
Health Literacy and Cancer Prevention: Two New Instruments to
Assess Comprehension

Kathleen M. Mazor, EdD1, Douglas W. Roblin, PhD2, Andrew E. Williams, PhD3, Sarah M.
Greene, MPH4, Bridget Gaglio, PhD5, Terry S. Field, DSc1, Mary E. Costanza, MD6, Paul K.
J. Han, MD, MPH7, Laura Saccoccio, BS1, Josephine Calvi, MPH2, Erica Cove, BS1, and
Rebecca Cowan, MA3

1Meyers Primary Care Institute, University of Massachusetts Medical School, Fallon Clinic, Fallon
Community Health Plan, Worcester MA
2Kaiser Permanente, Atlanta GA
3Kaiser Permanente, Honolulu HI
4Group Health Research Institute, Seattle WA
5Kaiser Permanente, Denver CO
6University of Massachusetts Medical School, Worcester MA
7Center for Outcomes Research and Evaluation, Portland ME

Abstract
Objectives—Ability to understand spoken health information is an important facet of health
literacy, but to date, no instrument has been available to quantify patients’ ability in this area. We
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sought to develop a test to assess comprehension of spoken health messages related to cancer
prevention and screening to fill this gap, and a complementary test of comprehension of written
health messages.

Methods—We used the Sentence Verification Technique to write items based on realistic health
messages about cancer prevention and screening, including media messages, clinical encounters
and clinical print materials. Items were reviewed, revised, and pre-tested. Adults aged 40 to 70
participated in a pilot administration in Georgia, Hawaii, and Massachusetts.

Results—The Cancer Message Literacy Test-Listening is self-administered via touchscreen
laptop computer. No reading is required. It takes approximately 1 hour. The Cancer Message
Literacy Test-Reading is self-administered on paper. It takes approximately 10 minutes.

Conclusions—These two new tests will allow researchers to assess comprehension of spoken
health messages, to examine the relationship between listening and reading literacy, and to explore
the impact of each form of literacy on health-related outcomes.

Practice Implications—Researchers and clinicians now have a means of measuring
comprehension of spoken health information.
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Health literacy; Cancer prevention; Instrument development

1. Introduction
Health literacy, “the capacity to obtain, process and understand basic health information”
[emphasis added][1], is a major problem that has been identified as a national priority[2, 3,
4]. A growing body of research suggests that low health literacy is associated with several
negative health-related outcomes[1, 5, 6, 7, 8]. Patients with lower health literacy tend to
have less understanding of their illness[9, 10], higher psychosocial distress[11], poorer self-
reported health[12, 13], worse health outcomes[14], higher rates of hospitalization[13, 15,
16], higher healthcare costs[17, 18] and higher risk of death[19]. Health literacy may be an
important explanatory factor in health disparities[20, 21, 22]. Inadequate health literacy also
predicts negative outcomes specific to cancer control, including poor understanding of
cancer risk[23] and the need for screening[24], as well as lower rates of participation in
cancer prevention efforts[25, 26, 27, 28]. Cancer patients with poor health literacy tend to be
diagnosed at a later stage[29] and to have difficulty providing informed consent for
treatment[30, 31].

These findings are concerning. However, past research has only begun to determine the
extent of the negative effects of low health literacy, and the mechanisms of these effects.
One reason is that past efforts to measure health literacy have focused on ascertaining
people’s recognition of written medical terminology[32], or their reading comprehension
and numeracy[33]. With few exceptions[34, 35, 36, 37, 38, 39, 40], health literacy research
has largely ignored the fact that health literacy is a multidimensional phenomenon that
involves the comprehension of oral as well as written information. This is an important
omission because oral communication is essential to most physician-patient encounters, as
well as to media channels such as television news. Both of these are key sources of health
information for many Americans[41]. The current absence of instruments to assess health
literacy with respect to spoken health messages is a significant limitation which prevents
researchers from fully and accurately describing the relationship between health literacy and
health[42].
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The primary goal of this study was to develop an instrument to assess comprehension of
spoken health messages related to cancer prevention and screening. A secondary goal was to
develop a test to assess comprehension of written health messages related to cancer
prevention and screening. By developing measures in tandem, using similar processes and
selecting content related to cancer prevention and screening for both tests, we sought to
create a pair of tests that would facilitate investigation of the relative importance of reading
and listening in comprehension of health messages, and the interrelationship between the
two. Our ultimate goal, to be addressed in a future study, is to examine the extent to which
these critical components of health literacy—the ability to comprehend both spoken and
print messages related to cancer prevention and screening—are in turn related to cancer
prevention and screening behaviors.

