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Health Outcomes Assessment in Vulnerable Populations:
Measurement Challenges and Recommendations
Elizabeth A. Hahn, MA, David Cella, PhD
ABSTRACT. Hahn EA, Cella D. Health outcomes
assessment in vulnerable populations: measurement challenges
and recommendations. Arch Phys Med Rehabil 2003;84 Suppl
2:S35-42.
With growing recognition that some population subgroups
are particularly vulnerable to receiving suboptimal health care
and achieving poor health outcomes, innovative techniques are
required for collecting and evaluating health outcomes data.
Research is also needed to better understand the causal pathways linking vulnerability with health outcomes. This article
focuses on patients with a chronic illness (cancer) who also
have low literacy and/or poor English language skills. We
summarize the association among literacy, language, ethnicity,
and health outcomes; describe innovative technologies to enhance communication; and discuss the advantages of using
psychometric measurement models in health outcomes assessment. Results from our ongoing research projects are presented, including the development of an audiovisual computerbased testing platform for self-administration of questionnaires.
Such innovative multimedia technologies allow patients with
limited or even no reading ability to participate in outcomes
assessment and have the potential to be incorporated into a
clinical setting with minimal burden on staff and patients.
Appropriate methods are also needed to evaluate measurement
equivalence across diverse patient groups, that is, the extent to
which items in a questionnaire perform similarly across groups.
Item response theory measurement models provide a strategy
for differentiating between measurement bias and real differences that may exist between groups. Recommendations for
clinical practice and research are offered specifically to address
medically underserved and vulnerable populations.
Key Words: Cancer; Computers; Medically underserved
areas; Outcome assessment (health care); Rehabilitation.
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HERE IS GROWING RECOGNITION that some populaT
tion subgroups are particularly vulnerable to receiving
suboptimal health care and achieving poorer health outcomes
compared with the general population. In 1998, the President’s
Advisory Commission on Consumer Protection and Quality in
the Health Care Industry1 recognized that vulnerability is mul-
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tifaceted and may be because of financial circumstances or
place of residence; health, functional, or developmental status;
ability to communicate effectively; or age, race, ethnicity, or
gender. This definition encompasses populations who are vulnerable because of a chronic or terminal illness or disability
and those with literacy or language difficulties. This article
focuses on the health care challenges confronting cancer patients who may also have low literacy and/or poor English
language skills. Cancer is an excellent model for understanding
the impact of chronic, life-threatening illness on health outcomes and preferences for treatment over time. We briefly
summarize the literature available on the association among
literacy, language, ethnicity, and health outcomes; describe
innovative technologies to enhance communication with diverse patient populations; and discuss some advantages of
using psychometric measurement models in health outcomes
assessment. We share some results from our ongoing research
projects and conclude with some recommendations for clinical
practice and research.
LITERACY, LANGUAGE, ETHNICITY, AND
HEALTH OUTCOMES
Low literacy is a widespread but neglected problem in the
United States. The 1992 National Adult Literacy Survey2
(NALS) measured 3 kinds of literacy tasks that adults encounter in daily life (prose literacy, document literacy, quantitative
literacy). Results from the NALS suggest that approximately
44 million Americans are functionally illiterate in the English
language, and another 50 million have marginal literacy skills.3
This means that almost half of the adult population experiences
difficulty in using reading, speaking, writing, and computational skills in everyday life situations. “Health literacy,” the
constellation of skills required to function in the health care
environment, may be significantly worse than functional literacy because of the unfamiliar context and vocabulary of the
health care system.3 The National Assessment of Adult Literacy, planned for the year 2003, will include a special health
literacy component that will provide national statistics on
health literacy.
Contributing to poor understanding of the importance of
literacy skills is the fact that low literacy is often underreported. The NALS reported that 66% to 75% of adults in the
lowest reading level and 93% to 97% in the second-lowest
reading level described themselves as being able to read or
write English “well” or “very well.”2 In addition, many lowliterate individuals are ashamed of their reading difficulties and
try to hide the problem, even from their family. As many as
67% never tell a family member about their literacy problem.4
Lack of recognition and denial of reading problems creates a
barrier to health care. Because they are ashamed of their
reading difficulties, low-literacy patients have acknowledged
avoidance of medical care.4,5 And because there are generally
only moderate reading demands in everyday life, individuals
may not be aware of their reading problems until a literacychallenging event (ie, reviewing treatment options, reading a
consent document, completing health assessment forms) occurs.6
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In 1992, the National Cancer Institute established the National Work Group on Literacy and Health7 to focus attention
on communication difficulties associated with limited literacy
skills. The findings of this group indicated that limited literacy
has implications not just for cancer but also for all areas of
health. Patients with limited literacy skills often have difficulty
understanding diagnoses, discharge instructions, and treatment
recommendations, partially because health education pamphlets and other written materials often require at least ninthgrade reading comprehension levels.8-14 This puts them at risk
for noncompliance with treatment regimens and for adverse
reactions (eg, medication errors resulting from inability to read
labels).6,11 Low literacy has also been associated with poorer
physical health15,16 and with advanced stage prostate cancer at
presentation17; these associations persist even after adjustment
for demographic and socioeconomic indicators, including years
