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Objective. To assess whether an oral health-

related quality of life (OHRQoL)measure showed

differential item functioning (DIF) by ethnicity.

Methods. A simple random sample of 12- and 13-

year-old schoolchildren enrolled in the Taranaki

District Health Board’s school dental service, New

Zealand. Each child (n = 430) completed the Child

Perception Questionnaire (CPQ11-14) in the dental

clinic waiting room, prior to a dental examination.

The dataset included age, gender, ethnicity, and

deprivation status. The general principle of the

analytic plan was that equal scores from each

CPQ11-14 item were expected from both non-Mäori

and Mäori groups regardless of their ethnic group.

Ordinal logistic regression was performed. The

dependent variables were the CPQ11-14 items. The

ethnicity group and each CPQ11-14 domain score

were the independent variables. Non-uniform DIF

was assessed through adding an interaction term

for each CPQ11-14 sub-scale.

Results. Non-uniform DIF was found in two items,

one in the Functional Limitations sub-scale and

another in the Social Well-being sub-scale. Uni-

form DIF was found in one item of the Emotional

Well-being sub-scale.

Conclusion. Both non-uniform and uniform DIF

by ethnicity was found in three of 37 items of the

CPQ11-14 questionnaire, showing it is important to

perform DIF analysis when applying OHRQoL

measures.

Introduction

When using a multi-item scale, it is assumed

that the scale provides a correct description of

the level of the underlying or latent construct

it is supposed to assess. Constructs are

described as such because they are observed

not directly, but only indirectly through

responses to a set of indicator items. Some

examples of constructs are satisfaction with

work, satisfaction with health status, anxiety,

depression, and quality of life.

Because there is no single gold standard cri-

terion measure of a given construct, measure-

ment often proceeds by administering a series

of questions (items), each of which presum-

ably reflects in some way the underlying con-

struct of interest. Establishing measurement

equivalence across groups differing in such

characteristics as education, gender, ethnicity,

and others is important in health assessment,

because researchers can then be confident in

using the measure in different groups. Exami-

nation of differential item functioning (DIF) is

central to the investigation of the equivalence

of items contained in new and already estab-

lished measures1.

DIF analysis has been used in educational

testing to investigate whether some items in a

test are more difficult for a particular sub-

group than for another, even if the partici-

pants have the same abilities or if they are at

the same level of the underlying construct.

For DIF to be deemed to be absent for a

multi-item scale, all subjects at a given level

of the construct measured should have the

same probability of answering an item in the
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same way, regardless of their group member-

ship2.

A DIF study should address the different

forms in which this can be observed. Uniform

DIF refers to whether or not the difference in

item response probabilities is constant across

the scale: the item favours one group over

another along the complete construct contin-

uum. In non-uniform DIF the direction of the

DIF differs along the construct scale and is

tested for by adding an interaction term

defined as the interaction between the con-

struct level and group membership3. When

both uniform and non-uniform DIF occur at

the same time, it is called non-uniform asym-

metrical DIF4.

Increasing attention has been paid to the

detection of DIF in health-related quality of

life measures. It is an ongoing and integrated

part of the analysis of multi-item scales in a

study. As in any patient-related outcome

measure, the observation of DIF in oral

Health-related Quality of Life (ORHQoL)

questionnaires is critical for judging its

strength for measuring health outcomes in

different groups and populations. As there is

no guarantee that item behaviours will not be

invariant across groups with different charac-

teristics, taking values obtained from one

group and using them in other group settings

may lead to misleading findings5.

DIF in multi-item scales distorts measure-

ment. So it is fundamental to check whether

item functions similarly across groups of peo-

ple with different characteristics. This feature

would allow researchers to investigate varia-

tions in instrument performance that are due

to reasons other than those in the underlying

construct. Failure to evaluate whether scales

have DIF may pose a serious threat to the

validity of between-group comparisons.

It has been shown that although Mäori

have similar aspirations as all New Zealanders

with regard to their quality of life (QoL), they

also have certain unique views and aspira-

tions which are specific to their culture and

values, and any work done in the area of

QoL for Mäori should capture both of these

dimensions6.

