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ABSTRACT

Ethnic differential item functioning (DIF) on the QLQ-C30 quality oflife (QoL)

questionnaire for cancer patients was investigated using item response theory methods.

The sample consisted of 359 cancer patients representing four ethnic groups: Caucasian,

Filipino, Hawaiian, and Japanese. Results showed the presence ofDIF on several items,

indicating ethnic differences in the assessment of quality oflife. Relative to the

Caucasian and Japanese groups, items related to financial difficulties, need for rest,

nausea or vomiting, emotional difficulties, and social difficulties, exhibited DIF for

Filipinos. On these items Filipinos exhibited lower QoL scores, even though overal1 QoL

was not lower. This evidence may explain why Filipinos have previously been found to

have lower overall QoL. Although Filipinos score lower on QoL than other groups, this

may not reflect lower QoL, but rather differences in how QoL is defined. Additionally,

DIF did not appear to alter the psychometric properties of the QLQ-C30.

1II



TABLE OF CONTENTS

Abstract iii
List of Tables v
List of Figures vi
List of Figures vi
Chapter I: Introduction....................................................................................................... I

Quality of Life I
Quality of Life Assessment... 3
Ethnicity 8
Differential Item Functioning 9
Objectives II

Chapter 2: Method 13
Participants.................................................................................................................. 13
Procedures................................................................................................................... 13
Measures 14
Data Analysis 15

Chapter 3: Results 20
Chapter 4: Discussion 27

Overview 27
Implications 28
Recommendations 30
Limitations 31
Conclusions 33

Appendix A: QLQ-C30 version 1.0 34
Appendix B: Mathematica Code for One Parameter IRT Model 36
Appendix C: Complete Item List for Table 2 37
Appendix D: Item Difficulties by Ethnicity 39
References 41

IV



LIST OF TABLES

Table Page

1. Item Difficulty Correlations by Ethnic Group 20

2. Differences in Item Difficulty Between Ethnic Groups 24

v



LIST OF FIGURES

Figure Page

1. Item Difficulty Plots by Ethnic Groups 26

VI



CHAPTER 1: INTRODUCTION

Quality ofLife

In recent years medical researchers have shown increasing interest in the physical,

psychological, and social health of individuals suffering from disease and treatment

related toxicity (Quality oflife and clinical trials [editorial], 1995). These broad

characteristics are generally grouped under the inclusive heading quality oflife (QoL),

and offer a contrast to the more traditional biomedical markers, such as survival time or

disease remission. Because ofthe multifaceted nature of the QoL construct, it is without a

formal unifying definition. In the literature, it has been used both as a concept and as an

instrument ofmeasurement. As a concept, a general definition is patients' perspectives on

their ability to live useful and fulfilling lives, as influenced by, but not completely

dependent on disease and treatment (Cella, Lloyd, & Wright, 1992). As an instrument of

measurement in the clinical setting, QoL is defined functionally by patients' own

perceptions of their performance in physical, occupational, psychological, social,

financial, and somatic (i.e., physical symptomatology) areas (Aaronson et aI., 1987;

Schipper, Clinch, & Olweny, 1996).

The QoL construct is an important one with respect to measuring disease progress

and treatment effectiveness. Because treatments for health conditions often have both

short and long-term sequelae, including pain, fatigue, and depression, biomedical markers

often fail to give a complete picture ofpatient status. Even when a person is disease free,

the individual may still suffer from debilitating physical and mental anguish. Similarly, a

shorter survival prognosis may be less onerous if the time remaining can be lived with
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enjoyment. Numerous areas ofmedical research, including heart disease, diabetes,

arthritis, pharmacology, mental disorders, aging, and trauma are now examining QoL.

Cancer research is one area in particular that has shown an increased amount of

QoL studies. The assessment of sequelae resulting from cancer therapies is an essential

part of the cancer treatment process. One reason for this is that cancer treatments often

involve therapies such as chemotherapy and radiation, which have high toxicities. Studies

have shown that patients often experience fatigue (Irvine, Vincent, Graydon, & Bubela,

1998), pain, sleep difficulties (Longman, Braden, & Mishel, 1996), depression (Broeckel,

Jacobsen, Balducci, Horton, & Lyman, 2000; Longman, Braden, & Mishel, 1999), and

sexual dysfunction (Ganz et a!., 1993), both during and after cancer treatment. Clearly,

the impact that cancer has on QoL, both from the disease itself as well as its treatment, is

significant. As a result, many prominent and important groups have expressed the need

for QoL measures. Among these are international cancer institutes and societies (Nayfield

& Hailey, 1991), clinical trial groups (Moinpour et al., 1989), regulatory agencies

(Johnson & Temple, 1985), and the pharmaceutical industry (Henderson-James &

Spilker, 1990).

While few would deny the importance ofQoL outcomes in addition to biomedical

markers, QoL assessment is more challenging. Because QoL is subjective (Cella, 1992),

its assessment almost invariably requires patient ratings for measurement, and the

outcome measures of interest are certain to contain measurement error. This measurement

error can lead to invalid assessments of QoL. Therefore, questionnaire development and

continuing validation are essential for the evaluation ofQoL.
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Quality ofLife Assessment

In 1980, in response to the increasing need for QoL assessment techniques in

clinical trials, the European Organization for Research and Treatment of Cancer

(EORTC) created a study group to design a QoL questionnaire. The EORTC is a non

profit organization that is involved with the development and conduct of cancer research.

It was founded in 1962 and is one of the oldest and largest clinical trials groups in Europe

(Aaronson, Cull, Kaasa, & Sprangers, 1994).

The questionnaire that was first developed by the EORTC was called the

QLQ-C36, or the Quality of Life Questionnaire for Cancer with 36 questions. It was

organized into four functional scales (physical, role, emotional, and social), two symptom

scales (fatigue and nausea), and a global health status scale. There were also individual

items (not part of any scale) that addressed other common symptoms (e.g., pain, sleep

disorders, etc.) as well as the perceived financial impact of the disease. Multiple language

versions of the questionnaire were created.

The first major test of the psychometric properties of the QLQ-C36 involved 537

lung cancer patients drawn from 16 countries (Aaronson et aI., 1991). Coefficient a

levels for the seven scales ranged from .61 (role functioning) to .81 (fatigue symptoms).

Reliability analyses indicated that a could be improved for the fatigue and nausea scales

by removing items (two fatigue items and one nausea item). An examination of emotional

functioning scores showed that a combination ofboth positively (four items) and

negatively (four items) worded questions created confusion among several of the

respondents (a number of individuals indicated simultaneously high and low levels of

emotional functioning).
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In the initial test of the instrument, three approaches were taken to assess the

construct validity of the questionnaire. The first was an assessment of item convergence

(correlation with its own scale) versus divergence (correlations with the other scales).

Using this approach 156 correlations were calculated, four ofwhich indicated items with

scaling errors according to Campbell and Fiske's (1959) criteria (e.g., the correlation of

an item with another scale is within two standard errors of the correlation with its own

scale). The problematic items were related to physical, role, and emotional functioning.

Second, correlations were calculated between each of the seven scales. Absolute

values for Pearson's r ranged from .14 to .54 and all were statistically significant

(p < .001), suggesting non-orthogonality of the scales. Finally, for the third test,

comparisons between the scale scores and criterion-based measures (disease stage,

performance status, weight loss, and symptom level) were made. A total of 28

correlations were calculated between the seven scales and the four clinical criteria. These

ranged from .09 to .42, and with few exceptions, all were statistically significant.

This initial assessment of the QLQ-C36 indicated that it had promising

psychometric properties, but also suggested that it could be improved. As a result a

second-generation questionnaire called the QLQ-C30 (containing 30 questions) was

created. This modified instrument had the same basic structure as the original QLQ-C36

but nine items (two physical functioning, four emotional functioning, two fatigue, and

one nausea) were removed on the basis of the findings described above; three items

(cognitive functioning, pain, and appetite loss) were added, and some items were

rewritten, on the basis of patient feedback; and with the exception of the two global
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health status questions, all items were worded negatively (i.e., asking patients to indicate

how poorly they are functioning).

The QLQ-C30 had five functional scales (with the fifth scale measuring cognitive

functioning) and three symptom scales (with the third scale measuring pain symptoms).

