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worse for symptoms); or (3) normed scores. Two formats 
displayed proportions changed (pie/bar charts). Multivariate 
modeling was used to analyze interpretation accuracy and 
clarity ratings.
Results Two hundred and thirty-three clinicians and 248 
researchers responded; ten clinicians were interviewed. 
Line graphs with “better” directionality were more likely 
to be interpreted accurately than “normed” line graphs (OR 
1.55; 95% CI 1.01–2.38; p = 0.04). No significant differences 
were found between “better” and “more” formats. “Better” 
formatted graphs were also more likely to be rated “very 
clear” versus “normed” formatted graphs (OR 1.91; 95% CI 
1.44–2.54; p < 0.001). For proportions changed, respondents 
were less likely to make an interpretation error with pie ver-
sus bar charts (OR 0.35; 95% CI 0.2–0.6; p < 0.001); clarity 
ratings did not differ between formats. Qualitative findings 
informed the interpretation of the survey findings.
Conclusions Graphic formats for presenting PRO data dif-
fer in how accurately they are interpreted and how clear they 

Abstract 
Purpose Patient-reported outcome (PRO) results from 
clinical trials can inform clinical care, but PRO interpreta-
tion is challenging. We evaluated the interpretation accu-
racy and perceived clarity of various strategies for displaying 
clinical trial PRO findings.
Methods We conducted an e-survey of oncology clinicians 
and PRO researchers (supplemented by one-on-one clinician 
interviews) that randomized respondents to view one of the 
three line-graph formats (average scores over time for two 
treatments on four domains): (1) higher scores consistently 
indicating “better” patient status; (2) higher scores indicat-
ing “more” of what was being measured (better for function, 
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are perceived to be. These findings will inform the develop-
ment of best practices for optimally reporting PRO findings.

Keywords Patient-reported outcomes · Graphic 
communication · Knowledge translation · Clinical trials · 
Comparative effectiveness research

Introduction

An emphasis on patient-centered care has increased the 
demand for patient-reported outcomes (PROs), data col-
lected directly from patients about health conditions and 
impacts of treatments [1, 2]. PROs can inform patient care 
in a variety of ways [3, 4], including data representing ‘the 
voice of the patient’ in randomized clinical trials to inform 
decision-making by patients and clinicians based on trial 
results [4–7]. Oncologists have endorsed the use of PROs 
for this purpose, and there is evidence that PRO results can 
influence treatment choices [8–11].

The optimal integration of PRO results from clinical tri-
als, and other comparative research into clinical care requires 
that clinicians understand and interpret PROs accurately 
and be able to communicate PRO findings to their patients 
where appropriate. This understanding can be challenging 
because of the variety of PRO questionnaires, variation in 
their scoring (e.g., higher scores indicating better or worse 
outcomes), their scaling (e.g., scores ranging from 0 to 100 
as worst-to-best, or scores normed to a defined population), 
and how statistical and clinical significance of the findings 
are addressed [9, 12–15].

This study was part of a larger research program designed 
to examine approaches for presenting PRO data to promote 
their understanding and use. Previously, we evaluated exist-
ing approaches to presenting study PRO results [15]. We 
then partnered with stakeholder workgroups of clinicians 
and patients to develop improved graphical presentation 
approaches [14]. In a separate research stream, we focused 
on the communication of PROs to patients (e.g., in edu-
cational materials or decision aids) [16]. In this study, we 
focused on the reporting of PROs from clinical trials to cli-
nicians and PRO researchers, building on our earlier study 
findings that identified the visual presentation strategies with 
the greatest potential for effective data communication [14, 
15]. In the context of a clinical trial randomizing patients 
to one of the two treatment groups, we addressed between-
group comparisons of mean scores over time, and between-
group comparisons of the proportions of patients changed 
from baseline (improved, stable, or worsened). Our objective 
was to evaluate interpretation accuracy, clarity, and prefer-
ences for these candidate presentation approaches in a broad 
population of clinicians and PRO researchers.

Methods

Study design

We conducted a cross-sectional, mixed-methods study com-
prising a survey of cancer clinicians and PRO researchers, 
complemented by qualitative interviews with clinicians. We 
used an internet-based survey to evaluate how clinician and 
PRO researcher respondents interpret graphically displayed 
PRO results from a hypothetical clinical trial comparing 
Treatments “X” and “Y”. We supplemented the survey 
findings by administering it to cancer clinicians using one-
on-one interviews, thus obtaining qualitative data on their 
responses. As the focus of the project was on clinicians’ 
understanding and communication of PRO data in clinical 
practice, we did not undertake on-one-one interviews with 
PRO researchers. The Johns Hopkins School of Medicine 
Institutional Review Board approved the project. The fund-
ing source had no role in study design, data collection, anal-
ysis, interpretation, writing, or publication decision.

