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A B S T R A C T
Objectives: Health Utilities Preschool (HuPS) was developed to ﬁll the need for a generic preference-based measure (GPM)
applicable in early childhood. A GPM has all the properties for higher-order summary measures, such as quality-adjusted
life-years, required to inform important policy decisions regarding health and healthcare services.
Methods: Development was in accordance with published standards for a GPM, statistical procedures, and modeling. HuPS
incorporates key components of 2 existing measurement systems: Health Status Classiﬁcation System for Preschool Children
and Health Utilities Index Mark 3 (HUI3). The study included a series of 4 measurement surveys: deﬁnitional, adaptational,
quantiﬁcational, and evaluational health-related quality of life (HRQL). HuPS measurements were evaluated for reliability,
validity, interpretability, and acceptability.
Results: Deﬁnitional measurements identiﬁed 8 Health Status Classiﬁcation System for Preschool Children attributes in
common with HUI3 (vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain and discomfort), making the
HUI3 scoring equation commensurate with HuPS health states. Adaptational measurements informed the content of
attribute-level descriptions (n = 35). Quantiﬁcational measurements determined level scoring coefﬁcients. HRQL scoring
inter-rater reliability (intraclass correlation coefﬁcient = 0.79) was excellent. Continuity of HRQL scoring with HUI3 was
reliable (intraclass correlation coefﬁcient = 0.80, P , .001) and valid (mean absolute difference = 0.016, P = .396).
Conclusions: HuPS is an acceptable, reliable, and valid GPM. HRQL scoring is continuous with HUI3. Continuity expands the
applicability of GPM (HUI3) scoring to include subjects as young as 2 years of age. Widespread applications of HuPS would
inform important health policy and management decisions as HUI3 does for older subjects.
Keywords: generic, health measure, health-related quality of life, multiattribute, preschool children, utilities.
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Introduction
Health Utilities Preschool (HuPS) was conceived to ﬁll a void in
coverage of the human lifespan among existing high-quality,
comprehensive, individual-level preference-based health measurement systems used to inform important policy decisions
regarding the health of, and alternative healthcare services for,
clinical and general populations. The void was in early childhood,
preschool, considered the most important developmental phase of
the human lifespan.1
High-quality health measurement systems were considered
the leading generic preference-based measures (GPM). Existing
GPM lifetime coverage was limited by a lack of construct and
content validity for preschool children. A GPM consists of a health
status classiﬁcation system deﬁning comprehensive health states
with a matching scoring function for determining preference

scores of health-related quality of life (HRQL). Generic refers to
being applicable to all, or most, types of people and health issues.
The health status classiﬁcation system should consist of a set of
health attributes (ie, constructs or dimensions or domains) with
each attribute having a set of descriptive levels of disability (ie,
content). GPM scores of HRQL should represent preferences of a
general population for the universe of comprehensive states
deﬁned by the classiﬁcation system. There are 2 types of HRQL
preference scores: values and utilities. Values are measured under
conditions of certainty. Utilities are measured under conditions of
uncertainty.2 The general relationship for converting values to
utilities is well described.3 HRQL scores should have interval scale
properties on a scale in which being dead = 0.00 and perfect
health = 1.00 and other properties required of higher-order
summary measures such as quality-adjusted life-years and
health-adjusted life expectancies.4-6 The importance of such