We chose to focus on cancer prevention and screening specifically for several reasons.
Cancer is a complex and prevalent disease, and primary and secondary prevention are
recognized as major factors in controlling cancer morbidity and mortality[43, 44].
Understanding of cancer prevention and screening messages is essential if such messages
are to be successful in helping individuals make decisions about health behaviors. Messages
about cancer prevention and screening have the potential to influence behaviors, which in
turn may directly affect health; message comprehension likely mediates health behaviors.
Moreover, some cancer prevention practices, such as avoiding tobacco, eating a healthy diet,
and regularly seeing a healthcare provider, contribute to risk reduction for other chronic
diseases.

This paper describes the process used to create a pair of tests to measure comprehension of
spoken and written messages about cancer prevention and screening, and describes the
resulting instruments.

2. Methods
This study was conducted within the Cancer Research Network (CRN), a consortium of
research organizations affiliated with 14 community-based non-profit integrated healthcare
delivery systems and the National Cancer Institute. Three sites recruited participants: Kaiser
Permanente Georgia, Kaiser Permanente Hawaii, and Fallon Community Health Plan;
investigators from two additional sites participated, but did not recruit members for this
study. The study was reviewed and approved by the Institutional Review Boards at each of
the sites.

The test development team included investigators from diverse backgrounds including
psychometrics, psychology, anthropology, epidemiology, public health, internal medicine,
and oncology. Additional advice was provided by experts in cognition and aging, cognitive
psychology, item response theory and psychometrics.

2.1 Overview
The instruments are titled the Cancer Message Literacy Test-Listening (CMLT-Listening)
and the Cancer Message Literacy Test-Reading (CMLT-Reading). The purpose of the
CMLT-Listening is to assess comprehension of spoken information on cancer prevention
and screening. The test consists of a series of brief video clips (messages). Each video clip is
followed by a series of spoken statements (items). For each item, the participant must
respond by indicating whether the meaning of the item is the same as the meaning of the
video. (Figure 1) The purpose of the CMLT-Reading is to assess comprehension of written
information on cancer prevention and screening. The CMLT-Reading consists of a series of
brief text excerpts (messages), followed by series of written statements (items), and the
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participant must respond by indicating whether the meaning of the item is the same as the
meaning of the text excerpt. (Figure 2)

2.2 Principles

Test content: The most important criterion was that test messages be realistic and typical of
the cancer prevention and screening messages that an adult might encounter in his or her
day-to-day life. Test content was limited to cancer prevention or screening, with a focus on
common cancers for which screening is available or for which the risk of cancer is
influenced by behavior, including breast, colorectal, lung, cervical and prostate cancers. We
sought to include messages that varied in terms of purpose (i.e., the message recommended
action or simply provided information); audience (public or clinical); type (whether the
message included a personal narrative or story, provided statistical information, or provided
factual information without statistics). The specific content of the health messages included:
prevalence, incidence, information on specific risk factors (both modifiable and non-
modifiable), screening (recommendations for screening, what the test entails, risks, and
benefits) and prevention (e.g. the HPV vaccine). In order to achieve the dual goals of
including messages that varied across these dimensions, and messages that were realistic, we
decided to limit message length, and to use extracts of approximately 1 to 2 minutes for the
CMLT-Listening and about 100 to 400 words for the CMLT-Reading. This was expected to
be short enough to allow inclusion of a variety of messages and items, but long enough to be
realistic. While both the CMLT-Listening and the CMLT-Reading included content related
to cancer prevention and screening, each test contained distinctly different messages, which
were sampled from different sources.

