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Patient portals to Electronic Health Record (EHR) systems are underused by older adults because of
limited system usability and usefulness, including difficulty understanding numeric information. We
investigated whether enhanced context for portal messages about test results improved responses to these
messages, comparing verbally, graphically, and video-enhanced formats. Older adults viewed scenarios
with fictitious patient profiles and messages describing results for these patients from cholesterol or
diabetes screening tests indicating lower, borderline, or higher risk levels. These messages were
conveyed by standard format (table of numerical test scores) or one of the enhanced formats. Verbatim
and gist memory for test results, risk perception, affective response, attitude toward and intention to
perform self-care behaviors, and satisfaction were measured. Verbally and video enhanced context
improved older adults’ gist but not verbatim memory compared to the standard format, suggesting we
were successful in designing messages that highlight gist-based information. Little evidence was found
for benefits related to the graphically enhanced format. Although verbally and video enhanced formats
improved gist memory and message satisfaction, they had less impact on the other responses to the
messages. However, these responses reflected level of risk: As risk associated with test results increased,
positive affect decreased whereas negative affect, perceived risk, behavioral attitudes, and intentions
increased, as predicted by behavioral change theories.

Public Significance Statement
The goal of this project is to make patient portals to Electronic Health Records more useful for older
adults. Our findings show that older adults better remember numeric health information such as
clinical test results when this information is presented in a format that provides context for
interpreting the gist of the information for risk (lower, borderline, higher), compared to typical
formats used in patient portals.
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Self-managing illness requires understanding and using a wide
range of health-relevant numeric information. For example, to

understand their cholesterol test results, people need to interpret
the implications of these numbers (total, triglycerides, HDL, LDL)
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in terms of risk of cardiovascular disease, and decide how to respond
to perceived health threats by engaging in self-care behaviors (e.g.,
taking prescribed medications, changing diet, exercising).

Understanding health-related numeric information can be chal-
lenging for patients. For cholesterol results, people need to under-
stand the level of risk indicated by each score and integrate this
information to understand overall level of risk. Moreover, higher
LDL, total cholesterol, or triglycerides numbers indicate more risk,
whereas higher HDL numbers indicate less risk, so people need to
understand trade-offs between these numbers.

Older adults can be especially challenged by health-relevant
numeric information (Peters et al., 2009). They often need to
understand such information because they are more likely than
younger adults to have chronic illness. Yet they tend to experience
declines in the cognitive and literacy resources needed to under-
stand and make decisions about this information (Reyna, 2011).
Declines in numeracy, or the ability to make sense of numbers
(Peters, 2012), may hamper mapping test scores to risk categories
and integrating risk information across scores to derive a global
understanding of risk and what to do about it.

Traditionally, providers help patients understand test results.
During face-to-face interactions, they discuss what the numbers
mean and help patients plan how to address the threats indicated by
the results. However, patient/provider collaboration is often eroded
by a health care system that reduces time for in-depth discussion
and increases the number of specialists providing care to the
patient, which complicates care coordination as well as provider/
patient communication.

Technology such as patient portals to Electronic Health Record
(EHR) systems has the potential to support patient/provider col-
laboration despite limited contact time. Portals provide patients
ready access to their health information that may support under-
standing and planning (Institute of Medicine [IOM], 2012; Gib-

bons & Casale, 2010; Stead & Lin, 2009). Indeed, meaningful use
EHR systems are supposed to promote patient-centered care and
support patient/provider collaboration essential to this care (IOM,
2012). Unfortunately, portals currently function more as patient
information repositories than collaborative tools. It is not surpris-
ing then that patients, especially older adults, underutilize portals.
For example, in one study, 82% of adults 65–69 years old regis-
tered to use a portal, 83% of these logged on at least once, and 69%
viewed at least one lab result, whereas 72% of adults 75–79 years
old registered, 76% logged on at least once, and 56% viewed at
least one lab result (Gordon & Hornbrook, 2016; also see Neuner,
Fedders, Caravella, Bradford, & Schapira, 2015). This underutili-
zation reflects limited system usability and usefulness more than
access to the technology itself (Czaja, Zarcadoolas, Vaughon, Lee,
Rockoff, & Levy, 2015; Haga et al., 2014; Lyles, Schillinger, &
Sarkar, 2015; Taha, Czaja, Sharit, & Morrow, 2013; Taha, Sharit,
& Czaja, 2014). Most relevant to the current study, difficulty
understanding numeric information presented on portals contrib-
utes to underutilization (Haga et al., 2014).

In the present article, we investigate how to support older adult
comprehension of and response to patient portal-based numeric in-
formation. This goal requires explaining how patients understand
numeric health information in order to perceive and plan to mitigate
risk, the impact of aging on the cognitive resources needed for these
processes, and how to help older adults understand and make deci-
sions about numeric health information in order to manage their
illness.

Understanding and Acting on Numeric
Health Information

The framework in Figure 1 integrates health literacy, fuzzy trace
memory, text comprehension, and health behavior theories to

Figure 1. Framework guiding the design and evaluation of portal messages From “A multidisciplinary
approach to designing and evaluating Electronic Medical Record portal messages that support patient self-care,”
by D. Morrow, M. Hasegawa-Johnson, T. Huang, W. Schuh, R. F. L. Azevedo, K. Gu, . . . R. Garcia-Retamero,
2017, Journal of Biomedical Informatics, 69, pp. 63–74. Copyright 2017 by the Elsevier Ltd. Adapted with
permission. Arrows between boxes indicate possible associative as well as causal relationships between
concepts.
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identify processes involved in understanding and responding to
health information, and the cognitive abilities/resources that influ-
ence these processes (for more detail, see Morrow et al., 2017).
The framework is similar to the Integrated Behavior Model pro-
posed by Montaño and Kasprzyk (2008) because it links patient
abilities to factors that directly influence their health behaviors. In
addition, our framework focuses on processes involved in under-
standing and remembering health information. According to fuzzy
trace theory (Reyna, 2008; Reyna & Brainerd, 1995), people
process and remember information at multiple levels. The verba-
tim level captures the literal facts or “surface form,” preserving
information about precise numeric values (or exact linguistic rep-
resentations in the case of language comprehension). In addition,
making sense of numbers to support action requires understanding
the information in terms of goals and knowledge to create gist
representations that capture bottom-line implications of the num-
bers for health and that are organized around qualitative, often
affective and evaluative, dimensions. Therefore, gist often reflects
integral affect, which is directly relevant to the evaluation of the
health information, rather than incidental affect (Peters et al.,
2009). For instance, gist representations of cholesterol test results
may capture ordinal risk values (e.g., lower/borderline/higher) for
heart disease that are associated with evaluative responses (e.g.,
better/worse). Because gist representations are relatively simple
and rooted in experience, they may be easier to create than ver-
batim representations.

People generally prefer to operate on the least precise memory
representation to accomplish a task. Therefore, gist that captures
categorical or ordinal relationships, or gist combined with verba-
tim representations, may be most effective for understanding im-
plications of test results for risk, depending on task requirements
(Peters et al., 2009; Reyna, 2008). Gist representations may be
especially important for numeric comprehension by patients with
limited numeracy.