See Appendix A for a list of all questions and related scales. It was first tested with a

sample of305 lung cancer patients from 12 countries (Aaronson et al., 1993). The

questionnaire was administered on two occasions, once before treatment and once during

treatment. Coefficient a levels for the functional and symptom scales ranged from 0.52

(role functioning) to 0.89 (global health status).

Three approaches, similar to those used with the QLQ-C36, were taken to assess

the construct validity of the QLQ-C30. The first was to examine the correlations between

the scales. Absolute values for Pearson's r ranged from .12 to .62 for the before-treatment

data, and from .21 to .63 for the on-treatment data. All were statistically significant,

indicating non-orthogonality of the constructs (i.e., all scales were related to QoL). Also,

scales predicted to be more strongly correlated with each other (physical functioning, role

functioning, and fatigue) were in fact more highly correlated (correlations ranging from

.54 to .63), reflecting convergence. Scales expected to be measuring less similar

constructs (e.g., emotional versus physical functioning) showed lower correlations (.24),

demonstrating divergence.

For the second method, as was done with the QLQ-C36, comparisons between the

scale scores and criterion-based measures (disease stage, performance status, weight loss,

and symptom level) were made. An analysis ofvariance approach was used in which the

patients were divided into groups based on the clinical measures, and differences in scale
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scores were assessed across groups. With the exception of disease stage, the functional

and symptom measures distinguished between the groups. An examination ofdisease

stage indicated that it was not significantly correlated with performance status, suggesting

that for this particular sample it may not have been an appropriate criterion measure.

The third validity assessment method had not been performed with the QLQ-C36

and required both the before- and on-treatment measures. A repeated-measures ANOVA

was used to assess if any differences in the scale scores existed between the before- and

on-treatment conditions. Due to toxicity effects and the general trauma involved with

treatment, it was predicted that treatment would have resulted in a decrease in each of the

QoL scales. However, the only significant difference involved the nausea scale. A

comparison between performance status and the QoL scales was made to determine ifthe

lack of change in QoL reflected a failure of the scales, or if changes in QoL had not

actually occurred. It was found that patients whose performance status had deteriorated

over time also showed decreases in their QoL scores. Similarly, patients whose

performance status improved over time showed increases in their QoL scores. This result

supported the validity of the QoL scales.

Since the initial study examining the psychometric properties of the QLQ-C30,

others have been conducted involving different disease sites, including head and neck

(Bjordal & Kaasa, 1992; Bjordal, Kaasa, & Mastekaasa, 1994); breast, ovarian, and lung

(Osoba et aI., 1994); and heterogeneous sites (Fossa, 1994; Ringdal & Ringdal, 1993).

The questionnaire has also been examined with AIDS patients (de Boer, Sprangers,

Aaronson, Lange, & van Dam, 1994). With respect to reliability, results appeared to be

consistent across studies. In all studies, the scale exhibiting the highest reliability
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(coefficient a) was the global health status scale (ranging from .80 to .94). The lowest

reliability in all studies was that of the role functioning scale (ranging from.31 to .74).

Two studies (Bjordal et aI., 1994; Niezgoda & Pater, 1993) assessed the validity

of the QLQ-C30 with concurrent measures. Both studies found the QLQ-C30 to be

significantly correlated (r = .70 and r = .61) with the General Health Questionnaire (a

measure ofpsychological distress). Niezgoda and Pater (1993) also found a statistically

significant correlation between the QLQ-C30 pain scale and the sensory affect subscale

of the McGill Pain Questionnaire.

In a novel approach to validity assessment Groenvold, et. al. (1997) designed a

study to examine whether patients responding to the questionnaire interpreted the

questions in the same way as the researchers administering it. The QLQ-C30 was given

to 95 cancer patients to fill out in a normal fashion. However, the patients were also

asked to give an interview in which they responded to the questions verbally in an open

response format. The interviews were audio taped and later played to trained observers.

The observers were then asked to fill out the QLQ-C30 based on the patient interviews

(without knowledge ofactual questionnaires filled out by the patients). The patients'

actual responses and the observers' ratings were then compared. The agreement turned

out to be generally high with kappa values ranging from 0.49 to 1.00 (median = 0.85).

In an attempt to further establish the construct validity of the QLQ-C30, Gotayet

al. (2002) conducted a higher-order confirmatory factor analysis. Results supported the

scale structure of the instrument and also indicated the presence of a single higher-order

factor ofQoL influencing each of the scales, including the non-scale symptom items.
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This provided evidence to suggest that all of the items on the QLQ-C30 are measuring a

single construct, namely QoL.

Ethnicity

From the above evidence there is support for the notion that reliable data can be

derived from the QLQ-C30. However, one issue that has not been fully examined is the

potential effect of group differences (e.g., gender, etlmicity, etc.). These can have an

effect on people's responses and can affect estimates ofreliability and validity.

One group difference that is known to influence perceptions of health and

sickness is culture, or etlmicity (Brisbane & Womble, 1992; Flaherty et aI., 1988;

Kleinman, Eisenberg, & Good, 1978; Marin & Marin, 1991). While the QLQ-C30 was

tested with patients from several countries, these were almost exclusively either European

or English speaking (one exception was Japan). Therefore, the assessment ofQoL is

primarily reflective of Western concepts of illness, and it is not known whether these

concepts are consistent in other communities (e.g., African, Asian, or Pacific Islander). In

the Western view, illness is perceived primarily as an external disturbance that prevents

an otherwise self-determined life course. However, many cultures do not share this

perspective. Fatalism, karma~ and cultural predeterminism play vital roles in their belief

systems and illness is considered to be an integral part ofone's life journey (Schipper

et aI., 1996). These contrasting views of illness are likely to create different perceptions

ofQoL in relation to illness. Therefore, cross-cultural studies are needed to provide a

more complete picture of the multifaceted QoL construct (Marshall, 1990).

In one multietlmic study, Gotay, Holup, and Pagano (2001) found that Filipinos

have lower QoL when compared to Japanese and Caucasians. This finding persisted even
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after the effects of cancer stage, comorbidity, treatment, age, education, marital status,

and place ofbirth had been controlled. Ethnicity explained as much as 8% ofthe variance

in QoL after controlling for these factors. There are several possible causes for this ethnic

difference. One is that there is a characteristic of either Filipino culture or Filipino

genetics that results in lower QoL. If so, it is important to establish what it is, so that

improvements could hopefully be made. However, another potential cause has to do with

how QoL is measured. It is possible that the definition of QoL is not the same for

Filipinos as it is for the Caucasian and Japanese groups, and that measured ethnic

differences are not reflective of true differences in QoL.

Differential Item Functioning

An important but often overlooked aspect of questionnaire validation is the

evaluation of differential item functioning (OIF, formerly called item bias). DIF occurs

when one group of individuals responds differently from another group on a given

questionnaire item, even though both groups are equivalent on the underlying construct

that is assessed. For example, assume that the underlying construct assessed by the

Scholastic Aptitude Test (SAT) is equivalent across males and females, but on the

instrument there exists a question (an item) that is answered correctly more often by

women than by men. This item is exhibiting DIF with respect to gender: It is biased

against males in favor of females.

Confusion often exists regarding the use of the term DIF as opposed to item bias.

When all ofthe items on a questionnaire are measuring the same global construct, and

two groups have the same overall ability (i.e., the same average level of the construct of

interest), DIF and item bias are equivalent. However, if the groups being compared are
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not equal in the underlying construct being measured, items exhibiting DIP are not

necessarily biased and biased items will not necessarily show DIP. For example, suppose

that women are ofhigher ability than men with respect to the construct assessed by the

SAT. Ifno attempt were made to statistically control for overall ability, all items would

be expected to show DIP with women outperforming men. Therefore, items reflecting

DIP with women showing greater ability would not be biased, and items showing men

and women as equal (no DIP) would be biased in favor of men. For this reason, it is

important to statistically control (see below) for overall ability before assessing DIP.