Population and setting

We invited oncology clinicians and PRO researchers to com-
plete the online survey by recruiting a convenience sample 
using a “snow-ball” approach. We partnered with our study 
Stakeholder Advisory Board to distribute the survey link to 
a variety of target populations in order to achieve diversity 
among respondents. Recipients were encouraged to share 
the information with other individuals who fit the eligibility 
criteria. Survey eligibility was self-identification as a health 
care provider to cancer patients, or PRO researcher.

Respondents who completed the one-on-one interviews 
were recruited from the Johns Hopkins Clinical Research 
Network (JHCRN), a consortium of academic and commu-
nity health systems in Maryland, Virginia, and the District 
of Columbia (USA). Eligible clinicians were active oncolo-
gists (medical, radiation, surgical, gynecologic/urologic), 
nurse practitioners/physician assistants, or fellows. Purpo-
sive sampling was done to include various specialties and 
JHCRN sites.

Study procedures

The online survey randomized each eligible respondent to 
one of the eighteen survey versions. Each version sequen-
tially presented five formats for graphically presenting clini-
cal trial results comparing two treatments. Specifically, three 
line-graph format variations showing average group scores 
over time were displayed, followed by two formats show-
ing proportions changed (better/worse/about the same) at 
9 months after initiating treatment. The formats were cho-
sen based on our earlier research that identified the most 
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promising formats for effective PRO data communication 
[14, 15]. For each format, results for four PRO domains (two 
functions, two symptoms) were displayed on a single screen 
(Fig. 1).

Respondents were randomized to one of the three line-
graph format types: one-third of the sample saw graphs 
wherein PRO results indicated “more” of what was being 
measured (e.g., as per the EORTC QLQ-C30 [17].): a line 
trending up for functional domains indicated improvement, 
whereas a line trending up for symptom domains indi-
cated worsening (more symptoms, Fig. 1). For one-third 
of respondents, lines trending up consistently indicated 
improvement (“better”) outcomes for both function and 

symptom domains (e.g., the HUI [18] Fig. 2). The remain-
ing one-third viewed data normed to a general population 
average of 50 (Fig. 3). Within each line-graph type (“more,” 
“better,” “normed”), three variations were displayed: “plain” 
lines (p values only, Fig. 3); clinically significant between-
arm differences indicated by an asterisk (but no confidence 
limits, Fig. 2); and confidence limits in addition to the aster-
isk indicating clinical significance (Fig. 1). Following pres-
entation of line graphs, respondents viewed formats illus-
trating the proportions of patients either improved, stable, 
or worsened at 9 months (as typically reported in RCTs by 
classifying each patient as improved or worsened, compared 
to baseline, as defined by a clinically important difference 
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Fig. 1  Example illustrating average group scores over time, formatted for higher scores indicating “more” of what was being measured. The 
example shows the “confidence limit” annotation variation used across format types
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established for the PRO measure used in the trial). Respond-
ents viewed these proportions as both pie charts and bar 
charts (Fig. 4). In sum, all respondents saw one type of line 
graph (“more,” “normed,” or “better” scaling), presented in 
three variations (“plain,” “clinical significance,” and “confi-
dence limits”) followed by two proportions changed formats.

We controlled for potential order effects by randomiz-
ing respondents to order of line-graph variation and order 
of proportion format display. Supplemental Table S1 sum-
marizes the formats and orders used across survey versions. 
The underlying hypothetical clinical trial results were the 
same across orders.

Study outcomes included respondents’ accuracy of 
interpreting between-group differences, their ratings of 
format clarity, and their preferred format. Two accuracy 
questions were asked on the first line-graph format seen 
(one for a function and one for a symptom domain). For 
example, for Fig. 1 we asked “On which treatment do 
patients report better PHYSICAL function over time?” 
(Response options: “Treatment ‘X,’ Treatment ‘Y,’ Treat-
ments are about the same”). The third response option was 
coded as “correct” if the p value was not significant. One 
accuracy question was asked on the second and third line-
graph format seen. This design enabled us to compare the 
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Fig. 2  Example of average group scores over time, formatted for higher scores indicating “better” outcomes. The example shows the “clinical 
significance” annotation variation used across format types
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accuracy of interpretation across the line types, and to test 
if accuracy rates were associated with added clinical and 
statistical significance annotations. For the two formats 
showing proportions changed, two accuracy questions 
were asked on each (e.g., “At 9 months, on which treat-
ment did more patients improve with regard to PHYSICAL 
activities?”; same response categories).