The process-knowledge model of health literacy (Chin et al.,
2011; Morrow & Chin, 2015) draws on text comprehension theo-
ries to identify processes involved in understanding linguistic
health information. These include recognizing words and integrat-
ing the concepts associated with these words into propositions, or
idea units. Understanding numeric information requires similar
processes (Peters, 2012; Reyna, Nelson, Han, & Dieckmann,
2009). For example, understanding cholesterol scores involves
encoding exact numeric values (verbatim representation) and map-
ping them to categorical or ordinal risk categories (gist represen-
tation). The gist representations for individual scores may be
integrated into an overall or global gist representation of the
risk-related implications of the message. Information from the
scores must also be integrated with health knowledge (Morrow &
Chin, 2015).

As seen in the left part of Figure 1, comprehension processes
depend on cognitive and other resources, which in turn depend on
broader characteristics such as age, education, and illness experi-
ence. Comprehension requires processing capacity (e.g., working
memory) and knowledge (of language and health-related con-
cepts), as well as noncognitive resources such as affect, which are
important for responding to the evaluative dimensions of gist
representations (Morrow & Chin, 2015; Reyna, 2008).

Aging influences comprehension processes because of age-
related changes in the cognitive and affective resources needed for

comprehension (Finucane et al., 2002). Processing capacity tends
to decline with age, and these age-related changes may be exac-
erbated by illness experience. For example, uncontrolled hyper-
tension can impair processing capacity (Van den Berg, Kloppen-
borg, Kessels, Kappelle, & Biessels, 2009). On the other hand,
general knowledge (e.g., about language or verbal ability) and
domain-specific knowledge (e.g., about health) tend to grow with
age-related experience (e.g., Beier & Ackerman, 2005; Hartshorne
& Germine, 2015). Age-related resource limitations and gains
interact to influence health literacy (Chin et al., 2011) and memory
for health information (Chin et al., 2017), such that high levels of
knowledge can offset processing capacity limits. Aging is also
accompanied by increasing focus on affect and emotion that in-
fluences comprehension of and decisions about health information
(Charles & Carstensen, 2010; Morrow & Chin, 2015). For exam-
ple, older adults are more likely than younger adults to remember
emotionally charged information, especially when emotions are
positive.

Although the left side of the framework in Figure 1 identifies
abilities that influence comprehension and memory at verbatim and
gist levels, the right side shows that perception of the risk associated
with test results or other presented health information is influenced by
comprehension and memory for this information, suggesting that risk
perception also depends on the cognitive and affective resources that
influence gist. In addition, perception of the risk associated with test
results is shaped by factors such as beliefs about illness (e.g., How
susceptible and vulnerable to the illness am I?; Brewer et al., 2007;
Meyer, Leventhal, & Gutmann, 1985).

The right side of Figure 1 also identifies other possible re-
sponses to health information that influence self-care behaviors.
According to theories of behavior change (e.g., the theory of
reasoned action/planned behavior, Ajzen & Fishbein, 1977; Ajzen
& Madden, 1986; Montaño & Kasprzyk, 2008), risk perception
shapes attitudes toward actions that may mitigate perceived risk
(see also risk-as-feelings hypothesis; Loewenstein, Weber, Hsee,
& Welch, 2001). Risk perception has been linked to getting vac-
cinations in part because it influences behavioral attitudes (Brewer
et al., 2007; Crano & Prislin, 2008). It has also been linked to
behavioral intentions. For example, perception of risk associated
with out-of-range test results is linked with intention to call a
physician (Zikmund-Fisher, Exe, & Witteman, 2014).

Attitudes are also influenced by factors such as beliefs about
whether the actions are likely to influence illness (Brewer et al.,
2007; Webb & Sheeran, 2006). Patients may understand that their
cholesterol scores indicate high risk but do not think exercise or
diet can reduce this risk. Finally, behavioral attitudes predict
intentions to act, which predict performance of the behaviors
(Crano & Prislin, 2008; Webb & Sheeran, 2006).

In short, the framework suggests comprehension of and memory
for health information influence health decisions and behaviors,
which underlines the importance of presenting this information in
patient portals so as to support comprehension, memory, and action.

Improving Gist Memory and Supporting Action

We argue that comprehension of and memory for risk-related
information often influences risk perception and self-care behav-
ior. Moreover, the literature on risk perception suggests that people
better extract gist that supports action when numbers are presented

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

43CONTEXTUALIZING NUMERIC CLINICAL TEST RESULTS



in a context that supports comprehension (e.g., mapping numbers
to risk categories that guide appropriate affective/evaluative re-
sponses (Peters et al., 2009; Reyna, 2008; Slovic & Peters, 2006).
Such contexts may also benefit older adults by reducing compre-
hension demands on processing capacity and by leveraging prior
knowledge. Older adults may rely on gist because their verbatim
memories are less robust (Castel, 2005; Reyna, 2008; Tanius,
Wood, Hanoch, & Rice, 2009), and because they focus on affect in
decision making (Mikels et al., 2010). Accurate gist may support
older adults’ risk perception, their attitude toward behavior that
addresses this risk, and intention to act.

Traditionally, providers help patients understand test results.
They use verbal (e.g., words that emphasize key concepts) and
nonverbal cues (tone of voice, facial expressions) to indicate what
information is most important, and to support patients’ affective
and evaluative reactions that scaffold gist comprehension (Henne-
man, Marteau, & Timmermans, 2008; Reyna et al., 2009) and
increase their satisfaction (Ambady, Koo, Rosenthal, & Winograd,
2002; Roter, Frankel, Hall, & Sluyter, 2006). Unfortunately, pro-
viders do not use these strategies consistently because of limited
time and training, so that patients leave office visits not receiving
and/or not remembering critical information (Kessels, 2003). Pa-
tient portals may exacerbate this problem because test results are
usually delivered as a set of numbers with minimal context, often
in a table format. Table formats can impair ability to detect
out-of-range values for a test result embedded in multiple test
results (Zikmund-Fisher et al., 2014, 2017); for example, see
Figure 2.

We investigated whether enhanced context for standard portal
messages about cholesterol and diabetes screening test results im-
prove older adult gist comprehension and boost attitudes toward and
intention to perform self-care behaviors. We compared verbally,
graphically, and video-enhanced formats that provide increasing lev-
els of support for understanding and remembering test results at an
ordinal level of gist (lower, borderline, higher risk). These formats
may also help calibrate risk perception and increase motivation to
make decisions about behaviors that mitigate risk, although those
format features that improve comprehension do not always increase
motivation (Ancker, Senathirajah, Kukafka, & Starren, 2006).

The verbally enhanced format should support ordinal gist compre-
hension of risk associated with test scores (see Figure 3). Labels for
evaluative categories (lower, borderline, or higher risk) were added to
facilitate the process of mapping scores to appropriate regions of risk
on the scale. Such evaluative labels have been shown to facilitate
interpretation of health data, in part by promoting emotional process-

ing of quantitative information (Peters et al., 2009). Therefore, the
labels may benefit older adults, who tend to have similar or higher
levels of knowledge about language/verbal ability (Hartshorne &
Germine, 2015) and to focus more on emotional meaning (Charles &
Carstensen, 2010) relative to younger adults.

The graphically enhanced format provided graphical as well as
verbal cues (see Figure 4). The test scores were embedded in graphic
representations of the scale for each score (number lines), with color
coding and facial icons reinforcing the verbal labels. Because the
order of the regions from lower to higher risk (or higher to lower risk
for HDL) is emphasized, this format should further support ordinal
gist understanding (Ancker et al., 2006; Peters et al., 2009). Similar
graphics support gist understanding organized around evaluative and
affective dimensions (Fagerlin et al., 2007; Garcia-Retamero & Gale-
sic, 2009; Galesic & Garcia-Retamero, 2011; Reyna et al., 2009) and
improve patients’ understanding of cholesterol scores and other health
parameters (Douglas & Caldwell, 2011; Tao, Yuan, & Qu, 2018),
including improving their ability to calibrate scores to risk level
compared to tabular formats typical of portals (Zikmund-Fisher et al.,
2017).