*Ronald Barr considered as senior author.
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measures for assessing HRQL and quality-adjusted survival in
children has been demonstrated by systematic reviews of published studies.7-9
HuPS was designed to be a stand-alone GPM for children at 2
to 4 years of age commensurate and continuous with an appropriate existing GPM for older subjects referred to as the foundational GPM. Commensurate refers to commonality of attributes for
health status classiﬁcation.10 Continuous refers to HRQL scoring
from HuPS and the foundational GPM measurements being in
agreement with mean difference close to zero for subjects at the
age at which the measurement systems intersect.11 The foundational GPM was to have been used frequently in clinical studies
and acceptable to national health technology assessment agencies
with attributes relevant for young children. Attribute-level descriptions were to be age appropriate and developmentally relevant for content validity.
There were 2 contenders for being the HuPS foundational
GPM: EQ-5D and Health Utilities Index (HUI) Mark 3 (HUI3) that,
combined, accounted for 73% of all relevant published
studies.12,13 Both EQ-5D and HUI3 are preferred by national
health technology assessment agencies for use in economic
evaluation, especially cost-utility analysis.14 EQ-5D is not recommended for assessing children.15,16 The youth version of EQ5D, EQ-5D-Y, has a minimum recommended assessment age of
4 years, and adult EQ-5D value sets (either 3-level version or 5level version) are not continuous with EQ-5D-Y value sets.17,18
Alternatively, HUI3 is appropriate for assessing children, adolescents, and adults; recommended for subjects at $ 5 years of
age; and the most frequently used (40%) GPM for assessments of
children.8,19,20 Furthermore, the Health Status Classiﬁcation
System for Preschool Children (HSCS-PS) is based on Health
Utilities Index Mark 2 and HUI3 classiﬁcation systems with level
descriptions adapted for preschool children.21 A subset of the
HSCS-PS attributes is entirely commensurate with the full set of
HUI3 attributes. The HUI3 scoring function (ie, model) is a
multiplicative function based on a multiattribute utility theory
(MAUT) model that allows for calibration of attribute-level coefﬁcients without estimation of the overall scoring equation
structure with constants.22,23 Therefore, the commensurate
attribute effect includes the HUI3 scoring function structural
form and constants, leaving a relatively small number (n , 30) of
coefﬁcients to be estimated for age-adapted attribute-level descriptions in a HuPS scoring function. For these reasons, HUI3
should be the foundational GPM for HuPS.
GPM instrument development should be rigorous and reported in accordance with relevant standards for development
and evaluation of health measurement instruments, health
measurement properties, guideline criteria for quality-of-life
instruments, multiattribute utility-based instrument valuation
elements, and ISPOR-Society for Medical Decision Making best
practices.24-30 The standards deﬁne important criteria and terminology and demand a methodical approach to reporting. This
article provides detailed descriptions of HuPS development
steps, including evaluations of results from each step. The steps
are transparent and in logical order. The article includes highly
technical terms, methods, and results to satisfy demanding
methodologists. Less technical summary statements should
satisfy the interests of other readers. Measurement results are
evaluated for reliability, validity, interpretability, and burden.
Reliability refers to the extent to which a measure is free from
random error and consistent or reproducible.28 Validity refers to
the extent to which a measure has appropriate content and is
associated with theoretical constructs.28 Evaluations of scores
from the ﬁnal measurement system focus on continuity between
HuPS and HUI3 HRQL scores.

Methods
The study was approved by the Hamilton Health Sciences/
McMaster University Health Sciences Research Ethics Board and
Izaak Walton Killam Health Centre Research Ethics Board.

Design
The overall design components and process ﬂow are shown
in Figure 1. Previously published resources were the HSCS-PS
and HUI3 multiattribute utility function. The HUI3 multiattribute utility function consists of a scoring equation with
constants and 8 sets of level scoring coefﬁcient variables, 1 set
for each attribute.4 HuPS was developed in 4 major steps. In
steps 1 and 2, the HuPS attributes and level descriptions were
derived from HSCS-PS in 2 measurement surveys: deﬁnitional
and adaptational. The resulting set of attribute and level descriptions deﬁned the HuPS health status classiﬁcation system.
Step 3 determined the level scoring coefﬁcients for the HuPS
health status classiﬁcation system as being the mean of value
measurements collected in the quantiﬁcational survey. Step 3
also involved converting the mean values to utilities. These
utilities are attribute-level coefﬁcients of the HuPS multiattribute utility function. The ﬁnalized HuPS multiattribute
utility function consists of the HUI3 scoring equation with
constants and the 8 sets of HuPS utility coefﬁcients. HuPS is
the combination of the HuPS classiﬁcation system and HuPS
multiattribute utility function. Step 4 collected HuPS and HUI3
measurements to determine continuity of HRQL scores between the 2 systems.

Participants
Respondent and subject sample populations were selected
to be most appropriate for survey objectives. Deﬁnitional
survey respondents were methodologists with expertise in
assessing health status and utility measurement. Adaptational
survey respondents were parents and pediatricians representing heterogeneity of expertise in assessing health status, as
recommended.31 Quantiﬁcational survey respondents were
parents of children at 2 to 6 years of age in the general
population, representing the community perspective in
assessing health status as required for a GPM. Evaluational
HRQL survey respondents were parents of subjects and subjects’ healthcare providers to assess inter-rater reliability between 2 important perspectives. Evaluational HRQL survey
subjects were 2 to 6 years of age sampled from general and
clinical populations, to provide a sample with heterogeneity of
disability type and severity. Five- and 6-year-old subjects were
included to evaluate continuity of HuPS and HUI3 scoring.
Clinical survey subjects were patients of McMaster Children’s
Hospital and Izaak Walton Killam Health Centre. Subjects in the
general population survey sample were from the McMaster Family
Medicine Research List or local community sports and recreational
clubs. Clinician survey respondents included family doctors,
developmental pediatricians, pediatric gastroenterologists, pediatric oncologists, nurses, and nurse practitioners.