When DIP is present, a questionnaire's validity becomes questionable and its

generalizability is reduced. It may be more valid for one group ofindividuals than

another. With SAT scores, this would imply that two people of equal ability, but from

different groups, would not receive the same score. Although traditionally most research

in DIP has been conducted involving achievement data such as SAT scores (the

Educational Testing Service, ETS, began examining and removing items based on DIP

with respect to ethnicity in 1986), the same principles apply to medical data involving

QoL. When assessing QoL, DIP implies that two people with the same underlying QoL,

who are from different groups, will not be rated equivalently.

Groenvold et al. (1995) did conduct one study that examined DIP with respect to

age differences in the QLQ-C30. In this study, 1,189 breast cancer patients were

surveyed. Results revealed significant DIP with respect to physical functioning: Older

women responded with significantly lower physical functioning scores than younger

women. This may suggest that physical functioning is more important to the QoL of

younger individuals than older ones. For example, it is possible that as we become older
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and "wiser," we no longer have the same expectations for high levels ofphysical

functioning. Hence, it is less important in determining QoL.

To date, the QLQ-C30 has not been examined for DIF with respect to ethnicity.

Research has shown that ethnicity does lead to potential DIF problems on other

QoL-related measures (Bjomer, Kreiner, Ware, Damsgaard, & Bech, 1998; Johnson,

Wicks, Milstead, Hartwig, & Hathaway, 1998), and on cognitive screening tests (Teresi

et aI., 2000). In comparing Danish and U.S. samples, Bjomer et al. (1998) found DIF on

I2 out of 35 items on the SF-36 Health Survey. Johnson et al. (1998) looked at three

QoL-related measures, the Sickness Impact Profile, the Ferrans and Powers' Quality of

Life Index, and the Adult Self-Image Scales, and found that African-Americans had

lower functional and affective scores when compared to Caucasians. Teresi et al. (2000)

found that an item related to remembering was less likely to be endorsed by Latinos than

by Caucasians or African-Americans.

If ethnic DIF is present in the QLQ-C30, it might imply that the existence of

ethnic differences in QoL is a result ofbiased items, and not real differences in the

population. This would have implications for the assessment of QoL when working with

multi-ethnic samples. In addition, reliability and validity measures obtained from

previous studies may be suspect.

Objectives

The primary goal of the present study was to establish whether or not DIF existed

across ethnic groups for any of the items on the QLQ-C30. IfDIF was found to exist, a

second goal was to establish how this might have affected assessments of the

instrument's psychometric properties. In this study conducted with patients living in
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Hawai'i, it was hypothesized that there would be a tendency for items to be biased

against Filipinos in favor of Japanese and Caucasians. That is, on certain items Filipinos

would respond with lower QoL scores, even though their overall QoL was not less. If

supported, this would suggest that ethnic differences in QoL, as measured by the

QLQ-C30, do not necessarily reflect real QoL differences, but rather differences in how

ethnic groups define QoL.
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CHAPTER 2: METHOD

Participants

The study sample consisted of 366 cancer patients, 56% of the 646 eligible

patients who were invited to participate. The most frequent reasons for nonparticipation

were not feeling well enough to take part and being "not interested." Of the participants,

56% were women, 70% were married, 40% had a high school education or less, and the

mean age was 62 years (standard deviation = 12.7). Ethnic breakdowns were 131 (36%)

Japanese, 125 (34%) Caucasian, 61 (17%) Filipino, 42 (11 %) Hawaiian, and 7 (2%)

unknown. The most common cancer site was the breast (34%), followed by the prostate

(28%). Most patients had received surgical treatment (83%), with several receiving

radiation (42%), chemotherapy (20%), or hormonal treatment (25%).

Participants were identified through registrations on the Hawai'i Tumor Registry

(HTR), a member of the National Cancer Institute-supported Surveillance, Epidemiology,

and End Results Registry, which maintains records for all cancers diagnosed in the state.

Eligibility criteria were histologic confirmation of any kind of cancer diagnosed between

four and six months previously; ability to understand English; permission ofprimary

physician; Oahu residency; Caucasian, Filipino, Hawaiian, or Japanese ethnic origin; and

18 years of age or older. Participation was not limited by stage or site ofdisease, but not

all cancer sites were represented (e.g., no patients had coiorectaI, head and neck, lung, or

ovarian cancer).

Procedures

Permission to approach patients for this study was obtained from the attending

physician before patients were contacted. Patients received a letter introducing the
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study's intent, followed by a telephone call to set appointments. Most data were collected

by interviews, most often at the patient's home. Data were also abstracted from the chart

for age, ethnicity, sex, marital status, and site and stage ofcancer. At the time ofthe

telephone call, asking patients to indicate the ethnicity of their four grandparents verified

patient ethnicity. Standard state criteria were used. Three offour grandparents from the

same ethnic group defined a patient's ethnicity, except for Hawaiians, for whom any

grandparent being Hawaiian superseded other ethnic classifications and resulted in the

patient as being defined as Hawaiian. Interviews were conducted by one of four female

research associates, all ofwhom had completed graduate work in social sciences as well

as extensive training in interviewing cancer patients. Interviews took an average ofone

hour.

Measures

During the participant interviews the questions from the EORTC QLQ-C30

version 1.0 were asked. The questionnaire consists of30 items each written to assess

aspects of QoL (see Appendix A). The items are grouped into five functional scales

(physical, role, cognitive, emotional, and social), three symptom scales (pain, fatigue, and

nausea / vomiting), one global health status scale, five symptom items (dyspnea,

insomnia, appetite loss, constipation, and diarrhea) and one financial difficulties item.

Responses are either dichotomous (yes or no) for the physical and role scales, or Likert

type for the others.

Additionally, questions assessing Karnofsky Perfonnance Status (KPS)

(Karnofsky & Burchenal, 1949) and receipt ofchemotherapy were asked. This

infonnation was obtained to assess the correlations with the QLQ-C30 as a validity
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measure. The KPS has been frequently employed in clinical trials and QoL research

(Batel-Copel, Komblith, Batel, & Holland, 1997), and assesses a person's the ability to

perform normal activities. The scale ranges from zero (deceased) to 100 (no impairment).

The KPS is generally rated by an observer, and in this study, the interviewers ere trained

to provide a KPS score for each patient. Chemotherapy is a treatment known to have a

significant impact on QoL and was recorded as either receipt of chemotherapy (coded

one) or no chemotherapy received (coded zero).

Data Analysis

Several methods have been developed for measuring DIF (Osterlind, 1983), of

which two major categories exist: classical and modem. Modem psychometrics is mostly

defined by item response theory (IRT), and this technique provides important advantages

over the classical methods (commonly referred to as classical test theory, or simply CTT)

(Embretson & Reise, 2000; Hambleton, 2000; Hays, Morales, & Reise, 2000; Holland &

Wainer, 1993; Nunnally & Bernstein, 1994). When the assumption ofunidimensionality

(i.e., a single latent trait is influencing the items) is met, invariance and information are

the two primary advantages of IRT over CTT modeling. Under invariance, item

difficulties (see below) are independent of the sample (i.e., independent of overall ability)

and person abilities are independent ofthe items (i.e., independent of the particular items

responded to). IRT models have the invariance property because both item and person

characteristics are estimated simultaneously within the model. Information refers to the

item information function (lIF) that is computed for each item through IRT modeling.

The lIF indicates how well an item discriminates between persons at varying ability

levels.
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Because of these advantages, an IRT approach has been adopted for the present

analyses. Specifically, a one-parameter (Rasch) model using the joint maximum

likelihood procedure has been employed. The one-parameter model was chosen over the

two-parameter model because it provides more invariant estimates of the item difficulties

and requires fewer cases (Cella & Chang, 2000). Detailed explanations of the one- and

two-parameter IRT models, and maximum likelihood estimation can be found in the

literature (Baker, 1992; Cella & Chang, 2000; Embretson & Reise, 2000; Hambleton,

2000; Hays et aI., 2000; Nunnally & Bernstein, 1994).

Prior to conducting data analyses, data formatting was necessary. First, with the

exception ofthe global health status questions, the items on the QLQ-C30 needed to be

transposed so that higher response numbers always indicated higher QoL. Second,

analyses involving IRT require dichotomous outcome variables, but most of the data

obtained from the QLQ-C30 are ordinal in nature. For this reason, a technique developed

for ordinal responses called the Samejima Model was employed (Nunnally & Bernstein,

1994; Samejima, 1969, 1974). This requires converting the ordinal response questions

into multiple dichotomous questions, with the number of dichotomous questions equaling

the number of ordinal levels minus one.

