 0.60-0.96) for the EQ-5D 

index score and 0.85 (95% CI = 0.67-1.03) for the EQ-VAS.  Haywood et al (2002) 

assessed test-retest reliability estimates of the EQ-5D for those patients indicating that 

their general health had remained the same at two weeks on a general health transition 

question.  The intraclass correlation coefficients were 0.80 (95% CI = 0.74-0.85) for the 

EQ-VAS and 0.83 (95% CI = 0.78-0.87) for the EQ-5D index score (Haywood et al., 

2002a).   

  

Sensitivity 

 
 In addition to reporting the reliability, the responsiveness of a health measure (i.e., 

the ability to detect important clinical changes over time) is also an important 

characteristic (Deyo et al., 1991).  The EQ-5D index, EQ-VAS and individual items have 

been shown to be responsive to changes in health (Badia et al., 1996; James et al., 1996). 

In the study by Hurst et al. (1997), patient self-reports as to whether their arthritis 

improved, worsened or remained unchanged over the three month test-retest period was 

used as the external criterion of change against which to examine the responsiveness of 

the EQ-5D.  Regression models confirmed that change in the EQ-5D index score was 
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predicted by change in disability, mood, pain, patient-assessed disease activity and self-

reported drug side-effects, providing evidence that the EQ-5D is measuring clinically 

relevant change.  Also, patients who reported that their arthritis had changed (positively 

or negatively) experienced significant changes in their EQ-VAS scores compared to those 

who said their arthritis was unchanged.  Furthermore, the EQ-VAS seemed more 

responsive in patients who reported that their arthritis had improved than those who 

reported that it had worsened.  Overall, the data suggested that both the EQ-5D index 

score and the EQ-VAS had good responsiveness to self-reported improvements in 

rheumatoid arthritis.   

 Other studies have also provided evidence for the responsiveness of the EQ-5D to 

changes in general health (Haywood et al., 2002b).  However, the sensitivity of the EQ-

5D might be hampered due to certain limitations.  The EQ-5D dimensions have only 

three response categories/levels and are consequently prone to a considerable ceiling 

effect.  Studies have reported considerably higher (> 85%) ceiling effects for the EQ-5D 

instrument compared to that (37% to 72%) for the SF-36 (Brazier et al., 1993; Johnson 

and Coons, 1998; Norum et al., 1996).  The EQ-VAS on the other hand has a greater 

number of possible responses and is slightly more sensitive to change (Wu et al., 2002b).  

Therefore, the EQ-5D has been suggested to be more suitable for measuring the health of 

populations with more morbidity, where the distribution of the total score would be less 

skewed (Brazier et al., 1993; Johnson and Coons, 1998).   
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IV. Modes of Administration of HRQoL Measures 

 
The primary sources of HRQoL information are standardized questionnaires that 

usually rely on patient self-report.  Standardized questionnaires provide valid and 

reproducible data, and are comparatively inexpensive.  HRQoL instruments may be 

administered by an interviewer either face-to-face or via the telephone or self-

administered.  Each method has its own advantages and disadvantages.  The former 

method is resource intensive but optimizes compliance and minimizes errors and missing 

items.  On the other hand, self-administered questionnaires enable uniform administration 

and unbiased scoring and quantification of data in a cost-effective fashion.  Self-

administered instruments can, in turn, be either paper-based or computerized.   

 

Electronic Forms of Data Capture (EDC) 

 

The advent of the microcomputer in the 1960s inspired psychologists and medical 

practitioners to explore the possibility of using computer-assisted patient interviews 

(Maultsby and Slack, 1971; Slack et al., 1966, 1967; Slack and Van Cura, 1968; Van 

Cura et al., 1971).  HRQoL data have traditionally been collected using paper-based 

questionnaires and the data is then entered manually into a computer database for 

analysis.  But, in the past 20 years, methods of testing and data capture in the health care 

industry have experienced vast changes.  Computer technology and its application to 

patient care has been gaining attention within the medical community.  The enormous 

advances of the last two decades with respect to computing power, innovations in mass 
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storage of data, development of data analysis software and wireless communications have 

all combined to make routine use of computers in the health care industry inevitable.  In 

spite of this, the health-care industry was relatively slower to adopt and incorporate 

computerized information technology effectively into the work environment.  

Researchers and practitioners alike have broken away from traditional data collection 

techniques, involving paper-based tests and surveys, and have begun using computerized 

methods to collect data.  Computers have also been introduced into a number of clinical 

settings.  They have been used for patients to self-report history of alcohol, drug and 

tobacco use in addiction treatment centers, for preventive health screening in general 

practitioners’ offices, reporting of cancer needs and quality of life in oncology settings, 

and providing information on prenatal tests (Skinner and Allen, 1983; Campbell et al., 

1997; Buxton et al., 1998a; Graham et al., 2000).  One of the more frequently reported 

applications of computer technology in direct patient care is in the presentation of 

HRQoL questionnaires (Skinner and Allen, 1983; Newell et al., 1997).  

Electronic data capture is being used in clinical trials and may soon become the 

standard because it represents a reliable, high-quality and cost-effective tool for capturing 

HRQoL data.  Portable electronic devices have been developed that allow patients to self-

report clinical and HRQoL data using validated instruments delivered on notebook 

computers.  It is essential that the electronic device be suitable for use by a wide range of 

patients including those who are older, have significant disability, or who have no 

computer experience.  An example of one such design is a touch-screen computer 

monitor fitted with sensors that allow the computer to be manipulated by the touch of a 
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finger rather than a keyboard or mouse.  Touch-screens are one of the most user-friendly 

interfaces to use, making it the system of choice for a wide variety of applications.  They 

can be less intimidating and easier to use than other input devices, especially for novice 

users.   

Not only do these devices eliminate the usual steps of abstracting patient 

interview data or computerizing marked responses, but the interface also permits 

customized, confidential, and private assistance in completely answering queries.  

HRQoL questionnaires have been converted to an electronic format, allowing the patient 

to answer questions using the touch-screen rather than the traditional paper-based 

methods. The computer is able to calculate scores and immediately produce a report.   

 

Advantages and Disadvantages of EDC 

 

Electronic data collection for self-reported questionnaires completed by patients 

has many potential advantages.  Convenience, efficiency, ease of scoring and analyzing 

responses, decreased administration costs, decreased errors, fewer missing responses, and 

increased versatility of question presentation are just a few of the advantages cited in the 

literature. Electronic data collection can enhance completion rates and decrease the level 

of item non-response.  This is particularly valuable in the case of HRQoL questionnaires 

where data analysis with missing information can be challenging and problematic.   

Several studies have been conducted to examine the benefits of moving from 

paper-based questionnaires to electronic data capture.  Drummond and colleagues (1995) 

compared completion of a paper-based quality of life questionnaire with a computer 
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version and found that the data collected electronically were more complete and easier to 

handle.  Hanscom et al (2002) reported that the overall missing rate for the computer-

based questionnaires was approximately half the missing value rate for paper-based  

questionnaires.  Patients using paper questionnaires may skip questions because of small 

font size and/or other format issues whereas in most cases, computer-based 

questionnaires are presented in a sizable font, with large, clearly delineated buttons for 

each response, making questions easier to read for patients with visual impairments.  

Also, some authors assert that displaying questions one at a time on a computer screen, as 

opposed to printing numerous questions on a single page of paper, allows respondents to 

focus more easily on individual questions and reduces the chance that they might skip 

items or become confused (Honaker and Robbins, 1988).   

Another advantage of collecting data electronically is the speedier handling of 

data.  It eliminates the need for the labor-intensive and error-prone process of manually 

entering primary data into an electronic database.  The data is electronically transferred 

and stored in a database for statistical analysis.  This allows for faster time to analysis and 

data integrity is also enhanced.  In addition, on paper questionnaires, respondents can 

easily mark more than one response to a question, or make a mark halfway between two 

response options, which can be misinterpreted by data entry technicians or recorded as 

missing.  Using computerized questionnaires, the respondent serves, in effect, as the data 

entry technician, and is forced to mark only one response per question.   

Electronic questionnaires can also be customized and are better suited for 

instruments with skip patterns and branching logic.  An electronic version of a 
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questionnaire can minimize the extent to which responses are questionable or missing by 

restricting the respondent to a single answer and enforcing a response before allowing the 

respondent to proceed to the next question.  Write-in responses can also be eliminated 

(Caro et al., 2001).   

Further, as respondents enter their responses directly into the database, a greater 

degree of anonymity is provided, which elicits more complete responses to sensitive 

questions (Bloom, 1998).  Tourangeau and Smith (1996) found that respondents tended to 

answer in a more “socially desirable way” during face-to-face interviews compared with 

computer-assisted self-administered questionnaires.    

Several studies have shown that it is quicker for patients to complete electronic 

questionnaires as compared to paper-based versions.  Velikova and colleagues (1999) 

found that it took an average of 9.6 minutes for patients to complete paper versions of the 

European Organization for the Research and Treatment of Cancer quality of life 

questionnaire (EORTC QLQ-C30) and Hospital Anxiety and Depression Scale (HADS), 

whereas it took an average of only 8.3 minutes for them to complete the electronic 

version.  Similarly, Taenzer and colleagues (1997) found that a group of 36 women with 

breast cancer took an average of 8.6 minutes to complete an electronic version of the 

EORTC QLQ-C30, whereas it took a reference group an average of 11 minutes to 

complete the paper version.  Significant differences in time to complete have also been 

found for different versions of the SF-36 (Caro et al., 2001).   

Despite these potential advantages, electronic systems also have some 

disadvantages, which require consideration.  The screen size on many electronic devices 
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can be very small and difficult to read.  The smaller devices also require the use of a 

stylus, making data entry potentially more tedious.  A larger screen, similar to the new 

tablet personal computers, that could be manipulated with a touch of a finger would be 

ideal and speed data entry.  In a study by Buxton et al. (1998), respondents had problems 

using the screen due to a lack of appropriate monitor responsiveness to touch.  Wilkie and 

colleagues (2003) observed some difficulties with the touch screen device used in their 

study because of calibration issues.  The device required calibration each time it was 

started and was less sensitive to a user’s touch from an angle different from its calibration 

stage.  This issue presented a difficulty for left versus right-handed users unless the 

screen was recalibrated for a new angle.   

Nyholm et al. (2004) reported problems with battery level, which can be short and 

unpredictable with electronic diaries.  Battery problems can result in sudden loss and 

corruption of data resulting from power loss and software problems.  Although battery 

life can be an issue, some of the newer devices can run for many days on a single charge 

or set of batteries.  If the electronic device being used is attached to a cord, requires a 

fixed table, and/or interferes with the clinical workflow, it can be another source of 

respondent burden.  Wright et al. (2003) reported problems with the computer program 

being corrupted by patients not switching the computers off properly or switching off 

mid-program.  This created error messages, not allowing patients to use the system 

temporarily.  However, the technologies that allow electronic data collection are evolving 

rapidly and the procedures for collecting data are becoming more mobile and easy to use 

in both research and clinical settings.   
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Furthermore, it may not be important or cost effective to use computer-based 

questionnaires in all circumstances.  The initial development costs of computer hardware, 

software and technical support and subsequent costs in terms of maintenance of hardware 

and updating information can be quite high (Allenby et al., 2002).  The cost effectiveness 

of implementing a computerized survey depends on a variety of factors, including 

number of subjects, project scale, and system reliability.  The added gains in data quality 

may not be sufficient to justify investing in a computer and an electronic questionnaire 

for a small study.  However, a computer-based questionnaire intended for a large-scale 

clinical trial may be cost effective and offer substantial data quality and data management 

advantages.  Despite the initial high cost of computer equipment and programming time, 

routine collection of data using electronic methods has proved to less expensive in the 

long term (Velikova et al., 1999b).  In studies comparing paper-based questionnaires with 

electronic data capture, data collected electronically has been found to be cost-effective 

(Johannes et al., 2000; Kleinman et al., 2001).   

 

Acceptability and Feasibility of EDC 

 

A few studies have been conducted that have evaluated the acceptability of 

computerized technology to collect HRQoL data (Allenby et al., 2002; Wilkie et al., 

2003; Mullen et al., 2004).  Concern has been expressed about the feasibility of obtaining 

information via a computer especially from vulnerable populations such as older adults, 

less educated individuals, and persons who are economically disadvantaged.  Hanscom et 

al. (1992) noted that older patients, women, and patients with less than a high school 
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education were more likely to have missing and inconsistent data when it was collected 

via computerized questionnaires.  Allenby et al. (2002) found that factors such as no prior 

computer experience, older age, poorer physical condition and lower educational levels 

increased the time it took for patients to complete the touch screen.  Each increasing 

decade of age was associated with an estimated average 3% increase in the duration of 

time taken to complete the questionnaires.   

However, several studies have revealed a high level of acceptability, even among 

these subgroups.  Contrary to fears of researchers and health care providers, patients do 

not appear intimidated by computers (Kahn, 1993).  Kohlmeier et al .(1997) have shown 

that persons over 65 years of age are willing and able to become computer literate, as 

long as ergonomic adaptations are made.  Yarnold et al. (1996) reported that geriatric 

patients were quite accepting of computer-aided assessment.  Low income participants 

were also able to use a computer-based demonstration program on their own.  In a study 

by Hahn and Cella (2003), feedback was obtained from a diverse group of cancer patients 

regarding the acceptability of a touch-screen technology.  Patients in this study were 

classified as either low (below seventh grade reading comprehension) or high literate and 

fifty-seven percent of the participants had no prior computer experience.  In spite of this, 

nearly all patients (98%) felt the touch-screen was either easy or very easy to use.  

Furthermore, multimedia capabilities of computers and browsers will allow the 

development of audio cues to “read” the questions and allow illiterate patients to 

complete HRQoL instruments, a limitation that traditional paper versions of 

questionnaires will never overcome (Hahn and Cella, 2004).  Touch-screen computer 
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education has been especially effective when used to collect sensitive, private, anxiety-

provoking or embarrassing information (Kahn, 1993).   

Buxton et al. (1998) analyzed questionnaire responses of patients who completed 

the EORTC QLQ-C30 using a computerized program with a touch-sensitive video 

monitor (TSVM).  The patients undertook a structured interview designed to assess the 

difficulties encountered with this process and the majority of them found all aspects of 

the TSVM system very easy to use, with only two percent ranking the process “somewhat 

difficult.”  There were no unanswered items on the questionnaire and all patients found 

the amount of time spent on answering the questions acceptable.  Also, 96% of the 

patients stated they were willing to complete a similar questionnaire via TSVM on a 

future occasion or visit.   

Furthermore, studies have also been conducted in various patient populations to 

demonstrate the feasibility and acceptability of touch-screen technology for administering 

HRQoL assessments (Taenzer et al., 1996; Newell et al., 1997; Wilkie et al., 2003).  

Several studies have found that patients readily accept and prefer to use electronic diaries 

rather than paper diaries (Drummond et al., 1995; Rabin et al., 1996).  Patients’ age, sex, 

and comfort/familiarity with technology were not associated with their electronic diary 

preference.  In a group of asthma patients, Caro et al. (2001) found that 77% of 

respondents expressed a preference for the electronic implementation of the SF-36 and 

the vast majority (96%) found the electronic version easier to use.  In a cancer pain clinic, 

participants completed a survey that assessed patients' impressions of a computerized 

HRQoL assessment.  The authors concluded that patients found the computerized 
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assessment easy to use, understandable, enjoyable, helpful, and a good use of waiting 

room time (Carlson et al., 2001).  Taenzer and colleagues (1997) reported that the 

patient’s attitudes toward computer surveys improve after they complete a computer-

based questionnaire for the first time.   

As with the introduction of any new technology, there is a learning curve during 

which its limitations become increasingly apparent.  Certain minor changes in 

questionnaire presentation could be associated with differences in results.  The reasons 

for these differences and their significance are still unclear but raise important questions 

about possible interactions between the context of the questions, method of presentation, 

and the cognitive processes used to formulate responses.   

 

 

V. Measurement Equivalence Between Different Modes of Administration 

 
Theoretical Framework for Measurement Equivalence 

 

While the advantages of computerized electronic data capture for HRQoL 

measures are not in question, issues surrounding the measurement properties of this 

alternate administration mode require further examination.  The primary concern that 

arises when a questionnaire is administered via two different modes is that results might 

differ based on the mode.  Therefore, before widespread application of electronic data 

capture methods can be recommended, it is essential to establish that paper-based and 

electronic versions of the questionnaires exhibit measurement equivalence.   
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Measurement equivalence, also referred to as metric equivalence, differs from 

conceptual and psychometric equivalence (Anderson et al., 1996).  Conceptual 

equivalence refers to similarity in meaning of items across language versions of an 

instrument, and aims to ensure that different language versions measure the same 

construct.  Psychometric equivalence refers to similarity in psychometric properties such 

as floor and ceiling effects, reliability and construct validity (Lohr, 2000).  Conceptual 

equivalence and psychometric equivalence are prerequisites for measurement equivalence 

but do not necessarily ensure measurement equivalence.   

For agreement between alternate modes of administration for an instrument or 

scale (e.g., self-administered vs. interview administered, in-person interview vs. 

telephone interview, and paper form vs. touch screen), the critical question is whether 

these alternate modes can be used interchangeably.  For two measurements made by the 

same method, it is important to know how variable measurements from a subject can be if 

the true value of the quantity does not change and what this measurement tells us about 

the subject’s true or average value.   

Customarily, a new measure or method is evaluated in terms of precision and 

accuracy.  Precision refers to random errors whereas accuracy refers to systematic errors.  

Because error studies need to be extensive to demonstrate accuracy, it is generally more 

efficient to evaluate a method by comparison with a method already well characterized 

by error studies.  Subjects are usually administered both methods and the comparison 

data are subjected to statistical analysis.  The statistical calculations provide specific 

estimates of the type and magnitude of errors and not necessarily yes or no answers on 



 
 

 

64 

the acceptability of a new measure/method.  Ideal comparison data would have exactly 

the same values for both measures and all points would fall on a line making a 45 degree 

angle when graphed.   

 An instrument’s alternate versions or administration modes can be tested for 

equivalence by examining the difference between means.  However, when there are large 

samples (high power), even small differences in mean scores can be declared as 

"statistically significant," even though they may be of little significance to the subject.  

Equivalence is not necessarily equality and instead needs to be defined a priori by means 

of an equivalence region.  The hypothesis test postulates that the difference between 

means lies within this equivalence region.  This equivalence region has also been termed 

as the minimal important difference (MID).   

 In this context, MID refers to the maximum difference between within-subject 

scores on the alternate versions of the HRQoL instrument that would still allow the 

different approaches to be considered equivalent.  The confidence interval around the 

observed difference is used to determine whether the interval includes the predetermined 

MID value.  If not, we can conclude that that the two means are equivalent.  This 

technique has been used in several studies and a similar application has been adopted by 

the US Food and Drug Administration for testing pharmacologic bioequivalence in the 

evaluation of generic drug applications (Makuch and Simon, 1978; Fuller et al., 1995; 

Schuirmann, 1987).   

 Several methods have been used to determine minimal important differences, and 

a ‘gold standard’ approach has not yet been agreed upon (Jacobson and Truax, 1991; 
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Lydick and Epstein, 1993; Juniper, 1998; Wyrwich et al., 1999; Hays and Woolley, 2000; 

Crosby et al., 2003).  The MID can be set from an absolute difference in means or 

medians, a proportionate difference in results, a ratio of two group results, or an “effect 

size.”  The use of different perspectives, criteria, or methods can yield different results, 

and hence it seems prudent to use multiple methods to estimate the MID (Kelleher et al., 

2004).  In the area of HRQoL, two methods have been commonly used to calculate the 

minimal important difference : anchor-based and distribution based approaches (Guyatt et 

al., 2002; Sloan et al., 2002).   

The anchor-based approach uses an external criterion or ‘anchor’ with which to 

compare improvements in health-related quality of life scores.  This method defines MID 

as the within-patient change score irrespective of the direction of change or the between-

patient score differences for matched patients who differ only on the severity of the 

condition.  This anchor is frequently a global or overall question measuring well-being or 

treatment effect.  The anchor-based approach can be criticized for a variety of reasons.  

Change scores may be biased because patients underestimate their HRQoL at a prior visit 

or provide retrospective change estimates that are highly correlated with their HRQoL at 

the current visit  (Wyrwich et al., 1999, 2000).  It is also possible that the number of 

response options on the anchor-based question, its comprehensiveness, and how 

conceptually similar it is to other such questions will affect MID estimates. Also, this 

approach only looks at change scores and inappropriately assumes that getting better is 

the same as getting worse.  Also, using unreliable single-item anchors is another 

shortcoming.  
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On the other hand, distribution-based approaches rely on relating the difference 

between scores to some measure of variability (Norman et al., 2001).  Although several 

methods are in use, the most common distribution-based method is to compare two 

subgroups at a point in time or measure the change over time in one group to the standard 

deviation at baseline (i.e. concept of effect size) (Juniper, 1998; Hays and Woolley, 

2000).  The effect size is entirely dependent on the within-group standard deviation at 

baseline, and therefore may vary widely with different samples taken from the same 

population (Wyrwich et al., 2000).  

