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PREFACE

The Rand Health Insurance Study, now called the Rand Health Insurance Experiment

(HIE), was funded by a grant from the U.S. Department of Health, Education, and Welfare
(now the U.S. Department of Health and Human Services). The HIE is a social experiment
designed to investigate the effects of different health care financing arrangements (differing
coinsurance and deductibles, and fee-for-service practice versus prepaid group practice) on
the use of personal medical care services, quality of care, satisfaction with care, and health
status.
To accomplish the objectives of the HIE, a sample of about 8000 people in 2754 families
was enrolled at six sites across the country: Dayton, Ohio; Seattle, Washington; Fitchburg,
Massachusetts; Franklin County, Massachusetts; Charleston, South Carolina; and George-
town County, South Carolina. Enrollment began in 1974. The sites were chosen to represent
the four Census regions of the country and an urban-rural mix, and to vary the amount of
stress on the ambulatory medical system (at some sites, there are long delays for new and
return appointments; at others, there is little delay).

Families are enrolled in one of the HIE plans for either three or five years (approximate-
ly 70 and 30 percent, respectively). Low-income families are oversampled. Eligibility for par-
ticipation in the HIE is broad; the only ineligible persons are heads of household 61 years of
age and older at the time of enrollment, members of the military, people confined to various
institutions, and people eligible for Medicare (the Medicaid population is eligible). When
families are enrolled, they agree to assign their own health insurance benefits (if they were
previously enrolled in a health insurance plan) to the HIE for the duration of their enroll-
ment. Their policies are held in escrow and returned at the end of their participation in the
experiment. )

The families are assigned to one of 16 different insurance plans. Each family is assigned
to one plan by a complex statistical model that helps ensure that families in each plan closely
resemble each other; assignments are nonbiased. The 16 experimental plans include:

® One plan in which care is free to the family.

o Three plans with 25 percent coinsurance (i.e., the family pays 25 percent of its medi-
cal bills).

® Three plans with 50 percent coinsurance (two of these are available only in Dayton).

e Three plans with 50 percent coinsurance for dental and outpatient mental health
services and 25 percent for all others (in all sites except Dayton).

® Three plans with 95 percent coinsurance.

® One plan with 95 percent coinsurance up to a maximum expenditure of $150 per
individual (or $450 per family) per year and no coinsurance above that. In this plan,
the coinsurance applies only to outpatient expenditures; inpatient expenditures are
not subject to coinsurance.

e One plan that assigns some of the Seattle participants to a prepaid group practice
(Group Health Cooperative of Puget Sound) in that site.

® One plan (a control group) that includes a sample of people already enrolled in the
Seattle prepaid group practice (to study whether those who have self-selected a pre-
paid group practice are systematically different from those who have not).



All plans except the first one and the last three have a ceiling on annual out-of-pocket
expenditures paid by the family amounting to 5, 10, or 15 percent of annual family income.
In addition, the maximum out-of-pocket expenditure per year that a family can spend on
medical care is $1000 for the 50 and 95 percent coinsurance plans and $750 for the 25 percent
plans. All plans have an identical benefits package that is very comprehensive, covering both
ambulatory and hospital care, preventive services, all dental services except orthodontia,
prescription drugs and appliances, certain over-the-counter drugs, psychiatric and psycholog-
ical services, and almost all other personal medical services, including care delivered by
chiropractors and Christian Science healers.

Over the life of the HIE, data are being collected on demographic and socioeconomic
variables, health status, use of health services, satisfaction with health care, attitudes toward
health care, and types of providers seen for care. The sources of health data include baseline
interviews, self-administered (or parent-completed) Medical History Questionnaires, biweek-
ly Health Reports, annual Health Questionnaires, medical examinations, and claims submit-
ted (chiefly by the provider) for reimbursement of services rendered.

At the time of writing this report, the HIE is still in progress. Enrollment data are
available and are reported herein.

Information on two health habits being used in the HIE as proxy measures of future
health status is available in Rand’s R-2374-HEW report series, which has the overall title
Conceptualization and Measurement of Health Habits for Adults in the Health Insurance
Study. These health habits were included in the HIE because they could conceivably be
influenced by personal medical care and because there is strong evidence to suggest an effect
on future morbidity and premature death. The two volumes are:

Anita L. Stewart, Robert H. Brook, and Robert L. Kane, Vol. I, Smoking, R-2374/1-
HEW.

Anita L. Stewart, Robert H. Brook, and Robert L. Kane, Vol. II, Overweight, R-2374/2-
HEW.

Each volume con:iins information based on a review of the literature regarding the
conceptualization and measurement of the health habit, and the relationships between the
health habit and future health status. Also included is a description of the measures used in
the HIE to assess the health habit, analyses of the health habit data collected at enrollment
into the experiment, and a list of the experimental hypotheses to be tested using the health
habit measures.

Other reports and publicaticns discuss the measurement of health status and other de-
sign and measurement issues related to the HIE.

Information on the conceptualization and measurement of the health status of people
aged 14 and older in terms of physical, mental, and social health and general health percep-
tions is available in an eight-volume Rand report (R-1987-HEW), Conceptualization and Mea-
surement of Health for Adults in the Health Insurance Study. The eight volumes in this series
are:

John E. Ware, Jr., Robert H. Brook, Kathleen N. Williams, Anita L. Stewart, and
Allyson Davies-Avery, Vol. I, Model of Health and Methodology, R-1987/1-HEW.

Anita L. Stewart, John E. Ware, Jr., Robert H. Brook, and Allyson Davies-Avery, Vol.
II, Physical Health in Terms of Functioning, R-1987/2-HEW.



John E. Ware, Jr., Shawn A. Johnston, Allyson Davies-Avery, and Robert H. Brook,
Vol. IIl, Mental Health, R-1987/3-HEW.

Cathy A. Donald, John E. Ware, Jr., Robert H. Brook, and Allyson Davies-Avery, Vol.
IV, Social Health, R-1987/4-HEW.

John E. Ware, Jr., Allyson Davies-Avery, and Cathy A. Donald, Vol. V, General
Health Perceptions, R-1987/5-HEW. :

John E. Ware, Jr., Robert H. Brook, and Allyson Davies-Avery, Vol. VI, Analysis of
Relationships among Health Status Measures, R-1987/6-HEW.

William H. Rogers, Kathleen N. Williams, and Robert H. Brook, Vol. VII, Power
Analysis of Health Status Measures, R-1987/7-HEW.

Robert H. Brook, John E. Ware, Jr., Allyson Davies-Avery, Anita L. Stewart, Cathy
A. Donald, William H. Rogers, Kathleen N. Williams, and Shawn A. Johnston, Vol.
VIII, Overview, R-1987/8-HEW.

Measurement of physiologic health is discussed in Rand report R-2262-HHS, which has
the overall title Conceptualization and Measurement of Physiologic Health for Adults. The
volumes in this series cover a wide variety of diseases and organ system defects, such as
eyesight and hearing problems, cardiovascular and bronchopulmonary diseases (e.g., hyper-
tension, chronic obstructive pulmonary disease), and surgery-related conditions (e.g., hernia,
varicose veins). .

Measurement of the health status of children under age 14 enrolled in the experiment is
discussed in:

Marvin Eisen, Cathy A. Donald, John E. Ware, Jr., and Robert H. Brook, Conceptuali-
zation and Measurement of Health for Children in the Health Insurance Study, R-2313-
HEW.

The experimental design for estimating the effects of financing on demand for care is
described in Joseph P. Newhouse, “A Design for a Health Insurance Experiment,” Inquiry,
Vol. 11, 1974, pp. 5-27; and in Joseph P. Newhouse, The Health Insurance Study: A Sum-
mary, The Rand Corporation, R-965-OEO, March 1974. Features of the design that permit
estimation of the effects on utilization behavior attributable solely to participation in the
experiment are discussed in Joseph P. Newhouse, Carl N. Morris, Kent H. Marquis, Charles
E. Phelps, and William H. Rogers, “Measurement Issues in the Second Generation of Social
Experiments: The Health Insurance Study,” Journal of Econometrics, Vol. 11, September
1979, pp. 117-129.

Carl N. Morris, “A Finite Selection Model for Experimental Design of the Heaith Insur-
ance Study,” Journal of Econometrics, Vol. 11, September 1979, pp. 43-61, describes the logic
and techniques used to determine optimum sample sizes for the HIE and to assign individual
families to experimental plans.

The measurement of consumption of medical services in the HIE is discussed in Kent H.
Marquis, The Methodology Used To Measure Health Care Consumption during the First Year
of the Health Insurance Experiment, R-2126-HEW, August 1977. The application of reliability
theory to evaluation of the quality of survey data is discussed in M. Susan Marquis and Kent
H. Marquis, Survey Measurement Design and Evaluation Using Reliability Theory, R-2088-



HEW, June 1977. The relationship between health status and consumption of medical ser-
vices is discussed in W. Manning, J. Newhouse, and J. E. Ware, Jr., The Status of Health in
Demand Estimation: Beyond Excellent, Good, Fair and Poor, R-2696-HHS, December 1980.

Other methodological issues related to techniques for obtaining precise, unbiased esti-
mates of medical care expenditures are examined in Kent H. Marquis, M. Susan Marquis,
and Joseph P. Newhouse, The Measurement of Expenditures for Outpatient Physician and
Dental Services: Methodological Findings from the Health Insurance Study, R-1883-HEW,
April 1976.

An overview of HIE publications is provided in a Rand paper by Joseph P. Newhouse and
Rae W. Archibald, Overview of Health Insurance Study Publications, P-6221, November 1978.

The present volume presents information on several aggregate measures of functional
status. Scoring details of these aggregate measures are supplied separately in a companion
volume, Construction and Scoring of Aggregate Functional Status Measures: Volume II, Ap-
pendixes, N-1706-1-HHS, August 1982.
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AUTHORS’ PREFACE TO THE SECOND EDITION

Functional status is one of the concepts measured in the Health Insurance Experiment
(HIE) to test hypotheses about the impact of health care financing arrangements. Two batter-
ies of functional status items were fielded in the HIE—Functional Limitations and Physical
Capacities.

There is more than one version of each battery, because improvements were made after
analyzing data from early versions. Over the course of the experiment, there have also been
numerous measures developed from these batteries, both because there were different ver-
sions of the batteries, and because we improved our early conceptualization of functional
status.