For example, the questions on the QLQ-C30 that involve Likert-type responses

ranging from one to four were divided into three dichotomous questions. The first

dichotomous question was coded a one if the ordinal response was a four (after

transposing), and zero otherwise. The second question was coded a one if the ordinal

response was a three or four (after transposing), and zero otherwise. The third question

was coded a one if the ordinal response was a two, three, or four (after transposing), and
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zero otherwise. Note that of the three newly created Samejima dichotomous items, the

first is at least as difficult (see below) as the second, and the second is at least as difficult

as the third.

Because the purpose was to assess DIP resulting from ethnic differences, the data

were grouped into four ethnic categories: Caucasian, Filipino, Hawaiian, and Japanese.

IRT models were calculated for each ethnic group using a program written in

Mathematica 4. I (see Appendix B). The program was first tested using published data for

which the results were known. The entire QLQ-C30 was used for the IRT models and not

subcategories based on functional and symptom scales. Although Cella et aI. (1992)

recommended using subcategories, the present research was interested in DIF with

respect to the higher-order QoL construct and not the specific subcategories. The

presence of this single higher-order construct is supported by research conducted by

Gotay et aI. (2002) that employed confirmatory factor analysis.

Using the above IRT model within each ethnic group, an ability score was

obtained for each participant (recall that ability refers to the level of the construct

assessed, in this case QoL) and a difficulty score was obtained for each item. The term

difficulty is borrowed from IRT models used to assess item difficulties for educational

testing. More difficult items are ones that are less likely to be answered correctly. When

assessing QoL there is clearly no right or wrong answer. However, even though difficulty

may seem an inappropriate term when assessing QoL, it still in fact conveys the same

type 0 f information.

For an educational testing measure, more difficult items are those that require a

higher ability in order to be answered in the direction of higher ability (i.e., correctly).
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For a quality of life measure, more difficult items are those that require a higher QoL in

order to be answered in the direction ofhigher QoL. For example, question 2 from the

QLQ-C30 asks, "Do you have any trouble taking a long walk?" and question 3 asks, "Do

you have any trouble taking a short walk outside of the house?" It is reasonable to

suggest that a person would need a higher QoL to take a long walk than to take a short

one. Therefore, it is more difficult to provide a "no" response to question 2 than it is for

question 3.

After obtaining the item difficulties, group differences that were consistent across

all items (and were assumed to be reflective of true differences in the population) were

statistically controlled by centering (mean deviating) the item difficulties within each

ethnic group (Embretson & Reise, 2000). Hence, items found to exhibit DIP reflected the

presence ofbias, and not actual group differences. Using the item difficulties,

correlations were calculated between each ethnic group. Two groups are considered to be

ofthe same type (i.e., having equivalent rank order ofthe item difficulties) when the

correlation between them is greater than 0.98 (Angoff, 1993).

Next, the analysis of differential item functioning was made. Several procedures

exist for making this assessment (Holland & Wainer, 1993); however, the technique

proposed by Lord (1977, 1980) was adopted because of its simplicity and ease of

interpretation. Using this technique, the item difficulties were compared for each ethnic

group using a statistical formula similar to at-test:
b(l) _ b(2)

ii, where bi is the
Va,.[b(l) ]+Vor[b(2) 1

n

difficulty for item i, the superscripted numbers (1) and (2) indicate the group, Var is the

variance for all item difficulties in a particular group, and n is the total number ofitems.
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Because of the large number of items that were analyzed (n = 82) and the number of

group comparisons per item (6), the a -level was set to .0001 (using the Bonferroni

adjustment, .0%'.6) for each test.

Each item difficulty was compared between all four groups and the items that

showed statistically significant differences exhibited DIF, which implied item bias. A

graphical technique (item plots) for comparing item difficulties (Cella et aI., 1992) was

also employed. In this approach, the difficulty values for two groups, as well as statistical

control lines, are plotted on separate axes. Items falling outside the control lines show

significant DIF. With four ethnic groups, six plots were necessary to make all possible

comparisons.

Finally, an examination of the reliability and validity (validity was assessed using

concurrent measures) of the QLQ-C30 was made with both the original unadjusted

QLQ-C30 scores and with DIF-adjusted scores. Two methods were used for calculating

the adjusted scores. The first involved simply removing the items shown to exhibit DIF.

For the second, the effect of ethnicity was partialed out the DIF items. Reliability was

assessed with coefficient a. Calculating the correlation between overall QLQ-C30 score

and two measures known to be related to QoL, receipt of chemotherapy (yes or no) and

the Kamofsky Performance Status Scale (Schaafsma & Osoba, 1994), assessed validity.

When comparing the results from the unadjusted and adjusted measures, a small change

in reliability and validity would be consistent with a hypothesis that the QLQ-C30

maintains the same psychometric properties even in the presence ofDIF.
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CHAPTER 3: RESULTS

Prior to conducting analyses, seven ofthe 366 patients were removed from the

sample because their ethnicity was unknown. Missing values for items on the QLQ-C30

were replaced by the mean values for the respective ethnic groups. For example, if an

individual who was Japanese left a question blank, the value was replaced by the mean of

the given question for the Japanese group (rounded to the nearest integer value). Out of

10,770 possible values (359 patients multiplied by 30 items on the QLQ-C30), there were

only II missing values that needed to be imputed in this way.

After incorporating the Samejima Model into the QLQ-C30, there were a total of

82 dichotomous items. The percentage ofitems answered in the direction ofhigher

quality oflife was 75.1 for Filipinos, 81.2 for Hawaiians, 83.9 for Caucasians, and 85.4

for Japanese. Differences were statistically significant between Filipinos and Caucasians,

and between Filipinos and Japanese (p < .05 for both, using Tukey's Studentized Range

test). For each group, the variance of the item difficulties was calculated; values were

2.04, 1.88, 1.59, and 1.58 for the Japanese, Caucasian, Hawaiian, and Filipino groups

respectively. None of the values differed significantly (F-max = 1.29,p = .16).

Table 1. Item Difficulty Correlations by Ethnic Group

Hawaiian I Caucasian I Japanese I Filipino
Hawaiian 1.000
Caucasian 0.937 1.000
Japanese 0.962 0.967 1.000
Filipino 0.898 0.951 0.933 1.000

The correlations between group difficulties ofthe items are shown in Table I. An

examination of the values indicates that none of the ethnic groups is exactly the same
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type [using a cutoff correlation of 0.98 (Angoff, 1993)], although the Caucasian and

Japanese groups are close (correlation of0.967). The two groups most different from one

another are the Hawaiians and Filipinos (correlation of 0.898). These correlations give an

indication ofhow many individual items will show significant DIP. Because the

Hawaiians and Filipinos have the lowest correlation, these groups can be expected to

have the largest number of items with significant DIP. The groups with the highest

correlation, Caucasians and Japanese, can be expected to have the least.

Of the 82 items examined, 25 showed significant DIP for at least one ethnic

comparison. Table 2 lists these 25 items along with the groups that showed significant

DIP. (See Appendix C for a complete list of all items.) Item plots are shown in Figure 1

with control lines calculated using Lord's method (Lord, 1977, 1980). (See Appendix D

for a listing ofthe values that were used to create Figure 1.) Points falling outside the

control lines indicate the items with significant DIF in Table 2. Figure lc shows the

Hawaiian and Filipino comparison, and a large spread among the items with several

outside the control lines can be seen. Figure Id shows the Caucasian and Japanese

comparison, and more tightly clustered items with all falling within the control lines can

be seen.

When compared to Caucasians, six items exist that are significantly biased against

Filipinos, and none are significantly biased in favor. When compared to Japanese, seven

items exist that are significantly biased against Filipinos, and two are significantly biased

in favor. This supports the stated hypothesis that more bias would exist against Filipinos

relative to the Caucasian and Japanese groups. Further, when compared to Hawaiians 13

items exist that are significantly biased against Filipinos, and only five are significantly
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biased in favor. The items that appear consistently biased against Filipinos, independent

of the comparison group, are ones representing fatigue (items 10 and 18), nausea and

vomiting (items 14 and 15), emotional functioning (items 22, 23, and 24), social

functioning (items 26 and 27), and financial difficulties (item 28).