of education. The NALS found that 75% of American adults
with a physical or mental health condition scored in the 2
lowest literacy levels.2 Low literacy may also result in higher
health care costs because of ineffective health care, poorer
health status, or higher hospitalization rates.7,15
Although the majority of adults with poor literacy are white,
native-born Americans, ethnic minorities are disproportionately represented.15,18 By using a newly developed multilingual
test of functional health literacy, Williams et al13 reported that
over one third of English-speaking patients and nearly two
thirds of Spanish-speaking patients at 2 public hospitals had
inadequate or marginal health literacy. For example, some were
unable to understand information regarding medication directions, appointments, and informed consent.
There is also increasing evidence of racial and ethnic disparities in health care quality and outcomes, although the
association may be mediated by socioeconomic disparities.19
Barriers to health care and poorer health outcomes have been
consistently reported for Latino patients with poor English
language skills.20-25 Both Latinos and African Americans have
been more likely to present with advanced stage breast or
prostate cancer compared with whites.26-28 Latino women have
the second highest incidence of invasive cervical cancer, and
they have lower rates of breast cancer, but higher mortality.29-31
Latino and African-American respondents in the Medical Outcomes Study both reported slightly lower health status scores
compared with other ethnic groups.32
One of the key outcome measures being evaluated in current
research is self-reported health status, or health-related quality
of life (HRQOL), a recognized and highly valued endpoint of
care.33-40 Administration of HRQOL questionnaires is usually
performed with paper-and-pencil instruments, and multilingual
versions of questionnaires are often not available. Interviewer
administration is labor intensive and cost prohibitive in most
health care settings. Therefore, patients with low literacy, those
with certain functional limitations, or those who do not speak
English are typically excluded, either explicitly or implicitly,
from any outcome evaluation in a clinical trial or practice
setting in which patient-reported data are collected on forms.
An Institute of Medicine (IOM) panel concluded that inadequate attention has been devoted to the specific needs of cancer
survivors in ethnic minority and medically underserved communities.41
As patient-reported outcomes continue to play a greater role
in medical decision making and evaluation of the quality of
health care, sensitive and efficient methods of measuring those
outcomes among underserved populations must be developed
and validated. Minority status, language preference, and literacy level may be critical variables in differentiating those who
receive and respond well to treatment from those who do not.
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These patients may experience different health outcomes because of disparities in care or barriers to care. Outcome measurement in these patients may provide new insight into disease
or treatment problems that may have gone undetected simply
because many studies have not been able to accommodate the
special needs of such patients.
MULTIMEDIA TECHNOLOGY AND ITS
APPLICATION TO HEALTH CARE
Interactive computerized outcomes assessment provides an
innovative method for gathering and using self-report data.42-44
Computer-based testing (CBT) has been successfully implemented in oncology practice,42,45-54 in other clinical settings,55-61 and on the Internet. Debriefing interviews have revealed a high level of acceptability, even with inexperienced
and very ill patients. Findings regarding the comparability of
CBT and paper-and-pencil assessment in health care settings
are also encouraging.51,53,56,58,60,61 All of these CBT applications, however, have been accessible only to respondents who
can read the text on the computer screen or who have someone
to read it aloud to them.
The Center on Outcomes, Research and Education
Approach to Computerized Assessment in Vulnerable
Populations
Recently, audio components have been added to computer-based assessment and programmed into administration
software, creating an audiovisual computer-based testing
(AVCBT) platform. The technology was originally developed
to administer complex survey questionnaires in an audio format
and record responses without an interviewer.62,63 At the Center
on Outcomes, Research and Education (CORE), we have developed an AVCBT program in English and Spanish to assess
health status and preference-based HRQOL outcomes in low
literacy cancer patients. Specifically, the AVCBT program
allows respondents to listen with headphones to spoken questions that have been digitally recorded and stored on a computer. To answer, respondents press an answer button on the
touchscreen monitor. Questions are also displayed on the computer screen, and patients may respond to the visual presentation of the question rather than waiting until the audio reading
has been completed. The text for each questionnaire element
(instructions, items, response categories) appears on the screen
in different colors and boxes, and a small picture of an ear
appears near each text element. Patients may touch the ear
icons as many times as they wish to replay the sound for a
particular element. Figure 1 shows a sample screen for 1 item
in English and in Spanish. The simultaneous audio and visual
presentation of questionnaires in AVCBT extends the eligibility of respondents, permitting those with limited or no reading
abilities to participate. There is also anecdotal evidence that
adding an audio component enhances the concentration of
respondents with good reading skills.64
Concern has been expressed about the feasibility of obtaining information via computer from older and less-educated
participants. And yet, the over 65 age group is the fastestgrowing group of users of the Internet. In addition, Kohlmeier
et al43 have shown that elderly people are willing and able to
become computer literate, as long as ergonomic adaptations are
made. Elderly participants in their focus group were flattered
that they were asked to use a high-tech method and expressed
support for the program and concept. Low-income participants
were also able to use a computer-based demonstration program
on their own.43
Our multicenter AVCBT studies include an evaluative component to receive feedback from patients on the acceptability of
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Fig 1. Examples of the AVCBT screen in (A) English and (B) Spanish.