Upon completion of accuracy questions for each format, 
respondents rated its clarity (“very confusing,” “somewhat 
confusing,” “somewhat clear,” or “very clear”). An open-
ended text box allowed comments. After viewing all five 
formats, respondents were asked to select the proportion 

they thought was most useful for showing trial results, and 
which line-graph variation was most useful. Upon conclu-
sion, respondents could enter for a chance to receive a 
$100 Amazon gift card.

One-on-one interview respondents were randomly 
assigned to complete one of the online survey versions. 
Respondents were asked to think aloud as they completed 
the survey. The interviewer prompted for comments con-
cerning a format’s clarity or about preferences for particu-
lar format. At the end of the interview, respondents were 
given an opportunity to share any overall feedback that 
was not captured during survey completion.

Fig. 3  Example of average group scores over time, formatted to be normed to the general U.S. population. The example shows the “plain” varia-
tion (no additional annotations) used across format types
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Analysis

Quantitative data included respondents’ demographic 
characteristics, their accuracy and clarity responses, 

interpretations of statistical and clinical significance, and 
format preferences. These data were first summarized 
descriptively. We used multivariable generalized estimat-
ing equation (GEE) logistic regression models (with the 

Fig. 4  Examples of formats 
illustrating the proportions of 
patients changed at 9 months 
(compared to baseline). a Pie 
chart format. b Bar chart format
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individual as the cluster unit) to test differences in accuracy 
and clarity by format while controlling for format order and 
respondent type. Two outcomes were used to evaluate inter-
pretation accuracy: (1) accuracy on the two questions for the 
first format seen and (2) accuracy for the four questions on 
each format across all orders (and, therefore, all respond-
ents). Fixed effects for the specific questions were included 
in the model that included all questions. For calculating 
accuracy rates, we coded responses as “correct” when they 
matched the intended response. Given the potential ambigu-
ity in how respondents selected the “treatments are about 
the same” response, we also calculated the proportion of 
respondents that responded incorrectly in absolute terms 
(i.e., picking Treatment “X” when “Y” was correct).

Qualitative data obtained from the one-on-one interviews 
were analyzed by a coding scheme based on the study objec-
tives, interview structure, and interview content. Codes were 
created to capture positive or negative comments, misin-
terpretations, directional concerns, preferences, and other 
comments. One member of the research team coded each 
transcript using ATLAS.ti, [19] a second member reviewed 
coding, and a report was then generated to identify themes. 
Open-ended text box comments obtained from online survey 
respondents were sorted into broad, preexisting categories 
of “positive” and “negative.”

Results

Study sample

The internet sample included 233 clinicians and 248 PRO 
researchers (total N = 481) (Table 1). Clinicians reported an 
average time in practice of 16.5 years, 55% practiced medi-
cal oncology, and half were located in the US. Among PRO 
researchers, 38% had > 10 years’ experience, and 43% were 
from the US. The in-person interviewees included ten cli-
nicians: one medical oncologist, one radiation oncologist, 
one urologist, one oncology nurse practitioner, three surgi-
cal oncologists, and three oncology fellows; five were from 
Johns Hopkins.

Findings for line‑graph formats

Participants’ accuracy of interpretations varied across 
the three line-graph types: clinicians were more likely to 
answer both initial accuracy questions correctly if they saw 
the “better” line graphs (68%), versus 62% for “more” line 
graphs and 61% for “normed” line graphs. The same was 
true for researchers: 68% correct for “better,” versus 64% for 
“more,” and 54% for “normed.” Complete descriptions of the 
responses by format can be found in Table 2. Multivariate 
model results (Table 3) indicate that “better” line graphs 

were significantly more likely to be interpreted accurately 
vs. “normed” (OR 1.55; 95% CI 1.01–2.38; p = 0.04). With 
regard to “incorrect” responses, respondents were signifi-
cantly more likely to select an incorrect response for “nor-
med” graphs compared to “better” or “more” when control-
ling for other factors (Table 3). The odds ratios are shown 
graphically in Fig. 5.