Some other findings related to item bias were also noteworthy. For the pain

question (item 9) and the cognitive functioning questions (items 20 and 25), Hawaiians

show significantly greater difficulty with respect to at least two of the other ethnic

groups. This suggests that pain and cognitive functioning factors may be biased against

Hawaiians in assessing QoL. For Caucasians, a question relating to role functioning

(item 7) and a question relating to weakness (item 12) are significantly less difficult for

them than for at least two other ethnic groups. This suggests that these items are

potentially biased in favor ofCaucasians in the assessment ofQoL.

Finally, an assessment of the reliability and validity of the QLQ-C30, both with

the unadjusted overall QoL scores and the DIP-adjusted scores, were made.

Coefficient a was calculated for the unadjusted scale, the scale adjusted by deleting DIP

items, and the scale adjusted by partialling ethnicity from DIP items. The values were

.94, .92, and .93, respectively. Note that these values were calculated from the Samejima

items and not from the original QLQ-C30 items.

The correlations between unadjusted overall QoL scores with receipt of

chemotherapy and Kamofsky Performance Status were r = - .14 (p = .01) and r =.59

(p < .0001), respectively. After the removal of the QLQ-C30 items shown to exhibit DIP,

the absolute values of the correlations dropped slightly to r = - .12 (p = .02) and r = .56

(p < .0001). Using the item partialling adjustment, correlations of r = - .13 (p = .02) and
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r = .58 (p < .0001) were obtained. The low correlation between chemotherapy and QoL

may be related to persons with high cancer stage being less likely to receive

chemotherapy.

Note that adjustment for DIF (both the deletion and partialling methods) resulted

in a reduction in the level of ethnic differences for overall QoL score. This in tum caused

the variance in QoL score to also be reduced, whichled to the lower a coefficients and

lower correlations. The reduction was too small, however, for it to be considered a result

of anything other than a mathematical artifact, suggesting that DIF may not have an

impact on the psychometric properties of the QLQ-C30.
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Table 2. Differences in Item Difficulty Between Ethnic Groups

ElHNIC GROUPS COMPARED

Item Hawaiian - IHawaiian - IHawaiian - 1Caucasian -I Caucasian-I Japanese-
Caucasian Japanese Filipino Japanese Filipino Filipino

1.1 -1.63 -4.60 -1.30 -2.89 0.39 3.39
2.1 1.22 0.16 3.92 -0.99 2.53 3.51
3.1 3.79 3.04 7.16 -0.64 3.05 3.65
7.1 5.78 1.80 1.86 -3.71 -4.01 -0.06
9.1 4.00 5.31 4.70 1.34 0.49 -0.92

10.1 -0.28 1.12 -4.82 1.34 -4.34 -5.64
12.3 6.31 3.13 2.06 -2.93 -4.35 -1.20
14.2 -0.28 -1.06 -5.45 -0.76 -4.93 -4.04
15.1 -4.46 -1.06 -7.93 3.17 -3.12 - 6.36
18.3 -1.74 -1.06 -4.13 0.62 -2.21 -2.81
19.3 4.61 1.47 2.92 -2.93 -1.82 1.26
20.3 4.61 3.65 5.30 -0.83 0.46 1.31
22.2 -6.62 - 3.58 -7.50 2.79 -0.54 - 3.43
22.3 -2.84 -1.06 -4.82 1.65 -1.77 -3.45
23.3 2.03 1.12 -4.13 -0.83 -5.99 -4.99
24.2 - 3.56 -3.58 -4.79 -0.09 -1.01 -0.90
25.1 0.05 -2.03 2.74 -2.00 2.57 4.59
25.2 3.92 2.22 5.30 -1.54 1.15 2.73
26.2 -1.88 -4.91 -5.23 -2.96 - 3.12 0.03
26.3 -0.28 1.12 -4.13 1.34 -3.67 -4.99
27.2 -3.36 -4.19 -1.67 -0.87 1.78 2.64
27.3 -2.84 1.12 -4.13 3.75 -1.11 -4.99
28.2 0.48 -0.10 -3.93 - 0.55 - 4.25 - 3.58
28.3 -1.88 0.10 -4.33 1.86 -2.26 -4.15
29.1 -1.14 -3.55 0.95 - 2.35 2.05 4.45

Notes. DIfferences m dIfficulty reflect computatIOns WIth Lord's method, and not raw
differences from the IRT model. Absolute values greater than 3.90, shown in bold, are
statistically significant (t,,;,(cif =81, a =.0001) =3.90]. Item numbers reflect the

Samejima Model. The number preceding the decimal is the question number on the
QLQ-C30; the number following the decimal is the Samejima dichotomous item number
(lower Samejima numbers imply greater difficulty). Only items significant for at least
one comparison are shown (see Appendix C for the complete list).
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Figure 1 Legend. Item plots for each ethnic comparison are shown. Plots are labeled as

y vs. X, where Y is the vertical axis and X is the horizontal axis. The axes show the

difficulty values ofthe items as computed from the IRT model. Each point (dot) in the

plots represents one or more items, and the solid diagonal line (of the form Y =X)

indicates the location where points would fall ifthe items had identical difficulty for both

ethnic groups. The dotted lines are the control lines, for which points falling outside

reflect items with statistically significant DIF.
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Figure 1. Item Difficulty Plots by Ethnic Groups
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CHAPTER 4: DISCUSSION

Overview

Differential item functioning was found in several of the items contained in the

EORTC QLQ-C30, implying that not all of the items assess quality oflife equally across

ethnicity. This supports theories and research suggesting that ethnicity influences

perceptions ofhealth and sickness (Brisbane & Womble, 1992; Flaherty et aI., 1988;

Kleinman et al., 1978; Marin & Marin, 1991), and indicates that caution is necessary

when comparing scores between ethnic groups. Because responses to the questionnaire

are dependent on a factor unrelated to QoL, namely ethnicity, persons who are equal on

the underlying construct of QoL will not necessarily respond equally on the

questionnaire. Should it be necessary to compare QoL scores between ethnic groups, a

special consideration must be made for those items that exhibit DIP.

Several items existed that showed statistically significant bias against Filipinos,

supporting the main hypothesis of the study. The factors of fatigue, nausea and vomiting,

emotional functioning, social functioning, and financial difficulties are potentially biased

against Filipinos when compared to Caucasians, Japanese, or Hawaiians. This implies

that Filipinos will indicate lower scores on these items than the other ethnic groups, even

when their global QoL is the same. Hence, the global QoL as measured by the QLQ-C30

will be biased against Filipinos.

However, the presence of DIP did not appear to alter reliability and validity

estimates. Neither removal nor adjustment of items shown to exhibit DIP had an

appreciable impact on any of the estimated values. Although replication is clearly needed

to support this and all of the findings presented here, this suggests that the deletion or
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modification ofthe items exhibiting DIF is not necessary, and may even be inappropriate.

So, assuming the existence ofDIF is reflective of real ethnic differences in how certain

items are interpreted, what are its implications and how should it be addressed?

Implications

Although detecting DIF is relatively straightforward, determining its cause and

the best method to alleviate its presence is a more difficult matter. If the reasons for DIF

had been suspected to arise because ofpoorly written questions that are not interpreted

consistently, then rewording or even removal ofitems is probably necessary. Even

though the QLQ-C30 has undergone study to ensure that the questions are worded

properly (Aaronson, Cull, Kaasa, & Sprangers, 1995), there still remains the possibility

that ethnic groups not previously examined will have different interpretations. However,

in the present sample, all individuals were English speaking, lived in Hawai'i, and had

the opportunity to ask for clarification ifthey were confused. Therefore, the likelihood of

poor wording being the primary cause ofthe DIF found here is reduced, and rewording or

removal of items is probably unwarranted.