Measures and Measurements
HSCS-PS has 12 attributes, each with 3 to 5 levels, and a total of
49 levels: vision, hearing, speech, mobility, dexterity, self-care,
emotion, learning and remembering, thinking and problem solving, pain and discomfort, general health, and behavior.21 HUI3 has
8 attributes, each with 5 or 6 levels and a total of 45 levels: vision,
hearing, speech, ambulation, dexterity, emotion, cognition, and
pain.4 The HUI3 multiattribute utility function is a mathematical
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Figure 1. HuPS study design ﬂow diagram: resources, activities, and results.
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HRQL indicates health-related quality of life; HSCS-PS, Health Status Classiﬁcation System for Preschool Children; HUI3, Health Utilities Index Mark 3; HuPS, Health
Utilities Preschool.

formula, derived from preference measurements in the general
population, for calculating a HRQL utility score of each unique 8element health state deﬁned by the HUI3 classiﬁcation system
(N = 972 000).
Measurements were from 4 cross-sectional surveys.
1. Deﬁnitional. Respondents paired attributes and attribute levels
in common between HSCS-PS and HUI3 to avoid unnecessary
measurements in the adaptational and quantiﬁcational surveys. HSCS-PS levels unpaired by deﬁnition were measured in
the subsequent surveys.
2. Adaptational. Respondents independently paired a HSCS-PS
level description to 1 level description from the set of level
descriptions for the paired HUI3 attribute, using a customized
pairing questionnaire formatted for self-completion (Fig. 2), to
inform decisions about adaptation of levels for scoring level
coefﬁcients. Each page of the questionnaire presented 1 HSCSPS level description on the left side of the page. The right side
of the page listed the full set of level descriptions for the paired
HUI3 attribute. Respondents were asked to place an “X” beside
the one description on the right, which was most similar to the
description on the left of the page. Adaptational survey results
were reviewed by the investigators to adapt level descriptions
for utility scoring. Adaptation was minimized by requiring full

agreement among investigators to conserve previously established HSCS-PS measurement properties. The adapted version
of a HSCS-PS level description was deﬁned as the HuPS level
description.
3. Quantiﬁcational. Respondents independently paired, using the
same process as the adaptational survey, a HuPS level
description to a HUI3 level description with a pre-existing
utility coefﬁcient from the HUI3 multiattribute utility function. The HUI3 utility coefﬁcient provided a coefﬁcient measurement for the HuPS level description.
4. Evaluational HRQL. Respondents completed 2 HRQL questionnaires for subject children: a custom 8-item multiplechoice self-complete health status questionnaire based in
part on the HuPS health status classiﬁcation system and
the standard HUI multiple-choice self-complete questionnaire for proxy-assessment with a “past 1-week” recall
assessment duration. The HUI questionnaire collected
Health Utilities Index Mark 2 and HUI3 health status
measurements.20
Survey measurements were evaluated for reliability, validity,
interpretability, and acceptability. Research study staff were
available to survey respondents for clariﬁcation of measurement
tasks.
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Figure 2. Pairing question example: for Health Status Classiﬁcation System for Preschool Children hearing level 3.
Hearing: the ability to hear
INSTRUCTIONS: Please place an “X” beside the one description on the right, that you feel is most similar
to the numbered description on the left of the page.
Able to hear what is said in a group conversation with
at least three other people, without a hearing aid.
Able to hear what is said in a conversation with one
other person in a quiet room without a hearing aid,
but requires a hearing aid to hear what is said in a
group conversation with at least three other people.

Unable to hear what a person is
saying in a usual environment
with background noise and
distractions but able to hear what
a person is saying in a quiet
environment when there are no
competing distractions without a
hearing aid.

Able to hear what is said in a conversation with one
other person in a quiet room with a hearing aid, and
able to hear what is said in a group conversation with
at least three other people, with a hearing aid.
Able to hear what is said in a conversation with one
other person in a quiet room, without a hearing aid,
but unable to hear what is said in a group
conversation with at least three other people even
with a hearing aid.
Able to hear what is said in a conversation with one
other person in a quiet room, with a hearing aid, but
unable to hear what is said in a group conversation
with at least three other people even with a hearing
aid.
Unable to hear at all.