The clarity ratings for clinicians and researchers rand-
omized to “more,” “better,” or “normed” line graphs also 
varied by format type. The multivariate models indicated 
that “normed” versions were less likely to be rated “very” 
clear (OR 0.66; 95% CI 0.50–0.88; p = 0.005) compared to 
“more” types (Table 3). Further, the “better” line types were 
more likely to be rated “very” clear compared to “normed” 
(OR 1.91; 95% CI 1.44–2.54; p < 0.0001), whereas ratings 
for “more” vs “better” line type did not differ significantly. 
Similar patterns were seen for combined “somewhat” and 
“very” clear rating categories. These data are described in 
full in Table 2 and displayed graphically in Fig. 5.

Across clinicians and researchers, and regardless of rand-
omization to “better,” “more,” or “normed” versions, the for-
mat variations with asterisks indicating clinical significance 
and with confidence limits were not associated significantly 
with accuracy of interpretations compared to “plain” line-
graph formats (Table 3). The variation with only clinical sig-
nificance indicated was most likely to be rated “somewhat” 
or “very” clear, compared to the plain or confidence limit 
variations (Table 3). With regard to individuals’ expressed 
preferences, both clinicians and researchers preferred the 
confidence limit variation (52 and 49%, respectively; both 
p < 0.001, Table 4).

Qualitative comments, reflecting both support and lack 
of support for each of the formats, are tabulated in Table 5. 
Some respondents randomized to the “more” line type found 
the difference in direction of scoring for function versus 
symptom domains confusing, whereas others randomized 
to the “better” line type found higher symptom scores indi-
cating improvement in symptoms to be counterintuitive. 
Some respondents valued the additional statistical informa-
tion provided by confidence limits while some preferred 
asterisks alone. Others noted potential confusion regarding 
the use of asterisks to indicate clinical importance, since 
asterisks are also commonly used for statistical significance. 
Some respondents questioned how clinical importance was 
determined.

Findings for formats illustrating proportions changed

Regarding accuracy of interpreting formats illustrating pro-
portions changed, clinicians who saw pie charts were more 
likely to respond correctly to the first two accuracy questions 
than those who saw bar graphs (20 vs. 17%), though the 
opposite was true for researchers (7% for pie charts vs. 15% 
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Table 1  Participant characteristics

Characteristic Clinicians (N = 233) Researchers (N = 248)

Age (median, range) 41 (25–78) 43 (23–73)
Years in practice (average, std. deviation) 16.5 (12.5) – –

N (%) N (%)

Gender
 Female 108 (54.8) 131 (63.3)
 Male 89 (45.2) 76 (36.7)
 Missing 36 41

Race
 White 145 (73.6) 162 (78.6)
 Black 3 (1.5) 5 (2.4)
 Asian 35 (17.8) 29 (14.1)
 Other 14 (7.1) 10 (4.9)
 Missing 36 42

Country
 USA 98 (50.0) 87 (43.1)
 Netherlands 0 0 12 (5.9)
 UK 6 (3.1) 10 (5.0)
 Canada 6 (3.1) 16 (7.9)
 Other 86 (43.9) 77 (38.1)
 Missing 37 46

Clinician specialty
 Medical oncology 108 (54.5) – –
 Radiation oncology 13 (6.6)
 Surgical/gynecologic/urologic oncology 17 (8.6)
 Oncology nurse practitioner or assistant 10 (5.1)
 Other 50 (25.3)
 Missing 35

Researcher expertise (more than one may apply)
 Patient perspective – – 22 (8.9)
 Clinician 26 (10.5)
 Clinician scientist 60 (24.2)
 PRO assessment/psychology/sociology 93 (37.5)
 Clinical trials methods/analysis 52 (21.0)
 Psychometrics 55 (22.2)
 Health policy or public health 37 (14.9)
 Journal editor 8 (3.2)
 Frequent journal reviewer 52 (21.0)
 Regulator or administrator 8 (3.2)
 Other 23 (9.3)

PRO research experience
 Current student – – 23 (11.1)
 Current post-doc 17 (8.2)
 < 5 years’ experience 39 (18.8)
 5–10 years’ experience 50 (24.2)
 > 10 years’ experience 78 (37.7)
 Missing 41
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Table 2  Accuracy and clarity responses for “line graphs of average scores” formats

a Denotes “correct” response
b Answers were coded as incorrect when the wrong treatment was selected by the respondent (answers to “about the same” response were 
ignored—see text for further details)