In this revised edition we have changed the labeling of the measures according to the
vernacular specified below and have provided an overview of all of the measures of functional
status that have been constructed since the beginning of the HIE. These revisions are intend-
ed to clarify the differences among the labels used to identify the HIE measures of functional
status.

There has been inconsistency in the literature regarding the vernacular and labeling of
measures of functional status. We have decided on the following set of labels for use in
reference to the HIE measures:

Functional status: The performance of or the capacity to perform a variety of activities
normal for people in good health. This general term will be used to
refer to all measures of functioning regardless of whether they refer to
personal or role activities and regardless of whether they are favor-

ably or unfavorably scored.
Limitations: Difficulties in functioning, as defined by HIE personal limitations and
role limitations measures.
Capacities: Ability to function, as defined by HIE measures of physical capacities.
Measure: A generic term referring to a score based on one or more items.
Scale: A measure evaluated in terms of some formal scaling criteria (e.g.,
cumulative scale, Likert scale).
Index: An aggregated measure, i.e., one in which two scales are combined in

some way (e.g., the HIE Personal Functioning Index).
Derived variable: A measure that is archived in the HIE for analytic use.

A summary of HIE measures of functional status developed from the two batteries is
presented in Table AP.1. Note that the labels used for these measures reflect the direction of
scoring. For example, if the label includes “limitations,” a high score indicates more limita-
tions. Similarly, if the label includes “functioning,” a high score indicates better functioning.
For each measure, the derived variable and the data status indicator names are given. (The
data status indicator provides information on the quality of the derived variable score.)

Because there have been revisions in both of the functional status batteries, and because
the batteries are administered at different points in time throughout the experiment, there
are several derived variables for each measure. These will be described below.
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Table AP.1

Summary oF HIE MEASURES OF FUNCTIONAL STATUS

. b .
Generic Generlcb
Derived Data Status

Direction Variable Indicator
Category/Measure of Scoring Batterya Name Name
Personal Functioning
Personal Limitations-

Any Duration - FL APERS DSAPR
Personal Limitations-

Chronic only - FL " CPERS DSCPR
Physical Capacities + PC CAP DSCAP
Personal Functioning

Index + FL,PC PFI DSPFI

Role Functioning
Role Limitations-

Any Duration - FL AROLE DSAROL
Role Limitations-

Chronic only - FL CROLE DSCROL

a

FL = Functional Limitations
PC = Physical Capacities

b’l‘his is the stem of the derived variable. A suffix is added in-
dicating the time of administration (in months from enrollment) and
the version of the measure (e.g., APERSPPA indicates measured at en-
rollment, version A).

ADMINISTRATION OF FUNCTIONAL STATUS BATTERIES

A summary of the administration schedule of the two functional status batteries is
shown in Table AP.2.

There were three versions of the Physical Capacities battery and two versions of the
Functional Limitations battery. Three additional functional limitations items were included
in most of the exit Medical History Questionnaires.

Basically, the Physical Capacities battery was administered only at enrollment and exit,
whereas the Functional Limitations battery was administered at enrollment, annually
throughout the experiment, and at exit. Differences in the versions are described below.

PREVIOUS DOCUMENTATION

In our original work on functional status, we constructed several functional status mea-
sures from the Dayton enrollment versions of these batteries. Two studies on these earlier
measures have been published:



Table AP.2

ADMINISTRATION SCHEDULE FOR THREE VERSIONS OF THE FUNCTIONAL
STATUS BATTERIES

Additional
Functional
Physical Functional Limitations
Site/Time of Administration Capacities Limitations Items
.Dayton a b
Enrollment MHQ I I -
All Health Questionnaires - II -
Three-year-exit MHQ 1I I1I -
Five-year-exit MHQ II1 11 I
Seattle
Enrollment MHQ II I1 -
All Health Questionnaires - 11 -
Three-year-exit MHQ 111 11 I
Five-year-exit MHQ 111 11 I
Massachusetts
" Enrollment MHQ II I1 -
All Health Questionnaires - 11 -
Three-year—-exit MHQ II1 11 1
Five-year—-exit MHQ III I1 1
South Carolina
Enrollment MHQ II 11 -
All Health Questionnaires - 11 -
Three~year-exit MHQ IT1 11 I
Five-year—-exit MHQ II1 I1 1

3Medical History Questionnaire.

bRoman numeral indicates version number of the battery.

Anita L. Stewart, John E. Ware, Jr., Robert H. Brook, and Allyson Davies-Avery,
Conceptualization and Measurement of Health for Adults in the Health Insurance
Study: Vol. II, Physical Health in Terms of Functioning, The Rand Corporation, R-
1987/2-HEW, July 1978.

Anita L. Stewart, John E. Ware, Jr., and Robert H. Brook, “The Meaning of Health:
Understanding Functional Limitations,” Medical Care, Vol. 15, 1977, pp. 939-952.

We later developed the aggregate measures of functional status as described in this report.
These aggregate measures supersede those in the above two publications.

FUNCTIONAL LIMITATIONS BATTERY

The Functional Limitations battery was administered at enrollment, every year there-
after (on all Health Questionnaires), and at exit.



There are two basic versions of the Functional Limitations battery in the HIE. In addi-
tion, three supplementary items were included in some of the MHQs administered at the end
of the experiment.

Version I is given in App. E, and Version II in App. I of R-1987/2-HEW. Version II is also
shown in App. C of N-1706-1-HHS. The three additional items are listed here in Table AP.3.

Table AP.3

THREE ADDITIONAL FUNCTIONAL LiMITATIONS ITEMS INCLUDED IN ALL
SEATTLE, MASSACHUSETTS, AND SOUTH CAROLINA EXIT QUESTIONNAIRES
AND IN DAYTON FIVE-YEAR-EXIT QUESTIONNAIRE

a

Item DEI Contentb

1 5880 Does your health limit you in leisure activities that
are very strenuous such as backpacking, skiing, play-
ing tennis, bicycling, or jogging?

2 5881 Does your health limit you in leisure activities that
are moderately strenuous such as taking walks, garden-
ing, bowling, or playing golf?

3 5882 Does your health cause you to be slower or less
efficient or to tire more easily than usual in your
work, housework, or schoolwork? :

%pata Element Identifier.

bResponse choices were: 1--yes, limited for more than 3 months;
2--yes, limited for 3 months or less; 3--no, not limited.

Description of Functional Limitations Scales

Scales were constructed from items in the Functional Limitations battery to assess role
limitations (limitations in work, school, or housework) and personal limitations (limitations
in self-care, mobility, and physical activities). These scales are described in this report.

Role Limitations. A summary of the role limitations derived variables is shown in
Table AP.4. The Dayton enroliment version of role limitations (scales with “A” suffixes) is a
three-level scale using two items. The scales with “B” suffixes are four-level scales using
three items. These scales were originally developed with three possible scores ranging from 0
to 3 for the “A” scales and four possible scores ranging from 0 to 3 for the “B” scales. Note
that the endpoints of the “"A” and “B” scales are the same but the middle values differ (i.e., a
1 is not possible in the “A” scales). This was done because the endpoints were comparable. For
use in the HIE, they were transformed to a 0 to 100 scale as shown in Table AP.4. The scales
with “C” suffixes have not yet been constructed. These will be based on the identical items as
the “B” scales, but with the addition of item three from Table AP.3. Note that the “C” suffix
scales are constructed at exit in addition to “B” suffix scales so analysts may choose to use the
same role limitations measure at exit as the one used earlier in the experiment.

Personal Limitations. A summary of the personal limitations derived variables is given



Table AP.4

SUMMARY OF ROLE LIMITATIONS DERIVED VARIABLES

Variable Name

Any Duration Chronic Administration

AROLE@@A CROLE@@A Dayton enrollment MHQ

AROLE@@B CROLEPPB Seattle, Massachusetts, South Carolina
enrollment MHQ

AROLE12B CROLE12B All sites, year-one HQ

AROLE24B CROLE24B  All sites, year-two HQ

AROLE36B CROLE36B All sites, year—three HQ

AROLE36B CROLE36B All sites, three-year-exit MHQ

AROLE48B CROLE48B  All sites, year-four HQ

AROLE60B CROLE60B All sites, five-year-exit MHQ .

AROLE36C CROLE36C Seattle, Massachusetts, South Carolina
three-year-exit MHQ

AROLE60C CROLE60C All sites, five-year-exit MHQ

NOTES: HQ = Health Questionnaire .
MHQ = Medical History Questionnaire

Original Transformed

Scores Scores

"A" scales ..... 0 0
2 66.67
3 100.00

"B" gcales ..... O 0
1 33.33
2 66.67
3 100.00

in Table AP.5. The Dayton enrollment version (scales with “A” suffixes) is a five-level scale
based on eight items. The “B” suffix scales are six-level scales based on nine items. These
scales were originally developed with scores ranging from 0 to 5 for the “A” scales and 0 to 5
for the *B” scales. Again, the endpoints were made comparable between the “A” and the “B”
scales. For use in the HIE, they were transformed to a 0 to 100 scale as shown in Table APS.
The “C” suffix scales are based on the identical items as the “B” scales but with the addition
of items 1 and 2 from Table AP.3. Note that the “C” suffix scales are constructed in addition
to the “B” suffix scales.

Scoring Changes over Time

These measures are all Guttman scales. To score them, perfect scale types are first
scored, and the people who do not fit these perfect types are scored individually. A set of
program statements is needed to score every response pattern that does not conform to the
perfect scale type (see N-1706-1-HHS).



Table AP.5

SUMMARY OF PERSONAL LIMITATIONS DERIVED VARIABLES

Variable Name

Any Duration Chronic Administration

APERSOPA CPERS@PA Dayton enrollment MHQ
APERS@@B CPERSPPB  Seattle, Massachusetts, South Carolina
‘ enrollment MHQ

APERS12B CPERS12B All sites, year-one HQ

APERS24B CPERS24B  All sites, year—two HQ

APERS36B CPERS36B All sites, year-three HQ

APERS36B CPERS36B All sites, three-year-exit MHQ

APERS48B CPERS48B  All sites, year-four HQ

APERS60B CPERS60B  All sites, five-year-exit MHQ

APERS36C CPERS36C Seattle, Massachusetts, South Carolina
three-year-exit MHQ

APERS60C CPERS60C All sites, five-year-exit MHQ

NOTES: HQ = Health Questionnaire
MHQ = Medical History Questionnaire

Original Transformed
Scores Scores

0
40
60
80

100

"A" scales .....

nHWNNo

"B" scales .....

mepwnN+=O
-
o

For the “B” suffix scales, the set of program statements developed for enrollment data is
documented in N-1706-1-HHS as follows:

Site Scales Table
Non-Dayton Personal Limitations A.6
Dayton Personal Limitations All
Non-Dayton Role Limitations A7

Dayton Role Limitations A.12

When data at later points in time were obtained, some additional nonperfect scale-type pat-
terns occurred that had to be scored. These are available from the authors on request.