Analysis
Categorical scale measurements were summarized by proportions (percent) and modes for central tendency. Interval
scale measurement distributions were described by summary
statistics (eg, mean, SD, and 95% conﬁdence bounds). Consistency was evaluated by modal percent for categorical measurements, and reliability was evaluated by single measurement
intraclass correlation coefﬁcient (ICC) for interval scale measurements. A measure has interval scale properties if all the
intervals on the scale are equal in size and any zero is arbitrary.
Mode is the most frequently occurring observation. Hypotheses
were tested using chi-square or analysis of variance. The standard for interpreting consistency and reliability were as follows:
poor , 0.40; moderate = 0.40-0.59; good = 0.60-0.75; and
excellent $ 0.75.32 Differences in mean HRQL scores of $ 0.03
were interpreted as clinically important.20 Acceptability of the
HuPS classiﬁcation system questionnaire was measured by
Flesch-Kincaid Grade Level readability, with a grade of approximately 8 being appropriate for the general public.33
Adaptational survey level pairing consistency was measured
by modal percent. A mode less than excellent (# 75%) initiated
a structural review of the number and descriptions for levels
within an HuPS attribute. Structural review evaluated 6 factors:
disability severity concepts, number and ordinality of levels,
best level being absolute lack of disability, worst level being
absolute disability, intermediate levels describing precise severities of disability, and consistency of phrasing across the set
of levels.
Quantiﬁcational survey measurements were value type pairings of each HuPS level to an HUI3 level and, by extension, to an
HUI3 level scoring coefﬁcient. For example, a respondent pairing
HuPS hearing level 3 and HUI3 hearing level 4 descriptions would,

by extension, be pairing the HuPS hearing level 3 to HUI3 hearing
level 4 scoring coefﬁcient = 0.80. The mean of the HUI3 level
scoring coefﬁcients across respondents was the value coefﬁcient
for the speciﬁc HuPS descriptive level. Three types of validity for
HuPS value coefﬁcients were evaluated by hypothesis testing:
anchor validity for level 1 coefﬁcients = 1.00, rank validity for level
coefﬁcients within attributes in the order listed by Saigal et al,21
and ordinal validity for signiﬁcant differences among level coefﬁcients within attributes. The value coefﬁcients were used to
calculate HRQL value scores of HuPS comprehensive health states
from the evaluational survey to calculate the value-to-utility
conversion function.
Both value and utility scales are anchored by 0.00 = dead
and 1.00 = perfect health. For intermediate states, measured
utility scores tend to be higher than measured value scores. The
difference is most pronounced midscale. The precise relationship between value and utility measurements is context
dependent (ie, study speciﬁc) and described by a power function.3 HuPS value scores of HRQL and HUI3 utility scores of
HRQL from the evaluational survey were paired, by subject, to
calculate the study-speciﬁc value-to-utility conversion power
function. The conversion function was applied to all HuPS value
coefﬁcients to calculate a full set of HuPS utility scoring coefﬁcients. HuPS utility scores of HRQL were calculated using the
HuPS utility coefﬁcients and HUI3 scoring equation with
constants.
HuPS scoring performance was assessed between 2 types of
raters (ie, parents vs clinicians) and relative to HUI3 scores. Parent
and clinician HuPS scores of HRQL were hypothesized to have
excellent inter-rater reliability and validity (ie, no signiﬁcant mean
difference). Continuity (ie, predictive) reliability and validity between HuPS and HUI3 scores of HRQL were expected to be
excellent.
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Table 1. Characteristics of survey respondents and subjects.
Sample
characteristics
Type
Group (%)

Level pairing surveys and respondents
Adaptational
Category

Parents
(n = 10)

Clinicians
(n = 22)

Cancer

10.0

59.1

Cerebral palsy

20.0

13.6

Quantiﬁcational

Evaluational HRQL
survey Parent
respondents

Parents
(n = 32)

Primary
(n = 111)*

Autism spectrum disorder

6.3

7.5

27.0

20.9

Neuromuscular

14.4

17.9

Preterm

29.7

32.8

5.4

4.5

Short bowel syndrome
Family practice

70.0

27.3
100.0

17.1

16.4

Female

90.0

72.7

78.1

38.0

40.0

Male

10.0

27.3

21.9

62.0

60.0

General population
Sex (%)

Continuity
(n = 67)†

HRQL indicates health-related quality of life.
*For primary reliability and validity analyses.
†
For continuity primary reliability and validity analyses.