Clinicians Researchers

“More” line type
N = 78

“Normed” line type
N = 77

“Better” line type
N = 78

“More” line type
N = 83

“Normed” line type
N = 83

“Better” line type
N = 82

N (%) N (%) N (%) N (%) N (%) N (%)

Accuracy of interpretation
 Physical activities 

(function)
  Treatment  Xa 60 (76.9) 61 (79.2) 61 (78.2) 72 (86.7) 71 (85.5) 66 (80.5)
  Treatment Y 0 4 (5.2) 2 (2.6) 3 (3.6) 1 (1.2) 2 (2.4)
  About the same 8 (10.3) 5 (6.5) 11 (14.1) 5 (6.0) 5 (6.0) 8 (9.8)
  Missing 10 (12.8) 7 (9.1) 4 (5.1) 3 (3.6) 6 (7.2) 6 (7.3)

Pain (symptom domain)
 Treatment X 9 (11.5) 13 (16.9) 7 (9.0) 13 (15.7) 23 (27.7) 6 (7.3)
 Treatment  Ya 53 (67.9) 50 (64.9) 64 (82.1) 59 (17.1) 48 (57.8) 62 (75.6)
 About the same 3 (3.8) 6 (7.8) 3 (3.8) 5 (6) 5 (6.0) 6 (7.3)
 Missing 13 (16.7) 8 (10.4) 4 (5.1) 6 (7.2) 7 (8.4) 8 (9.8)

Number of questions “correct”
 Both questions 48 (61.5) 47 (61.0) 53 (67.9) 53 (63.9) 45 (54.2) 56 (68.3)
 One question 17 (21.8) 17 (22.1) 19 (24.4) 25 (30.1) 29 (34.9) 16 (19.5)
 Neither question 13 (16.7) 13 (16.9) 6 (7.7) 5 (6) 9 (10.8) 10 (12.2)

Number of questions “incorrect”b

 Both questions 0 0 0 0 0 0
 One question 9 (11.5) 17 (22.1) 9 (11.5) 16 (19.3) 24 (28.9) 8 (9.8)
 Neither question 69 (88.5) 60 (77.9) 69 (88.5) 67 (80.7) 59 (71.1) 74 (90.2)

Clarity ratings: plain line graphs
 Very clear 29 (46.8) 17 (25.4) 32 (44.4) 28 (37.3) 28 (37.3) 34 (48.6)
 Somewhat clear 23 (37.1) 34 (50.7) 28 (38.9) 36 (48.0) 32 (42.7) 16 (22.9)
 Somewhat confus-

ing
10 (16.1) 15 (22.4) 11 (15.3) 11 (14.7) 12 (16.0) 18 (25.7)

 Very confusing 0 1 (1.5) 1 (1.4) 0 3 (4) 2 (2.9)
 Missing 16 10 6 8 8 12

Clarity ratings: lines with confidence limits
 Very clear 20 (31.2) 15 (22.1) 30 (41.1) 24 (32.9) 22 (29.3) 32 (47.8)
 Somewhat clear 28 (43.8) 30 (44.1) 29 (39.7) 31 (42.5) 28 (37.3) 24 (35.8)
 Somewhat confus-

ing
15 (23.4) 22 (32.4) 10 (13.7) 16 (21.9) 20 (26.7) 8 (11.9)

 Very confusing 1 (1.6) 1 (1.5) 4 (5.5) 2 (2.7) 5 (6.7) 3 (4.5)
 Missing 14 9 5 10 8 15

Clarity ratings: lines with clinical significance
 Very clear 29 (46.8) 22 (32.8) 34 (47.2) 35 (47.9) 28 (37.8) 32 (47.1)
 Somewhat clear 28 (45.2) 34 (50.7) 27 (37.5) 30 (41.1) 32 (43.2) 30 (44.1)
 Somewhat confus-

ing
5 (8.1) 10 (14.9) 10 (13.9) 7 (9.6) 13 (17.6) 5 (7.4)