PHYSICAL CAPACITIES BATTERY

The Physical Capacities battery was administered at enrollment and at exit. There are
three versions of the Physical Capacities battery in the HIE, although Versions II and III are
nearly identical. Version III has the same items as Version II, but the skip pattern was
eliminated, and some additional reasons were included for being unable to do each activity
(e.g., pregnancy, back problems). Photocopies of Versions II and III are presented in N-1706-
1-HHS, Apps. D and E, respectively. A photocopy of Version I is included in R-1987/2-HEW,
App. F. :

Description of Physical Capacities Scales

One scale was constructed from all physical capacities items. A summary of the derived
variables for this scale is shown in Table AP.6. Both the “A” and the “B” scales were orig-
inally developed with scores ranging from 0 to 6. For use in the HIE, they were transformed
%o a 0 to 100 scale as shown in Table AP.6. The “C” variables have not yet been constructed,
but it is expected that they will be identical with the "B” variables because of the minor
nature of the changes in the battery.

Table AP.6

SuMMARY OF PHYsICAL CAPACITIES DERIVED VARIABLES

Variable
Name Administration

CAPP@PA Dayton enrollment MHQ

CAP@PB Seattle, Massachusetts, South Carolina
enrollment MHQ

CAP36B Dayton, three-year-exit MHQ

CAP36C Seattle, Massachusetts, South Carolina
three-year-exit MHQ

CAP60C All sites, five-year—exit MHQ

NOTES: MHQ - Medical History Questionnaire

Original Transformed
Scores Scores

0
16.70
33.29
50.00
66.67
83.29

100.00

AL WNKHFO



Scoring Changes over Time

The Physical Capacities scale is a Guttman scale. The scoring algorithm is presented in
N-1706-1-HHS for enrollment data.

PERSONAL FUNCTIONING INDEX

The Personal Functioning Index (PFI) aggregates information from the Physical Capaci-
ties and Personal Limitations-Any Duration scales. Because the Physical Capacities battery
was administered only at enrollment and exit, the PFI can only be constructed for these
points in time. A summary of the PFI derived variables is presented in Table AP.7.

The scoring algorithms for the PFI are described in N-1706-1-HHS, with computer state-
ments presented in App. B. The PFI ranges from 0 to 5 in all sites and was not transformed.

Table AP.7

SuMMARY OF PERSONAL FUNCTIONING

Variable
Name Administration

PFI@PA Dayton enrollment MHQ

PFIPPB  Seattle, Massachusetts, South Carolina
enroliment MHQ

PFI36B Dayton three-year-exit MHQ

PFI36C Seattle, Massachusetts, South Carolina
three-year—-exit MHQ

PFI60C All sites, five-year-exit MHQ




SUMMARY

This report presents information on several aggregate measures of functional status de-
veloped for use in a general population such as that enrolled in the Rand Health Insurance
Experiment (HIE).

In an earlier report, we presented a review of the literature on the measurement of
functional status and results of empirical work performed on several functional status mea-
sures developed from the original versions of the HIE functional status batteries (Stewart et
al., 1978). The aggregate measures described in the present report supersede the measures
described in the earlier report.

Included in this report are (1) analyses performed on HIE enrollment data from five of
the six HIE sites that test the appropriateness of constructing cumulative scales to aggregate
functional status categories (e.g., mobility and physical activities) into more global functional
status measures (comparable data were not available from the sixth site); (2) descriptive
statistics on these cumulative measures based on enrollment data from all six sites; (3) analy-
ses of the relationships among the various aggregate functional status measures; and (4) a
description of an index in which information was combined from two cumulative scales. De-
tails on how to score all of the aggregate measures are given in a companion volume, N-1706-
1-HHS. .

Our previous work in the functional status area and our review of the extensive contribu-
tions by others in this field indicated that reliable and valid functional status scales have
been constructed for five categories of activities: self-care, mobility, physical activities, role
activities, and leisure activities (Stewart, Ware, and Brook, 1977; Stewart et al., 1978). This
work also revealed that it was possible to reduce the number of functional status measures
that must be scored and interpreted separately to define functional status. Specifically, infor-
mation contained in measures of three of the categories (self-care, mobility, and physical
activity) could be summarized by one functional status measure, which we will refer to as
personal functioning. OQur previous work also suggested that role functioning may be a dis-
tinct dimension of functional status.

Data were gathered using a questionnaire that was self-administered at the time of
enrollment into the HIE. The scaling analyses we report here are based on the responses
provided by 4603 people between the ages of 14 and 61, who were enrolled in five of the six
HIE sites.

We developed the HIE functional status measures from two different batteries of ques-
tionnaire items labeled, respectively, Functional Limitations and Physical Capacities. Al-
though their content was similar, these batteries differed as follows: (1) item structure and
response choices, (2) time frame of the questions, and (3) whether the items described favora-
ble or unfavorable health states.

We evaluated the scales that were hypothesized using Guttman’s (1944) Scalogram
analysis. This analysis tests whether the items are ordered by degree of limitation while
defining a unidimensional construct (the same construct is measured by the items) and
whether one pattern of responses (across items) is associated with each scale level.

Overall results indicated that two types of aggregation scnemes (personal and role func-
tioning) met cumulative scaling criteria in all five general populations in which they were
tested. First, we tested the appropriateness of aggregating items from the categories of self-
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care, mobility, and physical activities into a single cumulative personal functioning scale.
Second, we determined whether role functioning items could be combined with the general
limitations item. Attempts at further aggregation of the personal and role functioning scales
into a single index did not satisfy minimal criteria for a cumulative scale.

We constructed a personal functioning scale with six levels from the Functional Limita-
tions battery and scored the scale for chronic limitations and for limitations of any duration.
This was labeled Personal Limitations to indicate that items in this measure referred to
limitations in functioning (i.e., were negatively worded) and it was scored accordingly. Fif-
teen percent of the people were labeled as chronically limited in personal functioning (a value
that varied from 11 to 17 percent across the five sites). Seventeen percent had limitations of
any duration (a value that varied from 13 to 20 percent across the five sites).

We constructed a personal functioning scale with seven levels from the Physical Capaci-
ties battery. This was labeled Physical Capacities to indicate that items in this measure
referred to capacities in functioning (i.e., were positively worded) and it was scored accord-
ingly. Fifteen percent of the people were limited on this scale (a value that varied from 10 to
17 percent across the five sites).

We then combined the information from the Personal Limitations and Physical Capaci-
- ties scales into a single index labeled the Personal Functioning Index. This was based on our
observation that from 10 to 12 percent of the people were identified as limited on either one
but not both of the cumulative scales. Analyses indicated that the discrepancy between the
two scales was largely due to differences in item wording and the way in which limitations
were assessed by the two batteries. When we combined the information from the two scales
(so that persons are counted as limited in personal functioning if they are limited on one or
both scales), we found that about 22 percent of the HIE population had limitations in per-
sonal functioning. Analyses indicated that the Personal Functioning Index is an ordinal
scale.

For personal functioning, we were able io determine the reasons for any problems re-
ported (i.e., in the Physical Capacities battery, we asked respondents to report the main cause
of their incapacity). The four reasons most frequently given as the main cause of physical
incapacities were (1) back problems, (2) joint problems, (3) overweight, and (4) shortness of
breath, enlarged heart, or heart failure. These reasons accounted for about 57 percent of
physical incapacities.

: We constructed one role functioning scale with four levels from the Functional Limita-

tions battery and scored it for both chronic limitations and limitations of any duration. This
was labeled Role Limitations to indicate that items in’ this scale referred to limitations in
functioning (i.e., were negatively worded), and it was scored accordingly. Eleven percent of
the people had chronic role limitations (a value that varied from 9 to 13 percent across the
five sites), and 13 percent had role limitations of any duration (a value that varied from 11 to
14 percent). '

The six measures that we have developed yield unidimensional scores at the ordinal level
of measurement. In other words, we can be confident that the various measures accurately
rank individuals on a single continuum underlying each measure.

The consistency of both the scaling and reliability findings across the five different gen-
eral populations suggests that the results can be effectively generalized to other general
populations. These results may not, however, be generalized to disabled populations or to
populations comprised primarily of people older than 61 years. Further testing of these mea-
sures in those populations is required.

The distributions of these aggregate measures were skewed, defining a maximum of 22



percent of the respondents as limited. It is reasonable to expect that a higher percentage of
the people would be identified as physically limited if these measures are used in studies that
do not restrict the number of older people or that include institutionalized or disabled popula-
tions (e.g., those in nursing homes or receiving Supplemental Security Income).

In summary, based on scaling studies conducted in five general populations, we have
demonstrated that cumulative aggregate functional status scales, as opposed to either items
or scales that measure specific functional status categories, are appropriate and reliable for
the purpose of ranking people in general populations. We suggest that to adequately assess
personal functioning it is important to determine if people are limited both in the kind and
the amount of activities they can do. In addition, we recommend that measures of personal
functioning and role functioning be scored and interpreted separately pending further studies
of their interrelationships and aggregation schemes with methods other than those based on

cumulative scaling.
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1. INTRODUCTION

This report presents information on aggregate measures of functional status developed
for use in the Rand Health Insurance Experiment (HIE). Functional status measures are one
way to measure physical health. In the HIE, different aspects of functional status were mea-
sured by two sets of questions called functional status batteries. There were also two versions
of each of these batteries: (1) a version administered only at enrollment in the first HIE site,
Dayton; and (2) a revised version administered at all subsequent times in Dayton and at all
times in the other five HIE sites.