Results
Deﬁnitional survey respondents were 3 authors. Adaptational,
quantiﬁcational, and evaluational survey subject characteristics
are presented in Table 1. Evaluational survey subjects had a mean
age of 4.1 (SD = 1.3) years and were assessed by parents (n = 111)
and clinicians providing treatment to children with cancer,
neuromuscular diseases, prematurity, and short bowel syndrome
(n = 48). Parental assessments of health status were collected by
HuPS (n = 111) and HUI (n = 67) questionnaires.
Deﬁnitional survey respondents identiﬁed 8 of the 12 HSCS-PS
attributes as pairing to HUI3 attributes: vision, hearing, speech,
mobility (ambulation), dexterity, emotion, thinking and problem
solving (cognition), and pain and discomfort (Table 2, columns 1
and 2). According to MAUT, having attributes fully in common
makes it appropriate to use the existing equation structure and
attribute constant terms with age-adjusted level coefﬁcient variables for scoring health states deﬁned by age-adjusted level descriptions.22,23 Respondents also identiﬁed 11 HSCS-PS attributelevel descriptions that each paired, by content deﬁnition, with an
HUI3 classiﬁcation system level description (Table 2, column 3,
capitalized letters of HUI3 attributes with level codes). The
remaining 22 HSCS-PS level descriptions required measurement
by adaptational survey respondents.
Adaptational survey modes of HSCS-PS to HUI3 level pairing
consistency were moderate or better for all measured levels
(Table 2, column 3). HSCS-PS was then further adapted for quantiﬁcational measurements as follows. Mobility was relabeled as
ambulation. Two attribute levels were added, 1 level to each of
vision (equivalent in rank to HUI3 vision level 5) and emotion
(equivalent in rank to HUI3 emotion level 2). Other adaptations
improved consistency of wording syntax of level descriptions
within attributes (eg, HSCS-PS vision levels 2 and 3) and
descriptive focus (eg, HSCS-PS vision level 4). The adapted HSCSPS, the HuPS classiﬁcation system, had 8 attributes with each
attribute having 3 to 6 levels. HuPS has a total of 35 levels
(Table 3). Twenty-three HuPS attribute levels required measurement by quantiﬁcational survey respondents (Table 2, column 4).

Quantiﬁcational survey statistics for HuPS value coefﬁcient
measurements were calculated (Table 2, columns 4-7). The set of
value coefﬁcients within each attribute were ordered as hypothesized for rank validity. There were important differences among
mean coefﬁcients within all attributes as hypothesized for ordinal
validity (P , .001) (Table 2, column 8). The value-to-utility conversion function was calculated (n = 67 pairs) to be u = v0.65, where
u is utility and v is value. Value coefﬁcients, determined by deﬁnitional or quantiﬁcational survey results, were converted to
utility coefﬁcients using the power function, and the HuPS utility
coefﬁcients combined with the HUI3 scoring equation form the
HuPS multiattribute utility function for calculating HuPS scores of
HRQL (Table 4). Level 1 coefﬁcients were 1.00 for each of the 8
attributes, as required by the conventional HRQL scoring scale
maximum of perfect health = 1.00.
Evaluational HRQL survey scoring inter-rater reliability (parent
vs clinician) was excellent (n = 48, ICC = 0.79, 95% conﬁdence
interval [CI] = 0.65-0.88), and inter-rater validity was conﬁrmed
with no signiﬁcant difference of paired scores (n = 48, mean difference = 0.012, SD = 0.145, P = .582). Further analyses focused on
measurements from the assessment perspective having the
largest and most clinically diverse sample of subjects: parental
scores of HRQL (n = 111, mean = 0.790, SD = 0.214, minimum = 0.01,
maximum = 1.00). Continuity reliability between HuPS and HUI3
scores of HRQL, paired by subjects, was excellent (n = 67, ICC =
0.80, 95% CI = 0.70-0.87, P , .001), as hypothesized. Continuity
validity was conﬁrmed with no signiﬁcant differences between
HuPS and HUI3 mean HRQL scores (n = 67 pairs, mean HuPS =
0.779, SD = 0.212, mean HUI3 = 0.763, SD = 0.256, mean absolute
difference = 0.016, SD of differences = 0.147, P = .396). There were
important size differences between pairs of HuPS and HUI3 scores
within some individual subjects (SD of differences . 0.03). Evaluational HRQL survey respondent burden for the HuPS questionnaire was low for adults, as hypothesized, with a completion time
of , 5 minutes and a Flesch-Kincaid Grade Level readability of 6.9
(easily understood by 13- to 14-year-olds). Administrative burden
was low: self-complete questionnaires with no specialized resources required for scoring.
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Table 2. HuPS attribute and level pairing survey results.
HuPS
Attribute

Vision

Hearing

Speech

Ambulation

Dexterity

Emotion

Cognition

Pain and discomfort

Total (n)

Developmental survey
Level

Deﬁnitional HUI3 level
criteria and adaptational mode
(n = 32)

Quantiﬁcational
HuPS value coefﬁcients
n

SD

95% CB

P value

0.89

0.04

0.88-0.91

, .001

32

0.85

0.03

0.84-0.86

32

0.77

0.05

0.74-0.78

1

V1(c)

2

86 (E)

32

3

86 (E)

4

93 (E)

5

new - V5(c)

Mean
1.00*

0.75*

6

V6(e)

0.61*

1

H1(c)

1.00*

2

50 (M)

31

0.88

0.09

0.85-0.91

3

79 (E)

32

0.81

0.07

0.78-0.83

4

100 (E)

32

0.63

0.06

0.61-0.65

5

H6(e)

1

S1(c)

2

43 (M)

32

0.93

0.04

0.91-0.94

3

71 (G)

32

0.89

0.03

0.88-0.90

4

93 (E)