The aim of this paper was to determine

whether an OHRQoL measure, namely the

Children Perception Questionnaire (CPQ11-14)

had DIF related to ethnicity in a population-

based sample of 12- and 13-year-old school-

children in New Zealand.

Methods

Study population

Detailed methods have been published

elsewhere7. In brief, the study consisted of

a simple random sample of 430 12- and

13-year-old schoolchildren enrolled in the

Taranaki District Health Board’s school dental

service, New Zealand. Consent was obtained

from parents and children before proceeding

and ethical approval was obtained from the

Taranaki Ethics Committee.

Study design

Each child completed the CPQ11-14 question-

naire in the dental clinic waiting room, prior

to dental examination. Questions asked about

the frequency of events during the previous

3 months regarding four sub-scales: Oral

Symptoms (six items), Functional Limitations

(nine items), Emotional Well-being (nine

items) and Social Well-being (13 items). The

response options were: never (0), once ⁄ twice

(1), sometimes (2), often (3) and every day ⁄
almost every day (4)8.

The dataset also included gender, age, eth-

nicity (non-Mäori and Mäori), and deprivation

level. The deprivation level was measured

using an area based census measure, the

NZDep2001 Index of Deprivation9. The area-

based measure combines nine variables from

the 2001 Census, which reflect aspects of

material deprivation, and categorises each

Census mesh block. This results in each mesh-

block receiving a score that can range from 1

(lowest deprivation) to 10 (highest depriva-

tion). For the analysis, address information

was geocoded in order to enable each child to

be allocated to a Census mesh block; this

enabled allocation of each adolescent to an

NZDep2001 score based on the area where

he ⁄ she resided. Area with scores 1–3 were

classified as ‘low SES’; and those with scores

8–10 were classified as ‘high SES’.
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Data analysis

The general principle of the analytic plan was

that equal scores in each CPQ11-14 item were

expected from both ethnicity groups: non-

Mäori and Mäori, after controlling for depri-

vation status (high, medium, low). The null

hypothesis in each comparison was that there

was no association between responses to the

CPQ11-14 items and ethnicity group after

controlling for an estimate of the construct

measured by the sub-scale of which the item

was a part. An estimate of the construct was

obtained by summing the responses to the

items in each subscale.

Since the CPQ11-14 items are scored on an

ordinal scale, the analytic procedure used was

ordinal logistic regression10,11(all data were

processed by SPSS software 15.0; SPSS Inc.,

Chicago, IL, USA). Given the distribution of

responses to individual items, with responses

to the lower scored categories being more

probable, the negative log–log link function

was employed.

The analytic procedure was proposed by

Petersen et al.12 For each item, the response

to the item was first modelled as a logit-linear

function of a dichotomous variable denoting

ethnicity group, the sub-scale score of which

the item is a part, and an interaction term

which was the product of ethnicity group and

the sub-scale score. If the interaction term is

significant this provides evidence of non-uni-

form DIF. The interaction term was then

removed and the analysis repeated with

the remaining two variables in the model,

ethnicity group and sub-scale score. Moder-

ate-to-large uniform DIF was considered to be

present if the ethnicity group variable was

significant and the regression coefficient was

numerically larger than 0.64; that is, the odds

ratio was outside the interval 0.53–1.89. This

standard was supplied by the Educational

Testing Service13 as adapted by Bjorner et al.14

In the analysis, the non-Mäori group was

coded 0 and the Mäori group was coded 1.

This meant the Mäori group was the refer-

ence category. Consequently, when the

regression coefficient for ethnicity group was

positive, the non-Mäori respondents had a

higher score on the item in question, mean-

ing they reported more frequent impacts.

When it was negative, the non-Mäori respon-

dents had a lower score on the item and

reported less frequent impacts.

Since the analysis of items within each

sub-scale involved multiple comparisons,

the P-value was adjusted to account for the

number of analyses per sub-scale. Since

the Oral Symptoms subscale has six items, a

P-value was considered to be significant if it

was less than 0.05 ⁄12 (six items and a test for

non-uniform and uniform DIF for each), or

0.004. For the other sub-scales, the P-values

were set as 0.003 for the Functional

Limitation (nine items); 0.003 for Emotional

Well-being (nine items) and 0.002 for Social

Well-being (13 items).

