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ABSTRACT

Objective: To compare the effects of two health information texts on patient recognition memory, a key
aspect of comprehension.

Methods: Randomized controlled trial (N =60), comparing the effects of experimental and control
colorectal cancer (CRC) screening texts on recognition memory, measured using a statement recognition
test, accounting for response bias (score range —0.91 to 5.34). The experimental text had a lower Flesch-
Kincaid reading grade level (7.4 versus 9.6), was more focused on addressing screening barriers, and
employed more comparative tables than the control text.

Results: Recognition memory was higher in the experimental group (2.54 versus 1.09, t=—-3.63,
P=0.001), including after adjustment for age, education, and health literacy (3 = 0.42, 95% Cl: 0.17, 0.68,
P=0.001), and in analyses limited to persons with college degrees (3 = 0.52,95% CI: 0.18, 0.86, P = 0.004)
or no self-reported health literacy problems (3 = 0.39, 95% CI: 0.07, 0.71, P= 0.02).

Conclusion: An experimental CRC screening text improved recognition memory, including among
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Reading

patients with high education and self-assessed health literacy.
Practice implications: CRC screening texts comparable to our experimental text may be warranted for all
screening-eligible patients, if such texts improve screening uptake.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Next to verbal interactions in face-to-face or telephonic patient-
provider encounters, text documents are the most common way of
providing patient health information [1,2]. Given the high
prevalence of low literacy in the United States (U.S.) [3], a general
recommendation for maximizing patient comprehension is to
make health information texts as simple as possible (e.g. by
reducing reading level), without losing key context and meaning
[1]. While observational studies provide support for this recom-
mendation [4], evidence from randomized controlled trials (RCTs)
is scant.

In the past 30 years, only seven published RCTs have explored
the effects of simplified health information texts on comprehen-
sion, with mixed findings [5-11]. Focus health issues in the various
RCTs were warfarin use [7], human immunodeficiency virus
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infection risk [11], polio vaccination [5,6], smoking [9], and
informed consent for experimental chemotherapy [8,10]. The
limited number of trials in this realm, with differing health topics
and mixed findings, suggest the need for further RCTs comparing
comprehension of different health information texts, encompass-
ing additional health topics.

No RCTs have compared patient comprehension of colorectal
cancer (CRC) screening documents that differ in design and content
focus. This is a key research gap given that CRC screening is a
relatively complex health topic given several available test options,
each with differing pros and cons [12]. Perhaps, in part, for this
reason, CRC screening knowledge and uptake are low in the U.S.
population relative to other evidence-based cancer screening tests
[13-16]. Further, no trials have addressed whether patient
education level and health literacy may influence comprehension
of different CRC screening texts. This is also important to research,
since CRC screening knowledge and uptake are low among less
educated and less literate persons in the U.S. [13-16]. Theoretical-
ly, text design features anticipated to facilitate comprehension (e.g.
lower reading level, use of comparative tables) should most benefit
persons with low education and literacy. Of particular clinical
interest and practical importance is whether patient self-assessed
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health literacy is associated with comprehension of different texts.
National quality improvement blueprints encourage universal
health literacy assessment in clinical settings [1], yet time
constraints often preclude the use of objective measures,
prompting exploration of employing brief patient self-assessment
“screeners” [17-19].

Prior RCTs comparing patient comprehension of different
health texts used various measures to assess comprehension, a
complex, multi-faceted construct (process) that cannot be directly
observed, and for which controversy exists regarding optimal
measurement [20]. None of the prior RCTs sought to measure
inferential comprehension, or inference of meanings not directly
explained (i.e. implicit) in a text, a conceptually high level activity
of clear relevance to health education and behavior [21]. However,
validly and reliably measuring inferential comprehension is
difficult, since it is strongly dependent on reasoning skills [22].
Fortunately, assessing inferential comprehension may not be
critical when comparing the degree to which different texts
explicitly convey basic information regarding a given health topic,
since this is essentially a matter of lower level or literal
comprehension [21]. Furthermore, literal comprehension is a
prerequisite to and predictive of inferential comprehension [21-
24]. Likely for these reasons, prior RCTs have examined text effects
on one or both of two aspects of literal comprehension: recall
memory, the ability to remember elements of a previously viewed
text without visual prompting [5,6,8,11]; and recognition memory,
the ability to accurately recognize previously viewed information
when encountered again in written form [7,9-11].