2.3 Processes
2.3.1 Identification of Candidate Health Messages
Publicly available messages: For the CMLT-Listening, publicly available messages were
identified via the internet, which included searches of television and radio stories and
messages, as well as health websites such as WebMD and the National Cancer Institute. We
also examined commercially available patient education materials and text of scripts from
cancer information telephone lines. For the CMLT-Reading, publicly available written
health messages were identified via the internet, and review of magazines, and newspapers.
All publicly available messages included in the final versions of the tests were accessed
between June 2007 and January 2009.

Clinical messages: To create realistic clinical messages for the CMLT-Listening, we
recruited three primary care providers to role-play discussions about cancer prevention and
screening. A professional writer with experience in medical and script writing created
scripts, which the team reviewed and revised for clinical content and realism. Videotapes of
simulated physician-patient and nurse-patient encounters were created using these scripts.
To identify clinical messages for the CMLT-Reading, written materials, such as patient
education leaflets and instruction sheets, were identified via colleagues and collaborators
practicing in clinical settings.

2.3.2 Message Selection—Message selection decisions were made using an iterative
process. All messages were reviewed by the entire team, including the two physicians.
Messages were excluded if the content was obviously inaccurate or misleading, or if legal
permission to use the message was not forthcoming. Where multiple candidate messages
were identified, the team chose the messages that together provided the best mix and desired
variety.
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2.3.3 Item Writing and Editing—Items were written using a modified Sentence
Verification Technique (SVT). The SVT is an innovative but well-established approach to
measuring text and listening comprehension[45]. First, the original message was transcribed
verbatim. Next, professional item writers rewrote portions of the message to either retain or
change the meaning. An example of a message excerpt, and two possible rewrites are
presented in Figure 3. The participant’s task was to indicate whether the meaning of the
rewritten portion was the same as the original. Several items were produced for each
candidate message in order to have three to four items per message in the final version. The
research team reviewed all items and made revisions as appropriate. Results of a prior
study[36] identified potentially difficult or confusing concepts, such as risk, and being at
risk. Participants also revealed confusion or mistaken beliefs about the relationship between
risk and causality, the distinction between screening and treatment, the protective value of
screening and other health behaviors, and the prevalence of common cancers. The team
sought to include items which referred to these concepts, while achieving balance and
variety in item content.

2.3.4 Pre-testing the CMLT-Listening—Seven adults were recruited at the
Massachusetts site to participate in pre-testing the CMLT-Listening. This sample size was
determined based on the team’s iterative review of results of the pre-test. Potential
participants were identified from administrative health system records by randomly
sampling members aged 40 to 70 who had been enrolled with the health plan for at least five
years. To optimize sampling across educational levels, sampling was stratified by US
Census-based estimates of educational level defined by the percentage of residents with a
high school education or less in the census tract in which participants lived. Selected
members were sent a letter of invitation with a telephone number to call to express interest.
Interested participants were screened to confirm fluency in spoken English; adequate
corrected hearing and vision; and the absence of other physical or psychological limitations
that would preclude participation in a study session. No health criteria were used. All
participants provided written informed consent. Study sessions lasted approximately one and
a half hours; participants received $35 cash for their participation. A research assistant (RA)
observed the participant as he/she completed the test. After the test, the RA queried the
participant about ease of use, comprehensibility of the instructions and the task, and
reactions. Difficulties observed or expressed by the participant were noted as well as any
glitches in the computer program. Overall, participants were positive about the test and
understood the task quickly with minimal instruction from the RA.

The investigative team reviewed all notes and comments. After seven sessions were
completed, the team concurred that sufficient information had been gathered to make
significant modifications, and to prepare for pilot testing. Identified glitches in the test
program were remedied, and test instructions were revised slightly. Messages and items
were replaced after team discussion.