Results

Characteristics of the sample

The study participation rate was 74.1%.

Males slightly outnumbered females, and one

in five participants was Mäori (Table 1).

Scores on the CPQ11-14 ranged from 0 to 110

(Table 2).

DIF analysis

Table 3 summarises the results of DIF analy-

ses in relation to ethnicity group, controlled

by level of deprivation. Non-uniform DIF was

Table 1. Socio-demographic characteristics of a sample of
schoolchildren (n = 430).

Variable n %

Gender
Male 228 53.0
Female 202 47.0

Age (years)*
12 121 28.1
13 305 71.9

Ethnicity
Mäori 88 20.5
Non-Mäori 342 79.5

Level of deprivation*
High 117 27.2
Medium 175 41.6
Low 120 27.9
Total 430 100.0

*Missing information.
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found in two items: ‘breathed through your

mouth’ (P < 0.001) in the Functional Limita-

tion sub-scale and ‘avoided smiling or laugh-

ing when around other children’ (P = 0.002)

in the Social Well-being sub-scale. The item

which met the criteria for moderate to large

DIF (P < 0.001) was ‘worried that you are not

as good looking as others’ in the Emotional

Well-being sub-scale.

Discussion

Even though DIF analysis is not an end itself

in most research using multi-item scales, it is

relevant to carry it out before any group com-

parison. When comparing findings from OHR-

QoL questionnaires from different groups, it is

fundamental to be confident that items are

measuring the underlying construct in the

same way. DIF analysis helps the researcher

to be reasonably confident that item behav-

iour will not be invariant across groups with

different characteristics. Otherwise, systematic

error can be present and the study’s findings

can be adversely affected.

The CPQ11-14 performed differently in sub-

groups defined by ethnicity in three items.

Two of them showed non-uniform DIF, one

in the Functional Limitations sub-scale

(breathed through your mouth) and one in

the Social Well-being sub-scale (avoided smil-

ing or laughing when around other children).

In just one case, uniform DIF (worried that

you are not as good-looking as others – Emo-

tional Well-being) was found with a positive

b coefficient (that is, a higher score), meaning

non-Mäori respondents reported more fre-

quent impacts.

Findings of significant DIF may have sev-

eral causes. As for any statistical test, finding

of significant DIF may arise purely by chance.

If the DIF is not due to random variation,

there still the possibility that it could reflect

confounding by another variable. However,

approaches to DIF analysis which allow for

multivariate analysis (such as logistic regres-

sion), reduce the risk of misinterpretation due

to confounding from other variables2,12. Nev-

ertheless, the finding of significant DIF may

be real. In this study, anthropologic and cul-

tural reasons could hypothetically explain

some differences in item behaviour.

For Mäori, QoL is linked to those aspects of

well-being that are related to both Mäori cul-

ture and Mäori perspectives. The Mäori

health perspective identifies wairua and

wh�anau (spiritual and family), as corner-

stones of health and well-being, as equally as

important as physical and mental dimensions,

and not only the well-being of Mäori individ-

uals but the well-being of family. Family

well-being is described as a Mäori-specific

outcome because family well-being includes

the use of Mäori values, customs and culture

(such as language)6. As part of this, the sense

that they do not want to draw attention to

themselves in a predominantly New Zealand

European setting may also account for the

differences. Unfortunately, we did not mea-

sure constructs that reflect their values and

beliefs so cannot expand on these in this

group. However, this could be an interesting

area for further research.

A limitation of this study could be the use

of each CPQ11-14 domain scale score as the

control variable. Ideally, a gold standard for

the domain or item which was independent

of the item responses would be better; how-

ever, such an ideal situation is rarely possible

in the OHRQoL field. Thus, the scale score in

each domain was the best choice. Using the

total score for a set of items as a conditioning

Table 2. Descriptive data on the CPQ11-14, domains, and
ethnicity.

