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Abstract
Purpose Patient-reported outcomes (PROs) can promote
patient-centered care, but previous research has docu-
mented interpretation challenges among clinicians and
patients. We engaged stakeholders to improve formats
for presenting individual-level PRO data (for patient
monitoring) and group-level PRO data (for reporting
comparative clinical studies).
Methods In an iterative process, investigators partnered
with stakeholder workgroups of clinicians and patients
to address previously identified interpretation challenges.
Candidate approaches were then tested in semi-struc-
tured, one-on-one interviews with cancer patients and
clinicians. Interpretation issues addressed included con-
veying score meaning (i.e., what is good/bad) and direc-
tional inconsistency (whether higher scores are better/
worse). An additional issue for individual-level PROs
was highlighting potentially concerning scores and, for
group-level PROs, identifying important between-group
differences (clinical, statistical).

Results One-on-one interviews in a purposive sample of
clinicians (n= 40) and patients (n= 39) provided insights
regarding approaches to address issues identified. For
example, adding descriptive labels to the Y-axis (none,
mild, moderate, severe) helps address directional incon-
sistency and aids interpretation of score meaning. Red
circles around concerning data points or a threshold line
indicating worse-than-normal scores indicate possibly
concerning scores for individual-level PRO data. For
group-level PRO data, patients and some clinicians are
confused by confidence limits and clinical versus statis-
tical significance, but almost all clinicians want p values
displayed.
Conclusions Variations in interpretation accuracy demon-
strate the importance of presenting PRO data in ways
that promote understanding and use. In an iterative
stakeholder-driven process, we developed improved
PRO data presentation formats, which will be evaluated
in further research across a large population of patients
and clinicians.
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Introduction

The ever-greater focus on patient-centered care demands
data on patient-reported outcomes (PROs). PROs repre-
sent patients’ subjective reports on health and treatment
including symptoms, functioning, and health-related
quality of life [1, 2]. PROs facilitate clinical decision-
making by informing patients and providers about the
impact of different treatments on patient functioning
and well-being [3, 4]. PROs can also be used for
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individual patient monitoring when patients complete
PRO questionnaires and data are shared with clinicians
to aid identifying and addressing patient concerns [5–8].
Using PROs to improve patient-centered care requires
that both patients and clinicians understand PRO data
as presented. Prior research has established that variation
in the scoring, scaling, and presentation of PRO data can
create challenges for both patients and clinicians in terms
of interpretation and application in patient care [9–12].

We are conducting a three-part study to determine best
practices for presenting PRO data graphically to patients
and clinicians. Using a mixed-methods approach, part I
assessed the patient and clinician understanding of cur-
rent PRO data presentation approaches. The study eval-
uated various formats (e.g., line graphs, bar charts) for
communicating group-level clinical trial/research study
data and individual-level patient data for monitoring
and management in clinic [12]. Both patients and clini-
cians preferred line graphs for individual-level data pre-
sentation, but preferences for group-level data presenta-
tion differed between patients and clinicians [12].
Patients typically preferred simple line graphs, whereas
clinicians often wanted greater detail (e.g., confidence
intervals, p values, normed scores).

A number of interpretive challenges for data presenta-
tion formats emerged from part I of our study. For both
individual-level and group-level data, patients and clini-
cians were confused by variation in whether higher
scores indicated better or worse outcomes. Directional
inconsistency occurs when, for example, higher scores
represent better functioning but more severe symptoms
which is common in PRO measures [13, 14]. Other is-
sues that emerged across individual- and group-level data
included conveying a score’s meaning (i.e., what is a
good/bad score) and comparison to reference groups
(e.g., national averages). Patients also required simplified
language. A specific issue for individual-level data was
how to highlight possibly concerning scores for clinical
attention. For group-level data, a key challenge was
displaying between-group differences that were statisti-
cally significant and/or clinically meaningful.

To address these issues, in part II, we engaged with patient
and clinician stakeholders to develop improved presentation
approaches. Given the difference between patient and clini-
cian preferences for presenting group-level data, we stratified
study methods into three separate topic areas: presenting
individual-level data to both clinicians and patients, present-
ing group-level data to patients (e.g., educational materials,
decision aids), and presenting group-level data to clinicians
(e.g., peer-reviewed publications). This paper presents part
II’s innovative, stakeholder-driven methods and the key find-
ings that informed the development of candidate presentation
formats for testing in part III.