Ifpoor wording or misinterpretation of items carmot explain the presence of DIF,

then this implies that the definition of QoL is not equivalent across ethnic groups. The

questions exhibiting DIF provide relevant information for assessing how these definitions

differ. Specifically, the DIF questions are not consistent measures of the QoL construct

across all ethnic groups, providing little QoL-related information for one ethnic group but

valuable information for another. Hence, not only is it important that these items be kept,

but it is necessary that special attention be paid to them when comparing QoL across

ethnic groups.
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An examination of the items showing significant DIP between the Caucasians and

the other ethnic groups shows that Caucasians are better able to work at a job or to do

household jobs, and feel less weak. Because overall QoL had been controlled, this finding

may suggest that Caucasians value these factors more strongly than others in terms of

global QoL. In order for Caucasians to achieve the same level of QoL held by others they

may need better performance with their work and they may need greater freedom from

weakness. Ifthe Caucasians were equal with others on these items, their underlying QoL

would likely be less.

The Hawaiians, when compared with others, showed significant DIP on the items

reflecting pain, concentration, and remembering. With overall QoL controlled, the

Hawaiians had higher pain, and lower ability to concentrate and remember. This may

suggest that for Hawaiians these factors are less important in relation to their global QoL.

Similarly, the items that were biased against the Filipinos may reflect aspects of QoL that

are not particularly relevant to the Filipino population. The financial difficulties items

were the ones reflecting the highest amount ofbias. Perhaps in the Filipino worldview

financial success is less of a necessity, and when hardships of costly treatments are

endured, the impact on QoL is less severe.

An important question to consider for future research is what cultural differences

could explain the different interpretation of certain items. For example, why do items

related to working appear to have greater importance for Caucasians? Perhaps in

Caucasian society work attributes are more highly prized than in other societies. This is

consistent with the current lore regarding Caucasian and Asian cultures. When compared

to Asians, Caucasians place greater value on independence and individual achievement
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(Gotay, 1996). Therefore, for Caucasians, not being able to work may be particularly

detrimental to quality of life. If so, this may have significance beyond simply the

assessment of quality of life in cancer patients. This may provide important evidence for

culture-based theories comparing individualist versus collectivist societies.

Recommendations

It must be emphasized that before any recommendations can be made for

adjusting scores or modifying the QLQ-C30 based on DIF, the results found here must be

replicated. While this sample from Hawai'i certainly contributes to the current lore, it is

by no means representative enough to indicate, by itself, how corrections can be made for

a questionnaire that is used in countries all over the world. Future research needs to

expand the study ofDIF to additional countries, cultures, and ethnic groups. Through

continued research in this area, a clearer picture will emerge as to how the definition of

QoL varies across ethnic groups.

Assuming that the fmdings presented here are replicated and that future research

demonstrates which items are consistently biased and to what degree the bias exists, one

approach to correct DIF may be to weight items based on ethnicity. Items that are biased

against a particular group should be given less weight in the calculation of overall QoL

.for individuals in that group. By placing greater emphasis on the items that are most

relevant for a particular group, most biases could be eliminated. The weighting scheme

should be based on the level ofbias that exists. For example, items severely biased

against a certain group should be given little weight when calculating that group's overall

QoL score. From the present study, it is suggested that items related to work and

weakness should probably be given greater emphasis when assessing Caucasians.
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Similarly, items related to financial difficulties should probably be given less weight for

Filipinos.

Another approach that could be used is similar to the one ofthe methods

employed here for removing bias from the DIP items. If an item is biased, the effect of

ethnicity could be partialed out of it. This would make all ethnic groups equivalent on the

particular item. However, this approach could prove cumbersome in practice because

additional statistical procedures would be required, as compared to simply weighting

items.

Finally, it is recommended that DIP not be seen solely as a problem that is to be

eliminated. Items exhibiting DIP may reflect key differences in how QoL is defined

across ethnic groups, and important information can be obtained from these items for

understanding cultural differences. Therefore, it is not recommended that any of the

biased items be removed, or even reworded. Rather, expanded cultural studies should be

undertaken to further explain the multifaceted QoL construct.

Limitations

The primary strength of the methods employed here is the ability to detect

isolated items exhibiting DIP (i.e., item bias). However, a limitation with this approach is

that it carmot detect item bias if the bias exists within most or all of the items. For

example, if all of the items on the QLQ-C30 were biased against Filipinos, then this

approach would have failed to detect the biases. Group differences would have appeared

to reflect genuine differences in QoL, and not bias. However, because of the research that

has been conducted assessing the validity of the QLQ-C30, the risk of such widespread

bias is reduced.
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Another possibility to consider is that some items may exhibit DIF because ofreal

ethnic differences, but not for reasons related to QoL. For example, there were two items

that did suggest bias in favor ofFilipinos relative to the Japanese group. These were

items related to remembering (item 25) and overall physical condition (item 29). One

issue that is noteworthy about these items is that both are the most difficult Samejima

classifications. Research has shown that Likert scales can sometimes be inappropriate. for

Japanese respondents, because when compared with other groups they have a tendency to

avoid marking the extreme ofthe scale (called the extreme response set, or simply ERS)

(Hui, 1989; Lee, Jones, Mineyama, & Zhang, 2002). The ERS for a Likert question

corresponds to the question's most difficult Samejima dichotomous item. Hence, if the

Japanese do have a tendency to avoid the ERS, then items corresponding to the most

difficult Samejima classification will be even more difficult for them than for other

groups. This may be a contributing factor for the two items that were biased in favor of

the Filipinos.

Next, a limitation arises when statistically controlling for group differences by

mean deviating the item difficulties within each group. In order for this controlling

procedure to be effective, it is necessary for few or none of the items to be biased. If

many items are biased, thenit is not necessarily only quality oflife that is being

controlled, but also factors related to the bias. In this study, the issue is probably not

serious because only a small fraction of items showed statistically significant bias. With

the possible exception of the Hawaiian and Filipino comparisons, the QLQ-C30 was

suited for assessing item bias with the methods employed here. With respect to the
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Hawaiians and Filipinos, in which 18 out of the 82 items reflected statistically significant

bias, it is probably necessary to view the results with greater caution.

Finally, a two-parameter IRT methodology may provide a greater level of item

information (recall that information refers to how well an item discriminates between

persons at varying ability levels). Some ofthe items on the QLQ-C30 may provide more

information than others in assessing QoL, and a two-parameter model would indicate the

amount ofinformation provided by each item. In the present study, the sample size was

not large enough to obtain an optimal IRT solution when incorporating two-parameters,

but future QoL research is plarmed in which a two-parameter IRT model will be used.

This future research will also examine each ofthe QoL subscales in addition to overall

QOL, allowing for a comparison between the two approaches.

Conclusions

In conclusion, this research suggests that quality of life, as assessed by the

EORTC QLQ-C30, is at least partially dependent on one's ethnic origin. The culture

from which one belongs is an important determinant of how one defines QoL. This may

explain why previous research has shown Filipinos to have a lower QoL than other ethnic

groups (Gotay et aI., 2001). Filipinos may be equal to other groups with respect to

underlying QoL, but different in terms of the aspects that characterize their QoL. This

study suggests that persons from different ethnic backgrounds do not define QoL in

exactly the same marmer, and research involving QoL that employs different etlmic

groups carmot ignore this important issue.
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A!'PENDIxA

THE QLQ-C30 VERSION 1.0 WITH FuNCTIONAL I SYMPTOM SCALES INDICATED

SCALE No YES

I. Do you have any trouble doing strenuous Physical I 2
activities, like carrying a heavy shopping bag or
a suitcase?

2. Do you have any trouble taking a long walk? Physical I 2

3. Do you have any trouble take a short walk Physical 1 2
outside of the house?

4. Do have to stay in bed or a chair for most of the Physical 1 2
day?

5. Do you need help with eating, dressing, Physical 1 2
washing yourself or using the toilet?

6. Are you limited in any way in doing either your Role 1 2
work or doing household jobs?

7. Are you completely unable to work at a job or Role 1 2
to do household jobs?

Not at A Quite Very
During the past week: SCALE all little a bit much

8. Were you short of breath? Dyspnoea I 2 3 4

9. Have you had pain? Pain 1 2 3 4

10. Did you need rest? Fatigue 2 3 4

II. Have yuu had trouble sleeping? Insomnia I 2 3 4

12. Have you felt weak? Fatigue I 2 3 4

13. Have you lacked appetite? Appetite Loss I 2 3 4

14. Have you felt nauseated? Nausea and I 2 3 4
Vomiting

IS. Have you vomited? Nausea and I 2 3 4
Vomiting

16. Have you been constipated? Cunstipation 1 2 3 4

17. Have you had diarrhoea? Diarrhoea 1 2 3 4

34



Not at A Quite Very
During the past week: SCALE all little a bit mueh

18. Were you tired? Fatigue 1 2 3 4

19. Did pain interfere with you daily activities? Pain 2 3 4

20. Have you had difficulty in concentrating on Cognitive 1 2 3 4
things, like reading a newspaper or watching
television?