Although the effect size method is a subject of debate as to whether it is more of a 

measure of responsiveness than a minimal important difference measure, it is used quite 

often because it is a common, well-known measure and familiar to clinicians (Samsa et 

al., 1999).  Conventional benchmarks established by Cohen (1969) are used to interpret 

group effect sizes.  Cohen’s recommendation for small (0.2-0.5), medium (0.51-0.8) and 

large (>0.8) effects are one attempt at interpretation that has been suggested as 

appropriate for HRQoL (Kazis et al., 1989).  However, effect sizes are sensitive to the 

homogeneity of distribution of the sample from which the study findings were derived. 

As concluded by Norman et al. (2003), empirical evidence demonstrates that 

under many circumstances (e.g., different chronic diseases), when patients identify 

minimal meaningful change on HRQoL scale scores, the estimate tends to be remarkably 

close to a half a standard deviation.  Juniper and colleagues (1994) used an anchor-based 

approach to determine the magnitude of change corresponding to a minimally important 

difference on the Asthma Quality of Life Questionnaire (AQLQ).  The authors 
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determined that a 0.5 point within-patient change on the AQLQ’s scales was the smallest 

amount of change perceived important by patients.  In addition, as pointed out by Sloan 

et al. (2003) in their discussion of the distribution-based effect size approach, a 0.5 point 

difference on the AQLQ scales represents roughly a half a standard deviation, which 

lends additional support for it as an estimate of the MID.  Determining the MID using 

anchor and distribution based approaches has resulted in similar conclusions.   

Although there are limitations associated with using a threshold for minimally 

important differences in HRQoL assessment a general guideline can be very useful in 

interpreting HRQoL findings in the absence of other relevant evidence (Hays and 

Woolley, 2000; Beaton, 2003; Wright et al., 2003).  Therefore, a reasonable assumption 

is to use a half of a standard deviation, which indicates a medium effect as the threshold 

to test the equivalence of different modes of administration of HRQoL instruments.  

 

Review of Past Studies  

 

Studies comparing electronic questionnaires with conventional paper 

questionnaires have shown no noteworthy differences between the two modes of data 

collection.  Several generic and disease-specific HRQoL measures have exhibited stable 

psychometric properties across mode of administration.  The SF-36 has been shown to be 

reliable and valid when administered face-to-face, by means of a telephone interview or 

by self-administration (Weinberger et al., 1996).  Scores on the SF-36 gathered through 

computer administration and self-administration have also shown to be comparable 

(Mohr et al., 2005).   
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Several studies have also examined the psychometric properties of the EORTC 

QLQ-C30 administered via a computer.  Taenzer and colleagues (1997) found the 

internal consistency of the measure similar for paper-and-pencil versus computer 

administration.  Velikova et al. (1999) compared the computer touch-screen version of 

the questionnaire with optically scanned paper version in a randomized cross-over trial of 

149 patients with cancer.  At the group level, the differences between scores obtained 

with the two modes of administration were small, suggesting equivalence for most of the 

scales.  The electronic questionnaire had good test-retest reliability.  Correlation 

coefficients for the sub scales and items between the two administrations ranged from 

0.78 to 0.95 and kappa coefficients of agreement from 0.55 to 0.90.  The authors 

concluded that computer touch-screen questionnaires are well accepted by patients with 

cancer, with good data quality and reliability.    

Drummond and colleagues (1995) also compared the use of pen-based electronic 

questionnaires and conventional paper questionnaires in a randomized cross-over study of 

patients with gastrointestinal disorders.  All patients initially completed a paper HRQoL 

questionnaire and then on two subsequent visits completed electronic and paper 

questionnaires in random order.  Study results indicated comparability in scores obtained 

on the two versions.  An analysis of the psychometric characteristics of Quality of Life in 

Reflux and Dyspepsia (QOLRAD) questionnaire suggests that the measure performs 

equally well with either paper-based or touch-screen computer versions.  The QOLRAD 

exhibited evidence of internal consistency reliability, reproducibility and validity 

regardless of method of administration (Kleinman et al., 2001). 
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Bushnell et al. (2003), compared paper versions of the Asthma Quality of Life 

Questionnaire (AQLQ), Pediatric Asthma Quality of Life Questionnaire (PAQLQ), and 

the Pediatric  Asthma Caregiver’s Quality of Life Questionnaire (PACQLQ) with 

corresponding touch-screen versions designed by Assist Technologies.  The results 

demonstrated no statistically significant differences between the within-patient scale 

scores on the three measures based on paired t-tests.  Likewise, the intraclass correlation 

coefficients and the Pearson correlation coefficients were very high, indicating high 

levels of concordance.  Again, the authors did not-test explicitly for meaningful 

differences, but the differences between the mean scale scores ranged from 0.02 to 0.06 

points, which were well below the MID threshold of 0.5 points.   

Several other studies have been conducted in various patient populations.  

Concordance between scores obtained on paper-based and electronic versions have been 

reported in patients having cancer, diabetes, and in psychiatry (Buxton et al., 1998a; 

Pouwer et al., 1998; Schmitz et al., 2000; Boyes et al., 2002).  Most of the studies utilized 

a randomized cross-over design, wherein subjects were randomized to ensure that half the 

group first completed the paper-based version followed by the electronic version and the 

other half completed the questionnaires in reverse order.  The time duration between 

completion of the two versions varied across studies.  In a study by Velikova et al. 

(1999), one version was completed in the morning whereas the other version was 

completed in the afternoon with a target interval of three hours between the two 

administrations.  The order in which the questionnaire versions were administered did not 

significantly affect the data obtained.   
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Results from studies on the extent to which socio-demographic factors influence 

respondent comfort and capability to complete computer-administered questionnaires are 

equivocal.  Drummond et al. (1995) found no association between socio-demographic 

characteristics and preference for computer versus paper-based questionnaires.  Similar 

results were also obtained by Kleinman and colleagues (2001), who reported that age, 

education level, and prior computer experience did not affect score stability across 

method of administration.  Allenby et al. (2002) reported that older patients, on average 

did take longer to complete the questionnaire compared to younger patients and each 

increasing decade of age was associated with an estimated 3% increase in the duration of 

time taken to complete the questionnaires.  Buxton et al. (1998) indicated that age, 

education level and previous computer use was associated with completion time.  Age 

was also a predictor of data completeness in a study by Bliven and colleagues (2001).  

Older patients were significantly less likely to successfully complete the paper version of 

the questionnaires; however, age and education level did not predict completeness of 

questionnaire data collected via the computerized version.  Bliven et al. (2001) also 

reported no significant relationship between computer literacy and successful completion 

of the computerized questionnaire.  This was in contrast with another study in which it 

was found that prior computer experience was negatively correlated with the number of 

times subjects needed assistance (Taenzer et al. 1997).   

The EQ-5D is an example of a generic HRQoL instrument for which computer 

touch-screen versions have been developed.  To our knowledge, no published study has 

compared paper-based and electronic versions of the EQ-VAS.   
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CHAPTER 3 

METHODOLOGY 

 

The primary purpose of this research was to test the equivalence of the original 

paper-based vertical version of the EQ-VAS with the touch screen-based horizontal 

version.  The study also examined the psychometric properties of an electronic version of 

the SF-36.  This research was conducted under the auspices of the University of Arizona 

Human Subjects Protection Program.  

 

I. Hypothesis Tests 

As stated in Chapter 1, the hypotheses tested in this investigation include those listed 

below.   

 
Hypothesis One (H01) 

There is no difference in scores obtained on the original paper-based vertical version of 

the EQ-VAS and the touch screen-based horizontal EQ-VAS version. 

 

Hypothesis Two (H02) 

There is no difference in reliability estimates obtained for the touch screen version of the 

SF-36 when compared with those obtained for the general US population 

 

Hypothesis Three (H03) 
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There is no difference in the validity of the touch screen version of the SF-36 when 

compared with that of the originally validated paper version.   

 

II. Research Design 

 

Subjects 

 

Due to the nature of this research, it was not deemed essential that a random, US 

population-based sample be obtained.  The intent was to collect data from a broad range 

of adults from the general population.  Hence, a non-probability (i.e., convenience) 

sample was obtained from the Tucson (Arizona) Metropolitan Area,.   

 

Sample Size Considerations 

 

The sample size necessary for this study was based on several factors.  In order to 

compute the sample size estimate, we specified the type I error rate (α), type II error rate 

(β), the effect size (d) and the variability in the outcome variable.  A type I error occurs 

when a true null hypothesis is incorrectly rejected and a type II error occurs when a false 

null hypothesis is failed to be rejected.  Power is the probability of avoiding a type II 

error (1- β). Conventional practice is to determine the sample size that gives 80% power 

at the 0.05 level of significance (two-sided).  The effect size was defined as the maximum 

difference between within-subject scores on the two versions of the EQ-VAS scale that 

would still allow the two approaches to be considered equivalent.  A moderate effect size 

of a half of a standard deviation (i.e., 8 points on a 100 point scale) was used as the 
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threshold.  The within-patient standard deviation (i.e. the standard deviation of repeated 

observations in the same individual) of the outcome variable was 16.67.  The 

approximate sample size necessary to attain statistical significance was estimated using 

statistical power analysis tables developed by Cohen (1988).  To obtain a statistically 

significant difference (two- tailed, alpha = .05) between scores obtained on the two 

versions of the EQ-VAS scale using a paired t-test , it was projected that a minimum of 

64 participants were required for the study when power was specified at 80% and 85 

participants when power was specified at 90%.  In order to detect a smaller effect (d = 

0.30), 175 and 234 participants were required when power was specified at 80% and 90% 

respectively.   

 

Sampling Technique 

 

 Sampling techniques are usually classified as either probability or non-

probability.  In probability sampling, each member of the population has a known non-

zero probability of being selected whereas in non-probability sampling, members are 

selected from the population arbitrarily in some non-random manner.  Hence, in non-

probability sampling, the degree to which the sample differs from the population (i.e., 

sampling variability) remains unknown.  The only way to address data quality is to 

compare some of the study results with available information about the population and 

even then, there is no assurance that the estimates will meet an acceptable level of error. 

 Despite these drawbacks, non-probability sampling methods are useful and have 

several advantages, particularly when there is no intent to generalize beyond the sample 
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itself.  Non-probability sampling is relatively inexpensive and convenient to conduct.  

Also, in some circumstances, it is unfeasible or impractical to conduct probability 

sampling.  Examples of non probability sampling technique include convenience 

sampling, judgment sampling, quota sampling, and snowball sampling.  A convenience 

sample is one of the most common forms of non-probability sampling.  The sample 

comprises subjects who are readily available to the researcher.  There is no randomness 

and the likelihood of bias in terms of generalization to a broader population is high.  This 

method is often the only feasible option due to restricted time and resources, and can 

legitimately be used provided its limitations are clearly understood and stated.  

In this study, a convenience sample was obtained that was intended to reflect the 

primary socio-demographic characteristics of the general US adult population.  The 

sampling was purposive in that subjects were selected by the researcher subjectively in an 

attempt to obtain a sample representative of the general adult population in the Tucson 

Metropolitan Area with respect to age, sex, and race/ethnicity.  According to the 2000 US 

census data, the distribution of people by age, race, and sex in the Tucson Metropolitan 

Area is as follows:     
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Table 3.1: Tucson Population Demographic Characteristics 

 

Characteristic % 

Age (median = 32.1 years)  

18-24 years 13.8 

25-34 years 15.7 

35-44 years 14.9 

45-54 years 11.8 

55-64 years 7.3 

≥ 65 years 11.9 

Sex  

Male 49.0 

Female 51.0 

Race/Ethnicity  

White, not Hispanic 54.2 

Black, not Hispanic 4.1 

Hispanic 35.7 

Asian/Pacific Islander 2.5 

Other 3.5 

Source: Census 2000 

 
 A total of 314 persons from the Tucson Metropolitan Area agreed to participate in 

the study.  Subjects were non-randomly asked to participate based on the recruiter’s 

discretion and, hence, this can lead to sampling bias.  Sampling was done until the total 

number of respondents required for the study was obtained.  
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Inclusion Criteria 

 

 Subjects were considered eligible to participate in the study based on the 

following inclusion criteria: (1) at least 18 years of age; and (2) able to speak and read 

English.  Since we wanted a representation of the general US adult population, persons 

18 years of age and older were invited to participate in the study.  All instructions were 

provided in English and no other language versions of the data collection instrument were 

available, hence only participants who could speak and read English fluently were invited 

to participate.   

 

Recruitment 

 

 Study participants were recruited primarily at the regional office of the Arizona 

Department of Motor Vehicles (DMV) in Tucson.  Potential participants were 

approached by study personnel outside the DMV office entrance while they were 

entering, leaving, or awaiting services.  Prior approval from the site was obtained and a 

letter of authorization was furnished to the University of Arizona Human Subjects 

Protection Office.  The DMV approval indicated that data could only be collected outside 

the building, not inside the main service area.  A flyer (Appendix B) stating the purpose 

of the study and eligibility criteria were given to potential participants.  After reading the 

flyer, persons indicating an interest in participating were provided a copy of the 

disclaimer form (Appendix C), which provided additional study information.   Tables and 
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chairs were set up for participants to sit and comfortably complete the study 

questionnaire outside the main entrance to the DMV building.   

 Subjects were also recruited by email via the College of Pharmacy listserv at 

the University of Arizona.  The email content was approved by the University of 

Arizona’s Human Subjects Protection Program.  The email message, which contained the 

text of the flyer, was sent to faculty, students, and staff at the College of Pharmacy and 

information regarding the time and place for data collection was also provided.  

Interested participants were provided a copy of the disclaimer form as indicated 

previously.  Participation in the study was strictly voluntary.    

 
 

Study Measures 

 

EQ-5D 

 

The EQ-5D self-report questionnaire consists of (1) a descriptive system and (2) a 

visual analog scale (EQ VAS).  The EQ-5D descriptive system is a five item 

questionnaire, which asks respondents to describe their own health with respect to the 

following five dimensions: mobility, self-care, usual activities, pain and 

anxiety/depression.  For each item there are three response levels (i.e., no problems, 

moderate problems, and extreme problems).  These responses are used to classify the 

respondent into one of 243 unique EQ-5D health states.  In addition to the 

multidimensional descriptive system, the EQ-5D also uses a visual analog scale (EQ-

VAS) or “feeling thermometer” to measure an individual’s overall health.  The original 
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EQ-VAS is a thermometer-like 20-cm vertical line with endpoints labeled ‘worst 

imaginable health state’ and ‘best imaginable health state’ anchored at 0 and 100, 

respectively.  In addition, it is demarcated in units of one and labeled in units of ten.  The 

EQ-VAS was presented in the original vertical 20-cm format on the paper-based survey 

and as a horizontal 15-cm scale in the touch screen version.  The touch-screen device has 

a small screen size and hence space is at a premium.  As a result, the 20-cm vertical EQ-

VAS scale had to be condensed to a 15-cm horizontal scale to adapt it to the screen 

display.   

 

Medical Outcomes Study SF-36 

 

Health status was also measured using the Medical Outcomes Study 36-Item 

Short-Form Health Survey (SF-36) (Ware et al., 1992). It is currently one of the most 

widely used health status assessment tools.  This generic health status measure is a self-

administered 36-item questionnaire comprised of eight multi-item scales: physical 

functioning (10 items), bodily pain (2 items), role limitations due to physical problems (4 

items), role limitations due to emotional health problems (3 items), social functioning (2 

items), mental health (5 items), energy/fatigue (4 items) and, general health (5 items).  

The SF-36 also includes a single item health transition scale that provides an indication of 

the perceived change in health over the past year.  These nine SF-36 scale scores range 

from 0-100; higher scores indicate better functioning and well-being.  These items in 

these scales are also combined to yield two composite measures: the mental (MCS) and 

physical component summary (PCS) scores.  Based on the published scoring 
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recommendations, the MCS and PCS are scored normatively, that is, they are 

transformed to reflect a mean of 50 and a standard deviation of 10 in the general adult US 

population.  The SF-36 has been shown to provide a reliable and valid measurement of 

health-related functioning and well being in multiple settings, populations, and 

conditions. 

 

Socio-Demographic Information/Descriptive Items 

 

 Respondents were asked to provide socio-demographic information including: (1) 

age; (2) sex; (3) race/ethnicity; (4) level of education; (5) annual household income; and 

(6) presence of chronic conditions.  In addition to standard socio-demographic data, study 

subjects were questioned about prior computer use.  This included a single question 

asking respondents “Have you used a computer before today?”  An item was also 

included to assess left or right handedness by asking respondents “With which hand do 

you normally write?” 

 

Additional Assessments 

 

 In order to determine the degree to which a person’s overall quality of life can be 

explained by a person’s health status, respondents were questioned about their level of 

satisfaction with various aspects of life.  These various aspects included respondents’ 

perception of satisfaction with their job situation, spiritual life, relationship with family 

members, their spouse and friends, wealth and income, education, leisure time, housing 
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situation, transportation, neighborhood, self-worth, and life as a whole.  A single item 

also asked respondents to rate their overall quality of life on a five-point scale ranging 

from excellent to poor.   

 

III. Data Collection  

 

Electronic Data Collection Instrument 

 

 The device and software for collecting the electronic data used in this study was 

designed by Assist Technologies of Scottsdale, Arizona.  The hardware was a network-

ready fully integrated liquid crystal display touch-screen workstation.  The touch-screen 

computer display is fitted with sensors that allow the computer to be manipulated by the 

touch of the finger or a stylus.  A copy of the data collection instrument was provided to 

Assist Technologies and the questions were programmed into the touch-screen computer 

device.  The design and format of the data collection instrument were modified when 

adapting the paper questionnaire to the touch-screen version.  Instructions on how to 

complete the instrument were changed to correspond with the new layout and design of 

the touch-screen instrument.  Questions were presented individually on the screen and 

participants were asked to provide their responses by touching the corresponding button 

on the screen.  Participants were not able to move on to the next question without 

answering the previous one.  After a response was entered, the next item appeared 

automatically.  Participants had the option of skipping a question by selecting the 

response, “Choose not to answer.”  In addition, they were able to go back and review and 
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change responses to previous questions.  The computer electronically recorded the time 

taken to complete the questionnaire.   

 

Questionnaire Administration 

 

 The questionnaire (Appendix C) was administered to study subjects in two parts 

and required approximately 10 to 15 minutes to complete.  One part was paper-based and 

the other was touch screen computer-based.  The paper-based part only contained the 

original 20cm vertical EQ-VAS.  The touch screen-based part included the horizontal 

EQ-VAS plus the EQ-5D descriptive system, the SF-36, socio-demographic 

characteristics, a list of chronic conditions, questions about prior computer use and 

handedness and items assessing satisfaction with domains of life.  These additional 

electronic questions provided an intervening task, which required approximately 10 

minutes to complete.  This delay was incorporated into the study design to minimize the 

impact of memory on the EQ-VAS responses obtained on the two formats while avoiding 

excess response burden.   

 Each subject was required to complete both parts.  The sequence of the 

administration, however, was alternated such that the first subject completed the 

electronic version followed by the paper version, while the next subject completed the 

paper-based version followed by the electronic version.  Either way, one of the two EQ-

VAS versions appears at the beginning and one at the end of the questionnaire.  Hence, 

both versions of the EQ-VAS were administered to each participant approximately 10 

minutes apart.  At the end of the data collection process, half of the subjects had 
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completed the paper-based part first and then the computer-based part and the other half 

of the subjects had completed the parts in the opposite order.   

 A brief explanation of how to use the touch-screen device was provided at the 

start of the data collection procedure.  Also, subjects received $5 for their participation.  

Participants could choose to not answer specific questions and withdraw from the study 

at any time.  In that case, a question was asked regarding the reason for withdrawal from 

the study.   

 

IV. Data Integrity 

 

Data Entry 

 

Data obtained using the touch screen was stored locally on the computer’s hard 

drive.  Upon completion of the data collection procedure, the touch-screen devices were 

shipped back to Assist Technologies in Scottsdale, Arizona and transferred to an 

electronic database.  Data collected using the paper-based survey was entered manually 

into a computer database.  Responses obtained from both questionnaire formats were then 

integrated and available for analysis as an electronic data file.    

 

Confidentiality  

 

To insure subject confidentiality, responses were coded and sorted by an 

identification number and were not linked to any specific individuals.  No information on 

personal identifiers (e.g., name, social security number) was collected as part of this 
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study.  Only the study personnel at the University of Arizona and data entry personnel at 

Assist Technologies of Scottsdale Arizona had access to the data.  All data analyses were 

performed and reported on aggregate data. 

 

V. Data Analysis 

 

 All statistical analyses were performed using SAS Version 8.02 for Windows 

(2001) and Intercooled Stata 8.0 for Windows (2003).  Datasets were converted from 

SAS to Stata data files using DBMS/COPY for Windows (1997).  All statistical tests 

were evaluated using a conventional two-tailed, alpha (α) level of 0.05.   

 

Descriptive Statistics 

 

Information obtained from the survey questionnaire was analyzed in this 

investigation.  Descriptive statistics for demographic and other individual questionnaire 

items were performed.  For interval-level data, summary statistics included measures of 

central tendency (i.e., means, medians), standard deviations, skewness, and ranges.  For 

ordinal and categorical data, percent responses and/or frequency tables were reported.   