Methods

Study design

We conducted an iterative, stakeholder-centered, mixed-
methods study to improve PRO presentation formats (see
Fig. 1). We invited patient and clinician participants from part
I to join workgroups to assist with developing approaches to
address the previously identified interpretation challenges. A
nine-member stakeholder advisory board (SAB) comprised of
patients/caregivers, clinicians, and PRO researchers has pro-
vided guidance throughout the three-part project.

In part II, three separate workgroups were formed: patients
and clinicians who addressed individual-level data presenta-
tion, patients and clinicians who addressed group-level data
presented to patients, and clinicians who addressed group-
level PRO data presented to clinicians. For each topic, we
conducted the following iterative process: (1) investigators
reviewed findings from part 1 and discussed approaches for
addressing the interpretation challenges; (2) a workgroup met
and provided feedback on the investigator-generated sugges-
tions and generated other ideas; (3) alternative approaches
were tested in semi-structured, one-on-one interviews with
new patients and clinicians; and (4) results were summarized
and presented to the SAB.

Fig. 1 Data collection for the three-part study of stakeholder
understanding of PRO data presentation approaches
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The Johns Hopkins School of Medicine Institutional
Review Board approved the study. Workgroup research
collaborators received $70 gift cards and one-on-one inter-
viewees $35 gift cards, and all participants provided signed
consent.

Participants and setting

Participants were recruited via the Johns Hopkins Clinical
Research Network (JHCRN), a consortium of academic and
community medical institutions representing diverse popula-
tions in the US mid-Atlantic. Workgroup collaborators were
participants in part 1 [12] who agreed to be re-contacted for
future research. For the one-on-one interviews, we purposive-
ly sampled Bnaïve^ (not involved in part I) participants.

Patients

Eligible patients were ≥21 years, able to communicate in
English, diagnosed with cancer (except non-melanoma skin)
≥6 months previously, and not currently receiving
chemotherapy/radiation or within 6 months of surgery (long-
term adjuvant treatment was acceptable). Our purposive sam-
pling ensured nomore than 30% of participants had any given
cancer type. Moreover, ≥30% of participants were from Johns
Hopkins and ≥30 % were from JHCRN sites. Finally, we
purposively sampled by education to ensure that ≥10 % of
patient participants did not have a college degree.

Clinicians

Clinicians in active practice treating adult cancer patients at
participating sites were eligible. Specialties represented in-
clude medical, radiation, and surgical oncologists; gynecolog-
ic oncologists/urologists; oncology nurse practitioners/
physician assistants; and oncology fellows, with ≥30 % of
clinicians from Johns Hopkins and ≥30 % from JHCRN sites.
The sample included ≤30 % from any specialty.

Workgroups

We recruited six patients and two clinicians for the individual-
level data workgroup, three patients and two clinicians for the
group-level data presented to patients workgroup, and five
clinicians for the group-level data presented to clinicians
workgroup. Two researchers with extensive focus group mod-
eration experience facilitated the workgroups. Each
workgroup began with a review and discussion of part I find-
ings followed by feedback on potential modifications and al-
ternative formats to address identified problems. Notes and
workgroup recordings/transcripts served as resources in for-
mat development and refinement.

One-on-one interviews

Based on the workgroup feedback, the research team se-
lected and refined formats to test in one-on-one, semi-
structured interviews with newly recruited targeted end
users (clinicians and/or patients). Participants first com-
pleted a sample PRO questionnaire, and were then
shown between three and six formats in a randomly de-
termined order displaying hypothetical results. For each
format, participants answered two questions requiring da-
ta interpretation (in order to engage them in the formats)
and also rated the format’s ease of understanding.
Following the self-directed portion of the exercise, the
interviewer conducted a semi-structured debrief,
prompting participants to describe their interpretation of
the formats and aspects they found helpful and confusing.
During the interview, we showed participants a series of
slightly altered formats to ascertain preferences for vari-
ous alternatives (e.g., comparing shading concerning
scores in red rather than shading normal scores in green).