In the most enhanced condition, the same graphic display (with
the labeled test scores) is accompanied by a video of a physician
discussing the results (see Figure 5), using nonverbal cues (pros-
ody, facial expressions) and verbal cues (the same risk category
labels as in the other enhanced formats) to signal information
relevance and to guide affective interpretation, as in ideal face-to-
face communication.

Based on our framework, we expected enhanced messages to be
better understood and remembered, and more acceptable to patients
(meeting their informational and affective needs) by providing context
that guides understanding of test values, particularly at the gist level.
Adding verbal labels for risk categories to the standard messages
should help older adults integrate numeric information into gist,
reducing the need for high levels of numeracy and processing capacity
(e.g., working memory) to develop gist representations (Peters et al.,
2009). Evaluative labels also help older adults interpret and integrate
numbers in terms of affective significance, so they can develop
affectively as well as cognitively organized gist representations that
support decisions (Peters et al., 2009). In the graphic condition,

Figure 2. Standard message format (Morrow et al., 2017). HDL � high
density lipoproteins; LDL � low density lipoproteins.

Figure 3. Verbally enhanced message format (Morrow et al., 2017).
HDL � high density lipoproteins; LDL � low density lipoproteins.
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embedding the labeled test scores in the graphic number lines help
convey quantitative information more efficiently than verbal and
numeric formats do by making key gist features more cognitively
accessible (Peters et al., 2009; Reyna et al., 2009), helping patients
integrate risk information across test scores. Finally, the multimedia
video format may be most effective because the verbal and nonverbal
cues reinforce each other (Van Gerven, Paas, Van Merriënboer,
Hendriks, & Schmidt, 2003).

We also varied the risk level indicated by the test scores in the
scenarios (lower, borderline, higher risk). Borderline results were
expected to be most difficult to understand because uncertainty
(and variability) of risk is higher for each score, and integration
across scores is more demanding, although this difficulty may be
mitigated by enhanced formats if they guide integration of gist
interpretation of component scores. We also investigated whether
more enhanced messages would be more trusted by participants
(satisfied with information provided) because they are easier to
understand and prompt affective response to message information.

Enhanced messages should also improve risk perception and
increase attitude toward and intent to perform self-care behaviors
that may mitigate risk (increased risk perception and behavioral
attitude and intent as risk increases). Because gist memory (Reyna
et al., 2009) and risk perception (Brewer et al., 2007; Peters et al.,
2009) involve affective response to risk, we also explored whether
negative affect would increase and positive affect decrease with
increasing risk associated with test results. The enhanced messages
may also increase sensitivity of affect to risk level, reflecting more
accurate gist representation of risk. Moreover, participants viewing

the video message may be most sensitive to risk because the physi-
cian’s commentary about the test results emphasizes risk and rein-
forces affective response.

Method

Participants

Participants were 144 community-dwelling adults (average age
of 71.9 years, range � 60–94 years; 71.5% females). All were
native English speakers, with no physical, cognitive or visual/
auditory impairments that could limit participation. 18.8% had
high school level of education or lower, 13.2% had some college
and 68.0% had at least a college degree. The study was approved
by the University of Illinois at Urbana-Champaign and Carle
Hospital Foundation institutional review boards. Participants pro-
vided consent before participation.

Scenarios

Twenty-four scenarios that contained fictitious patient profiles
and messages that described results for these patients from cho-
lesterol or HbA1c diabetes screening tests were developed in
collaboration with two physicians from our partner health care
system to ensure that the patterns of test results were typical of
older adults. Messages for diabetes screening as well as cholesterol
test results were developed because Type 2 diabetes is a common
age-related chronic illness that is often comorbid with cholesterol-

Figure 4. Graphically enhanced message format (Morrow et al., 2017). HDL � high density lipoproteins;
LDL � low density lipoproteins. See the online article for the color version of this figure.
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related illness. The cholesterol messages described complex pat-
terns of scores on multiple tests (total cholesterol, triglycerides,
high density lipoproteins [HDL], and low density lipoproteins
[LDL]) that suggested low, borderline, or high risk for cardio-
vascular illness, according to standard cut-off values for risk
categories (National Institutes of Health, National Heart, Lung,
and Blood Institute, 2001). To help participants understand the
overall risk associated with each message, the message ended with
a summary of the overall risk for heart disease associated with the
test scores. Therefore, each message was divided in two segments:
(1) description of all test result components and the associated
level of risk for each component, and (2) an overall summary of
risk.

There were equal numbers of cholesterol and diabetes messages
reporting test results from each level of risk. Because these risk
levels depend on patient-specific risk factors (e.g., coronary artery
disease, hypertension, family history of heart disease) as well as
the scores, patient profiles accompanied each message. A practice
scenario preceded both the cholesterol and diabetes messages to

familiarize participants with the structure of the trials and the
measures.

Message Formats

We compared comprehension of and responses to clinical test
result messages presented in standard, verbally enhanced, graphi-
cally enhanced, and video-enhanced formats.

Standard. The standard format presented test results as a table
of numbers with some text information, typical of the actual portal
in our partner health organization (see Figure 2). Such table
formats are commonly used in many actual patient portals and are
difficult to interpret by patients (Zikmund-Fisher et al., 2017).

Verbally enhanced. In the verbally enhanced format (see
Figure 3), labels for evaluative categories (more or less risk) as
well as more information about the regions of risk associated with
the scale for each score were added to the table to provide context
for interpreting the specific numbers. The labels and cut-off values
for these categories were based on recommendations from the

Figure 5. Video enhanced message format (Morrow et al., 2017). The speech balloon is for illustration
purposes only. Participants in the study hear the speech. HDL � high density lipoproteins; LDL � low density
lipoproteins. Photos are used with permissions. See the online article for the color version of this figure.
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National Institutes of Health, National Heart, Lung, and Blood
Institute (2001). These labels should promote emotional process-
ing of the quantitative information (Peters et al., 2009), and may
help older adults understand the results because they tend to have
high levels of verbal ability (Schwartz, Woloshin, Black, & Welch,
1997) and focus on emotional meaning (Charles & Carstensen,
2010).

Graphically enhanced. In the graphically enhanced condi-
tion, graphics that convey key relational features (larger/smaller
than) were included. Similar to Leckart (2010) and Zikmund-
Fisher et al. (2017), the test scores were embedded within graphic
number line representations of each scale. Zikmund-Fisher et al.
(2017) investigated several cues for enhancing the impact of
number lines on patient understanding of test scores, such as block
versus gradient lines to distinguish risk categories as well as
different color schemes (green for in-range and gray for out-of-
range scores, vs. a stoplight condition with green for in-range
scores and yellow-orange-red to indicate increasing risk levels in
the out-of-range region). Our graphically enhanced format was
similar to the block line graph with the stoplight color scheme in
Zikmund-Fisher et al. (2017). In addition, like Leckart (2010), we
used facial icons as well as color to reinforce the verbal labels for
each risk region, which should support gist representation orga-
nized around evaluative and affective dimensions (Garcia-
Retamero & Cokely, 2017; Garcia-Retamero & Galesic, 2009;
Reyna, 2008). Unlike Zikmund-Fisher et al. (2017), we also used
these graphs to convey multicomponent test results (cholesterol) as
well as single-component results (diabetes).