32

0.71

0.06

0.69-0.73

1

100 (E)

31

1.00

0.01

0.99-1.00

2

100 (E)

32

0.93

0.02

0.93-0.94

3

100 (E)

32

0.85

0.03

0.84-0.86

4

71 (G)

32

0.65

0.05

0.63-0.67

1

D1(e)

1.00*

2

D2(e)

0.95*

3

D4(e)

0.76*

4

D6(e)

1

50 (M)

32

1.00

0.01

0.99-1.00

2

new

32

0.92

0.02

0.90-0.94

3

71 (G)

32

0.76

0.10

0.73-0.80

4

86 (E)

32

0.61

0.08

0.58-0.64

1

C1(c)

2

86 (E)

32

0.91

0.06

0.89-0.93

3

100 (E)

32

0.66

0.10

0.61-0.68

4

100 (E)

32

0.45

0.11

0.42-0.49

1

P1(c)

2

93 (E)

32

0.94

0.08

0.91-0.97

3

64 (G)

32

0.66

0.12

0.62-0.71

4

93 (E)

32

0.55

0.00

0.55-0.55

, .001

0.61*
1.00*
, .001

, .001

0.56*
, .001

1.00*
, .001

1.00*
, .001

35

Note. Mode is percent of most frequently paired HUI3 level.
c indicates consensus (100%); CB, conﬁdence bounds; C1, HUI3 cognition level 1; D1, HUI3 dexterity level 1; D2, HUI3 dexterity level 2; D4, HUI3 dexterity level 4; D6, HUI3
dexterity level 6; H1, HUI3 hearing level 1; H6, HUI3 hearing level 6; e, exact wording; (E), excellent pairing agreement; (G), good pairing agreement; HuPS, Health Utilities
Preschool; HUI3, Health Utilities Index Mark 3; (M), moderate pairing agreement; P value, probability from one-way analysis of variance; P1, HUI3 pain level 1; S1, HUI3
speech level 1; V1, HUI3 vision level 1; V6, HUI3 vision level 6.
*Level not measured and equals HUI3 coefﬁcient by deﬁnition.

Discussion
HuPS has all the properties of a stand-alone GPM: valid health
status classiﬁcation system with age-appropriate level descriptions for preference modeling (Table 3), valid level scoring

coefﬁcients measured with precision, and commensurate scoring
equation for calculating valid HRQL utility scores on the interval
scale in which being dead = 0.00 and perfect health = 1.00
(Table 4). HuPS has construct validity of health status attributes
and content validity for level descriptions. Level coefﬁcients have
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Table 3. HuPS health status classiﬁcation system.
Attribute

Measurement concepts (bolded) and level descriptions (numbered)

Vision

Ability to see. Seeing “close to oneself” is at arm’s length; seeing “at a distance” means across the street.
“Small objects” means as small as a thumb nail.
1. Sees normally without glasses (eg, able to see well enough to recognize small objects close to oneself and familiar
people across the street)
2. Sees normally with glasses (eg, able to see well enough to recognize small objects close to oneself and familiar
people across the street)
3. Sees well enough to recognize small objects close to oneself but unable to recognize familiar people across the
street even with glasses
4. Sees well enough to recognize familiar people across the street but unable to recognize small objects close to
oneself even with glasses
5. Unable to see well enough to recognize small objects close to oneself or familiar people across the street, even
with glasses
6. Unable to see at all

Hearing

Ability to hear
1. Hears what a person is saying in a usual environment with background noise and distractions, without a hearing
aid
2. Unable to hear what a person is saying in a usual environment with background noise and distractions, but able
to hear what a person is saying in a quiet environment when there are no competing distractions without a hearing
aid
3. Hears what a person is saying in a quiet environment when there are no competing distractions, but requires a
hearing aid to do so
4. Unable to hear what a person is saying, even in a quiet environment and with a hearing aid
5. Unable to hear at all

Speech

Ability to articulate clearly (not a measure of ability to use language)
1. Speaks clearly and is understood by everyone
2. Speech understood by parents, but only partially by others
3. Speech understood only partially by both parents and others
4. Does not speak or makes only monosyllabic/unintelligible sounds (includes sounds understood by caregivers)

Ambulation

Ability to get around. Mechanical equipment: canes, crutches, braces, wheelchair/stroller, push toy/walker,
includes holding onto wall/furniture for support—does not include ankle-foot orthotics
1. Walks, bends, lifts, jumps, and runs as well as others the same age
2. Walks, bends, lifts, jumps, or runs with some limitations but does not require mechanical equipment or the help
of another person to get around independently (eg, a clumsy but independent walker)
3. Walks or gets around without any help from another person, but requires mechanical equipment (this level
includes independent crawlers)
4. Unable to walk or get around without the help of another person and may also require mechanical equipment
(eg, stroller)