Table 1 summarizes the interpretation challenges ad-
dressed and approaches tested for each topic. For
individual-level data, we addressed line graphs of scores
over time only, as that was the preferred format from part
I. For group-level data, we addressed both the presenta-
tion of average scores/changes and proportions meeting a
responder definition (i.e., improved, stable, worsened), as
the appropriate format is driven by the conceptualization
of the endpoint in the research design.

In part I, directional inconsistency (i.e., higher scores
sometimes indicating better outcomes and sometimes
worse) emerged as an interpretation challenge for both
individual- and group-level data line graphs. Across all
line graph formats, therefore, we added a header beneath
the domain title to indicate whether higher or lower scores
were better or worse. In addition, we evaluated various
alternatives in the individual-level data interviews (see
Table 1). This topic was not addressed specifically in
the group-level data interviews due to other necessary
issues for discussion; we expect findings from the
individual-level data on this issue to also inform about
the group-level data.

The second issue addressed for individual-level data
was highlighting potentially concerning scores requiring
clinical attention (both poor scores in absolute terms
and important worsening from the previous assessment).
For the group-level data presented to patients, format
interpretation challenges included explaining the mean-
ing of scores (i.e., whether scores are good/bad, what
normal is) and highlighting important differences be-
tween treatments. Because part I suggested that patients
found the statistical significance confusing, we evaluated
approaches to convey simple importance, rather than
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focusing on statistical versus clinical significance. In
contrast, for the group-level data presented to clinicians,
we sought to identify approaches to indicate both

statistical significance and clinical importance, in addi-
tion to conveying score meaning (i.e., bad, good,
normal).

Table 1 Summary of interpretation challenges addressed and approaches tested for each data presentation topic

Topic Formats included Interpretation
challenges addressed

Approaches tested

Individual-level
data

Line graphs of scores
over time

Directional inconsistency
(i.e., sometimes higher scores are
better and sometimes worse)

Standard descriptive y-axis labels (e.g., none, mild, moderate, severe)
• Alternative: numbers without labels on the y-axis
• Alternative: descriptive labels using questionnaire’s
response options

Shading the normal range of the graph in green
• Alternative: shading concerning scores in red
• Alternative: spectrum shading the graph in green
(normal), yellow (borderline), and red (concerning)

Reversing scores for symptoms such that across symptom
and function domains, lines going up reflect better outcomes

Highlighting potentially
concerning scores
(poor in absolute terms or
important worsening)

Red circles around possibly concerning data points based
on the absolute score
• Alternative: using a threshold line across the graph to
indicate whether scores are potentially concerning
• Alternative: shading to indicate whether scores are in
normal or concerning range
• Alternative: adding exclamation points to red circles,
threshold line, or shading as an indication of possibly
concerning change scores

Group-level data
for patients

Average changes Meaning of scores
(i.e., good, bad, normal)

Highlighting important differences
between treatments

Line graphs of average changes over time with descriptive y-axis
labels (e.g., severe fatigue, moderate fatigue, mild fatigue, no fatigue)
• Alternative: numbers without labels on the y-axis

Line graphs with the normal region shaded green

Line graphs with asterisks indicating important differences
• Alternative: shade the confidence limit around lines such that non-
overlapping shading indicates important differences

Proportions meeting
a responder definition

Bar charts with treatment labels in legend
• Alternative: putting the treatment label directly on bars

Icon array with treatment legend at the top
• Alternative: treatment legend between the arrays

Pie chart
Group-level data

for clinicians
Average changes Meaning of scores

Representations of statistical
significance

Representation of clinical importance

Line graphs of average changes over time with descriptive y-axis
labels (e.g., very high, moderate, poor, very poor)

Line graphs of average changes with confidence limits and p values
• Alternative: remove p values

Line graphs of average changes over time with indication of clinical
significance
• Alternative: use arrows to illustrate clinically meaningful differences
• Alternative: shade the confidence limit around lines such that non-
overlapping shading indicates clinically meaningful difference
• Alternative: define clinically meaningful differences in legend
• Alternative: use asterisks to indicate clinically meaningful differences

Bar charts of average changes at a single time point with asterisk indicating
statistical significance next to domain labels
• Alternative: asterisk next to bars
• Alternative: add clinical significance description to legend

Proportions meeting a
responder definition

Bar charts of proportions improved, stabled, and worsened at a single
time point with legend indicating treatment represented by bar color
• Alternative: putting treatment label directly on bars