The recall memory measures in prior RCTs employed open-
ended verbal questioning of participants, requiring study person-
nel judgment in determining the appropriateness of responses,
potentially resulting in bias. The recognition memory measures in
the prior RCTs were written multiple choice and/or true-false
items, which are vulnerable to educated guessing and response
bias (e.g. a tendency to prefer true to false answers) [25]. Verbal
open-ended recall memory questions and written multiple choice
and true-false recognition memory questions also are susceptible
to confounding by pre-existing knowledge of the health topic,
since they typically do not require participants to correctly identify
verbatim passages (e.g. complete sentences) from viewed texts.

Employing a signal detection theory-grounded approach to
measuring recognition memory can help to minimize the effects of
response bias and background knowledge confounding on
recognition memory scores, providing a purer estimation of the
effects of texts themselves on literal comprehension. Signal
detection theory recognizes that most human decisions are made
under conditions of uncertainty [26]. The theory further recognizes
that under such conditions, human judgments do not always arise
from a fully balanced, well-reasoned, and accurate assessment of
the situation, but instead are often driven largely or fully by
educated guessing, innate biases (e.g. response option prefer-
ences), or the overriding influence of background contextual
knowledge. These underlying tenets of signal detection theory
have been employed to inform an approach to measuring
recognition memory that minimizes response bias and background
knowledge confounding. Briefly, a written recognition memory
test is developed incorporating an equal number of verbatim
statements extracted from each study text being compared in a
RCT [27,28]. Study participants are then asked to identify the
statements that appeared in their randomly assigned text. Both
correctly identified statements (“hits” — a measure of sensitivity)
and incorrectly identified statements (“false alarms” - those that
had actually appeared in the other study text - to capture response
bias effects) are employed to calculate a summary discriminability
or d prime (d') score - essentially, an indicator of the “true signal”
relative to “noise” (bias and confounding effects) in participant

responses. This approach is well-established in psycholinguistic
and cognitive science studies but, to our knowledge, has not been
used in text comprehension RCTs in the biomedical realm [27-29].

We conducted a RCT, comparing patient recognition memory of
an experimental colorectal cancer screening (CRC) information
text and of a control CRC screening text. The experimental text was
written at a lower Flesch-Kincaid reading grade level, focused
more on addressing practical CRC screening barriers, and relied
more heavily on tabular presentation of information than the
control text. We also explored the roles of patient education level
and self-assessed health literacy in influencing text recognition
memory. We employed a written signal detection theory-
grounded measure to derive a recognition memory d' score,
accounting for both item recognition sensitivity and response bias
effects. We hypothesized that: (1) compared with controls,
experimental group patients would have better recognition
memory of their randomly assigned text; and (2) the benefit in
recognition memory would be restricted to patients with less
education and lower self-assessed health literacy.

2. Methods
2.1. Study setting, sample recruitment, and randomization

Study activities were conducted from September 2009 through
March 2010. The local institutional review board approved the
study (ClinicalTrials.gov identifier: NCT00965965).

English-speaking persons aged 50-75 years receiving primary
care from a family physician or general internist at one of two
offices in the Sacramento, California area were telephoned to solicit
their participation. The lower and upper age cut points for study
participation were selected based on U.S. Preventive Services Task
Force evidence-based CRC screening guidelines, which recom-
mend routine screening in all adults aged 50-75 [12]. Patients
were asked whether they had received fecal occult blood testing
(FOBT) within the past year, flexible sigmoidoscopy within 5 years,
or colonoscopy within 10 years. Those answering “no” to these
questions and reporting adequate eyesight to read printed text
were eligible to participate.

Eligible patients who agreed to participate met with study
personnel at a central location, where written informed consent
was obtained, followed by random assignment to read one of the
study texts. Randomization was at the level of the individual
patient, implemented in blocks of 10 patients to help ensure a
balance in sample size across the two study groups over time [30],
using sealed shuffled envelopes containing group assignments. We
estimated that a sample of 44 patients (22 per group) would yield
90% power to detect a small effect (0.3 standard deviations) on
recognition memory, the outcome of interest. We conservatively
targeted recruitment of 60 patients (30 per group), to ensure an
adequate sample in the event of attrition or missing data.