CPQ11-14

Mean
score (SD)

Range of
observed scores

All
Oral symptoms domain 4.9 (3.2) 0–19
Functional Limitation domain 5.5 (4.5) 0–30
Emotional Well-being domain 3.7 (5.0) 0–36
Social Well-being domain 4.0 (5.4) 0–30
Overall 18.1 (14.2) 0–110

Mäori
Oral symptoms domain 5.4 (3.8) 0–18
Functional Limitation domain 5.1 (4.9) 0–30
Emotional Well-being domain 4.2 (6.2) 0–36
Social Well-being domain 4.5 (5.8) 0–29
Overall 19.1 (17.7) 0–110

Non-Mäori
Oral symptoms domain 4.8 (3.0) 0–19
Functional Limitation domain 5.6 (4.4) 0–22
Emotional Well-being domain 3.5 (4.7) 0–31
Social Well-being domain 3.9 (5.3) 0–32
Overall 17.9 (14.3) 0–87
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measure, those items with DIF can lead to

the total score being a poor estimator of the

underlying construct1; however, this is proba-

bly not the case in this study because the

three items found with DIF were in different

sub-scales.

Table 3. Results of uniform and non-uniform DIF analysis related to ethnicity (Mäori; non-Mäori) responses to CPQ11-14 in
New Zealand.

CPQ11-14 items

Non-uniform DIF Uniform DIF

P-value b 95% CI P-value

Oral symptoms
Pain in your teeth, lips, jaws, or mouth 0.250 0.405 0.136 ⁄ 0.946 0.142
Bleeding gums 0.625 )0.150 0.632 ⁄ 0.331 0.541
Sores in your mouth 0.134 )0.075 )0.571 ⁄ 0.420 0.765
Bad breath 0.087 0.115 )0.345 ⁄ 0.576 0.623
Food stuck in or between your teeth 0.062 0.236 )0.377 ⁄ 0.549 0.717
Food stuck in the top of your mouth 0.971 )0.219 )0.750 ⁄ 0.312 0.419

Functional Limitations
Breathed through your mouth <0.001 0.396 )0.036 ⁄ 0.828 0.073
Taken longer than other to eat a meal 0.997 0.158 )0.313 ⁄ 0.629 0.510
Had trouble sleeping 0.497 )0.363 )0.917 ⁄ 0.191 0.199
Difficult to bite or chew food like apples, corn on
the cob or steak

0.718 0.327 )0.272 ⁄ 0.927 0.284

Difficult to open your mouth wide 0.301 )0.508 )1.191 ⁄ 0.175 0.145
Difficult to say any words 0.626 )0.586 )1.208 ⁄ )0.037 0.065
Difficult to eat foods you would like to eat 0.798 )0.304 )0.957 ⁄ 0.349 0.362
Difficult to drink with a straw 0.752 )0.478 )1.816 ⁄ 0.859 0.483
Difficult to drink or eat hot or cold foods 0.206 0.263 )0.288 ⁄ 0.813 0.350

Emotional Well-being
Felt irritable or frustrated 0.051 0.280 )0.281 ⁄ 0.841 0.327
Felt unsure of yourself 0.323 0.394 )0.95 ⁄ 1.083 0.263
Felt shy or embarrassed 0.284 )0.510 )1.056 ⁄ 0.037 0.067
Been concerned what other people think about
your teeth, lips, mouth or jaws

0.251 0.550 )0.080 ⁄ 1.181 0.087

Worried that you are not as good-looking as
others

0.191 2.010 1.073 ⁄ 2.946 < 0.001

Been upset 0.561 )0.898 )1.564 ⁄ )0.232 0.008
Felt nervous or afraid 0.014 )0.205 )0.786 ⁄ 0.377 0.490
Worried what you are not as health as others 0.289 )0.226 )0.789 ⁄ 0.336 0.430
Worried that you are different than other people 0.710 )0.137 0.842 ⁄ 0.568 ⁄ 0.483 0.703

Social Well-being
Missed school because of pain, appointments, or
surgery

0.155 0.523 )0.119 ⁄ 1.164 0.110

Had a hard time paying attention in school 0.786 )0.409 )1.029 ⁄ 0.211 0.196
Had difficulty doing your homework 0.945 )0.353 )0.977 ⁄ 0.272 0.269
Not wanted to speak or read out loud in class 0.374 )0.647 )1.258 ⁄ )0.036 0.038
Avoid taking part in activities like sports, clubs,
drama, music, school trips