4152 Support Care Cancer (2016) 24:4149–4157



Analysis of the one-on-one interviews

Using a mixed-methods approach, we concurrently reviewed
quantitative results on the preference and ease of understand-
ing of formats with qualitative data from the semi-structured
interviews. The quantitative data (ease of understanding and
preferences) were summarized descriptively using medians
and proportions. For the qualitative data, a coding system
based on each of the prompts in the interview was employed.
Using ATLAS.ti [15], one teammember coded each transcript
and a second reviewed. The entire team discussed coding
differences, until consensus was reached. A summary report
of all coded texts from the interviews for each topic was
reviewed by all team members. Quantitative and qualitative
summaries were then presented at an in-person meeting of the
stakeholder advisory board.

Results

One-on-one interview study sample

We recruited 39 patients and 40 clinicians to participate in the
one-on-one interviews (Table 2).

Individual-level data

We conducted 29 one-on-one interviews (19 patients and 10
clinicians) to test individual-level data formats. Ease-of-
understanding ratings were high for all formats, with medians
ranging from 9 to 10 for patients and 8.5 to 10 for clinicians.

For the directional inconsistency issue, participants found
descriptive labels (e.g., Bmild,^ Bmoderate,^ or Bsevere^) to
be helpful, though some questioned the labels’ meaning.
BSomeone else’s definition of what moderate is and what mild
is…not sure how meaningful that is^ [C202]. BI mean you
could sit here and read this, very high, moderate, and a lot of
people might not understand what it means you know?^
[P210]. Overall, 79 % of patients and 90 % of clinicians pre-
ferred some kind of descriptive label (either standard or based
on the questionnaire response options) versus y-axes labeled
with numbers alone. Some participants also found the shading
helpful. BLet’s you know immediately visually whether good
is at the top or the bottom…^ [C206], but others did not
understand what the shading indicated. BI think that there
may be better ways of indicating concerning results than the
shading^ [P209]. Overall, 74 % of patients and 80 % of clini-
cians preferred green shading of normal scores Bless
threatening^ [C204] or red shading of concerning scores Ba

Table 2 One-on-one interview participant demographics

Group Characteristic Individual-level data Group-level data for patients Group-level data for clinicians

Patients (N= 19) (N= 20) N/A
Age: median (range) 62 (26–78) 66 (36–76)

Sex: N (%), female 8 (42) 11 (55)

Years from most recent diagnosis: median (range) 1 (0–2) 2 (0–17)

Ongoing treatment: N (%) 11 (58) 1 (5)

Race: N (%), white 15 (79) 14 (70)

Education: N (%)

High school graduate or less 4 (19) 5 (25)

Some college 2 (11) 6 (30)

College graduate 4 (21) 2 (10)

Post-graduate 9 (47) 7 (35)

Clinicians (N= 10) (N= 10) (N= 20)

Age: median (range) 56 (34–58) 41 (35–62) 51 (29–72)

Sex: N (%), female 3 (30) 4 (40) 11 (55)

Race: N (%), white 8 (80) 7 (70) 17 (85)

Specialty: N (%)

Medical oncology 1 (10) 2 (20) 2 (10)

Radiation oncology 3 (30) 2 (20) 1 (5)

Surgical oncology 3 (30) 2 (20) 5 (25)

Gyne-oncology urology 2 (20) 0 (0) 4 (20)

Oncology NP/PA 1 (10) 2 (20) 6 (30)

Oncology fellow 0 (0) (20) 2 (10)

Years in practice: median (range) 30 (10–33) 14 (4–24) 15 (2–48)
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call to action^ [C202] over spectrum shading Btoo busy^ [C206].
Participants were split regarding whether they wanted the axes
reversed to make the direction consistent. Among those who
preferred scores reversed, comments included BI…like…where
they’re all the same^ [C204] and Bdon’t have to think as much^
[C201]. Among thosewho did not like the scores reversed, either
another alternative was preferred (e.g., shading adequately indi-
cated where on the graph was better and worse) or they were
confused by higher scores indicating less severe symptoms
Bgoing up to equal less doesn’t make sense to me^ [P202].