In an earlier report, we presented a review of the literature on the measurement of
functional status and results of empirical work performed on the original version of the HIE
functional status batteries (Stewart et al., 1978). The aggregate measures described here
supersede the measures described in the earlier study. ,

The primary purpose of this report is to describe our efforts to find the smallest number
of measures to describe the functional status of the HIE general population. We also present
information on the reasons people give for limitations in functional status (e.g., heart disease
or overweight). :

Functional status refers to the performance of (or the capacity to perform) a variety of
activities that are normal for people in good physical health. Five categories of such activities
are (1) self-care activities (feeding, bathing, dressing, and using the toilet); (2) mobility (get-
ting around indoors, outdoors, or in the community); (3) physical activities (running, walking,
using stairs, lifting, bending); (4) role activities (typical for an individual of a specified age
and social role such as work, school, or household activities); and (5) leisure activities (hob-
bies, clubs, or sports).

Although some studies focus on specific categories of functioning (e.g., self-care activi-
ties), the development and use of a measure of functional status in which information from
several categories of functioning is combined into a more global measure offer several possi-
ble advantages. First, functional status could be summarized using a smaller number of
scores. Second, score reliability would be increased. Third, the ability to estimate accurately
the functional status level for people who do not answer all of the functional status questions
would be increased. Finally, any increase in score variability and reliability with an aggre-
gate functional status measure would produce greater precision when testing hypotheses
such as the effect of differences in use of medical services on health status in general popula-
tions (Rogers, Williams, and Brook, 1979).

The use of an aggregate measure often represents a tradeoff between these advantages
and a loss of information regarding the items being combined. However, when the aggregate
measure satisfies the assumptions of a cumulative scale,! information is not lost. Each level
of a cumulative scale is associated with a unique pattern of responses across categories. Thus,
the score can be directly interpreted.

1Cumulative scales are those that order items by the degree of severity of limitation they describe and for which
only one pattern of responses (across items) is associated with each scale level (Guttman, 1944). For example, let us
consider the scores of three perfectly cumulative items such as able to run a mile, walk a mile, and walk a block.
People scoring zero cannot perform any of these activities. People scoring one are able to walk a block and unable to
do the other two more strenuous activities. People scoring two are able to walk a block and walk a mile. And people
scoring three can perform all three activities.




We will not attempt to review here the literature on the measurement of functional
status, because we have done so in our earlier report (1978). Our previous work in the physi-
cal health area and our review of extensive contributions by others indicated that reliable
and valid functional status measures have been constructed for all five categories of activities
defined above (1977, 1978). This work also revealed that it was possible to reduce even fur-
ther the number of measures that must be scored and interpreted separately to define func-
tional status. Specifically, the associations among three of the categories (self-care, mobility,
and physical activity) could be summarized by one functional status measure, which we will
refer to as personal functioning. Based on the literature (Gilson et al., 1975; Haber, 1970;
Katz et al., 1970; Nagi, 1976; USDHEW, National Center for Health Statistics, 1974) and our
previous work (1978), we hypothesized that a cumulative personal functioning scale could be
defined with mobility and/or self-care limitations at the most severe (i.e., limited) end of the
scale. This particular aggregation scheme had been suggested previously by other investiga-
tors (Haber, 1970; Nagi, 1976), but had not been tested empirically within the framework of
cumulative scaling.

Our previous work also suggested that role functioning? may be a distinct dimension of
functional status. For example, some people in the HIE reported limitations in mobility and
physical activities but did not report limitations in role activities (Stewart et al., 1978). This
is not surprising because performance of role activities depends on factors other than physical
health (e.g., job strenuousness). Some investigators have combined role functioning with
personal functioning (Berdit and Williamson, 1973; Patrick, Bush, and Chen, 1973; Reynolds,
Rushing, and Miles, 1974); again, however, the assumptions underlying such combinations
have not been tested within the framework of cumulative scaling.

We began by testing whether cumulative scales could be used to aggregate functional
status categories (i.e., mobility or physical activities) into more global measures. We suc-
ceeded in constructing a personal functioning scale for each battery of items (Physical Capac-
ities and Functional Limitations) and a role functioning scale for the Functional Limitations
battery.

Our next step was to determine if we could further reduce the number of measures,
either by combining the personal functioning scales from the two batteries, or by combining
role functioning and personal functioning. We succeeded only in the first of these two pos-
sibilities.

Based on enrollment data from five of the six HIE sites, we present in what follows:

1. Frequency distributions of responses to all functional status items.

2. A summary of the main reasons given for physical incapacities.

3. Analyses that test the appropriateness of using cumulative scales to aggregate func-
tional status categories into global functional status measures.

4. Analyses to determine if the global scales resulting from step 3 could be further
aggregated into even more global indexes.

For all measures, we present descriptive statistics based on enrollment data for five sites,
as well as scoring instructions for the revised and the original functional status batteries. Fi-
~ nally, we suggest how functional status can best be assessed by other investigators.

We developed the aggregate measures of functional status described here from the re-
vised version of the batteries and based the measures on data collected at enroliment of HIE

2Major role activities are commonly defined as those occupying a substantial part of a person’s day, such as jobs
for workers, school for students, and housework for housewives.



participants. These data were obtained from all HIE sites except Dayton. After their develop-
ment, we scored the aggregate measures for all sites including Dayton. To construct aggre-
gate scores for the people enrolled in Dayton, we applied, as best we could, the scoring rules
based on the revised version of the battery to the original one. Because the versions were only
slightly different, this was not very difficult.



II. METHODS

CHARACTERISTICS OF THE SAMPLE

Data were gathered using a questionnaire that was self-administered at the time of
enroliment into the HIE. The scaling analyses we report here are based on the responses
provided by 4603 people between the ages of 14 and 61, who were enrolled at five of the six
HIE sites. People were enrolled for either three or five years. The characteristics of these five
samples are found in Table 1. These samples differed (intentionally) from the populations in
those areas because participation in the HIE was restricted to families with a head of house-
hold aged 61 or under for the three-year sample and aged 59 or under for the five-year
sample; participation was also restricted to families with an annual family income of $25,000
or less (in 1973 dollars). In Seattle, sampling was proportional to the distribution of income
in that city; in Massachusetts and South Carolina, families with incomes less than or equal
to 1.5 times the poverty level had a four-to-three greater chance of being sampled. Of those
enrolled in Seattle, 25 percent were members of Group Health Cooperative, whereas only 15
percent of the Seattle population are members of the Cooperative.! People in institutions and
in the military and those who were receiving care for service-connected disabilities in the
Veterans Administration hospitals or on Supplemental Security Income were excluded. With
these exceptions, all five samples are representative of the population from which they were
sampled.

FUNCTIONAL STATUS ITEMS

We developed the HIE functional status measures from two different batteries of ques-
tionnaire items labeled, respectively, Functional Limitations and Physical Capacities. We
derived the Functional Limitations battery from work by Patrick, Bush, and Chen (1973) and
the USDHEW, National Center for Health Statistics (1974) and the Physical Capacities bat-
tery on the work of Hulka and Cassel (1973). Although their content was similar (see Tables
2 and 3), these batteries differed as follows: (1) item structure and response choices, (2) time
frame of the questions, and (3) whether the items described favorable or unfavorable health
states. Both of the batteries described here are revised versions of those fielded at the first
HIE site (i.e., Dayton) (Stewart, Ware, and Brook, 1977; Stewart et al., 1978; Brook et al.,
1979). '

FUNCTIONAL LIMITATIONS BATTERY

The HIE Functional Limitations battery contained 13 items (see Table 2)> measuring
four categories of specific functioning (mobility, physical activities, role activities, and

1The data in this report have not been adjusted to reflect this difference.

2A photocopy of the actual battery is reproduced in the companion volume, N-1706-1-HHS, App. C. Because some
respondents had difficulty following the skip patterns, we recommend that future studies use only one item for each
limitation with the following three response choices: (1) yes, for more than three months; (2) yes, for three months or
less; and (3) no, not limited.
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Table 2

(N = 4603)

Functional
Status
Category/
Scale Level

Item Numbetb/Content

No Limitation

Acute
Limitations
(3 months
or less)

Chronic
Limitations
(more than

3 months)

Missing or
Inconsistent
Data

Number

Percent

Number

Percent

Mobility
4

Physical
Activities

4

Role
Activities

2

11

10

16

15

14

13

12

18

17

Are you in bed or a chair
for most or all of the day
because of your health?

Do you have to stay indoors
most or all of the day be-
cause of your health?

When you travel around your
community, does someone
have to assist you because
of your health?

Are you able to drive a car?®

No, because of my health
No, for some other reason
Yes, able to drive a car

Are you unable to walk unless
you are assisted by another
person or by a cane, crutches,
artificial limbs, or braces?

Do you have any trouble
either walking one block or
climbing ome flight of stairs
because of your health?

Do you have trouble bending,
lifting, or stooping because
of your health?

Do you have any trouble
either walking several blocks
or climbing a few flights of
stairs because of your
health?

Does your health limit the
kind of vigorous activities
you can do, such as running,
lifting heavy objects, or
participating in strenuous
sports?

Does your health keep you
from working at a job, doing
work around the house, or
going to school?

Are you unable to do certain
kinds or amounts of work,

h rk, or schoolwork be-
cause of your health?

4476

4461

4484

4461

4527

4438

4117

4274

3888

4394

4267

97.2

96.9

97.4

96.9

98.3

89.4

92.9

84.5

95.5

92.7

25

18

11

24

59

41

87

35

41

0.4

0.2

0.2

0.1

0.5

1.3

0.9

1.9

0.8

0.9

Number Percent

18

16

20

18

93

369

227

556

106

238

0.3

0.4

0.4

0.2

2.0

8.0

4.9

12.1

2.3

5.2

Number

84

108

88

115

64

48

58

61

72

68

57

Percent

2.5

1.4

1.0

1.3

1.3

1.6

1.5

1.2



Table 2—continued

Acute Chronic
i Limitations Limitations Missing or
;til:::;onal (3 months (more than Inconsistent
Category/ b No Limitation or_less) 3 months) Data
Scale Level Item Number /Content Number Percent Number Percent Number Percent Number Percent
Self-Care
Activities
19 Do you need help with eating, 4540 98.6 7 0.2 3 0.1 53 1.2
dressing, bathing, or using
the toilet because of your
health? .
General
Limitations
20 Does your health limit you in 4028 87.5 64 1.4 441 9.6 70 1.5

any way from doing anything
you want to do?

aSelttle, Fitchburg, Franklin County, Charleston, Georgetown County.

blt number from the Enrollment Medical History Questionnaire, Form A, which is available from the authors.
“Limitations are counted for this item only if they were because of health.

dltm 15 and 14 were hypothesized to measure the same scale level.

self-care) and one general category. Items were negatively worded so that an endorsement
indicated a limitation (with one exception). Two response choices (yes, no) were offered with
each item. Respondents who reported a limitation were asked the duration (in months) of that
limitation. The battery could be scored to assess both chronic limitations (those present for
more than three months) and acute limitations (those present for three months or less). Most
of the items in the Functional Limitations battery focused on actual performance (e.g., “Are
you in bed or a chair?”); some referred to capacity to perform (e.g., “Are you able to drive a
car?”); and others were ambiguous regarding the performance-capacity distinction (e.g., “Do
you have any trouble walking?”).