Mean scores were reported for each dimension of health on the EQ-5D and the 

SF-36.  Scoring of the SF-36 included computing raw scores and transforming scale 

scores to a 0-100 scale.  SF-36 mean scale scores were calculated and then the summary 

scores (i.e., PCS and MCS) were computed and compared with population norms.   
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 Comparisons of responses to paper and touch screen EQ-VAS include 

examination of score distributions and review of frequency distributions for within-

subject difference scores.  A scatter plot of the data was also created and the line of 

perfect agreement was superimposed on it, thereby enabling a visual inspection of the 

existence and strength, if any, of agreement. 

 

Bivariate Statistics 

 

Correlation Coefficient 

 

 In order to examine the strength of the linear relationship between scores on the 

two EQ-VAS versions, the Pearson product moment correlation coefficient (r) was 

calculated.  The Pearson product-moment correlation coefficient (r) is a measure of how 

well a linear equation describes the relationship between two variables (i.e., paper and 

touch screen EQ-VAS) measured on the same subject (Bland et al., 1994;Bland et al., 

1995;Bland et al., 1996).  It is defined as the sum of the products of the standard scores of 

the two measures divided by the degrees of freedom: 

 

The result obtained is equivalent to dividing the covariance between the two 

variables by the product of their standard deviations.  The correlation coefficient adds a 

sign (+, -) to define the direction of the relationship, either positive or negative.  A 

positive correlation coefficient indicates that as the value of one variable increases, the 



 
 

 

85 

value of the other variable increases; as one decreases the other decreases.  A negative 

correlation coefficient indicates that as the value of one variable increases, the other 

decreases, and vice-versa.  Also, the coefficient ranges from −1.0 to 1.0.  A value of 1.0 

indicates that a linear equation describes the relationship perfectly and positively whereas 

a score of −1.0 shows that all data points lie on a single line but move in the opposite 

direction.  A value of 0 shows that a linear model is inappropriate (i.e., there is no linear 

relationship between the variables).   

 Pearson’s product-moment correlation coefficient (r) is a parametric statistic.  It 

assumes that the variables being assessed are normally distributed.  If this assumption 

was violated, a non-parametric alternative such as Spearman’s rank-order correlation 

coefficient Rho (ρ) was used instead to detect a linear relationship.  Unlike the Pearson 

product-moment correlation coefficient, it does not require the assumption that the 

relationship between the variables be linear, nor does it require the variables to be 

measured on interval scales; it can be used for variables measured at the ordinal level.  

The Spearman’s Rho is simply a special case of the Pearson’s product-moment 

coefficient in which the computations are done after the data are converted to ranks.  The 

raw scores are converted to ranks, and the differences (D) between the ranks of each 

observation on the two variables are calculated.  Rho (ρ) is then given by: 

 

Where, D = the difference between ranks of corresponding values of the two variables, 

and N = the number of pairs of values.   



 
 

 

86 

 Another measure of correlation is Kendall's tau, which requires the two variables 

to be paired observations and at least ordinal.  Much like the Spearman's rank correlation; 

it is carried out on ranks of data.  In common with other measures of correlation Kendall's 

tau takes values between -1.0 and +1.0, with a positive correlation indicating that the 

ranks of both variables increase together whilst a negative correlation indicates that as the 

rank of one variable increases the other one decreases. The Spearman's rank correlation 

has been more widely used because it is much easier to compute than Kendall's tau.  

However, the main advantages of using Kendall's tau are that the distribution of this 

statistic has slightly better statistical properties and there is a direct interpretation of 

Kendall's tau in terms of probabilities of observing concordant and discordant pairs.  In 

almost all situations the values of Spearman's rank correlation and Kendall's tau are very 

close and would invariably lead to the same conclusions.  

 As classified by Cohen (1977), the relationships measured by correlation 

coefficients are interpreted as small (0.2-0.5), moderate (0.5-0.8) or large (> 0.8)..  

Correlation coefficients however, are measures of association and not a measure of 

agreement.  This is because a correlation coefficient measures the strength of a 

relationship between two variables, not the agreement between them.  Data that is in poor 

agreement has shown to produce quite high correlations.  This is because correlations 

ignore any systematic bias between the two variables.  Also, correlations depend on the 

range and distribution of the variables and hence on the way in which the sample was 

selected (Bland et al., 1986).   
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Intraclass Correlation  

 

 The intraclass correlation coefficient (ICC) was used as a measure of agreement 

or consistency between the two methods of measurement, in conjunction with a 

significance test of the difference between means.  The ICC may be conceptualized as the 

ratio of between-groups variance to total variance (Shrout and Fleiss, 1979).  It 

approaches 1.0 when the between-groups effect is very large relative to the within-groups 

effect.  In this way ICC is a measure of homogeneity.  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.  

 

Limits of Agreement 

 

 Altman and Bland (1983, 1986) have explained in detail an analysis technique to 

evaluate agreement between two methods of measurement on a continuous scale.  It is 

known as the 95% limits of agreement method.  According to this approach, the mean 

and standard deviation of the difference in EQ-VAS scores (paper - touch screen) on the 

two measures were first obtained.  The 95% limits of agreement were defined as the 

mean difference ± 2 (or more precisely, 1.96) standard deviations.  It is expected that 

95% of differences between EQ-VAS scores by the two methods to lie between the 

limits.  The decision of how small the limits of agreement should be to conclude that the 

methods agree sufficiently is a clinical and not statistical decision.  The 95% limits of 
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agreement depend on some assumptions about the data: that the mean and SD of the 

differences is constant throughout the range of measurements, and that these differences 

are from an approximately normal distribution.   

 To check for these assumptions, a scatter plot of the differences against the 

average of the two EQ-VAS measurements [(paper + touch screen)/2] as well as a 

histogram of the differences was constructed.  From the scatter plot, it is easy to see if 

there is any tendency for the amount of variation to change with the magnitude of the 

measurements.  The correlation coefficient was tested against the null hypothesis of r = 0 

for a formal test of independence.  If the within-subject scores were independent of the 

size of the measurement, then a one-way analysis of variance was performed and the 

residual standard deviation was an overall measure of repeatability, pooled across 

subjects.  This coefficient of repeatability represents the value below which the 

differences between the two EQ-VAS scores are expected to lie.  The mean of the 

differences estimates the bias (i.e., a tendency for one of the methods to give consistently 

higher readings than the other method).  Confidence intervals for these limits of 

agreement can also be formed (Bland et al., 1999).  

 

Paired t-test 

 

 We examined the extent to which one mode of administration provided 

consistently higher or  lower responses (bias) by calculating directional difference scores.  

A paired t-test was used to control for experimental variability and to test the hypothesis 

of zero bias (i.e., the mean scores for the two versions of the EQ-VAS are equal).  It 
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calculates the difference between each set of pairs and analyzes that list of differences.  

By analyzing only the differences, a paired t-test corrects for other sources of 

experimental variability as each person serves as their own control.  The paired t-test 

assumes that the difference follows a Gaussian distribution.   

 The t ratio for a paired t-test is the mean of the differences divided by the standard 

error of the differences.  With widely discrepant values the test will not detect that the 

mean difference between the readings is significantly different from zero, although the 

methods are in poor agreement.  Conversely if the two methods give similar readings, but 

there is a bias in the results the mean difference may be small, but detected to be 

significant.  In addition to bias testing, we assessed nonsystematic differences between 

modes by examining absolute mean differences (i.e., the magnitude of the difference 

without regard to the direction of the difference) and presented their means and standard 

deviations.   

Statistical significance however does not necessarily indicate that meaningful 

difference exists.  A p-value of less than 5% does not necessarily provide an indication of 

clinical significance or meaningfulness.  Before interpreting the p-value or confidence 

intervals, the average difference between the paired measurements that was considered to 

be meaningful to subjects was determined.  In HRQoL measurement, minimally 

important difference has been determined on the basis of two main approaches; 

distribution-based effect size methods and anchor-based methods.   

Distribution-based methods rely on expressing an effect in terms of the 

underlying distribution of the results.  In this method, the amount of overlap between two 
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distributions of scores is compared to determine if there are meaningful differences 

(Norman et al., 2001).  The most popular approach uses Cohen's standardized effect size; 

the mean change divided by the standard deviation to serve as an "effect size index" that 

is suitable for sample size estimation.  Empirical evidence demonstrates that under many 

circumstances (e.g., different chronic diseases), when patients are used to identify 

minimal meaningful change on HRQOL scale scores, the estimates tend to be remarkably 

close to a half a standard deviation (Norman et al., 2003).   

Anchor-based methods use some external anchor, such as patient’s judgment of 

change, which is then used to compute a minimally important difference (MID).  Juniper 

et al. (1994) used an anchor-based approach to determine the magnitude of change 

corresponding to an MID on the Asthma Quality of Life Questionnaire (AQLQ).  Juniper 

et al. (1994) determined that a 0.5 point within-patient change on the AQLQ’s scales was 

the smallest amount of change perceived important by patients on the scale of 1 to 7.  A 

0.5 point difference on the AQLQ scales represents roughly a half a standard deviation 

and lends additional support for it as an estimate of the MID (Sloan et al., 2003).   

Although there are limitations associated with using a threshold for minimally 

important differences in HRQOL assessment, a general guideline can be very useful in 

interpreting HRQOL findings in the absence of other relevant evidence (Beaton, 2003).  

For the purpose of this investigation, a difference of half a standard deviation (roughly 

eight points on the 100 point EQ-VAS) or more was used as the equivalence threshold.  

In other words, if the mean difference between the scores on the two formats was less 

than eight points, the formats were deemed equivalent.  In addition, a form of sensitivity 
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analysis was performed by lowering the MID threshold to a more conservative threshold 

(e.g., quarter of a standard deviation).  

 

Variance Comparison Test 

 

 In order to determine if there was a difference in the variability of EQ-VAS scores 

obtained via the touch screen method as compared to the original paper method, a two 

sample F-test for variances was performed.  Also, the t-test makes the assumption that the 

variances of the two sampled populations are equal and if this is not the case, any 

inferences derived from the t-test are suspect.  The null hypothesis for the F-test is that 

the standard deviation for both variables is equal (or, equivalently, that their ratio is equal 

to 1).  The distribution of the ratio of the two variances approximates an F distribution 

with n-1 numerator and n-1 denominator degrees of freedom.   

 

Other Associations 

 
Differences in EQ-VAS and SF-36 scores among various sociodemographic 

groups (e.g., sex, gender, race/ethnicity, education, employment level, number of chronic 

conditions) were examined using independent group t-tests or one-way analysis of 

variance (ANOVA).  In case the data was not normally distributed, Mann-Whitney U or 

the Kruskal-Wallis test was used as the non parametric alternative to the t-test and the 

one-way ANOVA respectively.  Chi-square (X2) tests were conducted to test for 

associations between responses on the EQ-5D descriptive system and some important 
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demographic variables.  Also, percentage of respondents scoring at the lowest (floor) and 

highest (ceiling) possible EQ-VAS scores were compared between modes of 

administration using chi-square techniques.  Comparison of scores by questionnaire order 

(paper VAS vs. touch-screen VAS first) was determined by two sample t-tests.   

 

Multivariate Statistics 

 
While there was no formal hypothesis stated regarding the determinants of 

difference in EQ-VAS scores, multivariate statistics were conducted to help understand 

factors influencing the difference in scores between the two versions.  The method for 

performing this analysis is outlined below.   

 
Dependent and Independent Variables  

 

 The dependent variable for the multivariate model performed in this study 

included difference in EQ-VAS scores.  The independent variables included age, sex, 

race/ethnicity, education, income, time to complete the questionnaire, mean EQ-VAS 

score, and order of administration.  Age and sex information was obtained directly from 

the questionnaire.  Race/ethnicity was dichotomized to “white, non-Hispanic” and “other 

racial/ethnic groups” due to small sample sizes in the other groups.  Income was 

categorized into three levels: less than $20,000, $20,000-$40,000, and greater than 

$40,000.  Education level was also collapsed into five levels; not a high school graduate, 

high school graduate, some college, no degree, associate/bachelor’s degree, and graduate 

degree (master’s /doctorate).  Mean EQ-VAS score was the mean of the two EQ-VAS 
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scores for each person (i.e., [paper + touch screen EQ-VAS score]/2).  It served as the 

best estimate of the true EQ-VAS score and represented self-reported health status.  The 

time to complete the questionnaire was automatically recorded by the touch screen 

device.   

 

Multiple Linear Regression  

 

 Ordinary least squares (OLS) regression analyses were conducted to assess the 

relationship between potential predictors (i.e., independent variables) and the dependent 

variable.  The coefficient for each independent variable represents the predicted increase 

in the dependent variable per unit increase in each of the independent variables, with all 

other variables in the model held constant.  The degree of dependence between the 

dependent variable and the corresponding sets of independent variables were measured 

by multiple correlation coefficients (R).  The proportion of variance in the dependent 

variable that could be explained by the independent variables in each model was reported.  

This value is called the coefficient of determination or the adjusted R2 value (R2 
adjusted). 

The R2 
adjusted value is bounded by zero and one, with values closer to one indicating a 

better fitting model.   
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VI. Scaling Assumptions, Reliability, and Validity of the SF-36 

 

 A secondary purpose of the study was to test the psychometric properties of the 

touch screen version of the SF-36 and compare it to those reported for the original paper-

based version.   

 
Item-Level Characteristics 

 

 The first step was to examine item-level characteristics of the SF-36.  The extent 

of missing and out-of range data was examined for all the items.  The frequency 

distribution of individual items was examined to determine if all of the response choices 

were used and if there were patterns across scales.  However, because the study sample 

was obtained from the ambulatory general population, it was anticipated that the 

participants were relatively healthy and that not all response options would be used, 

especially for questions measuring functional limitations.   

 Item means were also examined and under traditional Likert scaling criteria, item 

means are expected to be roughly equivalent within a scale.  While an average item value 

will vary with the population sampled, the ordering of item means and the rough 

differences between them is not expected to vary.  In addition to examining item means, 

item standard deviations were also examined.  Standard deviations should be roughly 

equivalent and close to 1.0 (for five-choice response scales) (Gandek et al., 1998b).  

 Item internal consistency was tested by examining the correlation between an 

item and the scale score computed from all other items in that scale (i.e., item-scale 

correlation after correction for overlap).  The assumption here was that an item should be 



 
 

 

95 

substantially linearly related to the underlying concept being measured.  Item internal 

consistency is considered substantial and satisfactory if an item correlates 0.40 or more 

with its hypothesized scale (after correction for item-scale overlap) and that standard was 

adopted for comparison purposes (Ware and Gandek, 1998).  In addition to 

demonstrating substantial correlations with their hypothesized scale, all items within a 

scale must have roughly equal item-scale correlations.  This second assumption 

underlying Likert’s simple scoring method is that items in a scale should contribute 

roughly equal proportions of information to the total scale score.  

 

Scale-Level Characteristics 

  
 After item-level analyses were conducted, SF-36 scales were scored and the 

properties of the scales were examined focusing on scale means and standard deviations 

and the proportion of respondents scoring at the highest (ceiling) and lowest (floor) level.  

Scale means and standard deviations indicate where along a scale continuum the majority 

of individuals within the sample are likely to be found.  Additionally, the SF-36 profile of 

mean scale scores is expected to have roughly the same shape across general population 

samples.  The five scales which primarily measure health-related disability (physical 

functioning, role-physical, bodily pain, social functioning, role-emotional) are expected 

to have the highest mean scale scores, while lower mean scores should be found for the 

three scales which extend measurement to the well-being range (general health, vitality, 

mental health) (Gandek et al., 1998b).   
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 The full range of the measure should be used and the scale score distribution 

should show substantial variability even if the distribution is skewed. The percentage of 

respondents at the highest possible (ceiling) or the lowest (floor) score is also noted, since 

the ability of an instrument to detect change over time is constrained by the percentage of 

respondents at the ceiling or floor.   

 

Reliability and Correlation between Scales 

 

 Reliability of measurement refers to the extent to which the measured variance in 

a score reflects the true score, rather than random error; that is, the extent to which 

measures give consistent or accurate results.  A reliability coefficient is an estimate of the 

proportion of total variance that is true variance and can be expressed as: 

Reliability = 1 – (Ve/ Vt)  
 

Where, Ve = error variance and Vt = total measured variance 
 

 Reliability can be estimated in a number of ways, including test-retest, alternate 

forms, and internal consistency reliability. Within this study, the reliability of scale scores 

was estimated using the internal consistency method (Cronbach’s alpha coefficient).  A 

minimum reliability level of 0.70 has been recommended for group level comparisons 

and for person-level comparisons, a much higher standard of reliability (0.90 or higher) is 

considered appropriate.   

 To evaluate how distinct each scale is from other scales in the same matrix, 

correlations among all scales were computed and compared with reliability estimates.  A 
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reliability coefficient is thought of as a correlation between a scale and itself.  To the 

extent that the correlation between two scales is less than their reliability coefficients, 

there is evidence of unique reliable variance measured by each scale.  When the 

correlation between two scales equals their reliability, the scales are in essence 

performing like alternate form measures of the same concept, and there is no evidence 

that they have unique reliable variance.  Thus, evaluation of inter-scale correlations helps 

determine whether each scale is measuring a distinct concept or construct. 

 

Validity 

 

 Validity is the extent to which a score measures what it is intended to measure.  

The validity of questionnaires in the health field has most often been evaluated by means 

of content, construct, and criterion validity.  Content validity examines the extent to 

which a measure or questionnaire represents the universe of concepts or domains; that is, 

whether the measure offers an adequate sample of the content of a construct.  The 

content validity of the SF-36 has been evaluated based on standards published by Ware in 

1987, and since the adaptation of the SF-36 to an electronic format did not alter the 

content in any way, the content validity did not need to be re-established (Gandek et al., 

1998a).   

 Construct validity is a process in which validity is evaluated in terms of the extent 

to which a measure correlates with variables in a manner consistent with theory.  

According to tests of “known groups” validity, the mean scale scores were compared 

across groups known to differ (i.e., persons with zero and one or more chronic 
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conditions).  It is hypothesized that persons with no chronic conditions will have higher 

scale scores compare to those with one or more chronic conditions.  Construct validity 

was also evaluated through examination of correlations between SF-36 scales and the 

EQ-5D descriptive system dimensions.  The SF-36 is expected to have stronger 

relationships with some EQ-5D dimensions and weaker relationships with others. Both 

convergent and discriminant validity can be tested in this manner.  Convergent validity is 

supported when scales measuring similar concepts (e.g., SF-36 physical functioning and 

role-physical with the EQ-5D mobility dimension) have substantial correlations.  On the 

other hand, to meet the requirements of discriminant validity, scales that measure 

dissimilar constructs (e.g., SF-36 physical functioning with the EQ-5D 

anxiety/depression dimension) should have low correlations.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

 

I. Response Rate 

  
 A total of 314 subjects from the Tucson metropolitan area participated in the 

study.  The two primary recruitment locations were the University of Arizona Health 

Sciences Center (UA) and the Arizona Motor Vehicle Division (MVD) facility in 

Tucson.  Although it was intended that only 300 subjects participate in the study, an 

additional fourteen subjects were included to compensate for any potentially unusable 

questionnaires due to missing data.  One subject only partially completed the survey 

questionnaire and was counted as a non-respondent.  Although all participants were 

assured of confidentiality, this particular subject expressed concerns regarding anonymity 

and confidentiality and withdrew midway through the questionnaire.  Another participant 

completed all study questions except for the touch-screen administered EQ-VAS.  This 

participant was not included in the analyses because the touch-screen EQ-VAS was one 

of the primary variables of interest and comparison between scores on the paper and 

touch-screen EQ-VAS could not be performed.  Therefore, the analytical sample was 

composed of a total of 312 responses; 194 participants from the MVD and 118 

participants from UA.   

 



 
 

 

100 

II. Respondent Characteristics  

 

 The mean (SD) age for respondents was 35.50 (13.59) years and a little over half 

(52.5%) of the respondents were male (Table 4.1).  The sample from the MVD was 

significantly older (t= 3.39, p < 0.0008) and had a greater proportion of females (χ2= 

4.45, p < 0.03) compared to the sample from the University.  The majority (57.2%) of 

respondents were white, non-Hispanic; 17.0% were Hispanic; 10.9% were Asian; and 

10.0% self-identified as another race/ethnicity.   

 Approximately 42% of respondents indicated either having received a bachelor’s 

or graduate (i.e., master’s or doctorate/professional) degree.  About 28% of respondents 

had one or more years of college with no degree and 11% of respondents had received an 

associate’s degree.  There were fifteen (4.8%) respondents who indicated that they had 

not graduated from high school.  The study sample from the University had higher levels 

of educational attainment than the sample from the MVD and the general Tucson 

population.   