In terms of highlighting important scores, 69 % of patients
and 70 % of clinicians preferred the red circles or the threshold
line, rather than shading. The red circles were helpful in identi-
fying concerning scores as they Bcatch your eye right away^
[P207], but there was some question of whether patients would
be distressed to see them on the score reports. The threshold line
Bgives me a little bit more information…how far below the
threshold that score is^ [C202], but there was some concern that
Bunless it was really explained to them, [patients] wouldn’t know
what the line was there for^ [P210]. Among patients, 79 %
preferred having the exclamation points to indicate changes in
scores that were possibly concerning, but only 40% of clinicians
supported including the exclamation points. In some cases, it
was not clear whether patients understood the difference between
poor scores in absolute terms versus important worsening.

Group-level data presented to patients

Based on part I findings, for the group-level data presented to
patients, we simplified the language and presentation through-
out. For example, we replaced Brandomization^ with Bstart of
treatment^ and Bmean^ with Baverage.^ Group labels were
placed directly at the end of the corresponding data line, and
color was added (although differentiating line symbols were
retained). We also presented only four domains in the array,
rather than the six-domain array that was used previously.
Patients’ median ease-of-understanding ratings ranged from
8 to 9 and clinicians’ from 7.5 to 10.

From the interviews with 20 patients and 10 clinicians,
80 % of patients and 100 % of clinicians preferred descriptive
y-axis labels for line graphs to numbers only, Bthis is easier to
follow because you can tell what is bad and what is good^
[P2202]. Providing the headers of which direction was better/
worse was also helpful, BIt does say here, and that’s very
important, line going up means better emotional functioning^
[P214]. Using shading to indicate a normal score was not
particularly effective. While some patients liked the green-
shaded region, BI really like that green, it really gives an idea
of where a patient should be over time^ [P2212], others did
not notice or understand it, BI didn’t even pay attention to the
green shading^ [P2204], found it too busy, or questioned what
normal indicated, BNormal fatigue scores. Is that for people on
treatment or is that for the whole of the population?^ [P2216].

As found in part I, clinicians valued indications of impor-
tance (statistical or clinical) and missed them in line graph
formats without such an indication, BI think these could…
hoodwink a patient, because…this looks like it could be
meaningful, and it may not be meaningful at all^ [C2202].
While some patients found the asterisk a helpful indication
of important differences, Bthe asterisk tells you, for example,
that emotional function is real, the pain difference isn’t^
[P2219], many did not notice them or understand their mean-
ing. Overall, 90 % of clinicians preferred formats with an
asterisk indicating important differences, but only 45 % of
patients wanted this. In addition, 80 % of clinicians preferred
the asterisk to shading to indicate important differences, but
patients were split 50–50 % between asterisks and shading.

For proportional data formats, the majority of both clini-
cians (70 %) and patients (55 %) preferred pie charts for pre-
senting data of the proportion improved, stable, worsened,
BPie charts are really nice. This is easy to understand^
[P2213], though there were some exceptions, BI don’t partic-
ularly care for pie charts^ [P2206]. The icon arrays were the
second choice of patients (25 %) and clinicians (20 %). In
general, patients and clinicians were less familiar with icon
arrays, some found them too busy, and there were challenges
finding color schemes that provided sufficient contrast and did
not have negative connotations. Few patients (20 %) and cli-
nicians (10 %) preferred bar charts.

Group-level data presented to clinicians

Clinicians’median ease-of-understanding ratings for the group-
level data presented as for clinicians ranged from 6.5 to 8. For
line graphs of average scores over time, there was a weak
preference for the addition of labels to numeric values on the
y-axis (55 vs. 45 %). One clinician commented on those labels,
BGive some perspective on what the numbers mean^ [C2302],
whereas others thought the labels were too subjective or unnec-
essary, BI know that 70 is higher than 30^ [C2307].

For indications of statistical significance, 95% of clinicians
preferred having p values in addition to confidence limits.
Notably, not all clinicians could interpret confidence limits
correctly, BI don’t remember enough from stats to know how
that’s helpful or how it changes any of these answers^
[C2317]. If there was an indication of clinical significance,
90 % of clinicians wanted this to be in the graph rather than
in the legend (45 % preferred asterisks; 45 % preferred shad-
ing), but clinicians were mixed in whether they wanted the
information. Some found it useful, BThe p-value is always
important…but whether they’re clinically significant or not
it’s very difficult to tell just from a p-value^ [C2310], but
others did not differentiate between statistical significance
and clinical importance, BI just jumped to the p-values^
[C2308], or missed the description in the legend, BOh I didn’t
read that…OMG!^ [C2314].
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For data demonstrating the proportion of patients who im-
proved on a treatment, we found some difficulty with the
underlying construct (worsened, stable, improved) as well as
some discomfort seeing only a single time point.