2.3.5 Pilot-Testing the CMLT-Listening and CMLT-Reading—A total of 79 adults
40 to 70 years old were recruited from the three study sites for pilot-testing. The sample size
was determined by practical constraints. This number was considered sufficient as pilot
testing was considered a developmental step rather than a final validation sample;
administration to a sample of 1,000 adults was planned for a later date after the pilot study.
Recruitment and eligibility criteria were as described for the pre-pilot testing, with
additional stratification at one site. At the Georgia site, census tracts were further stratified
according to the percent of African-American residents to ensure that African-American and
white members were invited in equal numbers within each of the educational strata. Prior
experience at the Georgia site led to concerns that not doing so would result in large
differences in educational achievement for African-American and white members; prior
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experience at the two other sites did not suggest a need for or value of additional
stratification there. All participants provided written informed consent.

During pilot sessions, participants answered background questions, and completed other
items and measures (e.g., the Subjective Numeracy Scale[46], newly created subjective print
literacy items, etc.). Next, the CMLT-Listening was administered via touchscreen laptop
computer; a computer mouse was available. Headphones were offered but not required.
Separate speakers were also available so that message volume could more easily be adjusted
to suit participants. The CMLT-Reading was administered after the CMLT-Listening. Pilot
sessions lasted approximately 2 hours; participants were encouraged to take breaks at three
points. Participants received $50 cash for their participation.

2.3.6 Item Selection—Item selection was an iterative process. Once pilot data were
available, the team reviewed initial results (i.e., corrected item-total correlations, coefficient
alphas, and differences in the proportion of correct responses across quartiles). Items with
the lowest item-total correlations, the least contribution to coefficient alpha, and the smallest
difference in the proportion of correct responses across quartiles were candidates for
dropping or modification. This information was considered in conjunction with
consideration of item content to guide decisions about item selection and revision. For
example, if an item had a poor item-total correlation, but the item content was judged to be
important, and alternative items were not available, that item was modified; if an alternative
item covering similar content was available, that item was replaced. Decisions about
individual items were influenced by decisions about messages, as items were embedded in
the messages.

3. Results
3.1. Pilot Test Results

A total of 79 adults aged 40 to 70 participated in pilot sessions; the mean age was 57.
Approximately 50 percent of the participants self-identified as white (N=40); 20 percent
self-identified as African American (N=16); 16 percent self-identified as Asian, Pacific
Islander, or Native Hawaiian (N=13); remaining participants (N=10) identified with multiple
racial or ethnic groups, with some other racial or ethnic group, or did not report their race or
ethnicity. Eighty two percent of participants (N= 64) reported at least some college. Ten
percent (N=8) reported that English was not their first language. Twelve percent (N=9)
reported using a computer once a month or less.

The reliability analysis of the 66 item pilot version of the CMLT-Listening resulted in a
coefficient alpha of .82. Item means (proportion correct) ranged from .38 to .99; the mean
total percent correct score was 84.2, with a standard deviation of 9.3. Coefficient alpha for
the 21 item pilot version CMLT-Reading test was .55. Item means ranged from .50 to .95;
the mean total percent correct score was 82.2, with a standard deviation of 11.4. The
correlation between the two scores in this sample was .51. Comparison of mean scores on by
educational level revealed statistically significant differences between those with a four year
college degree and those without on the CMLT-Reading (87 vs. 78, p<.001), but not on the
CMLT-Listening (86 vs. 84, p=.30).

3.2 Participant Response
Spontaneous comments from pilot participants indicate that they found the test sessions
interesting. While a few participants initially expressed trepidation about using the computer
to complete the test, RAs administering the tests reported that none of the participants
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appeared uncomfortable completing the computer-based test independently. Several
participants commented that they had learned something new from participating.