Respondents reported total annual household income predominantly in the ranges 

of $20,001 to $40,000 (31.5%) and $40,001 to $75,000 (21.2%).  About 14% of 

respondents reported annual household incomes at or below $10,000.  Income 

information was not available for 7.6% of the sample.  An overwhelming majority 

(94.9%) of respondents had some prior computer use experience.  This was especially 

true and as expected for the sample obtained from the University.  When asked about 

which hand they use to normally write, 89.4% of the respondents reported the right hand, 
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twenty–seven respondents (8.7%) reported the left, and 6 (1.9%) respondents indicated 

that they used either hand to write.     
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Table 4.1. Respondent Characteristics  

 

Characteristic 
MVD Sample 

n = 194 

UA Sample 

n = 118 

Total Sample 

N = 312 

 n (%) 

Age 
Mean (SD) 
Median 
 

37.50 (14.57) 
34.00 

32.21 (11.09) 
27.50 

35.50 (13.59) 
31.00 

Sex  
Male 
Female 
 

 
111 (57.22) 
83 (42.78) 

 
53 (44.92) 
65 (55.08) 

 

 
164 (52.46) 
148 (47.44) 

 
Race/Ethnicity  

White, non- Hispanic  
Black, non-Hispanic 
Hispanic/Latino 
Asian/Pacific Islander  
Other 

 
102 (52.58) 

12 (6.19) 
44 (22.68) 
10 (5.15) 

26 (13.40) 

 
76 (64.96) 

3 (2.56) 
9 (7.69) 

24 (20.51) 
5 (4.27) 

 

178 (57.23) 
15 (4.82) 

53 (17.04) 
34 (10.93) 
31 (9.97) 

Education  
Not a high school graduate 

High school graduate (or GED) 
One or more years of college, no 
degree 
Associate degree (e.g., AA, AS) 

Bachelor’s degree (e.g., BA, BS) 
Master’s degree 

Doctorate/Professional degree 
 

 
15 (7.77) 

41 (21.24) 
63 (32.64) 

 
26 (13.47) 
31 (16.06) 
13 (6.04) 
4 (2.07) 

 

0 (0) 
3 (2.54) 

25 (21.19) 
 

9 (7.63) 
50 (42.37) 
18 (15.25) 
13 (11.02) 

15 (4.82) 
44 (14.15) 
88 (28.30) 

 
35 (11.25) 
81 (26.05) 
31 (9.97) 
17 (5.47) 

Annual Household Income  
$5,000 or less   
$5,001 to $10,000 

$10,001 to $20,000 

$20,001 to $40,000 
$40,001 to $75,000 

More than $75,000 

“Don’t Know” 
 

 
21 (11.35) 
12 (6.49) 

29 (15.68) 
61 (32.97) 
35 (18.92) 
11 (5.95) 
16 (8.65) 

 

8 (6.84) 
2 (1.71) 

25 (21.37) 
34 (29.06) 
29 (24.79) 
12 (10.26) 

7 (5.98) 

29 (9.60) 
14 (4.64) 

54 (17.88) 
95 (31.46) 
64 (21.19) 
23 (7.62) 
23 (7.62) 

Prior computer use  
Yes 
No 
 

 
179 (92.27) 

15 (7.73) 

 

117 (99.15) 
1 (0.85) 

296 (94.87) 
16 (5.13) 
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III. Descriptive Analyses of Questionnaire Items 

  
 The following section illustrates the descriptive findings from the questionnaire 

including: (1) frequency of different chronic conditions in the study sample; (2) 

respondents’ self-reported health status based on scores on the EQ-5D descriptive system 

and the SF-36; and (3) respondents’ satisfaction with different domains of life.   

 

Chronic Conditions in the Sample 

 

 The presence of various chronic conditions was assessed by asking respondents 

“Have you ever been told by a health professional that you have any of the following 

conditions?”  A little over two-thirds (68.17%) of all respondents indicated they had been 

diagnosed with at least one chronic condition.  One hundred and thirty two (42.14%) 

respondents had at least two chronic conditions and 4.18% (n = 13) of the respondents 

reported the presence of five or more.  Depression (30.4%), arthritis (23.2%), and 

migraine headaches (22.7%) were the three most commonly reported conditions among 

respondents in the MVD sample whereas sinusitis (22.0%), migraine headaches (18.6%), 

and hay fever (18.6%) were the most commonly reported by the UA sample.  Overall, the 

MVD sample had a higher percentage of respondents who reported at least one chronic 

condition compared to the UA sample (72.7% vs. 61%).  For both samples, the least 

reported conditions were congestive heart failure, MI, stroke, emphysema, and weak or 

failing kidneys.   
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Table 4.2. Reported Chronic Conditions 

Condition 
MVD  

n = 194 

UA 

n = 118 

Total  

N = 312 

 n (%) 

Depression 59 (30.41) 17 (14.41) 76 (24.36) 

Migraine Headaches 44 (22.68) 22 (18.64) 66 (21.15) 

Sinusitis 39 (20.10) 26 (22. 03) 65 (20.83) 

Arthritis 45 (23.20) 12 (10.17) 57 (18.27) 

Hay Fever 33 (17.01) 22 (18.64) 55 (17.63) 

Asthma 40 (20.62) 11 (9.32) 51 (16.35) 

Hypertension, also called high blood pressure 37 (19.17) 11 (9.32) 48 (15.23) 

Ulcer, this could be stomach, duodenal, or peptic 
ulcer 

25 (12.89) 7 (5.93) 32 (10.26) 

Chronic bronchitis 15 (7.73) 5 (4.24) 20 (6.41) 

Diabetes, also called sugar diabetes 14 (7.22) 2 (1.69) 16 (5.13) 

Any kind of liver condition 
11 (5.67) 5 (4.24) 16 (5.13) 

Cancer or malignancy of any kind 
11 (5.67) 4 (3.39) 15 (4.81) 

Angina, also called angina pectoris 8 (4.12) 0 (0) 8 (2.56) 

Congestive heart failure 5 (2.58) 0 (0) 5 (1.60) 

Heart attack, also called myocardial infarction 5 (2.58) 0 (0) 5 (1.60) 

Stroke 5 (2.58) 0 (0) 5 (1.60) 

Emphysema 5 (2.58) 0 (0) 5 (1.60) 

Weak or failing kidneys-Do not include kidney 
stones, bladder infections or incontinence 

5 (2.58) 0 (0) 5 (1.60) 

At least 1 chronic condition 
141 (72.7) 72 (61.0) 213 (68.2) 

aN = 312; Multiple responses were permitted 
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Self-Reported Health Status: EQ-5D Descriptive System 

 

Across both samples, the large majority of respondents indicated no problems in 

mobility (86.2%), self-care (96.8%), and performing usual activities (87.5%) on the EQ-

5D descriptive system.  However, a few participants did indicate that they had some 

problems walking about (13.8%) and performing their usual activities (12%).  Most of 

the respondents also reported having no pain/discomfort (55.8%) and no 

anxiety/depression (64.3%).  The remaining reported moderate (40.4%) and extreme 

(3.9%) pain/discomfort and moderate (33.4%) and extreme (2.3%) anxiety/depression.  

The response patterns on all five dimensions of the EQ-5D descriptive system were 

similar across both samples.   
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Table 4.3. Self-Reported Health Status: EQ-5D Descriptive System  

 

Category MVD 

n = 194 

UA 

n = 118 

Total 

N = 312 

 n (%) 

Mobility  
No problems walking about 
Some problems walking about   
Confined to bed 

 

 
163 (84.02) 

31 (15.98) 
0 (0) 

 

 
106 (89.83) 

12 (10.17) 
0 (0) 

 

 
269 (86.22) 

43 (13.78) 
0 (0) 

 

Self-Care  
No problems with self-care 
Some problems washing or dressing myself 
Unable to wash or dress myself 

 

 
184 (95.34) 

9 (4.66) 
0 (0) 

 
117 (99.15) 

1 (0.85) 
0 (0) 

 
301 (96.78) 

10 (3.22) 
0 (0) 

 

Usual Activities  
No problems with performing my usual 
activities 
Some problems with performing my usual 
activities 
Unable to perform my usual activities 

 

 
165 (85.49) 

  
26 (13.47) 

 
2 (1.04) 

 
107 (90.68) 

 
 11 (9.32) 

 
0 (0) 

 
272 (87.46) 

 
37 (11.90) 

 
2 (0.64) 

 

Pain/Discomfort  
No pain or discomfort 
Moderate pain or discomfort   
Extreme pain or discomfort 

 

 
96 (49.48) 
87 (44.85) 

11 (5.67) 

 
78 (66.10) 
39 (33.05) 

1 (0.85) 

 
174 (55.77) 
126 (40.38) 

12 (3.85) 
 

Anxiety/Depression (n = 311) 
Not anxious or depressed 
Moderately anxious or depressed   
Extremely anxious or depressed 

  

 
120 (62.18) 

67 (34.72) 
6 (3.11) 

 
80 (67.80) 
37 (31.36) 

1 (0.85) 

 
200 (64.31) 
104 (33.44) 

7 (2.25) 
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Self-Reported Health Status: SF-36 

 

 Self-reported health status was also measured using the Medical Outcomes Study 

36-Item Short-Form Health Survey (SF-36).  The SF-36 assesses eight multi-item health 

scales/concepts:  physical functioning, bodily pain, role limitations due to physical 

problems (i.e., role-physical), role limitations due to emotional problems (i.e., role-

emotional), social functioning, emotional well-being, energy/fatigue and general health 

perceptions.  The SF-36 scale scores can range from 0 to100; higher scores indicate better 

health status.  Two summary scores reflecting the physical and mental components of 

health status also were computed.  They are called the physical (PCS) and mental 

component summary (MCS) scores.  

For the combined sample, the respondents’ mean scores ranged from 59.3 to 86.6 

across the eight scales.  Scores were lowest for the vitality scale and highest for the 

physical functioning scale.  Compared to the MVD sample, UA sample respondents had 

significantly better physical health (t= -2.635, p < 0.008) as indicated by their physical 

component summary score.  On the other hand, the MVD sample had higher scores 

compared to the UA sample with respect to the mental component summary score.  This 

difference was however not statistically significant.  Across both groups, the average 

score on the MCS (47.6) was significantly lower than that observed in the general 

population (t = - 3.379, p < 0.001).    
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Table 4.4. Self-Reported Health Status: SF-36 

 

Measure MVD 

n = 194 

UA 

n = 118 

Total  

N = 312 

  Mean (SD)  

SF-36 Scale 

Physical Functioning 

Role-Physical  

Role-Emotional  

Bodily Pain 

Mental Health 

Vitality 

Social Functioning  

General Health  

 

83.09 ( 23.71) 

78.09 (35.21) 

74.05 (34.72) 

77.29 (23.56) 

73.48 (18.63) 

61.52 (20.28) 

76.35 (23.68) 

70.69 (21.63) 

 

92.45 (11.52) 

82.41 (31.74) 

71.18 (37.97) 

82.22 (18.18) 

74.0 (15.35) 

55.53 (18.62) 

82.62 (18.34) 

72.11 (17.11) 

 

86.63 (20.48) 

79.73 (33.96) 

72.97 (35.95) 

79.16 (21.79) 

73.68 (17.44) 

59.26 (19.86) 

78.73 (21.99) 

71.23 (20.03) 

SF-36 Summary Scores 

PCS 

MCS 

 

49.80 (10.53) 

48.18 (10.83) 

 

52.77 (8.05) 

46.73 (10.48) 

 

50.92 (9.76) 

47.63 (10.71) 

PCS=Physical component summary score; MCS=Mental component summary score 
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 Satisfaction with Different Aspects of Life 

 
Respondents were asked about their level of satisfaction with various aspects of 

life.  The response choices ranged from one to five, where 1 = dissatisfied, 2 = somewhat 

dissatisfied, 3 = neither satisfied nor dissatisfied, 4 = somewhat satisfied, and 5 = 

satisfied.  Therefore, higher scores indicate a greater level of satisfaction.   

The majority of respondents were either satisfied or somewhat satisfied with 

regard to their job situation (66.0%), leisure time (67%), education (73.7%), 

neighborhood (76%), transportation (77.4%), housing situation (71.2%), and wealth 

(62.5%).  Furthermore, respondents also indicated being satisfied or somewhat satisfied 

in their relationships with family members (81.1%), friends and colleagues (84.6%), and 

spouse or significant others (66.3%).  With regard to health, a large majority (80.1%) of 

subjects were either satisfied or somewhat satisfied.  Respondents also indicated high 

satisfaction with self-worth (81.7%), spiritual life (70.4%) and life as a whole (84%).  
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Table 4.5. Self-Reported Satisfaction with Life Domains 

Category Mean (SD) n (%) 

Job situation (n = 306) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

3.78 (1.37) 

 
30 (9.80) 

36 (11.76) 
38 (12.42) 
70 (22.88) 

132 (43.14) 

Spiritual life (n= 311) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

3.94 (1.09) 

 
9 (2.89) 

29 (9.32) 
54 (17.36) 
99 (31.83) 

120 (38.59) 
 

Relationship with family numbers (n = 312) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

4.15 (1.09) 

 
10 (3.21) 
29 (9.29) 
20 (6.41) 

97 (31.09) 
156 (50.0) 

 
Health (n =312) 

Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

4.02 (1.12) 

 
11 (3.53) 

37 (11.86) 
14 (4.49) 

122 (39.10) 
128 (41.03) 

 

Possessions, wealth and income (n = 312) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

3.58 (1.20) 

 
24 (7.69) 

40 (12.82) 
53 (16.99) 

120 (38.46) 
75 (24.04) 

Education (n = 312) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

3.91 (1.16) 

 
10 (3.21) 

46 (14.74) 
26 (8.33) 

111 (35.58) 
119 (38.14) 
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Table 4.5. Self-Reported Satisfaction with Life Domains (continued) 

Category Mean (SD) n (%) 

Relationship with friends and colleagues (n = 311) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

4.26 (0.93) 

 
3 (0.96) 

21 (6.75) 
24 (7.72) 

107 (34.41) 
156 (50.16) 

 

Leisure Time (n =312) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

3.73 (1.11) 

 
11 (3.53) 

43 (17.31) 
49 (15.71) 

125 (40.06) 
84 (26.92) 

 

Housing Situation (n = 312) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

3.88 (1.21) 

 
15 (4.81) 

42 (13.46) 
33 (10.58) 
99 (31.73) 

123 (39.42) 
 

Relationship with spouse/significant others (n = 300) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

3.81 (1.30) 

 
26 (8.67) 

27 (9.0) 
48 (16.0) 

76 (25.33) 
123 (41.0) 

 

Transportation 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

4.06 (1.25) 

 
19 (6.09) 

33 (10.58) 
19 (6.09) 

79 (25.32) 
162 (51.92) 

 
Neighborhood (n = 312) 

Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

4.05 (1.14) 

 
12 (3.85) 
30 (9.62) 

33 (10.58) 
92 (29.49) 

145 (46.47) 
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Table 4.5. Self-Reported Satisfaction with Life Domains (continued) 

Category Mean (SD) n (%) 

Self-Worth (n = 312) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

4.26 (1.00) 

 
6 (1.92) 

19 (6.09) 
32 (10.26) 
85(27.24) 

 170 (54.49) 
 

Life as a whole (n = 312) 
Dissatisfied 
Somewhat dissatisfied 
Neither satisfied nor dissatisfied 
Somewhat satisfied 
Satisfied 

 

4.27 (1.00) 

 
6 (1.92) 

22 (7.05) 
22 (7.05) 

93 (29.81) 
169 (54.17) 

 

 

 

IV. Other Survey Characteristics 

 

Completion Time  

 

 Respondents took a mean of 9.75 (SD=3.40) minutes to complete the 

questionnaire.  Respondents in the MVD sample took significantly longer to complete the 

questionnaire as compared to respondents in the UA sample (t = 2.26, p < 0.024).  The 

difference in time to complete the questionnaire was compared between age, sex, 

race/ethnicity, education level and order of administration subgroups (Table 4.6.).   
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Table 4.6. Time to Complete the Survey (minutes) 

 

Characteristic n 
Mean 

(SD) 
Statistic

a
 

 

p-value 

 

Time to complete survey (minutes) 
Total sample 
MVD sample 
UA sample 

 

 
312 
194 
118 

 
9.75 (3.40) 

10.09 (3.37) 
9.19 (3.39) 

 

 
 

t = 2.26 
 

 
 

0.024 
 
 

Age (n=312) 
< 50 
50 or older  

 

 
254 
58 

 

 
9.33 (3.10)  

11.59 (4.04) 
 

t = -4.69 
 

0.0001 

Sex (n=312) 
Male  
Female 

 

 
164 
148 

 

 
9.75 (3.41) 
9.76 (3.42) 

 

t = -0.018 
 
 
 

0.986 
 
 

Race/Ethnicity (n=311) 
White, non- Hispanic 
Black, non-Hispanic 
Hispanic/Latino 
Asian/Pacific Islander  
Other 

 

 
178 
15 
53 
34 
31 

 

 
9.15 (2.49) 
9.73 (2.60) 

10.49 (3.68) 
11.65 (5.97) 
9.94 (3.23) 

 

F = 4.88 
 

0.0008 
 

Education (n=311) 
Not a high school graduate 

High school graduate (or GED) 
1 or more years of college, no 
degree 
Associate degree (e.g., AA, AS) 
Bachelor’s degree (e.g., BA, BS) 
Graduate degree 

 

 
15 
44 

 
88 
35 
81 
48 

 

 
10.0 (2.54) 

11.07 (4.07) 
 

9.66 (2.99) 
9.14 (3.42) 
9.04 (3.63) 

10.21 (2.95) 
 

F = 2.52 
 

0.0297 
 

Order of administration (n=312) 
Paper EQ-VAS first 
Touch-Screen EQ-VAS first 

 

 
154 
158 

 

 
10.03 (3.33) 
9.48 (3.47) 

t = - 1.432 0.153 

a
Independent group t-test (t); One-way ANOVA (F) 
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 There were statistically significant differences in time to complete the 

questionnaire by age, race/ethnicity, and education level.  Overall, respondents 50 years 

of age and older took longer to complete the questionnaire as compared to those under 50 

(11.59 minutes versus 9.33 minutes, p < 0.0001).  Blacks, Hispanics, and Asians took 

longer to complete the questionnaire as compared to non-Hispanic whites.  Differences in 

time to complete were also noted across education level.  There were, however, no 

statistically significant differences in time to complete the questionnaire by sex or order 

of administration.  
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 Data Quality and Completeness 

 
The number of missing or problematic responses was counted for the paper 

version of the EQ-VAS.  The instructions ask the respondent to indicate his or her current 

health state by drawing a line from the box marked "Your own health state today" to the 

appropriate point on the EQ VAS.  Twenty-two percent of respondents did not complete 

the paper EQ-VAS as per those instructions.  Although, the percent of problematic or 

ambiguous responses was higher in the MVD sample (23.2%) compared to the UA 

sample (19.5%), this difference was not statistically significant.  There were three main 

kinds of problematic responses:  (1) placing a mark (i.e., X) on or between two values on 

the scale; (2) circling multiple values on the scale; or (3) drawing a line from the lowest 

point on the scale (i.e., 0) to the intended scale score.  There were no missing or 

ambiguous scores for the electronic version of the EQ-VAS because the software only 

permits the respondent to mark one score on the scale and although it allows for 

questions to be skipped, it does not allow for questions to be missed unintentionally.    
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V. Comparison of EQ-VAS Responses 

 

Frequency Distribution of Responses 

 

Histograms were constructed to provide a graphic representation of the frequency 

distribution of EQ-VAS scores.  For each sample, the distributions of scores on the paper 

and touch screen versions of the EQ-VAS are presented in Figure 4.1 and Figure 4.2, 

respectively.   

The distribution of responses across versions for both samples is very similar.  

The distributions were markedly negatively skewed with the participants scoring mostly 

toward the positive end of the scales (i.e., best imaginable health).  This was expected 

since our sample consisted of individuals from the general population.  The full range of 

scores (i.e., 0 to100) was not observed for either version.   
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Figure 4.1. Distribution of EQ-VAS Scores (paper version) 
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Figure 4.2. Distribution of EQ-VAS Scores (touch screen) 
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Figure 4.3. Box Plots of Paper and Touch Screen EQ-VAS Scores 
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Agreement refers to the extent of correspondence between the two methods for 

measuring the same outcome (i.e., general health status).  A descriptive method to 

quantify agreement was to determine the percent of subjects showing exact agreement 

and the percent of subjects showing agreement within ± 8 points on the 100-point scale.    

The percentage of participants who had identical scores on both versions was 

36.4% and 26.3% for the UA sample and MVD sample, respectively (Table 4.7).  