the technology, the case of questionnaire completion, and preferences for future assessments. Responses to the evaluation to
date provide convincing evidence of the feasibility of using
multimedia technology with a diverse group of cancer patients.
Sixty percent of the first 324 patients enrolled in the English
language study are African American, two thirds are women,
and the average age is 54 years (range, 20 – 85y); 57% had
never used a computer. Table 1 shows some of the evaluation
results by literacy level. Patients were classified as low literate
(below seventh-grade reading comprehension) or high literate,
based on the Woodcock Language Proficiency Battery passage
Table 1: Evaluation of the AVCBT
Low Literacy*
(n⫽170) (%)

How hard was it for you to
use the touchscreen?
Very easy
Easy
Hard
Very Hard
Did you feel anxious or
nervous while
completing the
touchscreen surveys?
Yes
No
Preference
Prefer touchscreen
Prefer interviewer
No preference
Would you be willing to
do the surveys each
time you visit the
doctor?
Yes
Sometimes
No

High Literacy All Patients
(n⫽154) (%) (n⫽324) (%)

40 (25.0)
116 (72.5)
4 (2.5)
0

85 (57.4)
60 (40.5)
1 (0.7)
2 (1.4)

125 (40.6)
176 (57.1)
5 (1.6)
2 (0.6)

26 (16.1)
135 (83.9)

13 (8.8)
135 (91.2)

39 (12.6)
270 (87.4)

101 (62.0)
34 (20.9)
28 (17.2)

103 (68.2)
9 (6.0)
39 (25.8)

204 (65.0)
43 (13.7)
67 (21.3)

64 (39.0)
79 (48.2)
21 (12.8)

62 (41.1)
67 (44.4)
22 (14.6)

126 (40.0)
146 (46.3)
43 (13.7)

NOTE: Values are number of patients (%). Missing responses were
excluded.
* Low literacy was defined as less than seventh-grade reading comprehension (see text).