 Very confusing 0 1 (1.5) 1 (1.4) 1 (1.4) 1 (1.4) 1 (1.5)
 Missing 16 10 6 10 9 14
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for bar graphs), see Table 6. The most common response was 
selection of the treatment that was better in absolute terms, 
rather than “about the same,” which was deemed to be the 
correct answer given that the between-treatment differences 
were not statistically significant as indicated by the p value 
(Fig. 4). With regard to selecting the wrong (incorrect) treat-
ment, researchers and clinicians were less likely to select the 
incorrect treatment when pie charts were displayed (5.1 and 
1.6%, respectively) compared to bar charts (14.7 and 11.2%, 
respectively). Multivariable modeling analyses showed that 
the odds of selecting the “correct” response did not differ 
significantly by chart format or by respondent type, whereas 
the odds of selecting the “incorrect” treatment were signifi-
cantly lower with the pie charts (OR 0.35; 95% CI 0.2–0.6; 
p < 0.001) but did not significantly differ by respondent type 
(OR 1.48; 95% CI 0.82–2.67; p = 0.198, Table 3). Complete 
descriptive results are listed in Table 6, and the modeling 
results are displayed graphically in Fig. 6.

Regarding format clarity ratings, 74% of clinicians and 
71% of researchers rated pie charts “somewhat” or “very” 
clear, and 70% of clinicians and 71% of researchers rated 
bar graphs “somewhat” or “very” clear. These differences 
were not statistically significant in the multivariate models, 
when testing for an association with chart format or for an 
association with responder type (Table 3). In terms of their 
preferences, more respondents overall preferred bar charts 
(52.8%) over pie charts (47.2%, p = 0.03); clinicians were 

equally split between bar and pie formats (50 vs. 50%) but 
more researchers preferred bar charts (56% bar vs. 44% pie 
charts, p = 0.11).

Qualitative themes coded from the one-on-one interviews 
and online comments are summarized in Table 5. Illustra-
tive comments reveal that several respondents were negative 
about pie charts, whereas others were negative about bar 
charts, each for different reasons. Further, comments con-
cerning the p-value annotations reflected uncertainty about 
the meaning of p = 0.10 for the physical domain, as well as 
uncertainty about how to clinically interpret a significant 
p-value below 0.05.

Discussion

With the increasing prevalence of PROs in clinical trials 
and other comparative research studies, information on how 
to present PRO findings so that clinicians can understand 
them and incorporate them into clinical practice is critical. 
In previous research, clinicians often expressed difficulty 
interpreting PROs, [11, 20] so research evaluating clinicians 
and researchers’ accuracy of interpretation, and presenta-
tion factors associated with these interpretations is criti-
cally needed [21]. Our survey of clinicians and researchers 
showed that differences in displays of longitudinal PRO data 

Table 3  Multivariate modeling results for accuracy of interpretation and clarity ratings

a Adjusted odds ratios from a single multivariable logistic regression model estimated using generalized estimating equations [GEE] with the 
cluster unit as the individual respondent. Terms for the fixed effects of the specific question were included in the models for accuracy. Adjusted 
for respondent type [clinician, researcher] and for whether line-graph formats were seen before or after proportions changed formats. Statistically 
significant findings are in bold font
b Adjusted odds ratios from a single multivariable logistic regression model estimated using generalized estimating equations [GEE], with the 
cluster unit as the individual respondent. Terms for the fixed effects of the specific question were included in the models for accuracy. Adjusted 
for respondent type [clinician, researcher] and for whether proportions formats were seen before or after line graphs. Statistically significant find-
ings are in bold font

Comparison Accuracy of interpretation Format clarity ratings

Correct response Incorrect response Rated “somewhat” or 
“very” clear

Rated “very” clear

OR [95% CI] p OR [95% CI] p OR [95% CI] p OR [95% CI] p

Model for line-graph  formatsa

 Normed v. “More” 0.80 [0.54–1.21] .30 1.81 [1.07, 3.05] .03 0.61 [0.43–0.86] .005 0.66 [0.50–0.88] .005
 “Better” v. “More” 1.25 [0.81–1.93] .31 0.67 [0.35, 1.27] .22 0.93 [0.65–1.35] .72 1.27 [0.96–1.67] .09
 “Better” vs. normed 1.55 [1.01–2.38] .04 0.37 [0.2, 0.67] .001 1.53 [1.09–2.14] .01 1.91 [1.44–2.54] < .001
 Confidence limits vs. plain 0.71 [0.47, 1.07] .10 0.84 [0.48, 1.47] .53 0.73 [0.53, 1.01] .06 0.78 [0.59, 1.03] .08
 Asterisks vs. plain 1.01 [0.66, 1.55] .95 0.99 [0.57, 1.69] .96 1.64 [1.13, 2.38] .01 1.15 [0.87, 1.52] .31
 Confidence limits vs. asterisks 0.7 [0.46, 1.06] .09 0.85 [0.48, 1.49] .57 0.44 [0.31, 0.63] < .001 0.67 [0.51, 0.89] .006
 Clinicians vs. researchers 0.95 [0.67, 1.34] .77 0.75 [0.48, 1.19] .22 1.02 [0.77, 1.35] .92 0.87 [0.69, 1.1] .24