Overall, a little over 80% of respondents had a difference score of eight points or less, 

which was the equivalence threshold.  Only thirteen (3.85%) respondents had an absolute 

score difference of greater than 30 points and four participants (1.3%) had differences of 

50 points or greater. 
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Table 4.7. Frequency Distribution of Difference between EQ-VAS Scores 

 

MVD sample UA sample Total Sample Absolute 

Difference 

Score 
n (%) Cum. % n (%) Cum. % N (%) Cum. % 

0 51 (26.29) 26.29 43 (36.44) 36.44 94 (30.13) 30.13 
1 34 (17.53) 43.81 25 (21.19) 57.63 59 (18.91) 49.04 
2 20 (10.31) 54.12 3 (2.54) 60.17 23 (7.37) 56.41 
3 15 (7.73) 61.86 6 (5.08) 65.25 21 (6.73) 63.14 
4 8 (4.12) 65.98 5 (4.24) 69.49 13 (4.17) 67.31 
5 5 (2.58) 68.56 10 (8.47) 77.97 15 (4.81) 72.12 
6 7 (3.61) 72.16 1(0.85) 78.81 8 (2.56) 74.68 
7 7 (3.61) 75.77 2 (1.69) 80.51 9 (2.88) 77.56 
8 5 (2.58) 78.35 3 (2.54) 83.05 8 (2.56) 80.13 
9 3 (1.55) 79.90 - - 3 (0.96) 81.09 

10 11 (5.67) 85.57 7 (5.93) 88.98 18 (5.77) 86.86 
11 3 (1.55) 87.11 3 (2.54) 91.53 6 (1.92) 88.78 
12 2 (1.03) 88.14 -  2 (0.64) 89.42 
13 3 (1.55) 89.69 2 (1.69) 93.22 5 (1.60) 91.03 

14 2 (1.03) 90.72 - - 2(0.64) 91.67 

15 - - 1(0.85) 94.07 1(0.32) 91.99 
16 2 (1.03) 91.75 1(0.85) 94.92 3 (0.96) 92.95 
17 - - 1(0.85) 95.76 1(0.32) 93.27 
18 1(0.52) 92.27 - - 1(0.32) 93.59 
19 2 (1.03) 93.30 1(0.85) 96.61 3 (0.96) 94.55 
20 - - 1(0.85) 97.46 1(0.32) 94.87 
21 1(0.52) 93.81 - - 1(0.32) 95.19 
23 1(0.52) 94.33 - - 1(0.32) 95.51 
25 1(0.52) 94.85 - - 1(0.32) 95.83 
31 1(0.52) 95.36 - - 1(0.32) 96.15 
32 1(0.52) 95.88 - - 1(0.32) 96.47 
33 1(0.52) 96.39 - - 1(0.32) 96.79 
35 - - 1(0.85) 98.31 1(0.32) 97.12 
37 2(1.03) 97.42 - - 2(0.64) 97.76 
40 - - 1(0.85) 99.15 1(0.32) 98.08 
45 - - 1 (0.85) 100.00 1(0.32) 98.40 
49 1(0.52) 97.94 - - 1 (0.32) 98.72 
50 3 (1.55) 99.48 - - 3 (0.96) 99.68 
72 1 (0.52) 100.00 - - 1 (0.32) 100.00 

 

 



 

 

 

121 

Examining Outliers 

 
Across both samples, 13 “outliers” had an absolute difference of 43.15 (SD = 

11.32) points between the two versions of the EQ-VAS.  When these 13 respondents (i.e., 

those who had difference scores > 30 points) were eliminated from the analytical sample, 

the Pearson correlation coefficient and the intraclass correlation coefficient increased to 

0.91.  The absolute mean (95% CI) difference dropped to 3.94 (3.21 - 4.66) for the MVD 

sample and 3.29 (2.44 - 4.15) for the UA sample.   

In order to determine the association between sociodemographic characteristics 

and difference scores, these 13 respondents were compared with the rest of the sample on 

these characteristics (Table 4.8).  There were no significant differences between these 

respondents and the rest of the sample with respect to age and sex.  Due to the small cell 

sizes, for analytical purposes, the race/ethnicity variable was collapsed to only two 

categories; white, non Hispanic and “Others.”   

In addition, there were no significant differences between the two groups with 

respect to race/ethnicity, education, household income, and handedness.  Categories 

within education level, household income, and handedness were also collapsed for 

analytical purposes.  For the education level variable, master’s degree and 

doctorate/professional degree were combined to form a new category called “Graduate 

degree.”  Household income was categorized as “less than $20, 000,” “$20,001-$40, 

000,” and “More than $40,000.”  

General health status was also compared between those who had difference scores 

greater than or less than 30 points.  Scores on the two versions of the visual analog scale 
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were averaged to create a new variable called “mean EQ-VAS.”  Respondents who had 

difference scores of greater than 30 points had significantly (p = 0.0004) lower mean EQ-

VAS scores compared to those who had difference scores ≤ 30 points.  They reported 

significantly lower scores on both the paper and the touch-screen version of the EQ-VAS.  

This group of respondents also scored lower on both the physical (PCS) and mental 

component summary (MCS) scores of the SF-36, with the difference between the two 

groups on the PCS being statistically significant (p = 0.02).   
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Table 4.8. Comparison of Respondents with Difference Scores ≤ 30 and > 30 

 

Characteristic 

Absolute 

difference 

score ≤ 30 

Absolute 

difference 

score > 30 

t-

statistic 
p-

value 

Age, mean (SD)a 35.57 (13.54) 33.76 (15.03) 0.426 0.677 

Sex 
Male 
Female 

Total 

 
157 
142 
299 

 
7 
6 

13 

 
0.008 

 
1.000 

Race/Ethnicity b 
White, non-Hispanic 
Other 

Total 

 
173 
126 
298 

 
5 
8 

13 

1.913 0.252 

Education b 
Not a high school graduate 

High school graduate/GED 

Some college, no degree 
Associate/Bachelor’s degree  
Graduate degree 
(Master’s/Doctorate/Professional)  

Total 

 
14 
41 
86 

109 
 

48 
298 

 
1 
3 
2 
7 
 

0 
13 

4.88 0.203 

Annual Household Income b 
$20,000 or less   
$20,001 to $40,000 
More than $40,000 

Total 

 
90 
92 
86 

268 

 
7 
3 
1 

13 

4.69 0.100 

Prior computer use b 
Yes 
No 

Total 

 
286 
13 

299 

 
10 
3 

13 

8.98 0.023 

Handedness b 
Right  
Left/Either 

Total 

 
267 
32 

299 

 
12 
1 

13 

0.730 1.000 

Health status, mean (SD) a 
Mean EQ-VAS 
Paper EQ-VAS  
Touch Screen EQ-VAS 
SF-36 PCS 
SF-36 MCS 

Total 

 
81.08 (13.72) 
81.74 (14.24) 
80.42 (13.84) 
51.29 (9.51) 
47.85 (10.6) 

299 

 
61.26 (14.72) 
62.76 (27.24) 
59.76 (27.55) 
42.46 (11.8) 

42.72 (12.45) 
13 

 

0.0004 
0.027 
0.019 
0.020 
0.168 

a t-test, b Fischer Exact-test  
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PCS = physical component summary score; MCS = mental component summary score 

 

Digit Bias 

  
 Another characteristic observed in VAS scales in general is the tendency for 

respondents to cluster at certain digits.  A greater proportion of respondents scored at 

multiples of five or ten on the paper version as compared to the touch screen version of 

the EQ-VAS (Table 4.9).  This characteristic has also been noted in other studies 

collecting data using the EQ-VAS (Alderson and Wittenberg, 1995; Parkin et al., 2004) 

Rounding off to the closest multiple of five or ten might create an upward bias resulting 

in overall higher scores on the paper version of the EQ-VAS.    

 

Table 4.9. Scoring at Multiples of 5 and 10 on the Paper and Touch Screen EQ-VAS 

Versions 

 

Scale Multiples of 5 Multiples of 10 

 n (%) 

Paper EQ-VAS 244 (78.2) 165 (52.9) 

Touch screen EQ-VAS 144 (46.2) 99 (31.7) 
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Testing Difference in Means: Estimate of Bias 

 

 
A histogram of the differences (paper EQ-VAS - touch screen EQ-VAS) was 

constructed for both samples.  As would be expected, all within subject differences were 

normally distributed and centered on zero in both samples.     

 

 

Figure 4.4. Histogram of EQ-VAS Differences (paper -touch screen) 
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Mean differences were examined between the two administrations using a paired 

t-test (Table 4.9).  Separate analyses were conducted for both samples (MVD and UA).  

The paired t-test tests the hypothesis that the mean difference between scores on the two 

versions is equal to zero.  There are several assumptions for this test: 1) the observations 

in the sample were drawn at random from their respective populations; 2) the samples 

come from populations whose distributions are normal; and 3) the samples come from 

populations whose variances are equal.  This final assumption was checked and results 

are presented in Table (4.13).   

For the MVD sample, there was no statistically significant difference in scores on 

the two versions of the EQ-VAS whereas for the UA sample, the mean difference in 

scores on the two versions was significantly greater than zero.  Subjects scored 

significantly higher on the paper EQ-VAS version compared to the touch screen version.   

However, determining the difference that is acceptable is not a statistical decision 

but one based on meaningful differences.  According to our definition of equivalence, a 

mean difference of within ± eight points between the two versions was considered to be 

less than a meaningfully important difference.  A confidence interval for the mean 

difference was calculated to determine the limits within which the true difference is likely 

to lie.  

The 95% confidence intervals for both samples indicate that the difference in 

scores was relatively small and below our equivalence threshold of ≤ 8 points.  We can 

be 95% sure that the true mean difference between scores for the UA and MVD samples 

was between -0.98 and 2.44 points and 0.97 and 3.95, respectively.  The mean absolute 
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difference was higher for the MVD sample compared to the UA sample but the 95% 

confidence interval of the absolute difference for both samples was within the 

predetermined MID of eight points.   

 

Table 4.10. Testing Mean Difference in EQ-VAS Scores  

 

Measure N Mean (SD) 95% CI t
*
 P-value 

Paper EQ-VAS 

MVD sample 

UA sample 

312 

194 

118 

80.95 (15.41) 

80.25 (17.11) 

82.11 (12.10) 

79.22 – 82.57 

77.82 – 82.67 

79.90 – 84.31 

 

 

Touch Screen EQ-VAS 

MVD sample 

UA sample 

312 

194 

118 

79.56 (15.16) 

79.52 (15.87) 

79.64 (14.00) 

77.95 – 81.21 

77.27 – 81.76 

77.09 – 82.20 

 

 

Difference  

MVD sample 

UA sample  

312 

194 

118 

1.38 (10.80) 

0.73 (12.09) 

2.46 (8.17) 

0.18 – 2.59 

-0.98 – 2.44 

0.97 – 3.95 

2.26 

0.84 

3.27 

0.024 

0.400 

0.001 

Absolute Difference 

MVD sample 

UA sample  

312 

194 

118 

5.33 (9.48) 

6.01 (10.51) 

4.23 (7.41) 

4.27 – 6.39 

4.52 – 7.50 

2.88 – 5.58 

 

 

* Paired t-test  (t) 

 



 

 

 

128 

Effect of Order of Administration 

 

 In order to determine if the difference in EQ-VAS scores varied across the two 

administration orders for the questionnaire, further sub analysis were performed for both 

samples.  The order of administration was alternated such that half of the respondents 

completed the paper EQ-VAS first and the other half completed the touch screen version 

first.  Independent samples t-tests were performed to test the difference in bias between 

the two sub-groups.   

 The difference in scores based on the administration order was examined for 

paper as well as touch screen EQ-VAS in both samples.  There were no statistically 

significant differences between paper EQ-VAS scores when completed first or second 

across both samples.  Touch screen EQ-VAS scores were higher when completed second 

but this difference was statistically significant only for the sample recruited at the 

University.   
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Table 4.11. Difference in EQ-VAS Scores between First and Second Administrations 

of Paper and Touch Screen Versions 

 

Measure n Mean (SD)  95% CI t
*
 p-value 

MVD Sample 

Paper First 

Paper Second 

194 

95 

99 

 

80.51 (16.79) 

79.99 (17.49) 

 

77.10 – 83.93 

76.50 – 83.58 

 

-0.213 0.831 

Touch Screen First 

Touch Screen Second 

99 

95 

78.07 (15.46) 

81.02 (16.22) 

74.99 – 81.16 

77.72 – 84.32 

-1.295 0.196 

UA Sample 

Paper First 

Paper Second 

118 

59 

59 

 

83.05 (12.87) 

81.17 (11.32) 

 

79.70 – 86.40 

78.22 – 84.11 

 

-0.843 0.400 

Touch Screen First 

Touch Screen Second 

59 

59 

76.46 (14.55) 

82.83 (12.78) 

72.67 – 80.25 

79.50 – 86.16 

-2.527 0.012 

Total Sample 

Paper First 

Paper Second 

312 

154 

158 

 

81.49 (15.41) 

80.43 (15.45) 

 

79.03 – 83.94 

78.00 – 82.86 

 

-0.604 0.545 

Touch Screen First 

Touch Screen Second 

158 

154 

77.47 (15.10) 

81.71 (14.98) 

75.10 – 79.84 

79.33 – 84.10 

-2.493  0.013 

* 
Independent t-test (t)  

  

 In the UA sample, the mean difference in EQ-VAS scores was significantly 

greater for respondents’ who completed the touch screen first followed by the paper 
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version.  However, there were no differences between the two groups for the sample 

obtained at the MVD (Table 4.12).    

 
Table 4.12.  Testing Differences in Bias by Order of Administration 

 

Measure N 
Mean (SD) Difference  

(Paper-Touch Screen) 
95% CI t

*
 p-value 

MVD Sample 

Paper First 

Touch Screen First 

194 

95 

99 

 

-0.51 (10.83) 

1.92 (13.14) 

 

-2.71 – 1.70 

-0.70 – 4.54 

 

1.398 0.163 

UA Sample 

Paper First 

Touch Screen First 

118 

59 

59 

 

0.22 (3.95) 

4.71 (10.43) 

 

-0.80 – 1.25 

1.99 – 7.43 

 

3.093 0.002 

Total Sample 

Paper First 

Touch Screen First 

312 

154 

158 

 

-0.23 (8.84) 

2.96 (12.24) 

 

-1.64 – 1.18 

1.04 – 4.88 

 

2.640 0.008 
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Variance Comparison Test  

 

 One of the assumptions of the t-test is that the samples come from populations 

whose variances are equal.  In order to confirm this, a two-sample variance-comparison 

test was performed.  It-tests the null hypothesis that the standard deviation in one variable 

is equal to the standard deviation in another.   

 To test the null hypothesis, an F value was calculated from the division of one 

sample variance by another sample variance.  The ratio of the two sample variances is 

distributed as an F distribution.  There are two degrees of freedom associated with the F 

distribution (i.e., one degree of freedom for the numerator variance and another for the 

denominator variance).  The values of the F distribution vary from 0 to + infinity; 

however, the F tables only give values for alpha less than or equal to 0.50.  Therefore, to 

insure that the calculated F value will be within the range of values given in the table, it is 

important that the largest of the two sample variances be in the numerator.   

 As evidenced by the results, the calculated F statistic for both samples (Table 

4.13) was less than the critical F value, and hence we failed to reject the null hypothesis 

that the population variances are equal.  Hence, we pooled the variances and performed 

the t-test. 
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Table 4.13. Variance Comparison Test 

 

Measure N SD F-statistic p-value 

MVD Sample 

Paper EQ-VAS 

Touch Screen EQ-VAS 

 

194 

194 

 

17.11 

15.87 

 

0.860 

 

0.296 

UA Sample 

Paper EQ-VAS 

Touch Screen EQ-VAS 

 

118 

118 

 

12.10 

14.00 

 

1.339 

 

0.115 

Total Sample 

Paper EQ-VAS 

Touch Screen EQ-VAS 

 

312 

312 

 

15.41 

15.17 

 

0.968 

 

0.777 

 

Difference (Paper-Touch Screen) 

MVD Sample 

UA Sample 

 

194 

118 

 

12.10 

8.17 

 

1.35 

 

0.246 

 

 

Test of Association: Correlation Coefficients 

 
 Correlations between the two sets of scores were examined for both samples.  A 

bivariate scatter plot of the EQ-VAS scores from one method against those of the other 

with a regression line was constructed to examine the relationship.   
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The touch screen EQ-VAS score is marked on the vertical axis (i.e., y-axis) and 

the paper EQ-VAS score is marked on the horizontal axis (i.e. x-axis).  Each point on the 

graph represents a pair of values.  As shown in Figure 4.5, the line represents the 

predicted values of touch-screen by paper.  

 
 

Figure 4.5. Two-Way Scatter Plot of EQ-VAS Scores  
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However, in such plots, the data points are usually clustered near the line and it is 

difficult to assess between-method differences.  Correlation coefficients were calculated 
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to examine the strength of the linear relationship between the two modes.  The most 

common measure of correlation is the Pearson Product Moment Correlation.   

 For the data in Table 4.14, the Pearson correlation coefficient (r) between the two 

sets of scores was 0.73 (p < 0.001) for the MVD sample and slightly higher in the UA 

sample (0.81, p < 0.0001).  Pearson’s r is a parametric statistic and it assumes that the 

variables being assessed are normally distributed.  As the distribution of both versions of 

the EQ-VAS were highly skewed, the Pearson correlation coefficient may be less useful 

if the underlying assumption of normality is violated.  Therefore, non-parametric 

alternatives such as Spearman's rho (ρ) and Kendall’s tau were also calculated (Table 

4.14).   

 Spearman’s rho assumes that the variables under consideration were measured on 

at least an ordinal (rank order) scale (i.e., the individual observations can be ranked into 

two ordered series).  Spearman’s rho can be thought of as the regular Pearson product 

moment correlation coefficient, except that Spearman’s rho is computed from ranks.   

 Kendall’s tau is equivalent to Spearman’s rho with regard to the underlying 

assumptions.  It is also comparable in terms of its statistical power.  However, 

Spearman’s rho and Kendall’s tau are usually not identical in magnitude because their 

underlying logic as well as their computational formula’s are very different.  

 The intraclass correlation coefficient was also computed as a measure of 

agreement or consistency between the two methods of measurement, in conjunction with 

the significance test of the difference between means (Table 4.14).  The ICC is based on 

mean squares from ANOVA models and is conceptualized as the ratio of between-groups 
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variance to total variance.  It has been used in the literature as the preferred measure of 

strength of association because it corrects for lack of independence between the two sets 

of scores.  The intraclass correlation was 0.747 (p < 0.0001), demonstrating a good level 

of agreement between the two sets of scores.   

 Past studies have provided reliability estimates in both the general population and 

patient samples.  The EQ-VAS showed good reliability with an ICC of 0.84 (95% CI = 

0.65 – 0.78) in a sample (n = 221) of the general population over a three month test 

period.  In a patient sample (n = 224), Hurst et al. (1997) have reported reliability 

estimates of 0.70 (95% CI = 0.60-0.80) over a three month period and 0.85 (95% CI = 

0.67-1.03) over a two week period.  Other studies have reported an ICC of 0.80 (95% CI 

= 0.74-0.85) for the EQ-VAS (Haywood et al., 2002a).  Results from the current study 

demonstrate ICC values falling right within the 95% CI estimated in previous studies 

(Table 4.14).   
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Table 4.14.  Tests of Association: Correlation Coefficients 

 

Measure 
MVD 

n = 194 

  UA 

n = 118 

 Total 

N = 312 

 Statistic 95% CI Statistic 95% CI Statistic 95% CI 

Pearson’s r 0.733 0.66 - 0.79 0.814 0.74 - 0.87 0.750 0.70 - 0.79 

Spearman’s rho  0.742 0.67 - 0.80 0.872 0.82 - 0.91 0.787 0.74 - 0.83 

Kendall’s tau-b 0.644 0.55 - 0.72 0.756 0.67 - 0.82 0.683 0.62 - 0.74 

Intraclass 
correlation (ICC) 

0.731 0.66 - 0.79 0.790 0.71 - 0.85 0.747 0.69 - 0.79 

 

However, a high correlation does not mean that the EQ-VAS scores from the two 

versions agree.  The use of correlation can be misleading because the correlation between 

scores usually indicates association (linear trend) and not necessarily agreement.  Data 

that seem to be in poor agreement can produce quite high correlations.   

Although the ICC avoids the problem of a linear relationship being mistaken for 

agreement, it does not avoid other problems associated with correlation coefficients in 

general.  Correlation coefficients depend on the range of the measurement in the sample.  

If this is wide, the correlation will be greater than if it is narrow.  The number of 

measurements also affects the observed correlation.   
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Limits of Agreement 

 
Altman and Bland (1986; Bland and Altman 1999) proposed an alternative 

analysis technique to compare to measurement techniques.  The Bland-Altman plot is a 

graphical method in which the differences (or alternatively the ratios) between the two 

measures are plotted against the averages of the two.  They proposed examining the 

differences between the measurements for each subject and if the differences were 

exactly normally distributed, a multiplier of 1.96 would give the best estimate of the 

interval within which 95% of the differences would lie.  However, in practice, an 

approximate figure of two is considered satisfactory, and does not rely on the assumption 

of exact normality.  Approximately 95% of the differences will lie between two standard 

deviations of the mean (d-2SD to d+2SD), which is termed the limits of agreement.  

Furthermore, since we do not know the true value of the EQ-VAS, the mean of the two 

EQ-VAS scores (paper and touch screen) serves as the best estimate of it.   

Extremely useful insight pertaining to the concordance of scores on the versions 

can be gained by visually examining the pattern of discord.  This type of plot makes it 

much easier to assess the magnitude of disagreement (both random error and systematic 

bias), spot outliers, and observe trends.  It allows for the separation of both the systematic 

and random error, which other methods combines into a single measure (Altman and 

Bland, 1986; Bland and Altman, 1986, 1994). 

In Figure 4.6, the vertical axis on the graph shows the difference in scores 

between the paper and touch screen versions of the EQ-VAS (i.e., paper - touch screen) 

and the horizontal axis shows the mean EQ-VAS score (i.e., [paper + touch screen]/2) for 



 

 

 

138 

each subject.  According to the plot, the differences do not vary in any systematic way 

over the range of measurement.  There are only 15 responses (i.e., 16/312 = 4.8%) of the 

responses outside the 2SD limits of agreements.   