After randomization, participants completed a pre-intervention
questionnaire, read their assigned text, and then completed a
comprehension test (see Section 2.3). Participants received a $30
gift card after completing these activities.

2.2. Study texts

Both study documents presented information exclusively in
text form (e.g. no pictures were included). The experimental text
(Appendix 1) was developed collaboratively by several highly
experienced family physicians and general internists with exper-
tise in colorectal cancer screening, including three of the current
study authors (AJ., RLK, P.F.). The text was developed with the
goal of presenting information regarding CRC screening test
options, benefits, potential harms, and practical inconveniences
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(e.g. barriers) in a readily understandable fashion. To facilitate
comprehension, an effort was made to write the text at the lowest
Flesch-Kincaid reading grade level possible, but without loss of
critical meaning or context. For example, if the developers felt that
removing or substituting a simpler alternative to a polysyllabic
word (e.g. colonoscopy) that had been clearly and simply defined
earlier in the text would hinder rather enhance patient compre-
hension of a subsequent passage, the more difficult word was
retained, despite the resulting higher reading grade level in that
passage. To further aid comprehension, most information in the
experimental text was presented in a series of three tables
(available test options, screening risks, and screening inconve-
niences), each with separate columns for FOBT and colonoscopy.
Only three sections (the introduction, the passage on potential
screening benefits, and the brief conclusion) were presented in
non-tabular format.

We employed the Flesch-Kincaid method as the primary
method of reading grade level estimation since it is available
within Microsoft Word (Microsoft Corporation, Redmond, WA),
facilitating the iterative development of the experimental text
[31]. The method yields an estimated reading grade level based on
the number of words per sentence (sl) and the number of syllables
per word (spw), per the following formula embedded in Microsoft
Word:

Flesch—Kincaid reading grade level = 0.39sl + 11.8 spw — 15.59

As recommended by literacy experts, to obtain a more reliable
estimate of text reading grade level, we applied the method to
three different unique (i.e. non-overlapping) text samples, selected
at random from within each text. The three reading grade level
estimates were averaged to yield the summary estimate for each
text [4]. Using this method, the estimated Flesch-Kincaid reading
grade level for the experimental text was 7.4 (range of estimates
4-12).

The control text (Appendix 2), which had a Flesch-Kincaid
reading level of 9.6 (range of estimates 9.5-9.8), was a hard copy
version of the CRC screening “Fact Sheet,” freely available on the
National Cancer Institute web site at the time the study was
conducted. The original text was modified for use in the RCT only
by removing superfluous web navigational instructions. Beyond
having a higher reading grade level than the experimental text, the
control text presented less information in table format, employing
only one brief table of FOBT and colonoscopy advantages and
disadvantages. The control text also included less information on
practical patient barriers to screening, and more information
regarding CRC epidemiology and individual susceptibility risks.

Reading grade level estimates are known to vary among
different assessment methods, with no consensus regarding the
optimal method [4]. To help ensure that the experimental text
reading grade level was actually lower than for the control text, we
determined text reading grade levels via two additional methods,
each applied to the same three randomly selected samples of each
text employed in Flesch-Kincaid calculations, to yield average
estimates. The first was the SMOG method, which is based on the
total number of polysyllabic words contained in 30 sentences from
a text. The SMOG reading grade level is determined by taking the
square root of the nearest perfect square to the total number of
polysyllabic words and then adding three to the resulting number
[32]. The SMOG reading grade level estimate for the experimental
text was 9.4 (range of estimates 7.6-12.5), and for the control text
10.7 (range of estimates 9.1-11.9). The second additional reading
grade level method employed was the Fry formula, which
measures sentences per 100 words and syllables per 100 words.
For each text, the data from the three randomly sampled text
passages was averaged, and plotted on a “readability graph” (y
axis = average number of sentences per 100 words, x axis = average

number of syllables per 100 words) to obtain a single estimate [33].
The Fry reading grade level estimate was 8.5 for the experimental
text and 13 for the control text.