PHYSICAL CAPACITIES BATTERY

The Physical Capacities battery contained 12 items. This battery focused on the physical
activities category, but three items asked about self-care (see Table 3).2 Three items refer to

3A photocopy of the actual battery is reproduced in N-1706-1-HHS, App. D. Because some respondents had
difficulty following the skip pattern, we recommend that future studies not incorporate the skip pattern; that is, all



Table 3

FREQUENCY AND PERCENT DISTRIBUTIONS® FOR PHYSICAL CAPACITIES ITEMS,
Frveb HIE Srres (N = 4603)

(2) Yes, . d
(1) Yes But Slowly?¢ (3) No Missing
Item
Number© Content Number Percent Number Percent Number Percent  Number Percent
224 Can you do hard activities at 4112 89.3 290 6.3 183 4.0 18 0.4
home, heavy work like scrubbing .
floors, or 1lifting or moving
heavy furniture?
225/6 If you wanted to, .could you par- 4012 87.2 365 7.9 216 4.7 10 0.2
ticipate in active sports such
as swimming, tennis, basketball,
volleyball, or rowing a boat 29
227 Could you do moderate work at 4466 97.0 57 1.2 19 0.4 61 1.3
home like moving a chair or
table, or pushing a vacuum
cleaner?
228 Can you do light work around 4520 98.2 13 0.3 6 0.1 64 1.4
the house like dusting or
washing dishes?
229 If you wanted to, could you 4349 94.5 120 2.6 71 1.5 63 1.4
run a short distance?
230 Can you walk uphill or up- 4394 95.5 131 2.8 13 0.3 65 1.4
stairs?
231 Can you walk a block or more? 4478 . 97.3 51 1.1 9 0.2 65 1.4
232 Can you walk around inside the 4525 98.3 9 0.2 3 0.1 66 1.4
house?
233 Can you walk to a table for 4529 98.4 4 0.1 2 <0.1 68 1.5
meals?
234 Can you dress yourself? 4525 98.3 5 0.1 3 0.1 70 1.5
235 Can you eat without help? 4528 98.4 5 0.1 1 <0.1 69 1.5
236 Can you use the bathroom 4533 98.5 4 0.1 3 0.1 63 1.4

without help?

®Items have been recoded so that (1) people who were instructed to skip the last ten items (answered
yes to items 224 and 225/6 and thus had no limitation of a vigorous activity) were assumed to be able to
perform (i.e., were given a score of one) all remaining ten items, and (2) people who responded that they
were unable to perform any item b of pr y or health r were d to be able to per-
form those items and were also given a score of onme.

bSeattle, Fitchburg, Franklin County, Charleston, and Georgetown County.

“Item number from the Enroliment Medical History Questionnaire, Form B, which is available from the
authors. .

dIf a person checked this response, he/she was asked to provide a reason, which was coded as related
or not related to health.



household activities, but they do so with respect to the physical effort involved in their
performance; thus, we considered these items to be physical activities items.

Ttems were positively worded so that an endorsement indicated ability to perform. For
each item, there were three response choices (yes; yes, but only slowly; and no). Respondents
who were unable to perform a particular activity, or were only able to do it slowly, were asked
to provide a reason by checking one of 21 chronic or acute health problems or by filling in a
space labeled “other.” All items in this battery referred to the capacity to perform each activ-
ity. '

We incorporated a skip pattern into the Physical Capacities battery to reduce respondent
burden. People who were able to perform both sets of strenuous activities, as listed in items
224 and 225/6, should be able to do all of the less strenuous activities defined in the remain-
ing items. Therefore, people who endorsed the first two items were instructed to skip the
remaining items. People who reported a limitation on either of the first two items were
instructed to answer all remaining items. For purposes of reporting item frequencies, people
who endorsed the first two items and, therefore, skipped the remaining items, were assigned
“yes” responses to the last 10 items. People who explained their lack of physical capacity in
terms of nonhealth reasons (including pregnancy) were also assigned “yes” responses to those
items; thus, only health-related limitations were counted.

If a limitation was reported by an individual, the person was asked to choose the one
main cause from a list of 21 causes (see N-1706-1-HHS, App. D). A space was provided for the
person to write in a cause not included in the list. We classified these written responses into
several categories. For each respondent, we determined one main cause of limitations in
physical capacities as either (1) the most frequently reported cause across all the items or 2)
the cause given for the most strenuous activity.

CONSTRUCTION OF AGGREGATE FUNCTIONAL STATUS SbALES

In constructing the first set of aggregate functional status measures, we were guided by
seven objectives:

1. The development of as few measures as possible.

2. The inclusion in each measure of as many levels as possible.

3. The use of an aggregation method that would yield directly interpretable scores;
that is, knowing a person’s level on the aggregate scale would also provide informa-
tion on the various categories of functional status.

4. The development of a set of scales that met scaling criteria in each of the HIE sites
and thus could be used in all of them.

5. The development of separate scales for the Functional Limitations and Physical
Capacities batteries so that we could use these to study convergent validity.

6. The development of measures that had sufficient reliability for purposes of group
comparisons.

7. The development of measures to assess both chronic and acute limitations, because
of the potential clinical significance of limitations of different duration.

respondents should answer all questions (this involves deleting one of the duplicate items 225/226 from the battery).
This was done in the HIE for all administrations of the battery at exit from the experiment. A photocopy of this final
version of the Physical Capacities battery is reproduced in N-1706-1-HHS, App. E.
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We tried two aggregation schemes. First, we tested the appropriateness of aggregating
items from the categories of self-care, mobility, and physical activities into a single cumula-
tive personal functioning scale. Second, we determined whether role functioning items could
be combined with the general limitations item. We first performed scaling analyses on data
collected in Seattle. After we had developed a set of reliable measures in Seattle, we tested
them in each of the other sites to determine if the measures met scaling criteria in those sites.
We modified measures that did not replicate (e.g., by using more than one item to define the
same level in a scale) and retested them. In this manner, we developed a set of measures that
met scaling criteria in all sites.

Scaling Analyses

We studied the measures that were hypothesized using Guttman’s (1944) Scalogram
analysis. This analysis tests whether the items are ordered by degree of limitation while
defining a unidimensional construct (the same construct as measured by the item) and
whether one pattern of responses (across items) is associated with each scale level.

In accordance with standard procedures, we used two coefficients to evaluate item scala-
bility: the coefficient of reproducibility (CR) and the coefficient of scalability (CS). A high CR
value indicates both reliability and reproducibility; consistent with Edwards (1957) and Gutt-
man (1944), we accepted CR values of 0.90 or greater as evidence supporting the selection of
a given scale. Because it is possible to obtain erroneous, but high, CR values, we performed
tests to determine whether the observed CR was an improvement over the minimum CR that
would be obtained in view of the item score distributions.* The CS indicates the proportion of
possible improvement that was achieved. We accepted CS values of 0.60 or greater as
evidence of scalability (Stewart et al., 1978).

In the HIE, a large proportion of people (as many as 85 percent) reported no limitations
(see Tables 2 and 3). Thus, CR values could be high erroneously (i.e., even if the items did not
form a cumulative scale). Therefore, in this work we gave more emphasis to the CS value
than to the CR one. In addition, we obtained a more conservative evaluation of the scalability
of each group of items by performing the scalogram analyses on only those people who had
one or more limitations in the group of items being tested. Of these, we performed all scalo-
gram analyses only on people with complete data on the set of items being tested (from about
90 to 96 percent across the various scales).

In several instances, based on the scalogram analysis, we were faced with a choice be-
tween eliminating one or more items or combining them because they appeared to define the
same scale level. For example, being limited in running a short distance and being limited in
walking uphill or upstairs appeared to define the same level of severity in the scalogram
analyses. To enhance reliability and to retain as much information as possible, we chose to
combine the items rather than to eliminate an item. When we combined two or more items,
we defined that scale level by endorsement of either one (or more) of the items.

For all of the items in the Physical Capacities battery, we counted a limitation if a person
responded either that he could not do the activity (response of 3) or that he could do it but
slowly (response of 2) (see Table 3).

In the Functional Limitations battery, when developing the chronic limitations scales,

“The smallest possible value of CR, given the distributions of item responses, is known as the minimum marginal
reproducibility.
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we counted a limitation only if it had been present for more than three months. When devel-
oping measures of any duration, we counted all limitations.5

We examined the following sets of items in the Functional Limitations battery to see if
each of them formed a cumulative scale: (1) all items from the categories of physical activi-
ties, self-care, and mobility; and (2) all items pertaining to role activities and general limita-
tions. In the Physical Capacities battery, we tested one aggregation scheme using all 12
items; thus, this scheme combined self-care and physical activities categories.

We began each scalogram analysis by including each separate item (i.e., without combin-
ing any items). If scaling criteria were not met when we included items separately, we elimi-
nated items or (preferably) combined them, as necessary, until we obtained reproducible
scales. For example, when each of the four mobility items was used to define a separate level,
scaling criteria were not met. Analysis of the pattern of errors led us to combine items 8 and
9 into a single level (pertaining to getting around in the community) and items 10 and 11 into
a single level (pertaining to being indoors). Even these combinations of items still could not
be ordered in terms of severity in all sites with sufficient reproducibility, so we combined all
four items into a single level pertaining to any mobility limitation.

Computation of Scores for Each Individual

Following the scalogram analyses, we computed scores for all respondents, including
those having missing or inconsistent data. High scores indicated poorer functional status for
the Functional Limitations measures and better functional status for the Physical Capacities
measure.

For all of the final measures, we estimated scores for people with missing and inconsis-
tent responses (from 2 to 6 percent of the total sample) based on a case-by-case evaluation of
the available responses to the items included in that measure. We assigned scores in a simi-
lar way to people with true error patterns, that is, people whose response pattern did not
match perfectly one of the acceptable patterns (from 1 to 1.5 percent of the total sample).
Additional detail on these scoring methods is available in N-1706-1-HHS, App. A.