3.3 Modifications Based on Pilot Results
The team reviewed the results from the pilot data analyses in conjunction with the items and
messages, and made additional decisions about deletions, additions, and edits to both the
CMLT-Listening and the CMLT-Reading. Two substantive changes were made, primarily in
an effort to increase the difficulty of the tests. First, the team added one new video-clip (and
a set of items based on that message) to the CMLT-Listening. The video focused on
esophageal cancer, which the team anticipated would be less familiar than the cancers
included to that point. Second, after discussion with consulting psychometricians, both the
CMLT-Listening and the CMLT-Reading were modified to allow a “Not Sure” response
option, but to also require a “Best Guess” response to the original question of “Same
Meaning or Different” if “Not Sure” was selected. Future analyses will investigate whether
including information on the use of the “Not Sure” option in scoring provides useful
information about participant performance and increases score reliability overall.

3.4 Description of the Final Tests
The CMLT-Listening is programmed in Microsoft Access and self-administered via a
touchscreen laptop computer. Response requirements are minimal to reduce the potential for
computer familiarity to provide an advantage. No reading is required. The program begins
with a short, computer-narrated introduction that explains what the test entails, and provides
instructions on how to proceed through the test. One practice item is required; additional
practice items are optional. Feedback is provided for the practice items, but not for the actual
test items. The CMLT-Listening contains a total of 15 messages; each message has 2 to 4
associated items, for a total of 48 test items. Screen shots from one of the CMLT-Listening
clinical messages and a transcript of the associated narration and item are shown in Figure 1.
Participants may not replay a message; but can replay the statement made by the narrator
(i.e., the paraphrased message content which the participant must evaluate). Participants
respond by selecting the “Same” or the “Different” button. Participants may select the “?”
button, but must then also select either “Same” or “Different” before continuing on to the
next item. The test takes approximately 60 minutes to complete. Message characteristics are
shown in Table 1.

The CMLT-Reading is printed in 14 and 16 point font on standard paper (8 ½′ by 11′), and
assembled into a booklet with instructions on the cover page. It contains 6 messages, each
with 3 or 4 associated items, for a total of 23 items. Like the CMLT-Listening, the CMLT-
Reading provides three response options – “Same,” “Different” and “Not Sure”. Participants
are asked to select either “Same” or “Different” even if they select “Not sure” initially. The
test takes approximately 10 minutes to complete. Message characteristics are shown in Table
1.

4. DISCUSSION and CONCLUSION
4.1 Discussion

How adults understand and react to spoken health information is a critical aspect of health
literacy[42, 47]. Research in this area has already revealed how clinical and media messages
have the potential to confuse patients and consumers[36, 40, 48]. The CMLT-Listening
makes a unique contribution to this line of research, as it will enable researchers and
clinicians to assess patients’ comprehension of spoken health information. We hope that this
instrument will facilitate research in this area, much as the availability of print tests such as
the REALM[32] and the TOFHLA[33] allowed researchers to study the relationship
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between scores on these measures and a variety of health-related processes and outcomes.
We anticipate that the new CMLT-Listening will allow researchers to conduct comparable
studies examining the relationship between comprehension of spoken health messages and
similar health-related outcomes. We also hope that it will facilitate the development of
training and interventions that will help clinicians and producers of media to communicate
more clearly. Our team is currently collecting clinical data on cancer screening utilization as
a first step in examining the relationship between scores on these two new instruments and
actual screening behaviors.

The new CMLT-Reading is also an important contribution to the field of health literacy.
Although instruments to assess health literacy with respect to print materials already exist,
these tests have limitations. For instance, the REALM is a word recognition test, and
provides no information on whether a respondent understands the words he or she is able to
pronounce. While the S-TOFHLA assesses comprehension, it focuses on the medical
setting, omitting other types of printed health materials which adults are likely to encounter
in their day-to-day lives. The CMLT-Reading assesses comprehension, and includes a
variety of message types. Most importantly, as half of this pair of complementary tests, the
CMLT-Reading enables investigators to explore the relationship between comprehension of
spoken materials and written materials. Our group is currently conducting analyses that we
anticipate will help to clarify this relationship.