Video enhanced. The same graphics were accompanied by
the video of a physician who provided commentary about the test
scores, with nonverbal cues (prosody, facial expressions) signaling
information relevance and guiding affective interpretation, as in
ideal face-to-face communication. The graphics and numbers were
also included in this condition. The video messages were recorded
by a physician, who presented the information as if he were
discussing the results and their implications with his patient. In the
script for the messages, important information was italicized and
the most important/relevant information was bolded to indicate
what the physician should emphasize when talking to the patient
(see Table 1 for an example). As each test score was discussed, the
corresponding part of the graphic loomed to help patients link the
verbal commentary with the relevant graphic information. This
multimedia format should be most effective because the verbal and
nonverbal cues reinforce each other (Van Gerven et al., 2003).

Before the primary study, a pilot study was conducted to ensure
that the video-recorded messages would be appropriate for older
adults (Azevedo et al., 2015). Older adults (same inclusion criteria

as primary study) viewed the 24 video messages used in the
primary study. As in the primary study, each message was divided
into two parts: (1) the physician first described the test results,
followed by questions about the risk information in the message;
(2) then, the summary statement was presented, followed by ad-
ditional questions about the complete message’s content and pre-
sentation. Older adults were generally able to understand the gist
of the video test messages for both cholesterol and diabetes tests,
especially after hearing the summary risk statement. Participants’
affective responses to the messages were appropriate to the mes-
sage’s level of risk: As the level of risk associated with the test
results increased, positive affect decreased and negative affect
increased. The same pattern occurred for the cholesterol and for
the diabetes messages. Moreover, participants thought the video
messages were informative and that the physician’s delivery (e.g.,
tone of voice) was appropriate for the level of risk conveyed.

Study Design

The 12 cholesterol and 12 diabetes messages were presented in
blocks. Within each block there were messages at each of the three
risk levels (low, borderline, and high). Message format was a
between-groups factor.

For each scenario, after seeing the test results message in one of
the four randomly assigned message formats, participants re-
sponded to questions about memory for the test results, risk per-
ception, affective response, behavioral attitudes, behavioral inten-
tions, and message satisfaction, in that order. To ensure
participants knew which scenario was tested, the questions in-
cluded the name of the patient in the preceding scenario (e.g., “If
you were the patient Peter, how would you feel as you viewed this
message?”). Thus, participants responded to the questions as if
they were the patient in the scenario.

Measures

Message memory. Verbatim memory for the individual com-
ponent scores in the message was probed by asking participants to
recall the exact numeric value of the component score. e.g.,
“Sam’s LDL score was � ______ (numerical score)”. Verbatim
memory for the individual test scores (e.g., HDL) was measured,
scored both strictly (correct � exact value of the test score) and
more liberally (correct � within absolute value of 5% of the
correct value). In addition, gist memory for risk associated with
both individual test scores (e.g., HDL) and with the overall mes-
sage (global risk) was evaluated (ordinal level gist: low/borderline/
high; Reyna et al., 2009). For example, “Considering Sam’s cho-

Table 1
Example of Script for Cholesterol Messages in the Video-Enhanced Condition

Example

“I’m going to tell you about the results of your cholesterol test. Your total cholesterol score is 145. This is a good score and shows that you have low
risk for heart disease. Your triglycerides score is 148. This score is normal, and is another sign that you have low risk for heart disease. Your
HDL or good cholesterol is 43. This score is borderline. A higher HDL score is desirable because these lipoproteins help remove bad cholesterol
from your bloodstream and artery walls, which lowers your risk. In addition, your LDL, or bad cholesterol, score is 72. This score is also good in
terms of your risk for heart disease. Overall, I feel your risk for heart disease is low. Your test results are good so there is no need to worry
about your results at this time.”
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lesterol test results, his HDL score indicated by the set of results in
the message was: (ordinal level gist: high/good; borderline; low/
bad). Global risk was probed before as well as after the second part
of the message (summary statement) in order to evaluate how well
participants could extract overall gist only from the component
scores. For example, “Considering Sam’s cholesterol test results,
his overall level of risk indicated by the set of results in the
message was � _________ (ordinal level gist: low/borderline/
high)”.

Affective reactions. Participants indicated their affective re-
sponse to the messages. They indicated to what extent seven
negative and seven positive emotions were experienced by re-
sponding, for each emotion, to a 9-point scale ranging from 1 (not
at all) to 9 (very much), as follows: “If you were the patient Sam,
how would you feel as you watched this message? Indicate the
extent that you felt: (assured, calm, cheerful, happy, hopeful,
relaxed, and relieved; or anxious, afraid, discouraged, disturbed,
sad, troubled, and worried” (Garcia-Retamero & Cokely, 2011).
As in Garcia-Retamero and Cokely (2011), a composite score was
created by reverse scoring negative emotion ratings and combining
with the positive emotion ratings. The composite score ranged
from 1 (most negative) to 5 (neutral) to 9 (most positive).

Risk perception. Participants indicated the perceived risk as-
sociated with the reported test results by ranking on a 9-point scale,
ranging from 1 (very unlikely) to 9 (very likely) the likelihood of
developing heart disease and heart-related complications if nothing
was done to reduce the reported cholesterol levels, if they were the
patient in the scenario (Garcia-Retamero & Cokely, 2011).

Attitude toward taking medication. Participants indicated
attitude toward taking medications by ranking on a 9-point scale,
ranging from 1 (not at all) to 9 (very much) how favorable they
would feel about taking medications prescribed for lowering cho-
lesterol, if they were the patient in the scenarios (Garcia-Retamero
& Cokely, 2011).

Intention to perform self-care behaviors. Similarly, behav-
ioral intent was measured by asking participants to rank the following
on a 9-point scale, ranging from 1 (I have no intention of doing this)
to 9 (I am certain that I would do this): If they were the patient in the
scenario, (a) how likely were they to take medication prescribed to
reduce cholesterol; (b) how likely were they to change their diet; and
(c) how likely were they to increase their level of exercise? (adapted
from Garcia-Retamero & Cokely, 2011).

Satisfaction with the message. Participants indicated the ex-
tent to which they considered the information conveyed in the
messages was useful for the patient in the scenario on a 9-point
scales ranging from 1 (not at all useful) to 9 (very useful), as
follows: “How useful do you think was the information conveyed
in this message?” (Garcia-Retamero & Cokely, 2011).

Results

Message Format Effects on Memory for Test Results

Memory for the component scores in the cholesterol messages
(total, triglycerides, HDL, LDL) was analyzed by a 4 (format:
standard, verbally enhanced, graphically enhanced, video-
enhanced) � 3 (risk level: lower, borderline, high) � 2 (score
type: verbatim, gist) mixed design analysis of variance (ANOVA;
risk level and score type were repeated measures).1 We collapsed

across type of component scores because they were presented in a
fixed order in the messages and because they varied in number of
risk categories (three or five), making it difficult to interpret any
differences in memory as due to the type of score (e.g., total vs.
HDL) or the order of presentation of the score in the message (e.g.,
first vs. third). For purposes of scoring participant memory, com-
ponent scores with five possible risk categories (triglycerides and
LDL) were simplified to three categories (optimal or near optimal/
normal was scored as low level of risk; high or very high represent
was scored a high level of risk).