2.3. Measures

Recognition memory was measured using a signal detection
theory-grounded measure, developed using a standard approach
[27-29]. Briefly, the opening and closing sentences in both study
texts were first eliminated, as were sentences with a word length
more than two standard deviations from the document mean.
Next, 20 undergraduate psychology students, recruited from the
UCD Psychology subject pool and given course credit for
participation, read both documents, highlighting in each the 20
sentences they felt were most critical to understanding the major
points. The 20 most frequently highlighted sentences from each
text comprised the final recognition memory test (40 sentences
total).

In the RCT, patients were asked to indicate whether each
sentence in the test was old or new. All of the recognition-memory
test items (sentences) - including those which had appeared in the
subject’s randomly assigned text (old items) and those which had
not appeared in the text (new items) — were phrased as true
statements. This approach was employed to avoid respondent
identification of false statements based solely on educated
guesswork and/or pre-existing knowledge of CRC screening, rather
than recognition that the statements had not appeared in their
assigned text. Correctly identified old statements were recorded as
hits [H], a measure of sensitivity, while new statements incorrectly
identified as old were recorded as false alarms [F], a measure of
response bias. A summary recognition-memory d prime (d’') score
was calculated using the formula

d = z[H] - z[F)

where z is the transformation into a standardized z-score function
that takes into account the number of possible hits or false alarms.
This scoring method was appropriate to our analyses, which
sought to isolate the effects of the studied texts themselves on
recognition memory (“signal”’), minimizing confounding by
background topical knowledge and educated guesswork (“noise”).
The range of d’ scores in our study sample was —0.91 to 5.34.

Self-assessed health literacy was measured with a single item:
“How often do you need to have someone help you when you read
instructions, pamphlets, or the written material from your doctor
or pharmacy?” Response choices were: 1 - never, 2 - rarely, 3 -
sometimes, 4 - often, or 5 - always, with higher scores indicating
more perceived health literacy problems. Prior cross-sectional
studies suggested the item had reasonably good negative and
especially positive predictive values [17-19]. Socio-demographic
characteristics measured were age; ethnicity (Hispanic or non-
Hispanic); race (White, Black, or Other); and education level (high
school graduate, some college, college graduate [e.g. bachelor’s
degree], any post-graduate education [e.g. master’s or doctoral
coursework or degree]).

2.4. Analyses

Data were analyzed using PASW Statistics 18 (IBM, Armonk,
NY). Independent-samples t-tests and chi-square tests were
performed to assess the differences in baseline characteristics
between experimental and control group patients. Linear regres-
sion was employed to examine the association of randomly
assigned study text (the key independent variable) with recogni-
tion memory (the dependent variable), adjusting for age, education
level, and self-assessed health literacy level. To further explore
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education and health literacy influences on recognition memory,
two subgroup analyses were also conducted. The first was limited
to participants with high education (college degree or greater). The
second was limited to participants with no self-reported health
literacy problems (i.e. those responding “never” to the single item
measure). We report standardized beta () regression coefficients.

3. Results

Fig. 1 shows the flow of participants through the study. One
experimental group subject with missing education data was
excluded from the analyses, leaving an analytic sample of 59
patients (29 experimental, 30 control). Table 1 shows the baseline
characteristics of the analytic sample by study group. Participants
were predominantly non-Hispanic white and well-educated, with
high self-assessed health literacy. The correlation between
education level and self-assessed health literacy was not statisti-
cally significant (Spearman r = —0.22, 95% confidence interval [CI]:
—0.45, 0.04, P=0.10). Only education level differed significantly
between groups.

The mean unadjusted d’ score was higher in the experimental
group (2.54 versus 1.09, t = —3.63, P=0.001). Table 2 shows the
results of a linear regression of data from the analytic sample
comparing d’ score in experimental and control participants,
adjusted for age, education level, and health literacy. The d’ score
was significantly higher in the experimental group. There was no
significant relationship between the d’ score and either education
level or self-assessed health literacy. The experimental group also
had a significantly greater d’ score in analyses limited to those with
a college degree or greater education (8 = 0.52, 95% CI: 0.18, 0.86,
P=0.004), and to those with no self-reported health literacy
problems (8 =0.39, 95% CI: 0.07, 0.71, P=0.02).