 

Figure 4.6. Bland–Altman Plot (Total Sample) 
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When the plots were constructed separately for each individual sample, there 

appears to some systematic bias for the UA sample (Fig 4.7).  This was also reflected in 

the preceding analysis for the test for means.  A greater proportion of respondents scored 

higher on the paper version of the EQ-VAS, particularly when they completed it last.  
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However, there was no association between the difference in EQ-VAS scores and the 

mean value for both samples (Table 4.15).   

Although the 2SD limits of agreement reflect the observed nature of the 

differences, it is important to compare these observed limits of agreement with a priori 

ones.  These observed limits are wider than the clinically acceptable margin of ± 8 points.  

This plot is used for method comparison studies that cover a narrower measurement 

range but when the standard deviation of the difference changes over the range of the 

measurement, it is recommended to use a percent (or log) difference (on the y-axis) plot.   

 

Table 4.15.  Relationship between Magnitude and the Difference 

 

 Mean EQ-VAS Score 

Difference in EQ-VAS scores MVD (n = 194) UA (n = 118) 

Spearman’s rho 0.063 -0.070 

p-value 0.383 0.454 
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Figure 4.7. Bland–Altman Plot for Each Sample 
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Additional Assessment of Relationship with Difference in EQ-VAS Scores 

  
 With the exception of order of administration, there were no differences in bias 

across various subgroups of sex, race, education, income, health status, and prior 

computer use.     
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Table 4.16. Testing Bias for Subgroups 

 

Characteristic n 

 

Difference  

Mean (SD) 

 

Statistic
 a

 p-value 

Age 312  
r = - 0.14 0.014 

Sex ( n = 312) 
Male 
Female 

 
164 
148 

 

1.43 (10.93) 
1.35 (10.72) 

t = 0.069 0.944 

Race/Ethnicity (n = 312) 
White, non-Hispanic 
Other race/ethnicity 

 
178 
134 

 

 
1.30 (9.10) 

1.50 (12.75) 
 

t = -0.151 0.879 

Education (n = 311) 
Not a high school graduate 

High school graduate/ GED 

≥ 1 year of college, no degree 
Associate/Bachelor’s degree  
Graduate degree 
(Masters/Doctorate) 

 

 
15 
44 
88 

116 
 

48 
 

 
-2.06 (9.16) 
0.22 (11.96) 
1.71 (9.94) 

2.31 (12.66) 
 

0.66 (5.70) 

F = 0.79 0.531 

Annual Household Income (n = 279) 
$20,000 or less   
$20,001 to $40,000 
More than $40,000 

 

97 
95 
87 

2.66 (14.33) 
1.38 (9.52) 
0.45 (7.25) 

F = 0.96 0.384 

Prior computer use  (n = 312) 
Yes 
No 

 

296 
16 

1.73 (10.38) 
-4.87 (3.07) 

t = 1.627 0.123 

Handedness (n = 312) 
Right  
Left/Either 

 

279 
33 

1.44 (10.87) 
0.97 (10.30) 

t = 0.245 0.807 

Time to Complete Questionnaire 312  r = -0.133 0.018 

Order of Administration (n = 312) 
Paper EQ-VAS First 
Touch Screen EQ-VAS First 

 

154 
158 

-0.22 (8.84) 
2.96 (12.24) 

t = 2.64 0.008 
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Table 4.16. Testing Bias for Subgroups (continued) 

Characteristic n 
Difference  

Mean (SD) 
Statistic

 a
 p-value 

General Health Status (n = 312) 
Excellent   
Very Good 
Good 
Fair 
Poor 

 

 
50 

146 
89 
22 
5 
 

 
1.26 (7.31) 

1.41 (10.26) 
1.58 (11.65) 
3.23 (15.39) 
-9.6 (14.15) 

 

F = 1.47 0.210 

a Pearson correlation coefficient (r), Two-sample t-test (t), One-way ANOVA (F)  
 

In addition to testing the measurement equivalence between the two EQ-VAS 

versions, sociodemographic variables were also evaluated for significant associations 

with absolute differences (Table 4.17).  The absolute difference was significantly 

different across race/ethnicity group (z = -2.54, p = 0.011).  White, non-Hispanic subjects 

had lower variability in EQ-VAS scores across the two versions as compared to other 

race/ethnicity groups.  Income level was significantly associated with variability in EQ-

VAS scores (χ2 = 6.44, p = 0.04).  The mean absolute difference across the various 

income groups is illustrated in Table 4.17.  When tested in post hoc analyses, there was a 

significant difference in the variability in EQ-VAS scores between the less than $20,000 

group and greater than $40,000 group.  The time to complete the questionnaire was also 

significantly associated with variability in EQ-VAS scores (rs = 0.120, p = 0.033).  

Subjects who took longer to complete the questionnaire had a greater difference in scores 

between the two versions.   
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Table 4.17. Relationship between Absolute Difference, Health Status, Demographics 

and Other Variables 

 

 

Characteristic n 

Absolute 

Difference Score 

Mean (SD) 

Statistic
 a

 p-value 

Age 312  rs = 0.068 0.233 

Sex ( n = 312) 
Male 
Female 

 
164 
148 

 

5.19 (9.71) 
5.47 (9.31) 

t = -0.260 0.745 

Race/Ethnicity (n = 312) 
White, non-Hispanic 
Other race/ethnicity 

 
178 
134 

 

 
4.47 (8.03) 

6.49 (11.07) 
 

z = -2.54 0.011 

Education (n = 311) 
Not a high school graduate 

High school graduate/ GED 

≥ 1 year of college, no degree 
Associate/ Bachelor’s degree  
Graduate degree 
(Masters/Doctorate Degree) 

 

 
15 
44 
88 

116 
48 

 

4.33 (8.27) 
5.68 (10.49) 
5.42 (8.49) 

6.05 (11.35) 
3.50 (4.52) 

χ
2 = 3.11 0.538 

Annual Household Income (n = 279) 
$20,000 or less   
$20,001 to $40,000 
More than $40,000 

 

97 
95 
87 

7.42 (12.52) 
4.43 (8.53) 
4.03 (6.02) 

χ
2 = 6.44 0.040 

Prior computer use  (n = 312) 
Yes 
No 

 

296 
16 

5.02 (9.24) 
11.13 (3.07) 

z = -2.83 0.004 

Handedness (n = 312) 
Right  
Left/Either 

 

279 
33 

5.41 (9.54) 
4.73 (9.17) 

z = 0.195 0.845 

Time to Complete Questionnaire 312  rs = 0.120 0.033 

Mean EQ-VAS Score 312  rs = -0.208 0.0002 
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Table 4.17. Relationship between the Difference Score, Health Status, Demographics 

and Other Variables (continued) 

Characteristic n 

Absolute 

Difference Score 

Mean (SD) 

 

Statistic
 a

 p-value 

General Health Status (n = 312) 
Excellent   
Very Good 
Good 
Fair 
Poor 

 

 
50 

146 
89 
22 
5 
 

 
4.10 (6.16) 
4.33 (9.40) 
6.48 (9.78) 

9.23 (12.59) 
9.6 (14.15) 

 

χ
2= 6.402 0.171 

Order of Administration (n = 312) 
Paper EQ-VAS First 
Touch Screen EQ-VAS First 

 

154 
158 

3.47 (8.13) 
7.15 (10.35) 

z = 4.352 < 0.00001 

a Two-sample t-test (t), Two-sample Wilcoxon rank-sum (Mann-Whitney) test (z), 
Kruskal-Wallis Chi-square (χ2),  
 

Persons who had no prior computer experience had significantly greater 

difference in scores on the two versions compared to those who did have some prior 

computer experience (z = -2.83, p = 0.004).  General health status represented by the 

mean EQ-VAS score was also significantly associated with a greater variability in scores 

across both versions (rs = - 0.208, p = 0.0002).  Subjects who were in poorer health 

reported more disparate scores on the two versions of the EQ-VAS.  As reported earlier, 

the order of administration was significantly associated with greater difference scores (z 

= 4.352, p < 0.0001); subjects who completed the touch screen version first had 

significantly greater variability in scores between the two versions as compared to those 

who completed the paper EQ-VAS first.   

The results of the multiple linear regression for variability in difference scores are 

presented in Table 4.18.  The analysis was conducted to test for the effects of 
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demographic characteristics (i.e., age, education, race/ethnicity, and income level), health 

status, prior computer use, time to complete the questionnaire, and order of 

administration on score consistency across the two EQ-VAS versions.  Multiple 

regression analyses assess the impact of these multiple independent variables while 

controlling for the effect that each may have on the others.  The mean absolute difference 

score served as the dependent variable.  Age, sex, race/ethnicity ( 0 = white, 1 =  other 

race/ethnicity), education level ( 0 = not a high school graduate, 1 = high school graduate, 

2 = Some college, 3 = Associate/Bachelor’s degree, 4 = graduate degree), income level ( 

0 = less than $20,000, 1 = $20,000-$40,000, 2 = greater than $40,000), health status 

(mean of the two EQ-VAS scores), order of administration, and time to complete the 

questionnaire served as independent variables.  

The model was statistically significant (F = 5.22; p < 0.000001) and accounted for 

16.5% of the variability in EQ-VAS score difference on the two versions.  Race/ethnicity, 

education, income, mean EQ-VAS, and order of administration were significant 

predictors of the score difference.   
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Table 4.18. Determinants of Absolute Difference  

 

Independent Variable 
Regression 

coefficient 

Std. 

Error 
t-statistic p-value 

Age 0.042 0.048 0.87 0.385 

Sex (reference: female) 0.774 1.065 0.73 0.468 

Race/ethnicity (reference: white, 
non-Hispanic) 

2.152 1.114 1.93 0.055 

Income (reference: < $20,000)     

$20,000-$40,000 -2.841 1.369 -2.08 0.039 

> $40,0000 -3.111 1.517 -2.05 0.041 

Education (reference: not a high 
school graduate ) 

    

High School Graduate 5.134 2.991 1.72 0.087 

≥ 1 year of college, no degree 5.736 2.809 2.04 0.042 

Associate/Bachelor’s degree 7.428 2.785 2.67 0.008 

Graduate Degree 5.055 3.020 1.67 0.095 

Mean EQ- VAS -0.222 0.038 -5.80 0.000 

Order of Administration (reference: 
Touch Screen first) 

-3.351 1.091 -3.07 0.002 

Prior Computer Use (reference: yes) 0.029 2.729 0.01 0.992 

Time to complete -0.049    0.172     -0.29    0.772     

n = 279, Model Statistic: F = 5.22; p < 0.000001; Adjusted R2 = 0.1649 
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VI. Testing Data Quality, Scaling Assumptions, Reliability and Validity of the Touch 

Screen SF-36  

 

Item-Level Descriptive Statistics 

 

 Only one respondent had missing values and less than 1.0% (0.96%) of all 

responses were missing on the SF-36.  The median percent missing for any given item 

was 0.  All responses to the thirty-six items were in the range of possible answers and all 

response choices were used for all but one question concerning bodily pain (Table 4.19).  

The items exhibited response variability and although the response distributions were not 

perfectly symmetrical, they were not extremely skewed either.  
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Table 4.19. SF-36 Item Response Values Frequency 

 

Item Response Values Frequency 

Label 1 2 3 4 5 6 

Physical Functioning 

(PF) 
      

PF01  43 111 158 _ _ _ 

PF02 21 38 253 _ _ _ 

PF03 12 37 263 _ _ _ 

PF04 16 83 213 _ _ _ 

PF05 6 32 274 _ _ _ 

PF06 14 89 209 _ _ _ 

PF07 18 54 240 _ _ _ 

PF08 15 42 255 _ _ _ 

PF09 9 15 288 _ _ _ 

PF10 9 7 296 _ _ _ 

Role- Physical (RP)       

RP1 51 261 _ _ _ _ 

RP2 77 234 _ _ _ _ 

RP3 62 250 _ _ _ _ 

RP4 63 249 _ _ _ _ 

Bodily Pain (BP)       

BP1 104 82 68 40 14 4 

BP2 181 89 29 10 3 0 

General Health (GH)       

GH1 50 146 89 22 5 _ 

GH2 4 24 23 102 159 _ 

GH3 88 125 57 23 19 _ 

GH4 10 28 88 69 117 _ 

GH5 69 161 31 31 20 _ 

Vitality (VT)       

VT1 20 77 85 71 39 19 

VT2 18 90 77 80 32 15 

VT3 8 24 42 73 117 48 

VT4 8 32 55 89 107 21 
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Table 4.19: SF-36 Item Response Values Frequency (continued) 

 

Social Functioning (SF)       

SF1 143 103 38 24 4 _ 

SF2 3 19 53 189 148 _ 

Role-Emotional (RE)       

RE1 76 236 _ _ _ _ 

RE2 108 204 _ _ _ _ 

RE3 69 243 _ _ _ _ 

Mental Health (MH)       

MH1 5 11 27 52 113 104 

MH2 2 7 11 40 82 169 

MH3 21 116 68 61 35 11 

MH4 6 11 12 49 132 104 

MH5 43 137 62 32 25 3 

Health Transition (HT) 43 72 154 38 5 _ 

 

 

 
Within almost all scales, the item means were fairly comparable.  For the bodily 

pain scale, the two items had a slighter larger discrepancy in mean scores.  Although 

most item standard deviations did not approach 1.0, they were similar within scales 

(Table 4.20). 
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Table 4.20. SF-36 Item Descriptive Statistics 

Item     

Label Abbreviated Item Content n Mean SD 

Physical Functioning 

(PF) 

    

PF01  Vigorous activities 312 2.37 0.71 

PF02 Moderate activities 312 2.74 0.57 

PF03 Lifting/carrying groceries 312 2.80 0.48 

PF04 Climbing several flights of stairs 312 2.63 0.58 

PF05 Climbing one flight of stairs 312 2.86 0.40 

PF06 Bending, kneeling, stooping 312 2.63 0.57 

PF07 Walk more than a mile 312 2.71 0.57 

PF08 Walking several blocks 312 2.77 0.52 

PF09 Walking one block 312 2.89 0.39 

PF10 Bathing or dressing 312 2.92 0.36 

Role- Physical (RP)     

RP1 Cut down time spent on work 312 1.84 0.37 

RP2 Accomplished less than would like 311 1.75 0.43 

RP3 Limited in kind of work/activities 312 1.80 0.40 

RP4 Difficulty performing work/activities 312 1.80 0.40 

Bodily Pain (BP)     

BP1 Intensity of bodily pain 312 2.33 1.25 

BP2 Extent pain interfered with work 312 1.61 0.86 

General Health (GH)     

GH1 Rating of general health 312 2.31 0.88 

GH2 I seem to get sick easier than others 312 4.24 0.97 

GH3 I seem as healthy as anyone I know 312 2.23 1.12 

GH4 I expect my health to get worse 312 3.82 1.13 

GH5 My health is excellent 312 2.27 1.11 

Vitality (VT)     

VT1 Feel full of pep 311 3.29 1.31 

VT2 Have a lot of energy 312 3.20 1.26 

VT3 Feel worn out 312 4.32 1.25 

VT4 Feel tired 312 4.02 1.20 
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Table 4.20. SF-36 Item Descriptive Statistics (continued) 

 

Item     

Label Abbreviated Item Content n Mean SD 

Social Functioning 

(SF) 
    

SF1 Extent health problems interfered 312 1.86 0.99 

SF2 Frequency health problems interfered 312 4.15 0.98 

Role-Emotional (RE)     

RE1 Cut down time spent on work 312 1.76 0.43 

RE2 Accomplished less than would like 312 1.65 0.48 

RE3 Work not done as carefully as usual 312 1.78 0.42 

Mental health (MH)     

MH1 Been a nervous person 312 4.82 1.18 

MH2 Felt down in the dumps 311 5.25 1.03 

MH3 Felt calm and peaceful 312 3.02 1.27 

MH4 Felt downhearted and blue 312 4.91 1.12 

MH5 Been a happy person 312 2.54 1.15 

Health Transition 

(HT) 
Change in health from a year ago 312 2.65 0.92 

 
 

 

 Item internal consistency was tested by examining the correlation between an 

item and the scale score computed from all other items in that scale (item scale 

correlation after correction for overlap) (Table 4.21).  Item internal consistency was 

considered substantial and satisfactory as all items correlated 0.40 or more with its 

hypothesized scale (after correction for item-scale overlap).  Also all items within a scale 

had roughly equivalent item-scale correlations.   



 

 

 

152 

Table 4.21. Pearson Item-Scale Correlations Corrected for Overlap 
 
 

Item         

Label PF RF BP GH VT SF RE MH 

Physical Functioning 

(PF) 
        

PF01  0.64 _ _ _ _ _ _ _ 

PF02 0.79 _ _ _ _ _ _ _ 

PF03 0.78 _ _ _ _ _ _ _ 

PF04 0.75 _ _ _ _ _ _ _ 

PF05 0.77 _ _ _ _ _ _ _ 

PF06 0.72 _ _ _ _ _ _ _ 

PF07 0.78 _ _ _ _ _ _ _ 

PF08 0.80 _ _ _ _ _ _ _ 

PF09 0.74 _ _ _ _ _ _ _ 

PF10 0.60 _ _ _ _ _ _ _ 

Role- Physical (RP)         

RP1 _ 0.74 _ _ _ _ _ _ 

RP2 _ 0.67 _ _ _ _ _ _ 

RP3 _ 0.77 _ _ _ _ _ _ 

RP4 _ 0.71 _ _ _ _ _ _ 

General Health (GH)         

GH1 _ _ _ 0.70 _ _ _ _ 

GH2 _ _ _ 0.50 _ _ _ _ 

GH3 _ _ _ 0.69 _ _ _ _ 

GH4 _ _ _ 0.48 _ _ _ _ 

GH5 _ _ _ 0.74 _ _ _ _ 

Vitality (VT)         

VT1 _ _ _ _ 0.53 _ _ _ 

VT2 _ _ _ _ 0.64 _ _ _ 

VT3 _ _ _ _ 0.63 _ _ _ 

VT4 _ _ _ _ 0.67 _ _ _ 

Role-Emotional (RE)         

RE1 _ _ _ _ _ _ 0.62 _ 

RE2 _ _ _ _ _ _ 0.65 _ 

RE3 _ _ _ _ _ _ 0.46 _ 
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Item         

Label PF RF BP GH VT SF RE MH 

Mental health (MH)         

MH1 _ _ _ _ _ _ _ 0.53 

MH2 _ _ _ _ _ _ _ 0.69 

MH3 _ _ _ _ _ _ _ 0.55 

MH4 _ _ _ _ _ _ _ 0.64 

MH5 _ _ _ _ _ _ _ 0.61 

        
 
 
 

Scale-Level Descriptive Statistics 

 

  

 After item-level analyses were conducted, SF-36 scales were scored and 

properties of the scales were examined with a focus on scale means and standard 

deviations and the proportion of respondents scoring at the highest (ceiling) and lowest 

(floor) level (Table 4.22).  The percentage of respondents at the floor for almost all scales 

was less than 10% and similar to that seen in the general US population (Ware et al. 

1994).  Floor and ceiling effects were lowest for scales measuring both disability and 

well-being (GH, VT, and MH).  As seen in previous studies, floor effects were higher for 

the role-physical and role-emotional scales.  The role functioning scales also had high 

ceiling effects, as expected for these coarse scales in general population samples.  Ceiling 

effects were also fairly high for the physical functioning, bodily pain, and social 

functioning scales.  In general, these floor and ceiling effects were very similar to that 

observed in the general US population.   
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Table 4.22.  Comparison of Descriptive Statistics for SF-36 Scales between the 

Sample and the General US Population  

 

  

SF-36 

Scale 

Mean 

(US) 

Std. Dev 

(US) 

Lowest 

score 
(observed/ 

possible) 

Highest 

score 
(observed/ 

possible) 

% at 

observed 

floor (US) 

% at 

observed 

ceiling 
(US) 

GH 
71.23 

(71.95) 
20.03 

(20.34) 
10/0 100/100 

0.96 
(0) 

8.01     
(7.40) 

PF 
86.63 

(84.15) 
20.49 

(23.28) 
10/0 100/100 

0.64  
(0.84) 

41.35 
(38.79) 

RP 
79.73 

(80.96) 
33.96 

(34.00) 
10/0 100/100 

9.94 
(10.33) 

66.99 
(31.85) 

RE 
72.97 

(81.26) 
35.95 

(33.04) 
10/0 100/100 

11.54 
(9.61) 

57.69 
(71.01) 

SF 
78.73 

(83.28) 
22.00 

(22.69) 
10/0 100/100 

0.32  
(0.64) 

35.90 
(52.32) 

BP 
79.16 

(75.15) 
21.79 

(23.69) 
10/0 100/100 

0.64  
(0.58) 

31.73 
(31.85) 

VT 
59.26 

(60.86) 
19.86 

(20.96) 
5/0 100/100 

1.60 
(0.52)  

1.92     
(1.50) 

MH 
73.68 

(74.74) 
17.44 

(18.05) 
12/0 100/100 

0.32       
(0) 

2.24      
(3.91) 

GH = general health perceptions; PF = physical functioning; RP = role limitations due to 
physical problems; RE = role limitations due to emotional problems; SF = social 
functioning; BP = bodily pain; VT = vitality; MH = mental health 
 

 
The scale means and standard deviations for the sample were very similar to that 

seen in the general US population (Table 4.22).  As expected, the five scales which 

primarily measure health-related disability (physical functioning, role-physical, bodily 

pain, social functioning, role-emotional) had the highest mean scale scores, while lower 

mean scores were found for the three scales that extended measurement to the well-being 

range (general health, vitality, mental health). 
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Reliability and Correlation between Scales 

 

 The reliability of scale scores was estimated using the internal consistency 

method (Cronbach’s coefficient alpha [α]).  A minimum reliability level of 0.70 has been 

suggested for group level comparisons (Nunnally and Bernstein, 1994).  All of the 

reliability coefficients exceeded 0.70; the range was from 0.75 to 0.93 (Table 4.23).  The 

reliability was greater than 0.90 for the physical functioning scale, the suggested 

minimum standard for individual comparisons.   