Dexterity

Ability to perform ﬁne motor tasks. Ability to use both hands to play, feed self, and assist with dressing and
undressing. “Special tools” include special plate with a rim; adapted spoon, fork, or cup; rings in zippers;
and foam grips on markers/paintbrushes
1. Full use of both hands and 10 ﬁngers
2. Limitations in the use of hands or ﬁngers, but does not require special tools or help of another person (includes
slow, awkward but independent)
3. Limitations in the use of hands or ﬁngers, requires the help of another person for some tasks (not independent
even with use of special tools)
4. Limitations in the use of hands or ﬁngers, requires the help of another person for all tasks (not independent even
with use of special tools)

Emotion

Frequency of emotional distress
1. Usually cheerful and interested in everyday activities
2. Occasionally irritable, fretful, unhappy, or uninterested in everyday activities
3. Often irritable, fretful, unhappy, or uninterested in everyday activities
4. Always or almost always irritable, fretful, or unhappy and usually uninterested in everyday activities

Cognition

Ability to think and understand how to solve everyday problems. Everyday problems, eg, getting a cookie,
spilled drink—needs to recognize a problem and generate possible solutions; follows a 2-step instruction
continued on next page
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Table 3. Continued
Attribute

Measurement concepts (bolded) and level descriptions (numbered)
1. Able to think and understand how to solve everyday problems as well as others the same age
2. Has a little more difﬁculty than others the same age when trying to think and understand how to solve everyday
problems
3. Has a great deal more difﬁculty than others the same age when trying to think and understand how to solve
everyday problems
4. Unable to think and understand how to solve everyday problems

Pain and discomfort

Frequency of pain and disruption of activities
1. Free of pain and discomfort (eg, usually does not have pain from earaches, constipation, toothache)
2. Occasional pain, with no interference of normal activities
3. Frequent pain which interferes with most normal activities
4. Constant pain which interferes with all normal activities

Note. Notes about use of HuPS classiﬁcation system in quantiﬁcational and evaluational HRQL surveys. (1) The wording of level descriptions here is exactly as presented
to respondents of the Quantiﬁcational Survey. (2) The evaluational HRQL survey did not include measurement concept descriptions, and 5 vision level descriptions were
modiﬁed to include important conceptual details. For example, the vision level 1 description was modiﬁed to read “Sees normally without glasses (able to see well
enough to recognize small objects such as a thumb nail within arm’s length and recognize familiar people across the street).” Very minor modiﬁcations, to improve
readability, were made to descriptions of vision levels 1-5, hearing level 4, speech level 4, ambulation levels 1-4, dexterity levels 3-4, and pain and discomfort level 2.
HRQL indicates health-related quality of life; HuPS, Health Utilities Preschool.

rank, ordinal, and anchor validity. HRQL scores had inter-rater
reliability, continuity reliability, and inter-subject validity with
HUI3 scores of HRQL. Large intrasubject differences between HuPS
and HUI3 scores indicate that continuity may be poor for HRQL
measurements of some individuals collected at , 5 and 51 years
of age and should be interpreted with caution.
HuPS has a well-documented theoretical and empirical pedigree providing a strong foundational structure of important attributes, level severity, and HRQL scoring. Much evidence of
methodological rigor and measurement properties for the major
foundational components of HuPS (eg, from HUI3 and HSCS-PS)
has been published and is directly applicable.4,20,21,34,35 Two major factors facilitated the success of HuPS: applicability of HUI3
attributes to preschool children and ability to integrate utility
coefﬁcients for age-appropriate attribute levels with the HUI3
scoring equation. Applicability of the attributes was due in part to
pediatric interests being central throughout the development of
HUI3.34 Applicability was also enhanced by attributes deﬁned
“within the skin” and levels deﬁned by functional capacity.35
Continuity (ie, predictive) validity is the most important
measurement property of models for multiple-use service after
publication.30 The HuPS classiﬁcation system deﬁnes 122 880
unique comprehensive health states (n = 6 vision levels 3 5
hearing levels 3 4 speech levels 3 4 ambulation levels 3 4 dexterity levels 3 4 emotion levels 3 4 cognition levels 3 4 pain and
discomfort levels). The number of unique health states deﬁned a
large 8-attribute space for modeling HRQL scores, representing a
challenge for achieving acceptable levels of HuPS to HUI3 continuity. Calibration of HuPS level scoring coefﬁcients, 1 at a time, for
use within the HUI3 scoring equation offered a practical and
efﬁcient modeling solution. The HuPS scoring function is a MAUT
(not regression) model fully speciﬁed by 10 parameters: 2 multiattribute constants and 8 sets of level coefﬁcient variables. The
number and constructs of HuPS attributes are in common with
HUI3, so the multiattribute utility model structure and constants
are deﬁned by the HUI3 scoring equation. In other words, health
status attribute effects are fully controlled between the HuPS and
HUI3 multiattribute utility functions. Health status level effects
are controlled between the HuPS and HUI3 multiattribute utility
functions by calibration of HuPS scoring coefﬁcients on singleattribute utility scales with HUI3 anchoring. The number of
HuPS level coefﬁcients requiring measurement was practical