COMBINING ROLE FUNCTIONING AND PERSONAL FUNCTIONING

We performed two types of analyses to determine if role functioning could be combined
with personal functioning: (1) scalogram analyses in which we included items from categories
of self-care, mobility, physical activities, and role activities; and (2) cross-tabulations of two
cumulative scales, Role Limitations and Personal Limitations.

COMBINING THE PERSONAL FUNCTIONING SCALES
FROM THE TWO BATTERIES

We first constructed a Chronic Physical Capacities scale to be as comparable as possible
to the Chronic Personal Limitations scale. We did this by assessing whether the one main

5Some inconsistent data were obtained from the Functional Limitations battery. In a few cases, a respondent
would report that he/she was not limited, but then respond to (as opposed to skipping) the duration item (e.g., answer
that he/she had been limited for more than three months). During scalogram analyses, when this type of inconsistent
data occurred, we considered both data elements to be missing (see Table 2).
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cause of an incapacity was chronic or acute (see Table 5 in Sec. III for a list of reasons and
whether we determined causes to be chronic or acute). If the reason given was determined to
be chronic, we assigned people with that reason a Chronic Physical Capacities score that was
the same as their score on the Physical Capacities scale. If the main reason given was acute,
we assigned a score of six (no incapacities) to people with that reason on the Chronic Physical
Capacities scale.

We evaluated cross-tabulations between the Chronic Physical Capacities and the
Chronic Personal Limitations scales, as well as between the original Physical Capacities and
the Any Personal Limitations scales.

We also constructed an index that combined information from the Physical Capacities
and Any Personal Limitations scales. A comparison of the scores on this index with scores on
an independent measure of general health would allow us to determine the nature of the
intervals between the levels of this index of personal functioning. For this purpose we select-
ed the Current Health and General Health Rating measures. Current Health is a 9-item scale
(internal consistency reliability = 0.88) indicating self-rating of personal health at present,
both absolutely and in relation to that of other people. The General Health Rating Index is a
22-item index representing an aggregation of five constructs, including current health, prior
health, health outlook, resistance to illness, and health worry (internal consistency reliability
= 0.90) (see Davies and Ware, 1981).



III. RESULTS

RESPONSE TO INDIVIDUAL ITEMS

Responses to individual items and the scale level they were hypothesized to measure
(based on previous work) are shown in Tables 2 and 3 (presented earlier) for the Functional
Limitations and Physical Capacities batteries, respectively. Responses to items were similar
in all five sites; thus, data are presented in Tables 2 and 3 for all five sites combined.

Functional Limitations Battery

The most frequently reported limitations in this battery were in response to items asking
about vigorous activities (14 percent) and whether the respondent was limited in any way 11
percent).! Less than 1 percent of the respondents reported limitations in self-care, the need for
assistance in walking, or limitations in mobility. For most items, if a limitation was present,
it was of chronic rather than of acute duration. Exceptions to this generalization were the
self-care item and two of the four mobility items.

Surprisingly, the general limitations item (which was written to label the most people as
limited) identified fewer people as limited than the vigorous activities item. Further analyses
revealed that 84 percent of all respondents reported that they were not limited on either of
these two items; 9 percent reported being limited on both; 5 percent reported that they were
limited in vigorous activities but were not limited “in any way from doing anything” they
wanted to do; and 2 percent reported being limited in some way but not in vigorous activities.
Thirty-six percent of those who reported being limited in vigorous activities reported that
they were not limited “in doing anything” they wanted to do.

The amount of missing data on all items was small, with a maximum of 1.5 percent on
any one item and generally less than 0.5 percent. The amount of inconsistent data was also
small but it varied by site; it was less than 1 percent for any item in Seattle, Fitchburg, and
Franklin County, but in Charleston and Georgetown County, which have the largest propor-
tion of disadvantaged respondents, the median percentages of inconsistent data by item were
2.1 and 3.0, respectively.

Physical Capacities Battery

The activities in which people most frequently reported limitations were participating in
active sports (13 percent) and performing hard activities at home (10 percent) (see Table 3).
Fewer than 1 percent of the respondents reported any limitations in basic physical capacities
such as self-care and walking inside. For all items, people who reported any limitations were
more likely to be able to do the activity slowly than to be completely unable to do it. Fewer
than 2 percent of the respondents had missing data on any one item. The missing data were
primarily caused by errors in following the skip instructions (see Table 3 for a description of
the skip pattern).

1A difference of about 1 percent between any two items is statistically significant.

13
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A summary of the one main cause for physical incapacities is given in Table 4 for men
and women and in Table 5 for the total sample as well as for three age groups.

The four reasons that were reported most frequently were back problems; joint problems;
overweight; and shortness of breath, enlarged heart, or heart failure. These accounted for
about 57 percent of physical incapacities. There were some sex and age differences in the
frequency with which each of these reasons was given.

Men are more likely than women to be incapacitated because of back and joint problems
(42 percent of men and 27 percent of women are incapacitated because of one of these rea-
sons). Women are more likely than men to be incapacitated because of overweight or short-
ness of breath, enlarged heart, or heart failure (29 percent of women and 17 percent of men
are incapacitated for one of these reasons).

There were also some differences in reasons as a function of age group. Back problems
were the most common reason for incapacities for age groups 14 to 29 (28 percent) and 30 to
49 (20 percent). Joint problems were the most common reason for incapacities in the age
group 50 and older (18 percent). Overweight was the second most common reason in the age
groups 30 to 49 (18 percent) and 50 and older (14 percent), but the fourth most common
reason for the age group 14 to 29 (6 percent).

SCALOGRAM ANALYSES

Personal Limitations

We found that nine of ten items on the Functional Limitations battery that described
physical incapacities, mobility, or self-care could be combined to define a reproducible six-
level scale of personal limitations (see Table 6). For two levels in this scale, we used more
than one item to define the level and counted a limitation at that level for people endorsing
one or more of the items. We eliminated from the scale item 16, which pertained to being
unable to walk unless assisted by another person, a cane, crutches, artificial limbs, or braces.
When we evaluated the errors caused by this item, we found that of the people who needed
such assistance walking, some were limited on all other activities and some were limited on
none or only one or two. This can be explained by the broad range of types of assistance
specified by this item. For example, a person who needs human assistance to walk will be
more seriously limited than a person who has an artificial leg.

The results of the scaling studies for this measure are reported in Table 7. For both
versions (chronic limitations and any, i.e., acute and/or chronic, limitations), scaling criteria
were exceeded in each site.

After we developed the scale, we assigned a score to each respondent according to the
rules defining the scale. As previously indicated, when possible, we assigned people with
error patterns or with missing or inconsistent data with a score based on a detailed case-by-
case examination of the pattern of their responses (See N-1706-1-HHS, App. A, for details on
how scores were assigned). The percentage of those whose scores had to be assigned ranged
from 3 in Dayton to 26 in Charleston and Georgetown County (combined) and averaged 13 for
all sites combined. Fifteen percent of the people were labeled as chronically limited in per-
sonal functioning (a value that varied from 11 to 17 percent across the five sites). Seventeen
percent of the people had limitations of any duration (a value that varied from 13 to 20
percent across the five sites) (see Table 6). Summary statistics for this scale for each site are
presented separately in N-1706-1-HHS, App. F, Tables F.1 and F.2, for chronic and any
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Table 4
SUMMARY OF MAIN CAUSE FOR PHYSICAL INCAPACITIES FOR MeN AND WOMEN,
Frve HIE Srres
Men : Women
Percent Percent

Total of Lim- Percent Total of Lim- Percent
Number ited of Total Number ited of Total

Reason Limited Total (N=2015) Limited Total (N=2337)

All reasons 183 100.0 9.1 482 100.0  20.6
Chronic bronchitis, emphysema,

or phlegm 9 4.9 0.4 12 2.5 0.5
Chest pain, heart attack, or ’

angina 8 4.4 0.4 17 3.5 0.7
Overweight 18 9.8 0.9 72 14.9 3.1
High blood pressure (hyperten-

sion) 7 3.8 0.3 27 5.6 1.2
Anemia (low blood) 0 0.0 0.0 14 2.9 0.6
Shortness of breath, enlarged
heart, or heart failure 14 7.6 0.7 66 13.7 2.8
Severe stomach pain or stomach

ache (ulcer) 2 1.1 0.1 8 1.6 0.3
Kidney, bladder, or urine in- '

fection 0 0.0 0.0 4 0.8 0.2
Joint problems (arthritis,

gout, rheumatism) 31 16.9 1.5 55 11.4 2.4
Cancer 0 0.0 0.0 1 0.2 0.0
Hernia rupture, herniated

navel 4 2.2 0.2 6 1.2 0.2
Varicose veins 0 0.0 0.0 3 0.6 0.1
Hemorrhoids 0 0.0 0.0 4 0.8 0.2
Goiter or thyroid trouble 0 0.0 0.0 1 0.2 0.0

Hay fever or other allergies
to plants and grasses 0 0.0 0.0 5 1.0 0.2

Eyesight problems 2 1.1 0.1 6 1.2 0.2
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Table 4—continued

Men Women
. Percent Percent
Total of Lim- Percent Total of Lim- Percent
Number ited of Total Number ited of Total
Reason Limited Total (N=2015) Limited Total (N=2337)
Hearing problems 2 1.1 0.1 0 0.0 0.0
Diabetes or pre-diabetes (su-
gar in blood or sugar dis-
ease) 4 2,2 0.2 4 0.8 0.2
Cholesterol (high blood cho-
lesterol) 1 0.5 0.0 0 0.0 0.0
Tuberculosis 0 0.0 0.0 1 0.2 0.0
Trouble with drinking 0 0.0 0.0 0 0.0 0.0
Stroke 0 0.0 0.0 1 0.2 0.0
Back problems 46 25.1 2.3 76 15.8 3.2
Surgery 2 1.1 0.1 11 2.3 0.5
Heart problems 1 0.5 0.0 3 0.6 0.1
Pain 1 0.5 0.0 3 0.6 0.1
Injury 3 1.6 0.1 7 1.4 0.3
Gastrointestinal problems 1 0.5 0.0 3 0.6 0.1
Neurological problems 2 1.1 0.1 7 1.4 0.3
Endocrine problems 1 0.5 0.0 1 0.2 0.0
Asthma 1 0.5 0.0 6 1.2 0.2
Artificial 1limb 1 0.5 0.0 1 0.2 0.0
Brain tumor 1 0.5 0.0 0 0.0 0.0
Mononucleosis 0 0.0 0.0 1 0.2 0.0
Menopause 0 0.0 0.0 1 0.2 0.0
Not in shape, too old 7 3.8 0.3 20 4.1 0.8
No reason given _14 7.6 0.7 3 _ 7.3 .5
Total 183 100.0 9.1 482 100.0 20.6
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personal limitations, respectively. Information is also presented in App. F on the distribution
of the data status indicator (as described in App. A).