Establishing the validity of test scores is a process[49]. This paper reports on the careful test
development process we used, an important first step in that process. The fact that both tests
incorporate realistic health messages that adults may encounter in their day-to-day lives
further helps to establish content validity, as does the fact that test content includes prevalent
cancers (breast, colorectal, lung, prostate and cervical), common screening methods, and key
health concepts that are important across these and other major health conditions. The item
writing technique which we used was specifically designed to create items which would
assess comprehension. Each of these components contributes to the content validity of the
CMLT-Listening and CMLT–Reading test scores, but additional investigations are needed.
The fact that the pilot study included only 79 participants, and was not designed to provide
strong validity evidence is a limitation. We did estimate reliability coefficients (.82 and .55
for the CMLT-Listening and -Reading respectively). The lower reliability coefficient for the
CMLT-Reading is as expected due to the fewer items. We anticipate that the post-pilot item
selection decisions and edits will result in an improvement in reliability in the final versions
of the tests.

The messages and tests appear to be engaging and interesting for participants, possibly due
in part to the realism of the test materials. The fact that we did not systematically query
participants about their experience with the test is a limitation, but those administering the
study sessions reported that even older participants and those who use computers once a
month or less were able to complete the CMLT-Listening independently using the touch-
screen laptop computer technologies.

The cancer prevention and screening is a topic relevant to almost all adults. This, together
with the fact that many of the concepts covered (e.g., risk) are directly relevant to other
health conditions and decisions, extends the utility of these tests beyond the realm of cancer.

An important limitation of the CMLT-Listening measure is that it takes approximately 60
minutes to administer. To reduce respondent burden and improve the measure’s feasibility,
we plan to develop a short form, a computerized adaptive version, or both in the future.
However, presenting information orally takes longer than presenting information via print;
the average video length was just over 1.5 minutes. An encouraging finding, however, is that
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pilot participants did not appear fatigued. Another limitation of our new measures is that test
content may become outdated, given the evolving evidence for many cancer prevention and
screening interventions. Changes in public awareness and background knowledge may affect
item difficulty.

It should be stressed that the tests described here are intended to assess comprehension –
they are not intended to assess the many factors that might cause difficulty in
comprehension. Thus, a low score on either measure might be attributable to English
language difficulties, cognitive difficulties, neurological deficits, inattention, lack of
background knowledge, or other factors.

Establishing the validity of any measure is most usefully thought of as the process of
building an argument[50, 51]. A convincing validity argument consists of a series of
premises, each of which contributes to overall argument. Further validation of our measures
will depend on further research to establish their power to predict health outcomes. Since
completing this test development process, we have administered both tests to over 1000
adults at 4 sites around the country. Analyses from this large scale administration are
underway.

4.2 Conclusion
In conclusion, we have developed instruments to assess comprehension of spoken and
written health messages, focused on cancer prevention and screening. Because
comprehension is an essential component of health literacy, we hope that the availability of
these instruments will expand our understanding of health literacy, and the complex
interrelationships between different facets of health literacy and cancer screening.
Ultimately, we hope that these instruments will help improve both spoken and written
communication about cancer prevention and screening.
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Figure 1.
CMLT-Listening Sample
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Figure 2.
CMLT-Reading Sample
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Figure 3.
Example of Using the SVT to Create Items
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Table 1

Test Characteristics

Test

CMLT-Listening CMLT-Reading

Time to Administer ~60 m ~10 m

Total Number of Messages 15 6

Message Characteristics

Message Audience

 General Public 10 3

 Clinical Setting 5 3

Message Type

 Narrative/Personal Story 3 0

 Factual Report With Numeric or Statistical Data 8 5

 Factual Report Without Numeric or Statistical Data 7 1

Type of Cancer

 Breast 4 1

 Colorectal 3 1

 Prostate 2 1

 Lung 3 1

 Cervical 2 1

 Skin 2 0

 Esophageal 1 0

 General 2 2

Message Focus

 Screening (e.g., importance, procedures) 8 2

 Modifiable Risk Factors (e.g., smoking) 7 2

 Non-modifiable Risk Factors (e.g., family history, genetics) 6 2

Table note: Categories of characteristics are not mutually exclusive, e.g., some video clips refer to two or more cancers.
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