 

 

Table 4.23.  SF-36 Scale Internal Consistency: Reliability Coefficients (Cronbach’s 

α) and Inter-Scale Correlations 

 
 

Scale GH PF RP RE SF BP VT MH 

GH (0.82)        

PF 0.50 (0.93)       

RP 0.51 0.62 (0.87)      

RE 0.41 0.25 0.43 (0.75)     

SF 0.57 0.43 0.51 0.57 (0.75)    

BP 0.53 0.65 0.62 0.26 0.49 (0.85)   

VT 0.59 0.37 0.38 0.44 0.54 0.39 (0.80)  

MH 0.50 0.17 0.28 0.56 0.65 0.20 0.62 (0.81) 

GH = general health perceptions; PF = physical functioning; RP = role limitations due to 
physical problems; RE = role limitations due to emotional problems; SF = social 
functioning; BP = bodily pain; VT = vitality; MH = mental health 
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To evaluate how distinct each scale is from other scales in the same matrix, 

correlations among all scales were computed and compared with reliability estimates.  As 

would be expected, in all cases, the reliability coefficients exceeded the inter-scale 

correlations for the same scale (Table 4.23). 

 

 

Validity  

 

 Content validity was not re-examined since the electronic version did not differ 

from the original questionnaire with respect to the content.  The content validity of the 

SF-36 has been evaluated based on standards published by Ware (1987), prior to 

construction of the SF-36.   

 Construct validity is the extent to which a measure behaves as expected (e.g., the 

extent to which it correlates in the expected or hypothesized direction and magnitude 

with other measures/indicators).  In tests of known groups’ validity, mean scale scores 

were compared across groups known to differ, using criteria such as the presence of 

chronic conditions.  Mean scale scores between respondents with no self-reported chronic 

conditions were compared to those with one or more chronic conditions.  It was 

hypothesized that person’s with no chronic illnesses would report higher scale scores 

(i.e., better health) than those with one or more chronic conditions.  Respondents with 

one or more chronic conditions reported significantly lower scores on all eight scales of 

the SF-36 compared to those with no chronic conditions (Table 4.24).   
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Table 4.24.  Difference in Mean SF-36 Scale and Summary Scores between Groups 

with Zero and ≥ 1 Chronic Conditions 

 

Scale 
No Chronic 

condition  

≥ 1 chronic 

condition 
t-statistic p-value 

 Mean (SD)   

Physical Functioning (PF) 92.47 (16.4) 83.92 (21.6) 3.86 0.0001 

Role- Physical (RP) 89.14 (24.3) 75.35 (36.9) 3.93 0.0001 

Bodily Pain (BP) 89.77 (12.1) 74.22 (23.5) 7.72 < 0.0001 

General Health (GH) 79.85 (15.7) 67.23 (20.6) 5.96 < 0.0001 

Vitality (VT) 64.70 (17.8) 56.73 (20.3) 3.52 0.0005 

Social Functioning (SF) 86.49 (17.0) 75.12 (23.1) 4.88 < 0.0001 

Role-Emotional (RE) 82.83 (30.6) 68.39 (37.4) 3.61 0.0004 

Mental Health (MH) 78.75 (14.0) 71.32 (18.4) 3.93 0.0001 

Physical Component Summary 

(PCS) Scale  
54.40 (5.6) 49.32 (10.8) 5.47 < 0.0001 

Mental Component Summary 

(MCS) Scale 
50.39 (8.6) 46.36 (11.4) 3.46 0.0006 

n = 312, t = Independent Samples t-test  

 
 Convergent and discriminant validity was also evaluated through examination of 

correlations between SF-36 scales and the EQ-5D dimensions.  Scales measuring similar 

concepts (e.g., SF-36 physical functioning and role-physical with the EQ-5D mobility 

score) were expected to have substantial correlations, while scales that measure dissimilar 

constructs were expected to have low correlations (Table 4.25).   
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Table 4.25.  Convergent and Discriminant Validity: Correlations between SF-36 

Scale and Summary Scores and the EQ-5D Dimensions 

  

 

 EQ-5D Dimension 

SF-36 Scale Mobility Self-care 
Usual 

Activities 
Pain 

Anxiety/ 

Depression 

Physical Functioning  -0.60 -0.43 -0.54 -0.55 -0.11 

Role- Physical  -0.42 -0.31 -0.52 -0.42 -0.22 

Bodily Pain -0.53 -0.31 -0.52 -0.73 -0.22 

General Health  -0.40 -0.27 -0.41 -0.42 -0.38 

Vitality  -0.29 -0.23 -0.29 -0.31 -0.41 

Social Functioning -0.27 -0.26 -0.26 -0.33 -0.51 

Role-Emotional -0.17 -0.12 -0.18 -0.20 -0.51 

Mental Health -0.13 -0.07 -0.17 -0.18 -0.66 

Physical Component 
Summary (PCS) Scale  

-0.58 -0.40 -0.59 -0.62 -0.04 

Mental Component 
Summary (MCS) 
Scale 

-0.05 -0.05 -0.11 -0.09 -0.65 

 
 

 Scores on the physical functioning, bodily pain, and role-physical scales had high 

correlations with scores on the EQ-5D mobility and usual activities dimensions whereas 

scores on the mental health and role-emotional scales were highly associated with the 

EQ-5D anxiety/depression dimension.  On the other hand, the scales on the SF-36 

measuring physical health had very low correlations with the anxiety/depression 

dimension on the EQ-5D and the mental health, role-emotional, vitality and social 

functioning had poor correlations with measures of physical health on the EQ-5D.   
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CHAPTER 5 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

 

I. Summary  

 

The use of paper questionnaires in research is pervasive and long standing.  

However, with advances in technology, paper questionnaires can be replaced by 

electronic versions, which offer numerous advantages.  Many generic and disease 

specific health-related quality of life questionnaires have been adapted to electronic 

formats and, despite the many potential benefits of electronic data capture, it remains 

unclear whether electronic versions of these instruments yield similar results to their 

corresponding paper versions.  One such questionnaire for which an electronic version 

has been developed is the EQ-5D, a measure of self-reported general health status. 

  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) 

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).  When the EQ-5D has been adapted to an electronic format, the EQ-VAS has been 

operationalized in ways that depart from the original version.  For example, an 

application developed by Assist Technologies for use on a portable, touch screen device 
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created an electronic version of the EQ-VAS that was modified from the original 20 cm 

vertical VAS to a 15 cm horizontal VAS.   

  While equivalence of paper and electronic versions of visual analog scales in 

general has been studied, no prior published reports of research were found that had 

examined the measurement equivalence of the horizontal and vertical orientations of the 

EQ-VAS.  When an instrument is to be administered in a manner other than in which it 

was originally developed and tested, it is important to ensure that the alternative forms of 

the instrument demonstrate measurement equivalence to the original.  The primary aim of 

this research was to investigate the measurement equivalence of the electronic touch 

screen EQ-VAS compared to the original paper-based EQ-VAS.  A secondary objective 

was to examine the psychometric properties of the touch screen version of the SF-36.   

  The sample for this investigation was intended to reflect the general population in 

the Tucson metropolitan area.  The sampling was purposive in that participants were 

selected subjectively to obtain a sample that generally represented the general population 

with respect to demographic characteristics, particularly age, sex, and race/ethnicity.  

Subjects were recruited from two locations; the Division of Motor Vehicles (DMV) 

regional office and the University of Arizona (UA) in Tucson.  Potential participants 

were eligible for the study if they were 18 years of age and older and could speak and 

read English.   

  The study sample, overall, was comparable to the general population in Tucson 

with respect to age and sex.  The race/ethnicity composition of the respondents recruited 

at the MVD office was more representative of the Tucson general population than the 
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respondents recruited at the UA site.  As a result, there were a disproportionately greater 

number of Asians/Pacific Islanders in the overall study sample due to the UA 

recruitment.  Also, when compared to the general population, there were a greater 

number of respondents in the “Other” category, which for the sample also included 

persons who were Aleut/Eskimo or American Indian.   

 The sample was more educated than the general population in Tucson, largely due 

to the high number of respondents recruited at the UA with bachelors and graduate 

degrees.  An overwhelming majority of respondents across both recruitment site samples 

had some prior experience using computers.  As would be expected, both samples were in 

very good or good health as reflected by scores on the EQ-5D and the SF-36.  While this 

may not be the case in most clinical trial settings, evidence from prior research has 

demonstrated that those patients find the computer mode easier to use and prefer it to 

paper-based formats.   

 Although a probability sampling technique would have produced a sample that 

was more representative of the general population, non-probability purposive sampling 

did result in a fairly broad cross-section of the population with respect to socio-

demographic characteristics.    

 In order to meet the primary objective of the study, a questionnaire consisting of 

two parts was specifically designed.  One part was paper-based and the other was touch 

screen computer-based.  The device and software for collecting the electronic data was 

designed and developed by Assist Technologies of Scottsdale, Arizona.  The paper-based 

part only contained the original 20 cm vertical EQ-VAS and the touch screen-based part 
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included a modified EQ-VAS plus the EQ-5D descriptive system, the SF-36, socio-

demographic characteristics, a list of chronic conditions, questions about prior computer 

use and handedness, and items assessing satisfaction with domains of life.   

 Instructions on how to use the touch screen device were provided and each 

subject was asked to complete both parts.  The EQ-5D and SF-36 are standardized 

questionnaires, the paper versions of which are widely used and of proven acceptability 

to patients.  Sociodemographic items and questions regarding chronic conditions were 

included to provide a more detailed description of the sample.  Items on prior computer 

experience and right or left handedness were included to identify how these factors may 

be related to the respondent’s use of the touch screen device.  The additional items were 

also aimed at serving as a distraction by having participants answer other questions 

between the two versions of the EQ-VAS.  Hence, the two versions of the EQ-VAS were 

administered to each participant approximately ten minutes apart.   

 The length of the time interval between completion of the two versions was a 

compromise between reducing memory effects on the one hand and reducing the 

possibility of extraneous events occurring during the intervening time on the other hand.  

It was stressed to each participant at the beginning that the questionnaire had two separate 

parts and they should approach the second part as if it were a separate exercise.  It is still 

possible that some participants remembered and simply repeated the earlier EQ-VAS 

response.  However, there are precedents in the literature of very short inter-version 

intervals (Maitland et al., 1994).  In addition, increasing the interval time was not the 

preferred route because if the questionnaire were too long, potential subjects may have 
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been reluctant to participate in the study and those who did could have found it 

burdensome.  Pouwer and colleagues (1998) also reported possible contamination from 

events that occurred during a long inter-version interval.  Therefore, for this study, a 

questionnaire that took approximately 10-15 minutes to complete was considered to be 

less burdensome yet sufficiently long enough to minimize bias based on memory effects.   

 Respondents took a mean of 9.75 (SD=3.40) minutes to complete the 

questionnaire however, there were statistically significant differences in time to complete 

the questionnaire by age, race/ethnicity, and education level.  Respondents 50 years of 

age and older required more time to complete the questionnaire as compared to those 

under 50 (11.59 minutes versus 9.33 minutes, p < 0.0001).  Although dated, past research 

has found that five percent of people older than 65 use computers, compared with about 

45% of young and middle-aged adults (US Census, 1993).  The present study also made 

no additional allowances for potential visual defects or reduced functional abilities 

among older subjects.  The number of older adults with computer experience will 

increase in the coming decades with computer use becoming more pervasive.  However, 

some consideration needs to be given to these issues when implementing either of these 

modes of administration in studies involving older respondents.   

Non-Hispanic blacks, Hispanics, and Asians took longer to complete the 

questionnaire as compared to non-Hispanic whites.  Evidence suggests that minorities 

with lower incomes are less likely to own a computer and consequently less likely to be 

familiar with their use.  Difference in time to complete was also noted across education 

level.  Although the vast majority of the sample indicated some prior experience using a 
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computer, the degree of proficiency with computer use was not assessed.  Also, 

respondents were not directly questioned regarding the ease of use of the touch screen 

device or their preference between the modes of administration.  The learning curve 

associated with the use of the touch screen device may have differed across education and 

computer proficiency levels.  Also, longer and more complex questionnaires need to be 

compared in a similar manner to fully explore these observed differences.   

Respondents at the DMV took significantly longer to complete the questionnaire 

as compared to respondents in the UA sample (10.1 vs. 9.2 minutes, p < 0.024).  Since 

data were collected at an outside location at the DMV, the mid-day sunshine made seeing 

the touch screen monitor difficult at certain angles.  Also, the electronic device could not 

be plugged into an electrical outlet while respondents were completing the questionnaire 

and in a few instances, error messages indicating a low battery would pop up on the 

screen, not allowing respondents to use the system until the messages were deleted.  

Although battery life has been identified as a problem in past studies, the touch screen 

device used in this study can run for six days after being fully charged.  However, despite 

the battery concern, no data were lost in the process as the system stores a back up at all 

times.  The above factors could have been partly responsible for the longer time taken by 

MVD respondents to complete the questionnaire.   

 

Data Quality and Completeness  

 
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 
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which responses are unusable by restricting the respondent to a single answer and 

enforcing a response before allowing the respondent to proceed to the next question.  

Write-in responses are eliminated.  In general, all of these advantages were borne out in 

this investigation.   

The computer program was designed to allow respondents to mark only one 

category, and in an unambiguous manner.  Also, patients could alter a response on the 

touch screen by returning to the previous questions, but they could not move to the next 

screen without providing a response or explicitly indicating that they didn’t wish to 

respond.  However, response problems were detected in many of the paper 

questionnaires.  About 22% of participants marked the paper EQ-VAS ambiguously by 

not following instructions correctly.  Other studies have reported similar problems with 

paper questionnaires.  Ryan et al. (1992) in a study comparing paper and electronic 

versions of the SF-36 reported that 44% of participants had at least one missing or 

problematic response (Ryan et al., 2002).  Also, Streiner and Norman (1995) in their 

review found that 5% to 10% of returned paper questionnaires were reported as unusable 

because of omitted, illegible, or invalid responses.   

After the data collection process was completed, the data from the touch screen 

device was transferred directly to a final computer database keeping data handling and 

processing to a minimum.  On the other hand, for the paper questionnaire approximately 

three hours were spent entering and verifying entry into the database.  This process 

however, would have been far more time consuming if the paper questionnaire was 
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longer in length, which is generally the case.  For this study, only the original EQ-VAS 

was in a paper format.   

Although subjects were not directly asked about the ease of use of the touch 

screen device, it was evident from the results that respondents found the electronic 

version easy to use.  During the data collection procedure, none of the participants 

expressed any difficulty following instructions or using the electronic device.  Other 

studies have evaluated subjects’ preference for paper and electronic questionnaires.   

Pouwer et al. (1998) reported that 99% of respondents found it easy to use the electronic 

diary whereas Drummond et al. (1995) found 57% of respondents preferred the electronic 

version and 30% had no preference.  Murrelle and colleagues (1992) reported that 93% of 

subjects expressed that the electronic version appeared shorter.  Overall, almost all 

studies have either reported the majority of subjects either preferring the electronic 

version or liking it as much as the paper version.  The efficiency and reliability of 

computer assessment in comparison to paper instruments was as good or better.   

 

Equivalence of EQ-VAS Scores     

 

 Histograms revealed similar patterns and distributions of responses to paper and 

electronic versions of the EQ-VAS.  The equivalence of the touch screen EQ-VAS to the 

paper version was assessed at the group and individual level.  At the group level, the 

equivalence was assessed by examining mean differences using a paired t-test.  One of 

the assumptions of the t-test is that the samples come from populations whose variances 

are equal.  In order to confirm this, a two-sample variance-comparison test was 
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performed.  The calculated F statistic for both samples was less than the critical F value, 

and hence we failed to reject the null hypothesis that the population variances were equal.   

For the MVD sample, there was no statistically significant difference in scores on 

the two versions of the EQ-VAS whereas for the UA sample, subjects scored 

significantly higher on the paper EQ-VAS version compared to the touch screen version.  

A possible explanation for the difference is that people respond differently if they are 

asked by a machine than if presented with questions on paper.  Tourangeau and Smith 

(1996) found that respondents tended to answer in a more “socially desirable way” to 

face-to-face interviews compared with computer-assisted self-administered 

questionnaires.  The more positive reporting on the paper EQ-VAS (i.e., being socially-

desirable) might be due to a subject’s perception that the information reported on paper 

questionnaires is less private compared to the touch screen questionnaire.   

 Another possible reason as to why participants rate their health higher on the 

paper EQ-VAS may be explained by the format of the paper scale.  Participants tend to 

round their measurements up (in a majority of cases) on the paper version resulting in an 

upward bias.  The reason some people overestimate and some do not, as well as the 

relationship between these tendencies and other variables, requires further study that is 

beyond the scope of this research.  Also, drawing a line from a neutral box to the VAS on 

the paper version vs. touching a point on the VAS with the touch screen version may 

have an influence on the way people respond.  However, to the best of our knowledge, 

we found no prior published literature that had addressed this issue and it remains an area 

that requires further exploration.  
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However, determining the difference that is acceptable is not purely a statistical 

decision but one based on minimally important differences (MID) between the two 

versions.  Defining an MID involved specifying the magnitude of difference in scores 

between versions that is considered meaningful.  A systematic review of the literature by 

Norman et al. (2003) reported that in all but six studies, the MID estimates were close to 

one half of a standard deviation (SD).  An explanation for this consistency was that 

research in psychology has shown that the limit of people's ability to discriminate over a 

wide range of tasks is approximately 1 part in 7, which is very close to half a standard 

deviation.  For a VAS ranging from 0 to 100, a half of a standard deviation is 

approximately eight points.  Therefore, a mean difference of ± eight points between the 

two versions was specified as the MID, that is, the two formats were deemed equivalent 

if the score differences were less than or equal to eight points.  However, to the best of 

our knowledge, the MID for the EQ-VAS has not been established.  The MID used in this 

study was based on the best available literature and further confirmation of this MID is 

needed in studies specifically addressing the EQ-VAS scores.   

The 95% confidence intervals for both samples indicated that the difference in 

scores was relatively small and below our equivalence threshold.  Based on the results, 

we can be 95% sure that the true mean difference between scores for the UA and MVD 

samples were between -0.98 and 2.44 points and 0.97 and 3.95, respectively.  Our 

findings are consistent with those of other randomized crossover comparisons of paper 

and touch screen questionnaires for health status assessment.  Prior studies have shown 
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uniform psychometric properties between modes of administration, with high correlations 

and no significant mean differences (Cook et al., 1993; Cook et al., 2004).   

 In order to determine if the difference in EQ-VAS scores varied across the two 

administration orders of the questionnaire, further sub-analyses were performed for both 

samples.  There were no statistically significant differences between the group that 

completed the paper version first and the group that completed the touch screen version 

first with respect to age, race/ethnicity, sex, education, income, and health status.  The 

difference in scores between first and second testing was examined for paper as well 

touch screen EQ-VAS in both samples.  There was no statistically significant difference 

between paper EQ-VAS scores when completed first or second for both samples.  

However, touch screen EQ-VAS scores were consistently higher when completed second, 

but this difference was statistically significant only for the sample recruited at the 

University.   

 On testing the difference in bias by order of administration, the mean difference in 

EQ-VAS scores was higher for respondent’s who completed the touch screen first 

followed by the paper version compared to those who completed it in the opposite order 

but this difference achieved statistical significance only for the UA sample.  Using the 

current design, however, it is difficult to provide a precise explanation for this finding.   

At the individual level, a little over 30% of the respondents had identical scores 

on both versions; 36.4% for the UA sample and 26.3% for the MVD sample.  A little 

over 80 percent of respondents had a difference score of eight points or less, which was 

the equivalence threshold.  For a minority of subjects (n = 13 [4.16%]) there were notable 
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(≥ 30 points) differences in paper and electronic versions of the EQ-VAS.  It is important 

to consider whether these response differences were due to random measurement error, 

the mode of administration or other variables.  This discrepancy may be the consequence 

of some participants having misunderstood the EQ-VAS or a lack of incentive to 

complete the questionnaire as per the instructions provided.   

When these respondents were compared with the rest of the sample in terms of 

demographic characteristics, there were no significant differences with respect to age, 

sex, race/ethnicity, education, or income.  These respondents, however, were in poorer 

health as compared to the rest of the sample.  They had significantly lower mean EQ-

VAS scores and reported significantly lower scores on both the physical and mental 

component summary scores of the SF-36.  On excluding these respondents from the 

analysis, the absolute difference between the two versions across the two samples was 

within ± 4 points.   