comprehension subtest.65 Nearly all patients (98%) felt the
touchscreen was easy or very easy to use. Only a small proportion (13%) felt anxious or nervous while completing the
touchscreen surveys; reasons included nervousness using a
computer for the first time as well as anxiety related to the
content of some of the questions. When asked about preferences, the majority preferred the touchscreen to having an
interviewer ask the questions. It is likely that some of the
high-literacy patients might have preferred paper-and-pencil
forms, but we did not include this option in the evaluation
question because it would not have been applicable to lowliteracy patients. Most patients said they would be willing to
complete an HRQOL assessment at future visits.
MEASUREMENT EQUIVALENCE
The extent to which items in a questionnaire perform similarly across different reference groups is critical when determining whether a given questionnaire can be used as an unbiased basis for comparing groups. Possible cultural differences
in interpreting questions66,67 and in response styles68 may limit
comparisons between members of different cultural groups.
Without assurances that a self-report instrument is “culturefair,” detected differences caused by biased items will be
incorrectly interpreted to reflect real differences between
groups. Similar bias could be present when performing outcomes assessment with low-literacy patients.
Commonly used approaches to measuring equivalence in the
tradition of classical test theory69 include cross-cultural comparisons of clinical validity (eg, known-groups comparisons),
multitrait scaling, exploratory and confirmatory factor analysis,
regression modeling with an external criterion of bias, itemby-group interaction terms in analysis of variance, and comparison of the proportion of subjects favorably endorsing each
item. Two major limitations to the classical test theory approach are that the statistics are sample dependent, and the
obtained scores are test dependent.70,71 This means that items
on a questionnaire may function differently depending on the
sample, and the estimate of an individual’s trait level may vary
depending on the particular items on the questionnaire. For
example, to obtain useful and meaningful estimates of
HRQOL, low-literacy patients with high (good) HRQOL
should have the same probability of giving a favorable response to a particular item as high-literacy patients with high
HRQOL. In addition, if multiple representative items are used
Arch Phys Med Rehabil Vol 84, Suppl 2, April 2003
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to measure a latent trait such as HRQOL, the same measure
(score) should be obtained for a particular patient regardless of
the items used, as long as the items really do represent the
underlying construct.
Additional limitations and caveats for using traditional (classical test theory) analysis methods to detect bias across different groups of subjects have been discussed by Wright et al72
and Liang.73 Using an external criterion of bias in regression
models (eg, comparing the extent to which HRQOL scores
predict a selected outcome across cultural groups) requires the
criterion itself to be unbiased. This suggests that techniques
using only an internal criterion (ie, the item responses) may be
more useful. Comparisons of factor configurations, which rely
on correlation matrices, are confounded by differences in sample variances. Significant item-by-group interaction in analysis
of variance, purported to be an indicator of bias, is affected by
heterogeneity of item difficulty variances. Evaluating differences in the proportion of each group that endorses each item
depends on the unlikely assumption that the groups have comparable distributions of the latent trait.
A solution to these measurement challenges is offered by an
approach based on item response theory (IRT) measurement
models.70,71,74-78 These measurement models have been used
extensively in educational testing and are now being implemented in health status assessment,79,80 international crosscultural outcomes measurement projects,81,82 longitudinal observational studies of patients with chronic medical and
psychiatric conditions,83 and development and validation studies in the field of rehabilitation medicine.84-86
Several IRT-related models exist for the analysis of ordinal
rating scale data, although they vary in the number of parameters that are modeled.70,71,74-78,87 All IRT models describe
the association between a respondent’s level on a latent trait
and the probability of a particular item response. Hays et al79
and Cella and Chang80 provide useful summaries of the various
IRT models and some advantages of using IRT in health
outcomes assessment.
IRT models also offer strategies to evaluate measurement
equivalence, that is, whether there are similar probabilities of a
particular item response for individuals who are equal on the
latent trait. Items that appear to display differential item functioning (DIF), or measurement bias, can be identified and
investigated as to their content to determine the likely source of
DIF. The most important indicator of DIF is not whether items
systematically differentiate relevant subgroups, but whether
they do so in an unmodeled (ie, unpredicted) way.
The CORE Approach to Evaluating Measurement
Equivalence
In a recent multicenter study, we used IRT models and DIF
detecting procedures70,78,88,89 to evaluate the measurement
properties of the Spanish language version of the Functional
Assessment of Cancer Therapy–General90-92 (FACT-G). The
FACT-G is the cornerstone of the Functional Assessment of
Chronic Illness Therapy (FACIT) measurement system, which
is a multi-item compilation of a generic chronic illness questionnaire (now 27 items) and many specific subscales, which
reflect issues or problems associated with different diseases,
including cancer, human immunodeficiency virus/acquired immune deficiency syndrome, and multiple sclerosis. There are
270 additional items in the FACIT system, and many are
available in over 30 different languages.90 The FACT-G measures physical well-being (7 items), social and family wellbeing (7 items), emotional well-being (6 items), and functional
well-being (7 items).
Arch Phys Med Rehabil Vol 84, Suppl 2, April 2003