In terms of overall preferences, when choosing among the
line graph options only, 60 % of clinicians selected one of the
versions with an indication of clinical significance and 30 %
selected one of the versions with confidence limits. When
asked to choose between their preferred line graph and the
bar chart of average changes at 9 months, 75 % preferred the
line graph. Finally, the bar chart of proportions meeting a
responder definition was preferred by only 10 % of clinicians
when given as an option.

Discussion

For PRO measures to promote patient-centered care, patients
and clinicians must understand the data presented and be able

to apply them in clinical practice. Prior research has pointed to
interpretation challenges with presentation of PRO data. We
employed an innovative, stakeholder-driven, iterative ap-
proach to examine the nature of the challenges for patients
and clinicians and develop improved formats for displaying
PRO data graphically.

Across the three topics, the part II study results provided
critical insights regarding various alternatives for presenting
PRO data. Part II was not intended to Bpick a winner^ for
presentation formats, but rather to inform the design of for-
mats that will be tested in a much larger Internet survey to be
fielded in populations of cancer patients, cancer providers, and
PRO researchers. Importantly, this iterative, stakeholder-
driven approach was required to improve and optimize the
candidate formats to be tested in a larger study. This system-
atic approach to format improvement is novel and, to our
knowledge, has not been previously reported. As one example
of how the part II findings are being applied, Fig. 2a shows the
individual-level line graph format tested in part I and Fig. 2b
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Fig. 2 a, b Individual-level line graph format tested in part I, b individual-level line graph format to be tested in Part III
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shows the individual-level line graph format to be tested in
part III. Figure 3a, b shows the same for the group-level data
presented to patients.

Stakeholder engagement played a key role throughout this
process. Because this research focuses on best practices for
presenting PRO data in clinical practice, patients, clinicians,
and PRO researchers are all important stakeholders. Each is
represented among our investigator team and our stakeholder
advisory board. In addition, we employed innovative ap-
proaches such as recruiting a subset of part I participants to
collaborate in workgroups to develop improved data presen-
tation formats. Interviews with additional patients and clini-
cians provided further insights.

The project’s findings should be interpreted in the context
of its strengths and limitations. Two key limitations are the
relatively small sample required by the study’s qualitative na-
ture and the challenge of addressing contradictory input from
patients and clinicians in some cases. First, because detailed
and iterative input was required from workgroups and addi-
tional interviews, we could include only a limited number of

stakeholders. However, our purposive sampling of patients
focused on cancer type, education, and treatment location also
resulted in diversity in terms of age, gender, and time since
diagnosis. Similarly, our clinician purposive sampling focused
on specialty and practice location also produced a sample with
a broad range of practice experience. Second, the findings
from this study indicate that stakeholders are likely to be split
on certain issues (e.g., red vs. green shading). Our challenge is
to identify formats that, even when they are not most pre-
ferred, are consistently interpreted accurately and efficiently
by patients and clinicians.

The part III internet survey results regarding ease of under-
standing and accuracy of interpretation will provide critical
information to determine best practices for data display in
different arenas and for different audiences. The communica-
tive needs and capacities of the primary audience in each case
are prioritized (e.g., clinicians and researchers are the primary
audience for group-level data in biomedical journals, whereas
patients’ needs for interpretation of group data are most ap-
propriately considered in relation to decision aids that they
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Fig. 3 a, b Individual-level format for patients tested in part I, b individual-level format for patients to be tested in Part III
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would use with their clinician). Thus, the part III internet sur-
vey will enable a comparison of interpretation accuracy across
formats and also determine absolute interpretation accuracy
rates. The insights generated from part II of the project, in
combination with its stakeholder-driven approach, provide
important information on formats for presenting PRO data to
be tested in part III. Given the value of PROs for promoting
patient-centered care, these insights are critical.
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