 Correlation coefficients were calculated to examine the strength of the linear 

relationship between the two modes.  The Pearson correlation coefficient between the 

two sets of scores was good (r = 0.75) but as the distribution of EQ-VAS was skewed, 

non-parametric alternatives such as the Spearman's rho and Kendall’s tau were also 

calculated.  The spearman’s rho (0.79) and Kendall’s tau (0.68) also demonstrated a 

strong association between the two sets of scores.  All the correlation coefficients 

between the two sets of scores were higher in the UA sample as compared to the MVD 

sample.  The intraclass correlation was 0.75, demonstrating a good level of agreement 

between the two sets of scores.  Results from this study demonstrate ICC values within 
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the 95% CI estimated in previous studies.  However, correlations coefficients were given 

lower weight in the interpretation of results as they are highly influenced by the 

variability of responses between subjects, and as such are not the best indicators of 

agreement between measurement methods when variability is low (Bland and Altman, 

1990).   

 

Psychometric Properties of the SF-36 

 
There is extensive evidence supporting the reliability, construct validity, and 

responsiveness of the SF-36 in the general population as well as in samples of patients 

with particular diseases.  A secondary purpose of the study was to examine the 

psychometric properties of an electronic version of the SF-36.  The SF-36 was completed 

between the two versions of the EQ-VAS.  The study evaluated the data quality, scaling 

assumptions, reliability, and validity of the SF-36.  The electronic SF-36 was easy to 

administer and instructions were modified to suit the touch screen device.  Only one 

respondent had missing values and less than one percent of all SF-36 responses were 

missing.  In the touch screen version of the SF-36, the cognitive burden on respondents 

was reduced as each item was presented one at a time.   None of the respondents 

expressed any difficulty in completing the electronic SF-36.   

 The scaling properties of the touch screen SF-36 were very similar to that 

observed for paper versions.  All the items of the SF-36 exhibited good response 

variability indicating a good spread and the response distributions were neither perfectly 

symmetrical nor were they extremely skewed.  Within most scales, the item means and 
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standard deviations were fairly comparable.  Item internal consistency was substantial as 

all items correlated 0.40 or more with its hypothesized scale (after correction for item-

scale overlap).  Also all items within a scale had roughly equivalent item-scale 

correlations.   

As seen in previous studies, floor and ceiling effects of the scales were similar to 

that seen in the general US population.  Scale means and standard deviations were 

comparable to that observed in other studies.  The reliability of all scale scores exceeded 

0.70 (range = 0.75 to 0.93) and in all cases the reliability coefficients exceeded the inter-

scale correlations for the same scale.  There was support for the construct validity of the 

touch screen SF-36 as respondents with no chronic illnesses reported higher scale scores 

(i.e., better health) than those with one or more chronic conditions.  Also, scales 

measuring similar concepts (i.e., SF-36 physical functioning and role-physical compared 

with the EQ-5D mobility score) demonstrated substantial correlations (convergent 

validity), whereas scales that measure dissimilar constructs had low correlations 

(discriminant validity).  Overall, there was a high level of correspondence between the 

touch screen SF-36 scores and previously reported paper based SF-36 scores in the 

general population.   

 

II. Limitations  

 
Before placing the results in the context of other investigations of computer-based 

applications of HRQoL measures, the limitations of this study need to be addressed.  A 

primary limitation of these data relate to the issue of external validity.  The sample for 
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this study came from a purposive sampling of the general population in the Tucson 

metropolitan area.  Although purposive, a non-probability sample such as this limits the 

generalizability of our findings.  The sample from the MVD as compared to that from the 

UA more closely approximated the Tucson general population with respect to age, sex, 

race/ethnicity, and education level.   

With respect to health status, the sample mostly consisted of individuals who 

were relatively healthy thereby restricting the variance.  Most of the EQ-VAS scores 

were at the high end of the scale and this ceiling effect raises the probability of a Type 2 

error.  The study sample was also restricted to the English-speaking population.  

Therefore, it is important, nonetheless to replicate this protocol in different patient 

populations and other geographic regions. 

Second, we did not systematically ask about reasons for refusal to participate.  As 

a result, the non participants are not well characterized.  It is possible that only persons 

who were comfortable and not intimidated with the use of computers self-selected to be 

in the sample.  However, our impression was that most of subjects who refused to 

participate seemed very busy and/or did not want to do additional work and were not 

refusing specifically to avoid using computers.   

Third, prior computer use in this study was assessed based on a single item asking 

respondents “Have you used a computer before today?” There are however, varying 

levels of computer proficiency between individuals and unfamiliarity and lower 

proficiency for computer use could have accounted for response differences by some 

subjects.   
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Fourth, during the data completion process, the short delay between versions of 

the EQ-VAS might have produced memory effects in our results but this is likely to have 

been minimized by the intervening battery of questions.  Also, other combinations of test-

retest reliabilities (e.g., paper vs. paper) in this sample were not estimated and therefore 

are not available for comparison.     

Finally, the specification of a minimally important difference for the EQ-VAS is 

arbitrary and requires further exploration.  However, our study results revealed mean 

differences between scores on the two modes that were not just small enough to be within 

the predetermined MID of ± eight points, but also within limits of ± four points (i.e., a 

quarter of a standard deviation).  

 

III. Conclusions and Recommendations 

 

The purpose of the study was to test the equivalence of an electronic touch screen 

version of the EQ-VAS with the original 20 cm paper version.  Overall, the results 

indicate measurement equivalence between the two versions of the EQ-VAS with less 

than an eight point difference between the two sets of scores.  In addition, this special 

case of test-retest reliability (e.g., paper vs. touch screen) resulted in ICC similar to prior 

test-retest analyses using the paper-based EQ-VAS (Dolan, 1994; Hurst et al. 1997).   

The touch screen EQ-VAS also generated higher quality data as no items were 

missed or marked ambiguously.  Due to a lower proportion of end-digit bias, the touch 

screen EQ-VAS may also be more precise than the paper version, and has major 

advantages in terms of flexibility, data quality, and the speed of data handling.   



 

 

 

175 

Also, in the present study the electronic SF-36 demonstrated reliability and 

construct validity comparable to the original paper version.  In addition, convergent and 

discriminant validity requirements were satisfied.  Two further psychometric aspects 

were also considered in this study, missing values and ceiling and floor effects.  The 

proportion of respondents at floor and ceiling were comparable to that seen in the general 

US population and the proportion of missing values was much lower due to the ease of 

use and simplicity of the touch screen device.   

Such advantages, however, may be lost if the subjects are not comfortable with 

the electronic device or if the study personnel do not provide sufficient introduction to its 

use.  It is therefore very important to ensure that the functioning of the device is tested 

beforehand and that both research personnel and respondents are properly instructed 

regarding its use.  Training for subjects must include the most basic elements of using the 

device, as well as features that are specific to the software application.     

Despite the initial higher cost of computer equipment and programming time, 

routine collection of data using electronic methods may ultimately prove to be less 

expensive than employing a staff member to enter and verify responses to paper 

questionnaires.  These findings support the validity of electronic questionnaires and along 

with ease of use and high data quality, suggest strong potential for their expanded use in 

health status assessment.   
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IV. Recommendations for Future Research 

 
 Future comparative studies could be enhanced by sampling both paper and touch 

screen responses on repeated occasions within and between days, to provide multiple 

estimates of test-retest reliabilities.  In this investigation, the effects of length (20 cm vs. 

15 cm) of the EQ-VAS scale and orientation (vertical vs. horizontal) could not be isolated 

as each format was completed only once by each participant.  This is an area that requires 

further exploration.  Further investigation is also needed to evaluate the influence of 

longer inter-version intervals between the paper and electronic formats. 

 Also, computer proficiency could possibly be assessed through a more detailed 

standardized task assessing comprehension of on screen instructions.  The potential 

effects of visual presentation style and novelty on acceptance and preference for 

electronic questionnaires could be assessed though comparison of responses to questions 

presented in different formats and/or color schemes. 

 The results from this study apply to the sample in which the methodology was 

tested.  If these data collection devices are to be used in clinical trials, it will be 

imperative to assess their reliability and acceptability in the specific patient populations 

in which they may be used.  More definitive testing should be conducted to determine if 

specific subgroups of the population provide less valid and reliable data via these devices.  

Future studies should be conducted to test the performance of this technology in more 

diverse populations incorporating variations in language, race/ethnicity, educational 

level, disease, and burden of disease.   
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 Although references are made to the potential economic value of touch-screen 

technology, there is a lack of detailed and thorough economic studies in the published 

literature.  Economic evaluations of this method of data collection in comparison with 

more traditional methods are necessary to provide further evidence of its cost-

effectiveness.   

 As subjective end-points of health related quality of life are being included with 

increasing frequency alongside traditional endpoints as measures of treatment 

effectiveness, electronic self-reporting of such endpoints in clinical trials could 

potentially enhance the data collection process.  In the coming years, it is likely that 

electronic data capture will become the primary mode of data collection in many areas of 

health care practice and research.  If this is the case, strategies for ensuring that all 

respondents have a sufficient level of proficiency with the data collection task should be 

implemented.    

 

 

 

 

 

 



 

 

 

178 

 

 

 

 

 
APPENDIX A 

 

HUMAN SUBJECTS APPROVAL LETTERS 



 

 

 

179 



 

 

 

180 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

 

STUDY FLYER  



 

 

 

181 

 

 

STUDY 

PARTICIPANTS 

NEEDED 
 

The University of Arizona is recruiting 300 people in the 
Tucson metropolitan area to test the use of a touch-screen 

device for collecting health-related information. Your 
participation in this study will take about 15 minutes. 

 
You must be: 

• 18 years of age or older 

• able to read and understand English 
 
 

Upon completion, you will be compensated. 
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SUBJECT’S DISCLAIMER FORM 
 
 

Project Title:  USEFULNESS OF TOUCH SCREEN TECHNOLOGY FOR 

HEALTH STATUS ASSESSMENT 

 
 
You are being invited to voluntarily participate in the above-titled research study. The 
purpose of the study is to determine the usefulness of a touch screen technology for 
health status assessment. You are eligible to participate because you are (1) 18 years of 
age or older and (2) able to read and understand English 
 
If you agree to participate, you will be asked to complete a questionnaire regarding your 
health and satisfaction with other aspects of your life.  Your participation will take 
approximately 15 minutes. By completing the questionnaire, you are giving permission 
for the investigator to use your information for research purposes only.  
 
Your participation in the study is completely voluntary and any questions that you have 
will be answered. You may choose to not answer some or all of the questions and you 
may withdraw from the study at any time. There are no known risks associated with 
participating in this study and also no cost to you except for your time.  In addition, no 
direct benefit from your participation is expected and on completion of the survey, you 
will receive $5 for your participation. 
 
Only the principal investigator, Stephen Joel Coons, PhD, and his research collaborators 
will have access to your data.  All information obtained will be kept in a secure place. 
Your name will not be recorded or collected in any way.  Your responses will be kept 
confidential and will be used for research purposes only.   
 
You can obtain further information from the principal investigator at (520) 626-4450.  If 
you have questions concerning your rights as a research subject, you may call the 
University of Arizona Human Subjects Protection Program office at (520) 626-6721. 
 
 
Thank you. 
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STUDY QUESTIONNAIRE 

 

(PAPER-BASED PART*) 

 
 

 

 

 

 

 

 

 

 

 

 

 

*
NOTE: This one item is the original EQ-VAS 
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To help people say how good or bad a health 
state is, we have drawn a scale (rather like a 
thermometer) on which the best state you can 
imagine is marked 100 and the worst state you 
can imagine is marked 0. 
 
We would like you to indicate on this scale 
how good or bad your own health is today, in 
your opinion. Please do this by drawing a line 
from the box below to whichever point on the 
scale indicates how good or bad your health 
state is today. 
 
 
 
 
 
 
                                                                   

 

 

 

 

 

 

 

 

 

 

 

9 0 

8 0 

7 0 

6 0 

5 0 

4 0 

3 0 

2 0 

1 0 

100 

Worst 

imaginable 

health state 

 

0 

Best  

imaginable 

health state 

Your own 

health state 

today 
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STUDY QUESTIONNAIRE 

 

(TOUCH-SCREEN BASED PART*) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*

NOTE: Items 2–6 are from the EQ-5D. Items 7-42 represent the complete SF-36 
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By touching one answer below, please indicate which statement best describes your own 
health state today. 
 

2. Mobility  

 

� � � 
I have no problems  I have some problems   I am confined to  
walking about  walking about    bed 
 
3. Self-Care 

 
� � � 
I have no problems  I have some problems   I am unable to  
with self-care  washing or dressing   wash or dress 
 myself    myself 
 
4. Usual Activities (e.g. work, study, housework, family or leisure activities) 

 
� � � 
I have no problems  I have some problems   I am confined to  
walking about  walking about    bed 
 
5. Pain/Discomfort 

 

� � � 
I have no problems  I have some problems   I am unable to  
with performing my  with performing my  perform my 
usual activities usual activities   usual activities 
 
 
6. Anxiety/Depression 

 

� � � 
I am not anxious   I am moderately anxious   I am extremely 
anxious or or depressed    or depressed   
depressed 
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7. In general, would you say your health is:    

 Excellent Very Good Good Fair Poor 
      

 � � � � � 

 

8. Compared to one year ago, how would you rate your health in general now? 

 

 Much better  
now than one  

year ago 

Somewhat better 
now than one 

year ago 

About the  
same as one  

year ago 

Somewhat 
worse now than 

one year ago 

Much worse 
now than one 

year ago 
      

 � � � � � 

 

  
The following items are about activities you might do during a typical day.  Does  

your health now limit you in these activities?  If so, how much? 
 

  Yes, 
limited a 

lot 

Yes, 
limited a 

little 

No, not 
limited at 

all 
9. Vigorous activities, such as running, lifting heavy 

objects, participating in strenuous sports 
 

� � � 

10. Moderate activities, such as moving a table, 
pushing a vacuum cleaner, bowling, or playing 
golf 
 

� � � 

11. Lifting or carrying groceries 
 
 

� � � 

12. Climbing several flights of stairs 
 
 

� � � 

13. Climbing one flight of stairs 
 
 

� � � 

14. Bending, kneeling, or stooping 
 
 

� � � 
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15. Walking more than a mile 
 
 

� � � 

16. Walking several blocks 
 
 

� � � 

17. Walking one block 
 
 

� � � 

18. Bathing or dressing yourself 
 
 

� � � 

During the past 4 weeks, have you had any of the following problems with your  
work or other regular daily activities as a result of your physical health? 

 
  YES 

 
NO 

19.  Cut down on the amount of time you spent on 
work or other activities 
 
 

� � 

20.  Accomplished less than you would like 
 
 

� � 

21.  Were limited in the kind of work or other 
activities 
 
 

� � 

22.  Had difficulty performing the work or other 
activities (for example, it took extra effort) 
 
 

� � 

 
During the past 4 weeks, have you had any of the following problems with your work or 
other regular daily activities as a result of any emotional problems (such as feeling 
depressed or anxious)? 
 
  YES 

 
NO 

23.  Cut down the amount of time you spent on work 
or other activities 
 

� � 

24.  Accomplished less than you would like  
 

� � 
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25.  Didn’t do work or other activities as carefully as 

usual 
 

� � 

 
 
26. During the past 4 weeks, to what extent has your physical health or emotional 

problems interfered with your normal social activities with family, friends, neighbors, 
or groups? 
 

 Not at all Slightly Moderately Quite a bit Extremely 
      

 � � � � � 

      
      

27. How much bodily pain have you had during the past 4 weeks? 

 None Very mild Mild Moderate Severe Very severe 
       

 � � � � � � 

 
 
28. During the past 4 weeks, how much did pain interfere with your normal work 

(including both work outside the home and housework)? 
 

      
 Not at all Slightly Moderately Quite a bit Extremely 
      

 � � � � � 

 
These questions are about how you feel and how things have been with you during the past 

4 weeks.  For each question, please give the one answer that comes closest to the way you 
have been feeling.  How much of the time during the past 4 weeks. . . 
 
  All of 

the time 
Most of 
the time 

A good 
bit of 

the time 

Some of 
the time 

A little 
of the 
time 

None 
of the 
time 

        
29. Did you feel full of 

pep? 
 
 

� � � � � � 
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30. Have you been a very 
nervous person? 
 

� � � � � � 

31. Have you felt so 
down in the dumps 
that nothing could 
cheer you up? 
 

� � � � � � 

32. Have you felt calm 
and peaceful? 
 
 

� � � � � � 

33. Did you have a lot of 
energy? 
 
 

� � � � � � 

34. Have you felt 
downhearted and 
blue? 
 

� � � � � � 

35. Did you feel worn 
out? 
 
 

� � � � � � 

36. Have you been a 
happy person? 
 
 

� � � � � � 

37. Did you feel tired? 
 
 

� � � � � � 

38. During the past 4 weeks, how much of the time has your physical health or emotional 
problems interfered with your social activities (like visiting with friends, relatives, 
etc.)? 
 

 
All of the time Most of the 

time 
Some of the 

time 
A little of the 

time 
None of the 

time 
     

� � � � � 
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 How TRUE or FALSE is each of the following statements for you? 

       
  Definitely 

true 
Mostly 

true 
Don’t 
know 

Mostly 
false 

Definitely 
false 

       
39. I seem to get sick a little 

easier than other people. 
 

� � � � � 

40. I am as healthy as anybody I 
know. 
 
 

� � � � � 

41. I expect my health to get 
worse. 
 

� � � � � 

42. My health is excellent. 
 

� � � � � 
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43. What is your current age?  ________ (in years) 

 

44. What is your sex?       

� Male   

� Female  

 

45. What race/ethnicity do you consider yourself to be? 

� American Indian/Native American   

� Aleut/Eskimo 

� Asian/Pacific Islander   

� Black/African American (Non-Hispanic) 

� White (Non- Hispanic)   

� Hispanic/Latino 

� Other  

� Don’t Know 

 

46. What is the highest degree or level of school that you have ever completed? If 

currently enrolled, mark the previous grade or highest degree received.  

� No schooling completed   

� Not a high school graduate 

� High school graduate (or GED) 

� 1 or more years of college, no degree 

� Associate degree (for example: AA, AS) 

� Bachelor’s degree (for example: BA, AB, BS) 

� Master’s degree 

� Doctorate or professional degree 
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47. What is your total annual household income before deductions for taxes or anything 

else (e.g., social security, child support) 

� $5,000 or less   

� $5,001 to $10,000 

� $10,001 to $20,000 

� $20,001 to $40,000 

� $40,001 to $75,000 

� More than $75,000 

� Don’t Know 

 

48. Have you used a computer before today? 

� Yes 

� No 

 

49. With which hand do you normally write? 

� Right 

� Left  

� Either 
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Have you ever been told by a health professional that you have any of the following 

conditions? Check all that apply.  

 
Yes  No 
 

50. Hypertension, also called high blood pressure   �  � 

51. Arthritis        �  � 

52. Diabetes, also called sugar diabetes    �  � 

53. Congestive heart failure      �  � 

54. Angina, also called angina pectoris    �  � 

55. Heart Attack. also called myocardial infarction   �  � 

56. Stroke        �  � 

57. Chronic bronchitis       �  � 

58. Emphysema       �  � 

59. Asthma        �  � 

60. Depression       �  � 

61. Migraine Headaches      �  � 

62. Sinusitis        �  � 

63. Hay Fever        �  � 

64. Ulcer, this could be stomach, duodenal, or peptic ulcer  �  � 

65. Any kind of liver condition     �  � 

66. Weak or failing kidneys-Do not include kidney stones,  �  � 

  bladder infections or incontinence 

67. Cancer or malignancy of any kind    �  � 
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Given below are some words and phrases that people use to identify various aspects of 
their lives. For each of the words or phrases, please circle the number that best indicates 
how you feel about that particular aspect of your life.  
 
 

 

 Dissatisfied 
Somewhat 

dissatisfied 

Neither 

satisfied 

nor 

dissatisfied 

Somewhat 

satisfied 
Satisfied 

68.  Job situation 

 
1 2 3 4 5 

69.  Spiritual life 

 
1 2 3 4 5 

70.  Relationship with 

family members 

 

1 2 3 4 5 

71.  Health  

 
1 2 3 4 5 

72.  Possessions, 

wealth, and 

income 

 

1 2 3 4 5 

73.  Education 

 
1 2 3 4 5 

74.  Relationship with 

friends and 

colleagues 

 

1 2 3 4 5 

75.  Leisure time 

 
1 2 3 4 5 

76.  Housing situation 

 
1 2 3 4 5 

77.  Relationship with 

spouse/significant 

other 

 

1 2 3 4 5 

78.  Transportation 

 
1 2 3 4 5 

79.  Neighborhood 

 
1 2 3 4 5 

80.  Self-worth 

 
1 2 3 4 5 

81.  Life as a whole 

 
1 2 3 4 5 
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82. How would you rate your overall quality of life? 

� Excellent 

� Very Good 

� Good 

� Fair 

� Poor 
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We would like you to indicate on this scale how good or bad your own health is today, in your opinion. 
Please do this by touching the scale below at whichever point on the scale indicates how good or bad your 
health state is today.  
 

 
 
 

0 10 20 30 40 50 60 70 80 90 100 

Worst 

Imaginable 

Health 

State 

Best 

Imaginable  

Health 

State 
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