4. Discussion and conclusion
4.1. Discussion

Prior RCTs examining the effects of different health information
texts on patient literal comprehension did not concern the topic of
CRC screening, and did not explore the potential influences of
education or self-assessed health literacy [5-11]. The prior RCTs
also did not employ signal detection theory-grounded recognition
memory measures, to help disentangle the effects of study texts on
literal comprehension from the effects of background topical
knowledge, educated guessing, and systematic response bias. In
the current study, confirming our first hypothesis, an experimental
CRC screening text, written at a lower reading grade level, focused
more on practical screening barriers, and presenting more
information in comparative table format than a control text,
fostered better recognition memory, assessed using a robust signal
detection theory-grounded measure.

One factor limiting interpretation of the mechanism of this
finding is that the study texts differed along several dimensions
that might influence comprehension. Most notably, the experi-
mental text had a lower reading grade level; was focused more on
addressing practical barriers to screening (rather than CRC
epidemiology and personal susceptibility as in the control text);
and presented more information in tables comparing aspects of
FOBT and colonoscopy (see Appendices 1 and 2 for details).
However, our two study documents were more alike than the
documents compared in most prior RCTs in this realm
[5,6,8,10,11]. For example, in one of the RCTs, almost half of
experimental document consisted of instructional drawings with
minimal accompanying text, while the control document was all
text (no illustrations) [5]. We also did not assess how much of the

409 patients identified for
possible study eligibility

12 unable to contact by phone|

397 contacted by phone

337 not enrolled

228 not eligible

108 declined to participate
1 eligible but did not show for study
appointment

60 eligible, enrolled, and
randomized

30 control text intervention

30 experimental text intervention

30 with complete age, education, health
literacy, and recognition memory data,
included in analyses

memory data, included in analyses

29 with complete age, education,
health literacy, and recognition

Fig. 1. Flow of participants through the study.
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Table 1
Characteristics of the study sample.
Characteristic Experimental Control group P value
group (N=29) (N=30)

Age, years, mean (SD) 59.2 (6.0) 62.0 (7.1) 0.10?

Non-Hispanic White 21 (72.4) 19 (63.3) 0.57°
ethnicity, no. (%)°

Race® 0.30°
White 22 (75.9) 21 (72.4)
Black 1(34) 5(17.2)
Other 6 (20.7) 3(104)

Highest education 0.004°
level, no. (%)
High school graduate - 3(10)
Some college 11 (37.9) 8 (26.7)
College graduate 3(10.3) 13 (43.3)
Any post-graduate education 15 (51.7) 6 (20.0)

Self-assed health 0.50°
literacy level, no. (%)
1 (highest) 18 (62.1) 20 (66.7)
2 9 (31.0) 7 (23.3)
3 1(34) 3(10.0)
4 1(34) -
5 (lowest) - -

2 Independent samples t-test.

b Chi-square test.

¢ Control group N=29 for ethnicity and race, due to missing data.

d

Self-assessed with a single item, asking how frequently help is needed with
reading instructions, pamphlets, or the written material from their doctor or
pharmacy; 1=never, 2 =rarely, 3 =sometimes, 4 =often, 5=always.

study texts were actually read by participants. Thus, lower
recognition memory among controls could have resulted from
incomplete reading of the text, poorer recognition of sentences
that were read, or both. Future studies that systematically
manipulate and compare the effects of a range of document
properties on patient comprehension, and assess which passages
are actually read, would provide more precise guidance for
designing comprehensible health information documents.
Contrary to our second hypothesis, we found evidence of
experimental text benefits even in those with at least a college
education and those with no self-assessed health literacy
problems. One explanation is that texts with the features of our
experimental text foster better literal comprehension across
education and health literacy levels. If this were so, it would
suggest that texts comparable to our experimental text may also
facilitate inferential (higher level) comprehension across educa-
tion and health literacy levels, since recognition memory is
predictive of inferential comprehension [21-24]. If greater
comprehension of such texts were shown to have a favorable
influence on CRC screening decisions and behavior (e.g. increased
uptake of screening), then providing texts like ours to all patients
eligible for screening might be useful, regardless of patient
education and self-assessed literacy levels. Such an approach,
analogous to ‘“universal precautions” in infectious disease
prevention, already has been proposed by some experts [34].