21. Did you feel tense? Emotional 2 3 4

22. Did you worry? Emotional 2 3 4

23. Did you feel irritable? Emotional 1 2 3 4

24. Did you feel depressed? Emotional 1 2 3 4

25. Have you had difficulty remembering things? Cognitive 1 2 3 4

26. Has your physical condition or medical Social 2 3 4
treatment interfered with your family life?

27. Has your physical condition or medical Social 1 2 3 4
treatmeut interfered with your social activities?

28. Has your physical condition or medical Financial 1 2 3 4
treatment caused you financial difficulties? Difficulties

GLOBAL HEALTH STATUS

29. How would you rate your overall physical condition during the past week?

I
Very poor

2 3 4 5 6 7
Excellent

30. How would you rate your overall quality of life during the past week?

1
Very poor

2 3 4
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APPENDIX B: MATIfEMATICA CODE FOR ONE PARAMETER IRT MODEL

OneParaneterIRl'[U1ist_List, E_: 1, d_: 1.1] : '"

Module(UU, lIS, loop. 1, test. 811st I 8listold, ))}jst~ bIt.told, P9, Pb, Inlik811st, lnlil:blist, oo111.t} ..

<_ Runber of Items *)

HI. Lellgth[uliot[[llll:

(11" JlUll:ler of S1Jbjects: *)

US '"' LeJlgth[u11st].

('/r Start Values for e *)

91iBt. StaJU<aJ'fJizeCFlaUenC_CLogC BinCoWlto[o1iot[[lll, {I, " 111 ) &, _[1, DSl]1J /I Jl;
BiJl.C01PLts[ulist[[tI)), (-1, I, 1)]

bllst:IE Table [0, {HI}]; hI" Start Va1ues for :II *)

While [(test> IE) 'II (loop .. 1),

(il' Probablity of a Correct Response with fJ Given and :b UnlInown. It)
~(l!JJ.;i$t([.]]-b)

PlI -lIap[ 1 + r!(eu.'t[[I]]-lI) &, Range [1, US]];

(II" Loq Lil.elihood ru.ct.ion for Each Item. wit.. 8 Give. and JJ Unknaw.n. *)

lIS

lnlikb1iot: -eL: (o1ist[[i, III Log[l'I>[[illl + (1- o11ot [[i , Ill) LO!l[l- 1'1>[[il ll) &, _[1, HII):
i..1

b1istold =bUst;

('" Find the Values for b that Maximize the Log Likelihood Function tor Each IteR 'It)

b11st • Ifap [b I. Flatten[Drop[F1.JUDf:i.n1JIWIIl[-ln1ikhlist[ [II], fbi bl1Bto1d( [II])], 11] & I Range [1, HI]];

Print[fl bl1st[lI,loop,"J '" ",bUst];

(* Probablitl" 01 a Correct Respoue with b GiVIm and. fI 1JUJIown 11")
~(6~t[{.m

P8 .. Map [ 1 t- cd (6-l>lisotCC.JJ) &, Range[1, BIl] i

(w Log Likelihood Fwnction for Each SUbject with b Given and 9 Unknown *)

III

101i1<B11st. -I.E (1I11ot[[l, ill Log['O[[j1l1 + (1_1I1iot[[l, jIll Loq[l- 'O[[jlll) &, _[1, IISI):
;.1

ellstold. 9l.ist:

(II' Find the Values for 8 tlLat Maximize the Log Likelihood: Function for EaclL Subject *)

BUst = Stam1al'dize[Hir,p[8 /. FlatteR[Drq;JIF1~[-lnliJt6Jls:tU_]] .... {O.... 8llstoldUtt]]}], 1]) &,

Range[l, 1IS11I:

PrtJl.t [" 6li.st [II , loop, "1 .. II, 8J.ist];

(1r COJII)are Hew 8 Values to Old fJ Value. 11")

'"test;; .z.1bs[81.ist [[1]] - 6listold,[[i]]];
:i,;;J.

pr.1Jlt["test[", loop,. II] ;; II, test];

loop++~];

(w OUtput F1Ia1 b u.d fJ Values 'It)

oBUist: (blist, 91iot)]
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APPENDIX C: COMPLETE ITEM LIST FOR TABLE 2

ETHNIC GROUPS COMPARED

Item Hawaiian - I Hawaiian - I Hawaiian - I Caucasian - I Caucasian - I Japanese -
Caucasian Japanese Filipino Japanese Filipino Filipino

1.1 - 1.63 -4.60 -1.30 -2.89 0.39 3.39
2.1 1.22 0.16 3.92 -0.99 2.53 3.51
3.1 3.79 3.04 7.16 -0.64 3.05 3.65
4.1 1.12 - 0.11 1.70 - 1.16 0.51 1.71
5.1 -0.28 1.12 2.61 1.34 2.77 1.31
6.1 -0.98 - 0.19 0.63 0.74 1.59 0.78
7.1 5.78 1.80 1.86 - 3.71 -4.01 -0.06
8.1 0.87 -0.17 1.32 -0.98 0.39 1.41
8.2 2.91 2.22 1.49 -0.60 -1.49 -0.83
8.3 -0.28 1.12 0.22 1.34 0.49 -0.92
9.1 - 1.95 - 3.18 om - 1.23 1.96 3.19
9.2 0.25 2.56 1.21 2.23 0.90 -1.44
9.3 4.00 5.31 4.70 1.34 0.49 -0.92

10.1 -2.13 - 0.45 - 0.14 1.57 2.00 0.33
10.2 - 3.53 - 1.68 - 2.55 1.71 1.09 -0.71
10.3 -0.28 1.12 -4.82 1.34 - 4.34 -5.64
11.1 -0.75 0.53 0.83 1.22 1.55 0.25
11.2 -0.45 0.65 0.31 1.04 0.74 -0.36
11.3 2.54 0.75 2.06 -1.67 -0.57 1.18
12.1 0.43 - 0.49 0.20 -0.87 -0.24 0.68
12.2 0.48 -0.65 - 0.71 -1.08 - 1.16 . -0.01
12.3 6.31 3.13 2.06 -2.93 - 4.35 -1.20
13.1 -0.96 0.11 -0.80 1.01 0.19 -0.86
13.2 -1.37 -1.92 -0.97 -0.55 0.44 1.01
13.3 1.44 1.76 3.19 0.34 1.61 1.22
14.1 1.85 3.11 0.42 1.26 - 1.45 -2.73
14.2 -0.28 -1.06 -5.45 -0.76 -4.93 -4.04
14.3 2.03 1.12 -1.29 -0.83 -3.26 -2.33
15.1 -4.46 -1.06 -7.93 3.18 -3.12 -6.36
15.2 2.03 1.12 0.22 -0.83 -1.82 -0.92
15.3 2.03 1.12 2.61 -0.83 0.46 1.31
16.1 2.56 0.50 -0.17 -1.93 -2.73 -0.66
16.2 -0.81 -0.08 0.35 0.69 1.15 0.40
16.3 -1.74 1.12 -1.29 2.72 0.51 -2.33
17.1 -2.69 -2.48 -0.80 0.15 1.93 1.74
17.2 -0.26 1.47 0.28 1.65 0.53 -1.20
17.3 -0.28 -1.06 2.61 -0.76 2.77 3.50
18.1 - 1.13 -1.30 1.24 -0.18 2.32 2.46
18.2 1.28 0.32 1.50 -0.89 0.16 1.08
18.3 -1.74 -1.06 -4.13 0.62 - 2.21 -2.81
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ETIlNIC GROUPS COMPARED