(n = 23 level descriptions). Control of both the attribute and level
effects facilitates reliable and valid continuity of HRQL scoring
between HuPS and HUI3. A model ﬁtted to predict HuPS scores
from HUI3 scores would lack these control mechanisms, leading to
less reliable and valid continuity scoring. Continuity validity of
HuPS and HUI3 scores of HRQL across subjects is excellent for
analyses of groups of subjects to estimate effectiveness of treatments in clinical trials and economic evaluations and calculate
higher-order health measures (eg, quality-adjusted life-years and
health-adjusted life expectancy).
The outcome of this instrument development provides opportunities for hypothesis generation. Accordingly, a small sample (n =
5) of clinician coauthors and other colleagues were asked to rank
the attributes of HuPS most affected, on the basis of a combination
of prevalence and severity, in populations of preschool children in
the care of whom they have particular expertise. This exercise
yielded the following data, to inform testable hypotheses. To reﬁne
eventual targets, the top 3 attributes were captured in each
instance: cancer (pain and discomfort, emotion, and dexterity),
short gut syndrome (emotion, ambulation, pain and discomfort),
cerebral palsy (ambulation, dexterity, and cognition), autism spectrum disorder (speech, emotion, and cognition), and children in the
general population (pain and discomfort, emotion, and cognition).
Examples of the usefulness of the supplemental survey results
include studies of the developmental trajectory of preschool aged
children with autism and the impact of therapeutic interventions in
this age group, as in the treatment of cancer.
It is also important that evidence on the responsiveness and
longitudinal construct validity of HuPS be accumulated. Important
health policy and management decisions would be well informed
by HuPS measurements of effectiveness from trials for clinical and
public health interventions with cost-utility analyses of efﬁciency
for the interventions. Reliable and valid instrumentation (eg,
questionnaires and coding algorithms) should be developed and
distributed to support widespread applications of the HuPS
measurement system.

Conclusions
HuPS is a high-quality GPM system for preschool children.
HuPS development objectives, design criteria, measurements,
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Table 4. HuPS multiattribute utility scoring function.
HuPS level

HuPS attribute utility scoring coefﬁcients
Vision b1

Hearing b2

Speech b3

Ambulation b4

Dexterity b5

Emotion b6

Cognition b7

P&D b8

1

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

2

0.93

0.92

0.95

0.95

0.97

0.95

0.94

0.96

3

0.90

0.87

0.93

0.90

0.84

0.84

0.76

0.76

4

0.84

0.74

0.80

0.76

0.69

0.73

0.60

0.68

5

0.83

0.73

n/a

n/a

n/a

n/a

n/a

n/a

6

0.73

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Note. Summary statistics of value (before conversion to utility) coefﬁcients in Table 2, columns 4-7.
Formula (on 0.00 = dead to 1.00 = perfect health scale)
u* = 1.371 (b1*b2*b3*b4*b5*b6*b7*b8) – 0.371.
Such that u* is the utility of a chronic health state on the utility scale where dead has a utility of 0.00 and perfect health has a utility of 1.00.
b1 indicates coefﬁcient for level of vision; b2, coefﬁcient for level of hearing; b3, coefﬁcient for level of speech; b4, coefﬁcient for level of ambulation; b5, coefﬁcient for
level of dexterity; b6, coefﬁcient for level of emotion; b7, coefﬁcient for level of cognition; b8, coefﬁcient for level of pain and discomfort; HuPS, Health Utilities Preschool;
n/a, not applicable; P&D, pain and discomfort.

respondents, subjects, analyses, and evaluation were well speciﬁed. The development process was credible and effective in
accordance with recommendations of the ISPOR-SMDM Modeling
Good Research Practices Task Force–7.30
HuPS scores of HRQL are reliable, valid, and interpretable. HuPS
provides scores to inform important policy decisions considering
the effectiveness and cost-effectiveness of healthcare services and
the comprehensive health of populations. HuPS measurements are
commensurate and continuous with those of HUI3 for group analyses. HuPS, in combination with HUI3, makes HUI3-based
scoring applicable to the greatest range of age applicability
among leading GPM systems: $ 2 years of age. HUI3 is among the
most frequently used GPM systems worldwide. HuPS has the
potential to be widely used in dozens of countries and languages
as HUI3 does for older subjects.
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