There are some notable site differences in Personal Limitations scores as well as in data
quality. The percentage limited at all (on both chronic and any personal limitations) was
highest in Seattle, Charleston, and Georgetown County. The mean scores on these scales
were highest (indicating poorer personal functioning) in Charleston and Georgetown County.
The data quality was poorest in Charleston and Georgetown County, as indicated by the
percentage of people for whom scores had to be estimated.

Role Limitations

Three items from the Functional Limitations battery were used to define a reproducible
scale of role limitations with four levels (see Table 8). Scaling coefficients are in Table 7, and
for both versions of this scale all coefficients exceeded minimum scaling criteria. Eleven
percent of the people had chronic role limitations (a value that varied from 9 to 12 percent
across the five sites), and 13 percent had role limitations of any duration (a value that varied
from 11 to 14 percent) (see Table 8). Summary statistics for this scale for each site are
presented separately in N-1706-1-HHS, App. F, Tables F.3 and F.4, for chronic and any role
limitations, respectively. In App. F we also present information on the distribution of the
data status indicator. The poorest role functioning and the poorest data quality were observed
in Georgetown County.

Physical Capacities

We retained all 12 items in the Physical Capacities battery in constructing the Physical
Capacities scale, although for all but one of the seven levels we used two or three items to
define a particular level (see Table 9). Scaling coefficients are summarized in Table 7, and
again they exceed minimal scaling criteria. The percentage of people with a limitation on this
scale was 15. Summary statistics for this scale for each site are presented separately in
N-1706-1-HHS, App. F, Table F.5. The poorest functioning was observed in Charleston and
Georgetown County. We observed no differences in data quality across the sites.

COMBINING THE CUMULATIVE SCALES

Combining Personal Functioning and Role Functioning

When we included items pertaining to role limitations with physical activities, mobility,
and self-care items in the scalogram analyses, many scaling errors resulted and minimal
scaling criteria could not be met. Thus, adhering to this criterion alone, it is not appropriate
to combine role limitations with the other three categories of specific limitations that were
measured in the Functional Limitations battery. We verified this finding by examining a
cross-tabulation between the Chronic Role Limitations and the Chronic Personal Limitations
scales (see Table 10).

As would be expected if role activities were easier to perform than pe:rsonal activities,
261 people with one or more personal limitations (38.8 percent of those with personal limita-
tions and 5.7 percent of the total respondents) had no role limitations. If this were the case,
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however, we would not have expected that 82 people-with one or more role limitations (16.6
percent of those with role limitations and 1.8 percent of the total respondents) had no per-
sonal limitations. Even 8 of the 109 people (7 percent) at level 3 on the role limitations scale
(who therefore were unable to work) had no personal limitation, and an additional 33 (30
percent) were only limited in doing vigorous physical activities. Thus, although there is a
strong relationship between the role and personal functioning measures, role limitations
cannot be combined with measures of personal functioning in a cumulative physical health
scale.

Combining Physical Capacities and Personal Limitations into the Personal
Functioning Index

Personal functioning is assessed both by the Physical Capacities and the Personal Limi-
tations scales. A cross-tabulation of the Chronic Physical Capacities and the Chronic Per-
sonal Limitations scales recoded as dichotomous measures (not limited, limited) is presented
in Table 11. Table 12 gives a cross-tabulation of the Any Personal Limitations and the origi-
nal Physical Capacities scales (recoded as dichotomous measures).

Table 11

CROSS-TABULATION oF CHRONIC PHYSICAL CAPACITIES AND CHRONIC PERSONAL LIMITATIONS

Chronic Personal Limitatioms

Chronic Physical No Limitations Limitations Total
Capacities N Percent N Percent N Percent
No limitations 3673 8l.1 275 6.1 3948 87.2
Limitations 214 4.7 367 8.1 581 12.8
Total 3887  85.8 642  14.2 4529°  100.0

3This total number is smaller than in the following table because 50
people gave no reason for their limitations and could not be assigned a
Chronic Physical Capacities score.

These cross-tabulations reveal some interesting findings. Although there is 88 to 89
percent concordance (any and chronic limitations, respectively) in identifying people as
limited or not, the remaining 11 to 12 percent of the people (any and chronic limitations) are
identified as limited on either one or the other scale, but not on both. Table 11 reveals that



Table 12

CRro88-TABULATION OF PHYSICAL CAPACITIES AND ANY PERSONAL LIMITATIONS

Any Personal Limitations

No Limitations Limitations Total

Physical Capacities N Percent N Percent N Percent

No limitations 3570 78.0 308 6.7 3878  84.7

Limitations 229 5.0 472 10.3 701 15.3
Total 3799 83.0 780 17.0 4579 100.0

the Chronic Personal Limitations scale identifies 14.2 percent of the people (642 of 4529) as
limited. About 43 percent of these (275 of 642) are not identified as limited by the Chronic
Physical Capacities scale. Similarly, the Chronic Physical Capacities scale identifies 12.8
percent of the people (581 of 4529) as limited, yet 37 percent of these (214 of 581) are not
identified as limited by the Chronic Personal Limitations scale. If we combine information
from the two Personal Limitations scales so that persons with limitations in personal func-
tioning are counted as being limited if they are limited on one or both scales, about 19 percent
of the people have chronic limitations in personal functioning.

When we look at limitations of any duration (see Table 12), 39 percent of the people
identified as limited by the Any Personal Limitations scale are not identified as limited by
the Physical Capacities scale. Similarly, 33 percent of those limited on Physical Capacities
are not identified as limited by the Any Personal Limitations scale. About 22 percent of
people have limitations of any duration if we count limitations on one or both scales.

We evaluated the cross-tabulations between the full scales (i.e., not recoded as dichoto-
mous) and discovered that most of the discrepancies occurred at the least limited end of the
scales. That is, most discrepancies were people who received a perfect score on one scale and
received the least limited score on the other (e.g., limited only in vigorous activities). We
therefore examined a cross-tabulation of the two vigorous activities items, one from the
Physical Capacities battery and one from the Functional Limitations battery (see Table 13).

This cross-tabulation provided insights into the discrepancies, which can be partially
explained by differences in item wording and response choices between the two batteries.
Those who are not limited on the Physical Capacities item but are limited (either acutely or
chronically) on the Functional Limitations item could be people who can participate in some
sports but not in others. For example, a person with a bad back could swim but not lift heavy
objects. Those who are not limited on the Functional Limitations item but answer “Yes, but
only slowly” to the Physical Capacities item could be people who can participate in all kinds
of activities (a favorable response to the Functional Limitations item) but have difficulty
doing so (an unfavorable response to the Physical Capacities item).
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Table 13

Cross-TABULATION OF THE VIGOROUS ACTIVITIES ITEMS FROM THE PHYSICAL CAPACITIES
AND FUNCTIONAL LIMITATIONS BATTERIES

Functional Limitations Battery:

Does your health limit the kind of
vigorous activities you can do,

such as running, lifting heavy
objects, or participating in strenuous

Physical Capacities Battery: sports?

If you wanted to, could

you participate in active Yes, for Yes, for

sports such as swimming, three months more than

tennis, basketball, No or less three months Total

volleyball, or

rowing a boat? N Percent N Percent N Percent N Percent

Yes . 205 4.7 3900 89.7

Yes, but only slowly 282 6.5

No 164 3.8
Total 4346 100.0

= concordant.

The cell that is the most difficult to explain contains 55 people (1.3 percent) who respond
“No” to the Functional Limitations item (not limited in vigorous activities) and “No” to the
Physical Capacities item (cannot participate in active sports). This cell may primarily repre-
sent measurement errors. These people may actually not be limited at all and erred by re-
sponding as limited on one item, or they may actually be limited on both items and erred by
responding as not limited on one. ' .

Of the 448 people who represent discrepancies, we have a plausible explanation for 393
(88 percent) of them. These findings suggest that a new index could be constructed that scores
people with limitations on one but not both scales as less healthy than those with no limita-
tions on either scale, but more healthy than those with limitations on both scales.

We constructed such an index labeled the Personal Functioning Index with six levels:

No limitations on either scale

Level one on either scale but not on both
Level one on both scales

Level two on either or both scales

Level three on either or both scales

Level four or greater on either or both scales

erhdwen

We evaluated the validity of this scoring strategy in relation to other health status
criteria. Mean scores for Current Health and General Health Rating Index for people in each
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of the Personal Functioning Index categories are shown in Table 14 for one site (Seattle).
These findings indicate that the order of the categories on the Personal Functioning Index is
clearly ordinal; mean health scores become increasingly lower as limitations increase. A test
for departure from linearity for both general health and current health was highly significant
(F = 430.8 and 539.4, respectively) (p < .001).2 This result suggests that an interval scoring
of these levels should not assume the equal spacing implied by a 0 to 5 scale.

Table 14

GENERAL HEALTH AND CURRENT HEALTH SCORES FOR EACH CATEGORY
OF THE PERsONAL FUNCTIONING INDEX
(Seattle Enrollment Medical History Questionnaire)

General Current
Health Index Health

Index Score (Rank) N Mean S.D. Mean S.D.
0: Not limited on either scale 1735 87.1 11.2 36.6 5.6
1: Level one on one or the other
scale but not on both 200 79.0 11.6 32.5 6.4
2: Level one on both scales 112 77.2 12.5 30.3 6.6
3: Level two on either or both
scales 111 72.6 14.2 28.8 7.4
4: Level three on either or both )
scales 43 69.6 14.5 26.2 8.0
5: Level four or greater on either
or both scales 26 63.7 16.8 22.5 9.6
Missing 73
Total 2300

Those people at level one on either scale but not on both (score of 4 on the Personal
Functioning Index) appear to evaluate their health much less favorably than those with no
limitations, but better than those with limitations on both. Further, if we interpret the mean

2The test for a departure from linearity tests the hypothesis that nonlinear terms in a general statistical predic-
g‘l):l ot:xkodel have zero coefficients. The general model is given in Nie et al. (1975, p. 260) and is discussed further by
(1972).



general health rating scores on an interval scale, these people score closer to those having at
least one limitation on both scales than do those with no limitations on either.