Model for proportions changed  formatsb

Pie charts vs. bar graphs 1.0 [0.85, 1.19] .96 0.35 [0.2, 0.6] < .001 1.12 [0.83, 1.51] .47 1.2 [0.91, 1.59] .20
Clinicians vs. researchers 1.06 [0.78, 1.44] .73 1.48 [0.82, 2.67] .20 1.02 [0.75, 1.39] .90 1.12 [0.84, 1.49] .44
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were associated with differences in how accurately they were 
interpreted and on how clear they were rated to be.

A key finding is that clinicians and PRO researchers 
sometimes misinterpreted simple graphs of PRO scores 
when displayed in an array of function and symptom 
domains. This misinterpretation resulted in the incorrect 
treatment being chosen as superior for PROs, and was con-
sistently observed across formats for both clinicians and 
researchers, suggesting a need to report PRO findings as 
clearly as possible. For graphing mean PRO study results 
over time, scale direction impacted on the misinterpreta-
tion rate, as did presenting normed data. Further, clarity 
ratings were also higher when directionality was consistent 
(higher = better results). Annotations of line graphs to illus-
trate clinical or statistical significance were favored by the 
majority of respondents, and did not decrease interpretation 
accuracy. For displays of proportions of patients changed 
from baseline, misinterpretation occurred with both pie 
charts and bar charts and among both researchers and clini-
cians (although no differences were detected between the 
two responder groups).

These findings should be interpreted in the context of the 
study design and its limitations.

The internet survey relied on convenience samples using 
online platforms, and on self-reported eligibility. Although 
a variety of target populations were identified, a snow-ball 
sampling approach can lead to a less diverse sample as indi-
viduals tend to recruit others like themselves. The overall 
sample size was sufficiently powered to detect statistically 
significant results, but provided limited power for subgroup 
analyses. Further, we did not ascertain how familiar respond-
ents were with the presentation formats, and learning effects 

0.1 1 10

Odds Ratio for correct responses (first format seen)

"More"

"Be�er"

Normed

"Be�er"Normed

"More"

"More"

Normed

"More""Be�er"
Normed

"Be�er"

0.5 2.0

Odds Ratio for incorrect responses (first format seen)

0.1 1 10
Odds Ra�o (95% confidence interval)

"retteB""eroM"

Normed

"Be�er"Normed

"More"

2.00.5

= Rated “Very Clear” 
= Rated “Very Clear” or “Somewhat Clear” Legend:

Odds ratios for clarity responses

B

A

Fig. 5  Multivariable modeling results displayed as odds ratios (ORs) 
for accuracy and clarity ratings for line-graph formats. The point-
estimate of each OR indicates the preferred comparitor (format more 
accurately interpreted or more clearly rated). Significant findings are 
displayed in bold-face

Table 4  Preferred format: lines (by line format and responder group)

a p = 0 < 001 for χ2 goodness-of-fit test for equal distribution of responses (33%) for clinicians across formats
b p = 0 < 001 for Χ2 goodness-of-fit test for equal distribution of responses (33%) for researchers across formats

Clinicians Researchers

Regular
N = 78

Normed
N = 77

Reversed
N = 78

Alla Regular
N = 83

Normed
N = 83

Reversed
N = 82

Allb

N (%) N (%) N (%) N (%) N (%) N (%)

Preferred format
 Plain 6 (9.8) 14 (22.2) 6 (9.0) 26 (13.6) 4 (5.9) 8 (4.1) 5 (8.2) 17 (8.5)
 Lines with clinical significance 27 (44.3) 20 (31.7) 19 (28.4) 66 (34.6) 32 (47.1) 28 (38.9) 26 (42.6) 86 (42.8)
 Lines with confidence limits 28 (45.9) 29 (46.0) 42 (62.7) 99 (51.8) 32 (47.1) 36 (50.0) 30 (49.2) 98 (48.8)
 Missing 17 14 11 42 15 11 21 47
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may have affected the findings. Accuracy of interpretation 
required attention to the displayed p-value (but analysis of 
“incorrect” responses overcame this limitation). We limited 
the scope of presentation issues to representation of the trial 
PRO results, and did not include additional information such 
as compliance tables or number of patients providing data 
at given time points; further research is required to address 
these issues. Strengths of the study include the large sam-
ple resulting from online distribution, thus including par-
ticipants from a variety of locations. The survey design 
including 18 versions to control for order effects improved 
the robustness of the findings. The one-on-one interviews 
permitted purposive sampling and provided qualitative data 
that supplemented the online comments and complemented 
our previous qualitative findings [14, 15].