Memory was influenced by format, F(3, 140) � 4.2, p � .01,
�p

2 � .02, video (M � .50 correct) � graph enhanced (M � .42),
video � standard (M � .40), video � verbally enhanced (M � 47);
risk level, F(2, 700) � 4.5, p � .05, �p

2 � .01, low (M � .48) �
borderline (.42) � high (M � .44); and score type, F(1, 700) �
244.2, p � .001, �p

2 � .20, gist (M � .57) � verbatim (M � .33).
Most important, these effects were qualified by a Format � Risk
Level � Score interaction, F(6, 700) � 4.4, p � .001, �p

2 � .03,
suggesting the impact of message format and risk level differed for
verbatim and gist scores. This interaction was analyzed by con-
ducting separate Format � Risk Level ANOVAs for verbatim and
gist scores.

For verbatim scores, risk level, F(2, 280) � 7.0, p � .01, �p
2 �

.02, high � borderline, but not message format, F(3, 140) � 1.8,
p � .10, �p

2 � .02, influenced memory, although the effect of risk
level was small. The Format � Risk Level interaction was also not
significant, F(6, 280) � 1.3, p � .10, �p

2 � .01. Unlike verbatim
memory, gist memory was influenced by message format, F(3,
140) � 12.2, p � .001, �p

2 � .09, enhanced formats � standard, no
difference among enhanced formats, as well as risk level, F(2,
280) � 16.3, p � .001, �p

2 � .07, low � high � borderline. These
effects on gist memory were qualified by a Format � Risk Level
interaction, F(6, 280) � 4.9, p � .001, �p

2 � .06. This interaction
was analyzed by separate format ANOVAs for each risk level.
Format influenced gist memory for the lower risk level scenarios,
F(3, 140) � 2.8, p � .05, �p

2 � .06 (video � standard) and
borderline risk level scenarios, F(3, 140) � 22.4, p � .001, �p

2 �
.32 (all enhanced formats � standard), but not for high risk level,
F(3, 140) � 0.17, p � .10, �p

2 � .004 (see Figure 6).
Gist memory for global risk associated with the test results was

also probed, both before the summary statement about overall risk
(which required participants to combine risk information across
the four component scores) and after the statement (making it
easier to identify global risk for the message). Note that extracting
global risk without support from the summary is often required in
patient portals when only component test scores are provided.
Global gist memory was analyzed by a Format � Risk Level �
Probe Position (before/after summary statement) mixed design
ANOVA (risk and position were repeated measures). Global gist
was influenced by message format, F(3, 140) � 9.1, p � .001,
�p

2 � .06 (video enhanced � all other formats; verbally en-
hanced � standard) and risk level, F(2, 700) � 44.2, p � .001,
�p

2 � .08 (high � low �borderline). Probe position was also
significant, F(1, 700) � 43.1, p � .001, �p

2 � .04, with more

1 This analysis was performed on the cholesterol dataset only, because
diabetes messages had just one component score (A1C). For all other
parallel analyses performed on diabetes message data, see the Appendix.
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accurate memory after rather than before the summary statement.
A Format � Risk interaction, F(6, 700) � 4.6, p � .001, �p

2 � .03,
was analyzed by separate format ANOVAs for each level of risk
(see Figure 7). Although message format did not influence gist
memory for the higher risk scenarios, F(3, 140) � 2.0, p � .10,
�p

2 � .04, it influenced gist memory for the lower risk messages,
F(3, 140) � 5.1, p � .01, �p

2 � .10 (video � graphic enhanced)
and for the borderline risk messages, F(3, 140) � 6.8, p � .001,
�p

2 � .13 (video � standard; verbally enhanced � standard).
Thus, analysis of the global as well as the component gist scores
revealed an advantage for the video and verbally enhanced
formats compared to the standard format messages, especially
for the more challenging borderline test results condition.
Somewhat surprisingly, the graphically enhanced format did not
improve gist memory, especially in the lower risk condition.

Analysis of gist memory errors suggested that participants
tended to overestimate risk for the lower risk (normal) test
result messages in this condition.

Message Format Effects on Responses to Test Results

To examine whether format influenced participant responses
to, as well as memory for the risk information in the portal
messages, parallel ANOVAs were conducted for affective re-
sponse, risk perception, attitude toward taking medication, and
intent to perform self-care behaviors that may mitigate risk
(medication, exercise, and diet). We note that for all of these
variables, the effect of risk level was reliable (p � .001) and
consistent, showing a monotonic increase in ratings with level
of risk (Bonferroni comparisons: higher � borderline � lower

Figure 6. Verbatim and gist memory for the component scores. See the online article for the color version of
this figure.
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risk scenarios). Therefore, overall risk level effects are not
included for the individual Format � Risk Level ANOVAs
reported below, except for the affective response measure.

Affective responses. Affective responses were influenced
by risk level (F(2, 420) � 455.4, p � .001, �p

2 � .68; low �
borderline � high) with very high responses (positive affect)
for low risk scenarios that decreased as risk levels increased
(see Figure 8). Affect was not influenced by message format,
F(3, 420) � 0.9, p � .10, �p

2 � .01. The Format � Risk
interaction approached significance, F(6, 420) � 2.0, p � .05,
�p

2 � .03.
Risk perception. Message format influenced risk percep-

tion, F(3, 420) � 7.5, p � .001, �p
2 � .05 (graphic � verbally

enhanced), although the format effect depended on risk level,
F(6, 420) � 3.2, p � .001, �p

2 � .04. This Format � Risk
interaction was analyzed by conducting separate format one-

way ANOVAs for each level of risk. For the lower risk scenar-
ios, participants’ perceived risk was greater for graphic than for
verbally and video enhanced formats, F(3, 140) � 6.0, p �
.001, �p

2 � .11 (graphic � verbally enhanced and video,
graphic � standard). A somewhat similar pattern occurred for
borderline risk scenarios, F(3, 140) � 3.0, p � .05, �p

2 � .06
(graphic � verbally enhanced, graphic � video � standard).
There were no format-related differences in perceived risk for
the higher risk scenarios, F(3, 140) � 2.7, p � .10, �p

2 � .06.
These results are consistent with the pattern of gist memory
errors, suggesting participants tended to estimate higher levels
of risk for the low risk (normal) test result messages in the
graphic compared to the other format conditions (see Figure 9).

Medication attitude. Format influenced attitude toward tak-
ing medication, F(3, 420) � 4.9, p � .001, �p

2 � .03, although
the Bonferroni comparisons were not significant. There was a

Figure 7. Overall gist memory. See the online article for the color version of this figure.
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numeric trend for more positive attitudes in the graphic than in
the other format conditions. However, a Format � Risk inter-
action, F(6, 420) � 2.7, p � .05, �p

2 � .04, showed that
participants in the graphic condition had a more positive atti-
tude toward taking medication compared to the other format
conditions only for the lower risk messages (graph � all mes-
sage formats), which is consistent with their exaggerated per-
ception of risk in this condition. Format differences were not
significant for the borderline and higher risk scenarios (see
Figure 10).