Item Hawaiian- I Hawaiian - I Hawaiian - I Caucasian - I Caucasian - I Japanese -
Caucasian Japanese Filipino Japanese Filipino Filipino

19.1 1.77 0.33 1.32 - 1.35 - 0.51 0.91
19.2 2.91 2.22 2.81 -0.60 -0.23 0.40
19.3 4.61 1.47 2.92 -2.93 -1.82 1.26
20.1 0.92 0.45 0.96 -0.44 -0.01 0.45
20.2 -0.18 0.75 1.14 0.89 1.27 0.32
20.3 4.61 3.65 5.31 -0.83 0.46 1.31
21.1 -2.04 -1.66 -1.19 0.31 0.90 0.55
21.2 - 2.31 1.76 -1.54 3.87 0.85 -3.20
21.3 - 1.74 1.12 0.22 2.72 1.95 -0.92
22.1 -2.13 -2.28 -1.10 -0.19 1.08 1.26
22.2 -6.62 -3.58 -7.50 2.79 -0.54 - 3.43
22.3 -2.84 -1.06 - 4.82 1.65 -1.77 - 3.45
23.1 0.48 -0.25 2.03 -0.69 1.46 2.15
23.2 0.48 1.53 - 1.40 1.01 -1.83 -2.84
23.3 2.03 1.12 -4.13 -0.83 -5.99 -4.99
24.1 -2.46 -1.94 -1.64 0.45 0.90 0.41
24.2 -3.56 -3.58 - 4.79 -0.09 - 1.01 -0.90
24.3 -1.74 1.12 - 2.42 2.72 -0.57 -3.39
25.1 0.05 -2.03 2.74 -2.00 2.57 4.59
25.2 3.92 2.22 5.30 -1.54 1.15 2.73
25.3 2.03 -1.06 2.61 -2.93 0.46 3.50
26.1 -1.16 - 2.12 -0.10 -0.96 1.06 2.03
26.2 - 1.88 -4.91 - 5.23 -2.96 - 3.12 0.03
26.3 -0.28 1.12 -4.13 1.34 -3.67 -4.99
27.1 - 1.61 -1.24 0.72 0.33 2.31 1.91
27.2 -3.36 - 4.19 -1.66 -0.87 1.78 2.64
27.3 -2.84 1.12 -4.13 3.75 -1.11 -4.99
28.1 0.41 -0.12 -1.97 - 0.51 -2.30 -1.72
28.2 0.48 -0.10 -3.93 - 0.55 -4.25 - 3.58
28.3 - 1.88 0.10 -4.33 1.87 - 2.26 -4.15
29.1 -1.14 -3.55 0.95 -2.35 2.05 4.45
29.2 0.09 -0.24 1.62 -0.32 1.46 1.76
29.3 -0.96 -0.59 1.97 0.33 2.85 2.44
29.4 -0.28 - 2.42 0.22 -2.07 0.49 2.63
29.5 2.03 1.12 2.61 -0.83 0.46 1.31
29.6 2.03 1.12 2.61 -0.83 0.46 1.31
30.1 0.04 -1.48 2.02 -1.46 1.90 3.37
30.2 -0.55 0.61 -0.04 1.11 0.52 -0.65
30.3 -2.31 - 1.68 - 1.80 0.56 0.59 -0.01
30.4 -1.74 1.12 0.22 2.72 1.95 -0.92
30.5 -0.28 1.12 2.61 1.34 2.77 1.31
30.6 2.03 1.12 2.61 -0.83 0.46 1.31
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APPENDIX D: ITEM DIFFICULTIES BY ETHNICITY

ITEM HAWAIIAN I CAUCASIAN I JAPANESE I FILIPINO

1.1 1.05 1.39 2.02 1.31
2.1 1.33 1.08 1.30 0.56
3.1 -0.02 -0.80 -0.66 -1.44
4.1 -0.24 -0.47 -0.21 -0.58
5.1 -1.39 -1.33 -1.63 -1.91
6.1 0.95 1.15 0.99 0.82
7.1 0.17 -1.03 -0.21 -0.20
8.1 1.33 1.15 1.37 1.07
8.2 -0.02 -0.62 -0.49 -0.31
8.3 -1.39 -1.33 -1.63 -1.44
9.1 1.84 2.24 2.51 1.83
9.2 0.33 0.28 -0.21 0.09
9.3 -0.51 -1.33 -1.63 -1.44

10.1 2.33 2.77 2.43 2.36
10.2 -0.02 0.71 0.34 0.49
10.3 -1.39 -1.33 -1.63 -0.44
11.1 2.00 2.15 1.89 1.83
11.2 0.47 0.57 0.34 0.41
11.3 -0.51 -1.03 -0.66 -0.91
12.1 1.75 1.67 1.86 1.71
12.2 -0.24 -0.34 -0.10 -0.10
12.3 -0.51 -1.81 -1.17 -0.91
13.1 0.73 0.93 0.70 0.89
13.2 -0.51 -0.22 -0.10 -0.31
13.3 -0.51 -0.80 -0.88 -1.14
14.1 0.84 0.46 0.18 0.76
14.2 -1.39 -1.33 -1.17 -0.31
14.3 -1.39 -1.81 -1.63 -1.14
15.1 -1.39 -0.47 -1.17 0.18
15.2 -1.39 -1.81 -1.63 -1.44
15.3 -1.39 -1.81 -1.63 -1.91
16.1 1.33 0.80 1.23 1.36
16.2 -0.51 -0.34 -0.49 -0.58
16.3 -1.39 -1.03 -1.63 -1.l4
17.1 0.33 0.88 0.85 0.49
17.2 -0.86 -0.80 -1.l7 -0.91
17.3 -1.39 -1.33 -1.l7 -1.91
18.1 2.60 2.84 2.88 2.36
18.2 0.47 0.21 0.41 0.18
18.3 -1.39 -1.03 -1.17 -0.58
19.1 1.33 0.97 1.26 1.07
19.2 -0.02 -0.62 -0.49 -0.58
19.3 -0.86 -1.81 -1.l7 -1.44

39



ITEM HAWAIIAN I CAUCASIAN I JAPANESE I FILIPINO

20.1 0.95 0.76 0.85 0.76
20.2 -0.51 -0.47 -0.66 -0.73
20.3 -0.86 -1.81 -1.63 -1.91
21.1 1.42 1.84 1.77 1.66
21.2 -0.51 -0.03 -0.88 -0.20
21.3 -1.39 -1.03 -1.63 -1.44
22.1 2.00 2.44 2.48 2.22
22.2 -0.86 0.51 -0.10 0.63
22.3 -1.39 -0.80 -1.17 -0.44
23.1 2.00 1.90 2.05 1.60
23.2 -0.02 -0.12 -0.34 0.26
23.3 -1.39 -1.81 -1.63 -0.58
24.1 1.33 1.84 1.74 1.66
24.2 -0.86 -0.12 -0.10 0.09
24.3 -1.39 -1.03 -1.63 -0.91
25.1 2.08 2.07 2.51 1.54
25.2 0.47 -0.34 0.00 -0.58
25.3 -1.39 -1.81 -1.17 -1.91
26.1 1.05 1.29 1.50 1.07
26.2 -0.86 -0.47 0.18 0.18
26.3 -1.39 -1.33 -1.63 -0.58
27.1 1.33 1.67 1.59 1.19
27.2 -0.24 0.46 0.65 0.09
27.3 -1.39 -0.80 -1.63 -0.58
28.1 1.51 1.42 1.53 1.89
28.2 -0.02 -0.12 0.00 0.76
28.3 -0.86 -0.47 -0.88 0.00
29.1 2.70 2.94 3.45 2.51
29.2 1.92 1.90 1.97 1.60
29.3 0.73 0.93 0.85 0.34
29.4 -1.39 -1.33 -0.88 -1.44
29.5 -1.39 -1.81 -1.63 -1.91
29.6 -1.39 -1.81 -1.63 -1.91
30.1 2.42 2.41 2.73 2.02
30.2 1.24 1.36 1.11 1.25
30.3 -0.02 0.46 0.34 0.34
30.4 -1.39 -1.03 -1.63 -1.44
30.5 -1.39 -1.33 -1.63 -1.91
30.6 -1.39 -1.81 -1.63 -1.91
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