Table 2

Results of a linear regression analysis of experimental text effects and participant
age, education, and self-assessed health literacy effects on recognition memory d
prime score.

Model variable Estimated standardized P value
B coefficient (95% CI)
Experimental text 0.42 (0.17, 0.68) 0.001
(versus control)
Age —-0.12 (-0.37, 0.14) 0.35
Education —-0.07 (-0.33,0.19) 0.59
Self-assessed —0.06 (-0.32, 0.19) 0.61

health literacy

However, our study was limited in having few participants with
low education and self-reported health literacy. RCTs involving
patient samples representing a broader range of education and
health literacy levels are needed to more rigorously examine the
utility of a “universal precautions” approach.

We employed a single item self-report health literacy measure,
previously validated only in cross-sectional analyses [17-19]. The
measure was chosen to explore the potential utility of simple
measures in time-constrained clinical settings, as recommended in
quality improvement blueprints [1]. The lack of a statistically
significant association between education level and self-reported
health literacy in our study could have arisen if some study
patients over-estimated their actual health literacy, questioning
the utility self-reports to screen for health literacy problems in
general practice. Different findings in regard to the influence of
health literacy on comprehension might be observed in studies
employing different health literacy measures, such as those based
reading ability (e.g. Rapid Estimate of Adult Literacy in Medicine
[REALM], Short Test of Functional Literacy in Adults [S-TOFHLA])
[4]. However, we believe that our choice of health literacy measure
may not have been a critical issue driving our findings, given
significant recognition memory benefits of the experimental text
even in the analysis limited to persons with a college degree. This
group, representing the top 30% of the educational hierarchy in the
U.S. [35], would be anticipated to include the majority of “high
health literacy” persons.

Nonetheless, additional larger RCTs are needed to more
definitively examine the effects of different health information
texts, not only on literal comprehension but also on health behavior,
and moderation of these effects by health literacy and education.
Ideally such RCTs should involve large and socio-demographically
diverse patient samples, with a range of education and health
literacy levels represented; address an array of different health
topics and linked behavioral outcomes, including but not limited to
CRC screening; and employ a variety of health literacy measures
[4,36]. Of note, the unclear generalizability of our study findings to
different patient subgroups, health topics, and health literacy
measures, and their uncertain implications for health behavior, are
limitations shared with previous RCTs in this realm [5-11].

We also noted considerable differences in the experimental and
control text reading grade levels yielded by three widely employed
methods (Flesch-Kincaid, SMOG, and Fry) [4]. Consistent with
prior work, Flesch-Kincaid reading grade levels were lower than
those obtained via the SMOG and Fry methods [37]. Also echoing
prior research, within each of the methods, reading grade level
estimates varied widely among different passages (samples) from
a given text [4]. These findings underscore that estimated reading
grade level, regardless of assessment method, is ultimately a crude
measure of text complexity, and subject to limited reliability.
Further research is needed to determine which specific properties
of texts should be modified to improve literal comprehension. A
number of text properties have been associated with literal
comprehension in psycholinguistic studies conducted outside the
healthcare realm with healthy volunteers, including word
frequency (i.e. commonness of use in daily life), syntactic
complexity, and semantic overlap (the degree to which subject
content is related among sentences) [38-40]. RCTs involving
patient samples, comparing literal comprehension and health
behavior effects of documents prepared to differ systematically
along such specific text properties, could provide further guidance
for improving health information texts.

4.2. Conclusion

Compared with patients exposed to a control CRC screening
information text, those exposed to an experimental CRC screening
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text that was written at a lower Flesch-Kincaid reading grade level,
focused more on addressing practical screening barriers, and
employed more comparative tables had higher text recognition
memory scores. Further, the salutary effect of experimental text
exposure on recognition memory also was present in analyses
limited to patients with least a college education and those with no
self-assessed health literacy problems.

4.3. Practice implications

Providing CRC screening information texts with the features
incorporated into our experimental text may be warranted for all
screening-eligible patients, including those with relatively high
education and self-assessed literacy levels, if such texts are
eventually shown to improve CRC screening uptake.
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