Behavioral intention. Like attitude toward taking medica-
tion, format influenced participants’ intention to take medica-
tion, F(3, 420) � 3.9, p � .001, �p

2 � .03. Although the
Bonferroni comparisons were not significant, again there was a
numeric trend for more positive attitudes in the graphic than in
the other format conditions. However, neither intention to ex-
ercise, F(3, 420) � 2.0, p � .10, �p

2 � .01, nor intention to

change diet was influenced by message format, F(3, 420) � 2.1,
p � .10, �p

2 � .02 (also see Figure 10).
Message satisfaction. Finally, format influenced partici-

pants’ satisfaction with the messages, F(3, 420) � 27.0, p �
.001, �p

2 � .16. Participants were most satisfied with the graphic
compared to the other message formats (graphic � all formats;
video � verbally enhanced and standard), even though this
format tended to decrease gist memory accuracy and increase
risk perception (primarily for lower risk messages) compared to
the other formats (see Figure 11). Similar graphic formats have
been shown to be preferred in comparison with the standard
tables (Zikmund-Fisher et al., 2017). Our results extend this
finding, showing that participants are more satisfied with the
graphic format even in comparison with other enhanced mes-
sage formats, perhaps because satisfaction is associated with
perceived ease of understanding and usefulness of the graphic
format (Tao et al., 2018). In addition, scenario risk level had an

Figure 8. Affective responses (1 � most negative, 5 � neutral, 9 � most positive). See the online article for
the color version of this figure.

Figure 9. Risk perception (1 � lowest, 9 � highest). See the online article for the color version of this figure.
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attenuated impact on satisfaction compared to the other format
conditions, F(2, 420) � 3.7, p � .05, �p

2 � .02 (follow-up
Bonferroni comparisons not significant).

Comparing Cholesterol and Diabetes Message Results

Parallel analyses were conducted for the diabetes message
outcome variables. For the sake of brevity, results of these
analyses are presented in the Appendix, with a summary of the

cholesterol data results for comparison. The pattern of results
for the diabetes messages was very similar to the cholesterol
message results, with the following minor exceptions. The
effect of risk level for verbatim memory scores and the effect of
format for overall gist scores did not reach significance. Fur-
thermore, the Format � Risk interaction for medication attitude
was not significant. These differences may reflect in part a
ceiling effect on memory for the diabetes scores because these
messages were much simpler than the cholesterol messages.

Figure 10. Attitude and behavioral intentions (1 � lowest, 9 � highest). See the online article for the color
version of this figure.
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Notably, participants were equally satisfied with the graphic
enhanced and video-enhanced diabetes messages in comparison
to the standard and verbally enhanced formats, F(3, 420) �
27.1, p � .001, �p

2 � .16, which can be seen as additional
evidence that the video format was most effective (comprehen-
sion and message satisfaction measures). These findings in-
crease our confidence that the message format results generalize
to other clinical test result information.

Relationships Among Participant Ability and Message
Outcome Measures

Simple correlations among the participant ability measures rep-
licate patterns found in the cognitive aging literature (see Table 2).
Measures of vocabulary ability (Ekstrom, French, Harman, &
Dermen, 1976) and literacy (Author Recognition Test; Stanovich,
West, & Harrison, 1995) were correlated, suggesting a verbal
ability/knowledge construct, whereas measures of processing
speed (letter comparison and pattern comparison tests, Salthouse &
Babcock, 1991) were correlated, suggesting a fluid mental ability/
processing capacity construct. Subjective numeracy (Fagerlin et
al., 2007) and objective numeracy (Berlin Numeracy Test, Cokely,
Galesic, Schulz, Ghazal, & Garcia-Retamero, 2012) were moder-
ately correlated. The health literacy measure (Short Test of Func-
tional Health Literacy in Adults; Baker et al., 1999) correlated with
all of the cognitive ability measures, consistent with our frame-
work that views health literacy as a complex function of broader
cognitive abilities (also see Chin et al., 2011; Morrow & Chin,
2015). In addition, the correlational analyses increase our confi-
dence that our participant sample were representative of the pop-
ulation of older adults.

We also examined associations of these ability variables with
individual differences in memory for and responses to the portal
messages (see Table 2). Gist memory was associated with most of
the cognitive, numeracy, and health literacy measures, consistent
with theories of numeric comprehension (Reyna, 2011). It was also
correlated with risk perception, which in turn was correlated with
intention to perform self-care behaviors. Path analyses of these
correlations were conducted to further evaluate predictions based

on our framework and the results will be described in a future
paper.

Discussion

The present study provides evidence that enhancing the context
of numeric information in patient portal messages improves older
adults’ memory for and response to clinical test results, compared
to a table-based format often used in patient portals to EHR
systems. More specifically, verbally and video enhanced messages
improved older adults’ gist but not verbatim memory for test
results, suggesting we were successful in designing portal mes-
sages that highlight gist-based risk information. Ordinal gist fea-
tures of risk for illness associated with test scores were emphasized
by verbal labels for risk categories, graphical features that empha-
sized risk categories (color coding, lines that highlight ordinal
relationships among risk levels) and a video physician who used
verbal and nonverbal cues to gist categories in order to elaborate
the graphical representation of risk.

On the whole, the video-enhanced and verbally enhanced for-
mats were more effective than the graphic format, with some
evidence that the video format was most effective (overall memory
for component scores in the messages; global gist memory). An
unexpected finding was that the graphic format prompted older
adults to estimate higher levels of risk than indicated by the scores
in the lower risk messages compared to the other formats. This
result differs from Zikmund-Fisher et al. (2017), who found sim-
ilar graphics improved the ability to distinguish levels of urgency
in clinical test scores relative to a similar table format. This
difference may reflect an age differences in samples (our study
focused on older adults while Zikmund-Fisher et al. (2017) in-
cluded a broader age range with a younger mean age), as well as
some differences between the risk levels and the types of graphs
used to display test information in the two studies. Risk associated
with test scores in our study also ranged from low/normal to very
high, while the scores in Zikmund-Fisher et al. (2017) indicated
borderline and higher risk. Finally, Zikmund-Fisher et al. (2017)
used a comprehension measure, whereas our study measured ver-
batim and gist memory. It is possible that demands on processing

Figure 11. Message satisfaction (1 � lowest, 9 � highest). See the online article for the color version of this
figure.
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capacity (working memory) in our study reduced potential benefits
of the graphic format for older adults.

Although the enhanced message formats had robust effects on
gist memory in our study, they had less impact on older adults’
responses to the messages. However, the graphically enhanced
format did increase risk perception and attitude toward taking
medication in the lower risk (and sometimes borderline risk)
messages. The link between risk perception and attitude toward
behavior that mitigates the risk is consistent with behavioral
change theories, which hypothesize that patients view health be-
haviors more positively when they believe these behaviors address
risk of illness.

The level of risk associated with the test results had a robust
effect on all measures except for message satisfaction. However,
risk level had different effects on message memory compared to
participants’ responses to this information: Although participants
recalled borderline results less accurately than either lower or
higher risk, their affect, risk perception, attitude toward, and intent
to perform health behaviors increased monotonically with risk
level. They may have remembered borderline results less accu-
rately because the component scores varied in level of risk indi-
cated, which complicated the process of integrating the informa-
tion into an overall estimate of risk for these messages. In addition,
participants tended to remember the gist of borderline risk mes-
sages as higher than indicated in the messages, which may have
had the effect of increasing perceived risk, affective response,
behavioral attitude, and intent in this condition.