Improving the accuracy of interpretation of PRO study 
findings remains a challenge for the field in many ways. 
First, using graphic presentations that most clinicians and 
researchers intuitively understand may help, and findings 
from the present study could inform the selection of optimal 
data presentations. Second, our quantitative and qualitative 
findings make clear that no one approach for either longitu-
dinal data or proportions changed is universally appealing, 
nor is free of misinterpretation errors. Thus, additional strat-
egies beyond design of presentation are required. Third, con-
sistency of PRO presentation is very likely to have value. In 
oncology for example, survival curves and toxicity data from 
randomized clinical trials are typically reported consistently 
across trials, whereas PRO data reporting is highly variable. 
Fourth, our qualitative findings suggest that challenges in 

Table 6  Accuracy and clarity 
responses for “proportions 
changed” formats

a Denotes “correct” response
b Answers were coded as incorrect when the wrong treatment was selected by the respondent (answers to 
“about the same” response were ignored—see text for further details)

Clinicians Researchers

Pie charts
N = 117

Bar charts
N = 116

Pie charts
N = 123

Bar charts
N = 125

N (%) N (%) N (%) N (%)

Accuracy: first format seen
 Physical activities (function domain)
  Treatment X 0 (0) 4 (3.4) 0 (0) 2 (1.6)
  Treatment Y 69 (59.0) 69 (59.5) 95 (77.2) 70 (56.0)
  About the  samea 31 (26.5) 27 (23.3) 13 (10.6) 29 (23.2)
  Missing 17 (14.5) 16 (13.8) 15 (12.2) 24 (19.2)

Pain (symptom domain)
 Treatment  Xa 87 (74.4) 80 (69) 101 (82.1) 80 (64.0)
 Treatment Y 6 (5.1) 15 (12.9) 2 (1.6) 16 (12.8)
 About the same 7 (6.0) 5 (4.3) 5 (4.1) 5 (4.0)
 Missing 17 (14.5) 16 (13.8) 15 (12.2) 24 (19.2)

Number of questions correct
 Both questions 23 (19.7) 20 (17.2) 8 (6.5) 19 (15.2)
 One question 72 (61.5) 67 (57.8) 98 (79.7) 71 (56.8)
 Neither question 22 (18.8) 29 (25.0) 17 (13.8) 35 (28.0)

Number of questions  incorrectb

 Both questions 0 (0) 1 (0.9) 0 (0) 2 (1.6)
 One question 6 (5.1) 17 (14.7) 2 (1.6) 14 (11.2)
 Neither question 111 (94.9) 98 (84.5) 121 (98.4) 109 (87.2)

Clarity rating: first format seen
 Very clear 85 (42.5) 71 (35.5) 80 (38.1) 76 (36.4)
 Somewhat clear 63 (31.5) 68 (34) 70 (33.3) 73 (34.9)
 Somewhat confusing 37 (18.5) 48 (24) 49 (23.3) 51 (24.4)
 Very confusing 15 (7.5) 13 (6.5) 11 (5.2) 9 (4.3)
 Missing 33 33 38 39

Format preference
 Format preferred 99 (50.0) 98 (50.0) 90 (44.3) 113 (55.7)
 Missing 36 45
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interpreting constructs that underlie the data—such as the 
nature of cut-points used to categorize patients into propor-
tions changed, or the meaning of a particular numeric group 
score—also contribute to the perceived clarity and under-
standing of PRO displays. Our findings suggest that adding 
annotations such as indications of score meaning and clinical 
significance may assist with clinical interpretation.

In conclusion, this study with its large sample, combina-
tion of quantitative and qualitative data, and careful design 
can inform best practices for presentation of PRO data to 
improve interpretability. No presentation formats were free 
of interpretation error; however, respondents were less likely 
to make interpretation errors when mean group data were 
not normed, and when proportions changed were displayed 
in pie charts. These results can inform best practices for 
displaying of PRO data.
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