The frequency distribution of scores on the Personal Functioning Index is presented in
Table 15 for the total sample and in N-1706-1-HHS, App. F, Table F.6, for each site separate-
ly. Twenty-two percent of the total sample are identified as limited.

Table 15

FREQUENCY DISTRIBUTION OF THE PERSONAL FUNCTIONING INDEX,
Five HIE Srres
(Enrollment Medical History Questionnaire)

Total
Index Score (Rank) N Percent

0: Poérest functioning 68 1.5
1: 126 2.8
2: 220 4.8
3: 192 4.2
4. 403 8.8
5: Best functioning 3570 78.0
Missing 24

Total 4603 100.1

HEALTH INSURANCE EXPERIMENT MEASURES

For purposes of the HIE, we plan to use two measures of physical health in terms of
functioning: the Personal Functioning Index and the Role Limitations scale (any limitations).
We prefer the Personal Functioning Index as the best measure of personal functioning be-
cause it identifies the maximum number of people as limited (i.e., the index has the least
skewed distribution). We do not feel it is necessary to retain a separate measure to assess
chronic limitations in either personal or role functioning because most of the people with
limitations reported them to be chronic.
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RECOMMENDATIONS TO OTHER INVESTIGATORS

To other investigators who are selecting measures of functional status, we recommend
using a separate measure of role functioning and personal functioning. To assess personal
functioning, it is not necessary to administer both of the HIE batteries as we did. If one is
selected, the addition of one or two items from the other will serve to 1dent1fy people with
limitations in either kind or amount of vigorous activities.

If the Functional Limitations battery is selected, we recommend a revised item format
that simplifies the battery. Only one item is necessary to assess each limitation with three
response choices:

1. Yes, for more than three months
2. Yes, for three months or less
3. No, not limited



IV. DISCUSSION

The analyses reported here were performed to test whether specific functional status
categories could be combined into more aggregate measures within the framework of cumula-
tive scaling. We found two types of aggregation schemes that met cumulative scaling criteria
in all five general populations in which they were tested. Self-care, mobility, and physical
activities could be combined into a measure of personal functioning (one measure from each
battery), and role activities and general limitations could be combined into a role functioning
measure. o

The primary advantage of constructing a cumulative scale is that a person’s score pro-
vides information as to the exact pattern of responses across items; that is, information about
item scores is not lost by aggregating the items. In forming our measures, however, we had
to combine some items into multi-item variables to define certain scale levels. Thus, this
procedure caused us to lose some information about the reason for being at a particular scale
level. This problem is not unique to the construction of aggregate measures. We also encoun-
tered it when constructing the cumulative scales to measure specific categories of physical
functioning (Stewart, Ware, and Brook, 1977).

The consistency of both the scaling and reliability findings across five different general
populations suggests that we can generalize the results with confidence to other general
populations. These resuits may not, however, be generalizable to disabled populations or to
populations comprised primarily of people older than 61 years. Further testing of these mea-
sures in those populations is required. Work by other investigators (Meenan, Gertman, and
Mason, 1980; Chassin and Stewart, forthcoming) suggests that in disabled populations, re-
producible scales may be achieved without combining any items, and the ordering of some
items may vary depending on the type of disability studied. For example, the four mobility
items (which we had to combine in our data collected from a general population) may be
ordered in terms of severity to define a cumulative scale in a population of substantially
limited persons. Similarly, the item pertaining to needing supportive devices to walk (which
we eliminated) may prove very useful in studies of selected disabled persons who rely on
those devices.

Our attempts at aggregating the personal and role functioning measures into a single
index did not satisfy minimal criteria for a cumulative scale. We observed some people who
had role limitations but no personal limitations; we also observed people who had personal
limitations but no role limitations. One explanation is that different roles demand different
physical capacities. Thus, a particular level of personal functioning may limit a person in one
role but not in another. For this reason, knowing that a person has a role limitation does not
say very much about that person’s physical health.

We successfully combined information from the Personal Limitations and Physical Ca-
pacities scales into a single Personal Functioning Index. By doing so, we increased the num-
ber of people identified as limited (22 percent) over that identified by either scale separately
(15 and 17 percent). This finding calls attention to the importance of item wording in assess-
ing functional status. It is important to determine if people are limited in the kind of activi-
ties they can do (whether they can participate in some activities but not in others), are
limited in the amount of such activities (whether they can perform some activities only for
limited amounts of time), and have difficulty (e.g., extra effort or pain) in performing activi-
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ties. The latter is tapped by the Physical Capacities measures and by the Personal Function-
ing Index that contains those measures. Differences in effort, pain, and difficulty have not
been measured in functional status measures published by others.

The finding that the Personal Functioning Index is a valid, ordinal scale (as evidenced by
the mean general health scores for each of its scale levels) supports the validity of this index.
Further validation of this index using data from other HIE sites and other criteria should be
undertaken before generalizing the results from the Seattle site.

Measures of functional status usually yield skewed score distributions in general popula-
tions (Katz et al., 1970; Nagi, 1976; Patrick, Bush, and Chen, 1973; Canadian Sickness Sur-
vey, 1960; Commission on Chronic Illness, 1957; Kaplan, Bush, and Berry, 1977). In the HIE,
the items concerning self-care and mobility identified less than 1 percent of the respondents
as limited. Thus, in studies of general populations, these items would be of minimal utility in
testing hypotheses regarding the effect of changes in medical care on health status if they
were scored as separate categories, unless very large numbers of people were included in
those studies (Rogers, Williams, and Brook, 1979). By combining these items into a cumula-
tive personal functioning scale, information regarding these severe limitations can be re-
tained when hypotheses are tested.

The distributions of the aggregate measures described in this report were also skewed. It
is reasonable to expect that a higher percentage of people will be identified as physically
limited if any of these measures are used in studies that do not restrict the number of older
people or that include institutionalized populations (e.g., those in nursing homes) or disabled
populations eligible for Supplemental Security Income (SSI) and Medicare. The HIE sample
does not include people over age 61, people in institutions, disabled veterans, or people on
SSI: Thus, the true population prevalence of limitations in the U.S. population is somewhat
higher than that reported here. However, we would not expect to identify more people as
limited merely by adding additional measures of functional status. We have included items
pertaining to whether respondents were limited in any way in doing what they wanted to do,
as well as items pertaining to vigorous activities, to try to reduce the skewness of the score
distributions. These items identified only an additional 2 percent of this population as
limited, and their identification may not be useful in most studies of the efficacy of medical
care. There is good reason to doubt whether limitations in vigorous activities are subject to
improvement with more or better medical care as it is currently practiced. If the major pur-
pose of the measures is to assess the effect of today’s medical care on the functional status of
general populations, it appears that the skewness in the functional status score distributions
must be accepted.

Many of the people who score perfectly on a functional status measure do not score
perfectly on measures of .other physical health constructs (e.g., recent symptoms of acute
illness or chronic diseases such as hypertension) (Ware, Brook, and Davies, 1980). Thus, the
inclusion of these other measures in measures of physical health would improve the precision
of hypothesis testing over that achieved using only functional status measures (Stewart et
al., 1978; Aday, Andersen, and Fleming, 1980). Subjective ratings of physical condition also
accomplish this purpose (Ware, Davies-Avery, and Brook, 1980).

We initially wanted to assess both chronic limitations and limitations of any duration
because of the potential clinical significance of limitations of different durations. Our results
indicated, however, that our measures of chronic limitations identified nearly the same per-
centage of people as our measures of limitations of any duration. We concluded that the
limitations assessed by our items were chronic in nature. It appears that people who may
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have been acutely limited (e.g., in bed with a fever) were responding to the items in terms of
their usual functional status. Thus, we decided not to score chronic limitations separately.

The measures that we have developed yield scores at the ordinal level of measurement.
In other words, we can be confident that the various scale levels accurately rank individuals
on a single continuum underlying each measure. However, the distance (i.e., score interval in
quantitative terms) between adjacent levels within each measure is certain to vary. For
example, the distance between the level containing people free of functional limitations and
the next level (the least severe limitation) is most likely greater than the distance between
other adjacent levels (Ware, Davies-Avery, and Brook, 1980). Because of these differences,
the size of the interval between each pair of levels must be determined before the measures
can be scored at the interval level of measurement. One approach to obtain the quantitative
information necessary for this purpose has been based on category ratings by people asked to
speculate regarding what it would be like to function at different levels of physical health
(Kaplan, Bush, and Berry, 1977). Another approach would use information about general
health status from measures administered to people at the different functional status levels
defined by each measure (Ware, Davies-Avery, and Brook, 1980). Further research is neces-
sary to determine whether these methods yield the same or different results and which is the
more appropriate approach to score personal and role functioning using interval measures.

To explore in a preliminary way the problem of constructing interval measures of func-
tional status, we evaluated the distance between levels of the Personal Functioning Index by
looking at mean general health scores for each index level. Consistent with our previous
results (Ware, Davies-Avery, and Brook, 1980), this analysis indicated that the distances
between levels were not equal, and we observed the largest distance between those people
with no limitations and the next level. .

High priority should now be given to increasing understanding of how differences in
health components relate to functional status measures. Their relationship to physical and
mental health status and to social well-being is not well understood. For example, is informa-
tion about physical health that is contained in measures of chronic disease status also con-
tained in measures of personal and role functioning? Further, what is the effect of psychiatric
impairment on personal and role functioning? The appropriateness of interpreting functional
status measures as comprehensive measures of physical health remains to be determined.

. In summary, based on scaling studies conducted in five general populations, we have
demonstrated that cumulative aggregate functional status measures, as opposed to either
items or scales that measure specific functional status categories, are appropriate and reli-
able for purposes of ranking people in general populations. We suggest that to adequately
assess personal functioning, it is important to determine if people are limited in both the kind
and amount of activities they can perform, as well as the degree of difficulty, pain, and effort
involved. In addition, we recommend that measures of personal functioning and role function-
ing be scored and interpreted separately pending further studies of their interrelationships
and aggregation schemes other than those based on cumulative scaling.
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