Theoretical Implications

Several of the findings are consistent with cognitive and behav-
ioral theories relevant to self-care. First, message format improved
gist but not verbatim memory for the test results, which aligns with
predictions from fuzzy trace theory. Second, the contribution of
affective response to risk perception, as well as the finding that
affect was associated with gist memory (see Table 2) is consistent
with fuzzy trace theory’s claim that gist is partly organized in
terms of affective dimensions (Reyna, 2011). Third, the covaria-
tion of risk perception, behavioral attitude, and behavioral inten-
tion across level of risk associated with the test results is consistent
with behavior change theories. Moreover, the relationships be-
tween these variables and gist memory error reflecting risk over-
estimation is consistent with Fuzzy Trace theory and helps link
behavioral change theories to theories of cognition in self-care, as
articulated by our framework (see Figure 1). Finally, we found that
older adults’ cognitive abilities are related to memory for and
responses to risk information in the portal messages, as predicted
our framework. Gist memory was predicted by subjective nu-
meracy and health literacy. Similarly, Zikmund-Fisher et al. (2017)
found that lower health literacy (Chew, Bradley, & Boyko, 2004)
and graph literacy (Galesic & Garcia-Retamero, 2011) was asso-
ciated with reduced ability to distinguish levels of urgency in
scores when interpreting tabular and graphic displays of test re-
sults.

Collectively, these findings support our theory-guided approach
to designing enhanced formats for patient portal messages. Verbal
(categorical risk labels) and graphical (color coded number lines)
features of messages were important for conveying gist-related
features. However, the finding that enhanced formats had littleT
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direct impact on affective, risk perception and behavioral re-
sponses to the messages suggests the need to consider additional
features of message content and format in relation to patient
motivation and engagement. For example, the content of the test
result messages used in the study (cholesterol and diabetes test
scores indicating risk level) appeared to be more important than
message format for directly influencing affective response, risk
perception, and behavior. Other content, such as information about
medication effects or messages designed to influence patient be-
liefs, might be more effectively conveyed by some formats than
others. In addition, other types of message formats such as narra-
tive (De Graaf, Sanders, & Hoeken, 2016) may have more impact
on patient responses related to motivation.

An unexpected finding was the tendency for older adults to
estimate higher levels of risk for the good news/low risk messages
in the graphically enhanced condition compared to the other for-
mats. This was not the case in the video-enhanced condition even
though it contained the same graphic. This result is consistent with
findings in the risk perception literature suggesting that some types
of graphic displays can encourage risk avoidance (e.g., perhaps by
emphasizing the full range of risk values for a score, including the
high-risk regions; Schirillo & Stone, 2005). This may be especially
the case for older adults because of an age-related decline in
controlled attention processes that inhibit irrelevant information,
so that they misremember low-risk scores as higher risk. More-
over, the challenge may have been exacerbated by the fact that
older adults tend to have lower graphic literacy (Garcia-Retamero
& Muñoz, 2013; Rodríguez et al., 2013), which would hamper
their ability to interpret the graph in the first place. These diffi-
culties in interpreting the graphic display may have been countered
by the physician commentary in the video condition, which em-
phasized how the test scores were associated with specific regions
of the scale, reducing the impact of the salient higher risk regions
on the number line and supporting the ability to inhibit attention to
this information. In addition, physician commentary may have
helped older adults to make sense of the graphic format. This
explanation is also consistent with evidence that people with lower
graph literacy are better able to use graphically displayed risk
information when provided verbal explanation or other forms of
support (Okan, Garcia-Retamero, Cokely, & Maldonado, 2015).
Such findings suggest the value of multimedia for conveying risk
information to older adults in patient portals. However, we note
that because we did not have a measure of ‘ground truth’ that
validates absolute risk for the three risk level conditions, we do not
know whether the graphic format led to miscalibration of risk
compared to the other conditions among our participants.2 More-
over, given that some types of graphic aids have been found to
reduce rather than increase perceived risk (e.g., Galesic, Garcia-
Retamero, & Gigerenzer, 2009), it is important to further investi-
gate the impact of different types of graphic formats on risk
perception among older adults with diverse abilities.

Practical Implications

Our findings suggest the value of a theory-guided approach to
designing messages that improve patients’ understanding and use
of numeric health information. Older adults were better able to
remember clinical test information at a gist level. The finding that
portal message format effects occurred for diabetes as well as

cholesterol test results, diagnostic tests related to two common
chronic illnesses among older adults, increases confidence in the
generalizability of the findings.

Although the link between remembering and responding to
clinical test results on the one hand, and patient portal utilization
on the other hand, was not tested in the present paper, it is possible
that making portal information more cognitively accessible will
increase utilization by boosting perceived usefulness of the tech-
nology. Theories of planned behavior have been adapted to explain
patient acceptance and use of technology that supports self-care.
For example, Or et al. (2011) found that older adult beliefs about
ease of and usefulness of web-based services predicted intent to
use these services. These models may be useful for exploring
whether enhanced patient portal messages not only help patients
understand and remember risk information, but also motivate them
to use portals to support self-care. However, an important caveat is
that patients sometimes prefer to receive numeric health informa-
tion in formats that are not the most effective for improving their
memory for this information (e.g., Greene, Peters, Mertz, & Hib-
bard, 2008; Garcia-Retamero & Cokely, 2017). Indeed, older
adults in our study were most satisfied with the graphic format,
even though there was little evidence that this format was more
effective than the standard portal format (also see Tao et al., 2018).

Addressing barriers to portal use, not only through making
portal information easier to understand but improving the usability
of the portal system itself, has the potential to reduce disparities in
using and benefiting from this form of health technology. More
usable and useful patient portal systems can engage and empower
patients by supporting their ability to make effective decision
about and to act on portal-based information (Lyles et al., 2015;
IOM, 2012). However, this is only like to be the case if redesigned
portal systems build on existing patient/provider relationships that
engender trust rather than replacing this relationship (Lyles et al.,
2013). To the extent patients can more fully understand health
information presented in their portal, they will be better prepared
to engage with providers during clinic visits and able to manage
their self-care. They will also have less need to call provider
offices for clarification, which will reduce provider workload.

From this perspective, the video-based format may be especially
valuable because patient interaction with health information in
portal environments retains some aspects of the patient/provider
relationship. However, there are clear limitations in how video
messages could be implemented in actual portal systems because
new videos would need to be developed for different patients and
test results, which is very time consuming. To address this issue,
we are developing a conversational agent (CA), or virtual provider,
to deliver health information in portal environments. Ideally, the
CA will emulate best practices for face-to-face communication but
will also be capable of delivering a wide range of health informa-
tion to diverse patients (see Morrow et al., 2017, for more detail,
and Azevedo et al., 2017, for an initial evaluation of a CA
prototype for patient portals).

2 From a clinical perspective, such calibration, with risk perception and
intention to perform self-care behaviors rising as risk of illness associated
with test results increases, would be appropriate. Patients receiving test
results in the normal range should have a lower intention to take medica-
tion because they are at low risk and there may be side effects associated
with taking the medication.
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We next plan to scale up evaluation of our approach to improving
portal information for patients. The present study had clear limitations
on generalizing the results directly to portal environments. The sim-
ulation was abstract, without a web-based environment for patients to
interact with. This approach may underestimate the cognitive de-
mands of accessing as well as understanding portal messages (e.g.,
navigation demands may swamp benefits of message format for
comprehension). Of course, the use of fictitious patient scenarios also
constrains ability to generalize the findings. For example, because
participants did not respond to their actual test results, we may
underestimate the role of health knowledge and beliefs in how pa-
tients understand and respond to health information. Finally, only
older adults participated, limiting ability to generalize to other age
groups. On the other hand, this age group is now the least likely to use
portals, so addressing this group may have greatest impact on patient
portal use in health care.
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Appendix

Diabetes Dataset

Table A1
Parallel Results Across Message Formats (Cholesterol and Diabetes Datasets)

Cholesterol Diabetes Comparisons

Verbatim scores
Main effect: Format

F(3, 140) � 1.7, ns, p � .10, �p
2 � .02. F(3, 140) � .6, ns, p � .10, �p

2 � .005 Same pattern.
Main effect: Risk level Differences – Risk level not significant for diabetes.