Latino patients were classified as low literate (below the
seventh-grade reading level) or high literate based on the
Spanish version of the Woodcock Language Proficiency Battery passage comprehension subtest.65 High-literacy patients
were randomly assigned to self- or interviewer-administration
of the paper-and-pencil version of the FACT-G, and lowliteracy patients were assigned to interviewer administration.
By using an IRT measurement model for each of the 4
FACT-G subscales, we obtained separate item location calibrations for the 3 patient groups and plotted them against each
other. The item location calibration is an estimate of the item’s
location on the continuum of measurement, representing the
probability of answering in a manner reflecting a high level of
the particular trait being measured. The item location calibration plots for the 2 interviewer-administration groups are
shown in figure 2. An identity line was drawn through the
origin of each plot to enhance interpretability. The expectation
is that the item calibrations will be close to the identity line.
A t statistic was computed for each item, by using the
item location calibrations (di) and standard errors (si),
ti⫽(di,Low literacy⫺di,High literacy)/(si, Low literacy2⫹si, High literacy2)1/2.
An absolute t value greater than 1.96 was considered statistically significant and was represented by a square in the figures.
We found that item locations were highly similar across literacy levels. There were a few items that appeared to function
differently between the 2 groups. Work is ongoing to distinguish between statistically significant and clinically meaningful
differences. We will apply these same techniques to evaluate
equivalence of health status measures across low- and highliteracy patients enrolled in our AVCBT projects.
DISCUSSION
Research on literacy, language, ethnicity, and health outcomes has been limited because of (1) difficulties in determining causal pathways of direct and indirect effects linking outcomes with patient factors; (2) difficulties in separating literacy
from socioeconomic, demographic, and cultural factors; and
(3) exclusion of low-literacy and non-English-speaking patients when self-report data are collected on forms. Computerized assessment of HRQOL outcomes, using multimedia technology, has the potential to provide a simple and efficient
administration method that can be easily incorporated into a
busy clinical setting with minimal burden on staff and patients.
Presentation of a question on a computer screen, accompanied
by a recorded reading of the same question (AVCBT) can
allow people with limited or even no reading ability to participate in the assessment. By offering the same assessment
method to both low- and high-literacy patients, those with
lower literacy skills may avoid being labeled as requiring extra
staff effort to obtain accurate and complete data. In light of
research findings that many low-literacy patients are ashamed
of their reading deficiencies and would prefer not to disclose
them,4,6 a standardized approach across levels of literacy has
the added advantage of reducing the low-literacy stigma. Additional ergonomic adaptations will need to be developed for
patients with vision or hearing problems. Interactive health
communications have the potential to improve outcomes, decrease costs, and enhance satisfaction but have rarely been
implemented in chronic illness treatment.93-95
As reforms in health care are implemented, more patients
who previously received care only in the public sector will
receive care in the private sector, which means that more
providers will become involved in treating low-literacy patients,9 creating unprecedented educational challenges to many
providers. And yet, we know very little about the quality of life
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Fig 2. FACT-G item locations, low-literacy versus high-literacy patients, in logits (log-odds units). The diagonal line is the identity line. A
square represents item locations that were significantly different from one another (t>1.96). (A) FACT-G physical well-being, (B) social/family
well-being, (C) emotional well-being, and (D) functional well-being.

of these patients because they often avoid, refuse, or are excluded from quality of life assessment. The American Medical
Association’s Ad Hoc Committee on Health Literacy3 recently
outlined 4 key research needs: (1) health literacy screening, (2)
improving communication with low-literacy patients, (3) medical outcomes and economic costs of poor literacy, and (4)
understanding the causal pathway of how health literacy influences health. In addition, an IOM panel41 concluded that inadequate attention has been devoted to the specific needs of
cancer survivors in ethnic minority and medically underserved
communities.

RECOMMENDATIONS
We offer the following recommendations for future clinical
practice and research.
Recommendations for Clinical Practice
1. Implement routine literacy screening when complicated
medical regimens will be prescribed, provide appropriate
follow-up to ensure comprehension and compliance, and
include staff sensitivity training.3,4,6,93
2. Simplify written material.
Arch Phys Med Rehabil Vol 84, Suppl 2, April 2003
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3. Provide multilingual health materials and assessment
tools.
4. Use culturally appropriate communication interventions.93,96,97
5. Use multimedia approaches such as pictures, graphics,
and computers.
Research Needs
1. Determine which strategies are effective for communicating health information to people with chronic illnesses,
regardless of their reading ability, language, or culture.
2. Evaluate whether innovative communication strategies or
simplified materials improve compliance or outcomes.3,93
3. Evaluate the association between literacy and health care
costs, use of health services, and disease outcomes.
4. Better understand the causal pathways by which low
literacy is associated with poorer health, higher health
care use, and higher costs.3
CONCLUSION
Implementation of these practice recommendations will be
required to meet the identified research needs; similarly, research findings will inform the development of additional practice improvements. The strategies are intertwined, and both
will be needed to meet the needs of medically underserved and
vulnerable populations.
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