0.689 )0.243 )0.966 ⁄ 0.480 0.510

Not wanted to talk to other children 0.546 0.263 )0.600 ⁄ 1.127 0.293
Avoided smiling or laughing when around other
children

0.002 0.762 0.029 ⁄ 1.496 0.042

Had difficult playing a musical instrument such as
a recorder, flute, clarinet, trumpet

0.051 )1.118 )1.961 ⁄ )0.466 0.009

Not wanted to spend time with other children 0.237 )0.034 )0.839 ⁄ 0.772 0.935
Argued with other children or your family 0.534 )0.115 )0.611 ⁄ 0.380 0.649
Other children teased you or called you names 0.009 1.064 0.329 ⁄ 1.798 0.005
Other children made you feel left out 0.139 0.091 )0.630 ⁄ 0.813 0.804
Other children asked you questions about your
teeth, lips, jaws or mouth

0.142 0.528 )1.062 ⁄ 0.233 0.111

A positive b reflects a higher item score for non-Mäori than for Mäori at a given CPQ11-14 domain score.
Statistical significance in bold.
Controlled by socio-economic status.
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Although it is unusual to include DIF anal-

yses in the reporting of OHRQoL outcomes, it

is important to do so. The question could be

similar to whether one should include possi-

ble confounding variables in epidemiological

analyses2. Groenvold and Petersen2 have

pointed out that carrying out DIF analysis

and interpreting the results takes time and

effort. In a realistic way, they suggest that

DIF analysis is of particular importance: (1) in

analyses of great clinical importance; (2) if

the unidimensionality of the scale is question-

able; (3) if DIF has previously been detected

in the scale in relation to the variable; (4) in

analyses focusing on variables which may be

associated with DIF, such as ethnicity gender

and age; and (5) in studies using question-

naire versions in more than one language.

The researcher should try to understand

whether significant DIF found with a given

item will significantly affect the findings. One

possibility is to remove the item with DIF

from the multi-item scale and to compare the

results from this DIF-free scale with those

from the full scale. Alternatively, analysis at

single-item level could be performed and

compared2.

However, it is important to consider

whether or not it is appropriate to include

DIF assessment in a particular study. Different

constructs may be more or less affected by

DIF in respect of demographic factors. DIF

related to educational profile can be more

important than that related to gender in con-

structs such as cognitive ability, whereas gen-

der-related DIF to can be more important in

constructs related to physical functioning and

abilities1. Nevertheless, OHRQoL measures

are particularly susceptible to sociodemo-

graphic characteristics, including gender, age

and ethnicity, according to the cultural con-

texts in which they are applied. In this way,

it is important to consider DIF analysis even if

cross-cultural adaptations are rigorously per-

formed according to standard international

recommended guidelines.

More research should be done in order to

assess the impact of DIF on findings using

OHRQoL measures. This includes the under-

standing about if found DIF are of clinical or

epidemiological importance, roles played by

uniform, non-uniform and non-uniform

asymmetrical DIF and approaches for elimina-

tion of DIF in OHRQoL measures.

Conclusion

Both uniform and non-uniform DIF were

found in three of 37 items of the CPQ11-14

questionnaire related to ethnicity in New Zea-

land schoolchildren. It is relevant to perform

DIF analysis when applying OHRQoL mea-

sures.

What this paper adds
d This paper undertakes differential item function analy-

sis in assessing the measurement equivalence of items

in an oral health outcome questionnaire.
d The study found that three items of CPQ11-14 were not

equivalent when applied for Mäori and non-Mäori

children. Differences detected in those items may be

an artefact of the measurement process rather than a

reflection of actual sub-group differences.

Why this paper is important to paediatric dentists
d Questionnaires such as CPQ11-14 have good potential

for application in clinical practice in order to get infor-

mation on functional and psychosocial aspects affect-

ing patients. However, paediatric dentists should be

aware that scores derived from these scales can func-

tion in different ways in different sociodemographic

groups (and especially different ethnic groups).
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forecast report. A report prepared for Te Puni

Kokiri the Ministry of Mäori Development, New
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