F(2, 280) � 7.0, p � .01, �p
2 � .02,

high � borderline
F(2, 280) � .3, ns, p � .10, �p

2 � .001 Obs: Probably due to ceiling effects on memory.

Interaction: Format � Risk Level
F(6, 280) � 1.3, ns, p � .10, �p

2 � .01. F(6, 280) � 1.6, ns, p � .10, �p
2 � .02 Same pattern.

Overall gist comprehension/global gist memory
Main effect: Format Some differences on direct comparisons, overall

similar trends.
F(3, 140) � 9.1, p � .001, �p

2 � .06;
video enhanced � all other formats;
verbally enhanced � standard

F(3, 140)�9.8, p � .001, �p
2 � .06;

enhanced formats � standard
Obs: Probably due to ceiling effects on memory

(diabetes)/reduced variance.

Main effect: Risk level
F(2, 700) � 44.2, p � .001, �p

2 � .08;
high � low � borderline.

F(2, 700) � 17.1, p � .001, �p
2 � .03;

high � low and high � borderline.
Low risk not different than borderline. But similar

trend.
Main effect: Probe position

F(1, 700) � 43.1, p � .001, �p
2 � .04,

after � before.
F(1, 700) � 18.9, p � .001, �p

2 � .02;
after � before

Same pattern.

Format � Risk interaction Similar patterns.
F(6, 700) � 4.6, p � .001, �p

2 � .03 F(6, 700) � 2.7, p � .01, �p
2 � .01

Low risk Low risk With some minor differences on direct comparisons.
F(3, 140) � 5.1, p � .01, �p

2 � .10;
video � graphic enhanced

F(3, 140) � 4.2, p � .01, �p
2 � .08;

video � standard and verbally
enhanced � standard

Borderline risk Borderline risk
F(3, 140) � 6.8, p � .001, �p

2 � .13,
video � standard; verbally
enhanced � standard.

F(3, 140) � 6.5, p � .001, �p
2 � .12,

enhanced formats � standard

High risk High risk
F(3, 140) � 2.0, ns, p � .10, �p

2 � .04 F(3, 140) � 1.7, ns, p � .10, �p
2 � .03

Affective responses
Main effect: Risk level Same patterns.

Positive responses Positive responses
F(2, 420) � 399.7, p � .001, �p

2 � .66 F(2, 420) � 495.9, p � .001, �p
2 � .70

Negative responses Negative responses
F(2, 420) � 303.2, p � .001, �p

2 � .59 F(2, 420) � 459.6, p � .001, �p
2 � .69

Main effect: Format
Positive Positive

F(3, 420)�1.1, ns, p � .10, �p
2 � .01; F(3, 420) � 1.6, ns, p � .10, �p

2 � .01
Negative Negative

F(3, 420) � 1.6, ns, p � .10, �p
2 � .01 F(3, 420) � 1.5, ns, p � .10, �p

2 � .01
No interactions

Positive Positive
F(6, 420)�1.8, ns, p � .10, �p

2 � .02; F(6, 420) � 1.7, ns, p � .10, �p
2 � .02

Negative Negative
F(6, 420) � 1.5, ns, p � .10, �p

2 �
.02.

F(6, 420) � 1.2, ns, p � .10, �p
2 � .02.

(Appendix continues)
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Appendix (continued)

Cholesterol Diabetes Comparisons

Risk perception
Main effect: Format Main effect: Format Similar patterns.

F(3, 420) � 7.5, p � .001, �p
2 � .05;

graphic � verbally enhanced
F(3, 420) � 7.8, p � .001, �p

2 �
.03; graphic � verbally enhanced

Format � Risk interaction Format � Risk interaction
F(6, 420) � 3.2, p � .001, �p

2 � .04. F(6, 420) � 3.3, p � .01, �p
2 � .03.

Low risk Low risk
F(3, 140) � 6.0, p � .001, �p

2 � .11,
graphic � verbally enhanced and
video, graphic � standard.

F(3, 140) � 3.9, p � .001, �p
2 �

.08, graphic � verbally enhanced
and video, graphic � standard.

Difference:

Borderline risk Borderline risk Borderline risk: Marginally significant. Same trend.
F(3, 140) � 3.0, p � .05, �p

2 � .06;
graphic � verbally enhanced,
graphic � video � standard.

F(3, 140) � 2.4, p � .10, �p
2 � .05;

graphic � verbally enhanced.
Obs: Probably due to ceiling effects on memory

(diabetes)/reduced variance.

High risk High risk
F(3, 140) � 2.7, ns, p � .10, �p

2 �
.06.

F(3, 140) � .9, ns, p � .10, �p
2 �

.02.
Medication attitude

Main effect: Format Main effect: Format Same patterns.
F(3, 420) � 4.9, p � .001, �p

2 � .03,
Bonferroni comparisons were not
significant. Numeric trend
(graphic � other formats).

F(3, 420) � 4.4, p � .001, �p
2 �

.03, Bonferroni comparisons were
not significant. Numeric trend
(graphic � other formats).

Difference:

Format � Risk interaction Format � Risk interaction was not
significant

Interaction was not significant.

F(6, 420) � 2.7, p � .05, �p
2 � .04 F(6, 420) � .5, ns, p � .10, �p

2 �
.01.

Low risk (graph � all message
formats)

Behavioral intention
Main effect: Format

Intention to take medication, F(3,
420) � 3.9, p � .001, �p

2 � .03,
Bonferroni comparisons were not
significant. Numeric trend
(graphic � other formats).

F(3, 420) � 2.6, p � .05, �p
2 � .02,

Bonferroni comparisons were not
significant. Numeric trend
(graphic � other formats).

Same patterns.

Intention to exercise Intention to exercise
F(3, 420) � 2.0, ns, p � .10, �p

2 � .01 F(3, 420) � .8, ns, p � .10, �p
2 �

.01 Intention to change diet
Intention to change diet

F(3, 420) � 2.1, ns, p � .10, �p
2 �

.02.
F(3, 420) � .7, ns, p � .10, �p

2 �
.01.

Message satisfaction
Main effect: Format

F(3, 420) � 27.0, p � .001, �p
2 � .16.

(graphic � all formats; video �
verbally enhanced and standard)

F(3, 420) � 27.1, p � .001, �p
2 � .16.

(graphic and video � verbally
enhanced and standard).

Similar patterns. However, for diabetes video and
graphic are equally preferred in comparison with
standard and verbally enhanced formats.

Main effect: Risk level Main effect: Risk level
F(2, 420) � 3.7, p � .05, �p

2 � .02;
follow-up Bonferroni comparisons
not significant; trend: higher
satisfaction on high risk levels.

F(2, 420) � 3.5, p � .05, �p
2 � .01;

follow-up Bonferroni comparisons
not significant; trend: higher
satisfaction on high risk levels

(Appendix continues)
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