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Abstract
Purpose  Patient-reported outcome (PRO) data from clinical trials can promote valuable patient–clinician communication 
and aid the decision-making process regarding treatment options. Despite these benefits, both patients and doctors face 
challenges in interpreting PRO scores. The purpose of this study was to identify best practices for presenting PRO results 
expressed as proportions of patients with changes from baseline (improved/stable/worsened) for use in patient educational 
materials and decision aids.
Methods  We electronically surveyed adult cancer patients/survivors, oncology clinicians, and PRO researchers, and con-
ducted one-on-one cognitive interviews with patients/survivors and clinicians. Participants saw clinical trial data comparing 
two treatments as proportions changed using three different formats: pie charts, bar graphs, icon arrays. Interpretation accu-
racy, clarity, and format preference were analyzed quantitatively and online survey comments and interviews, qualitatively.
Results  The internet sample included 629 patients, 139 clinicians, and 249 researchers; 10 patients and 5 clinicians com-
pleted interviews. Bar graphs were less accurately interpreted than pie charts (OR 0.39; p < .0001) and icon arrays (OR 
0.47; p < .0001). Bar graphs and icon arrays were less likely to be rated clear than pie charts (OR 0.37 and OR 0.18; both 
p < .0001). Qualitative data informed interpretation of these findings.
Conclusions  For communicating PROs as proportions changed in patient educational materials and decision aids, these 
results support the use of pie charts.

Keywords  Cancer · Patient-reported outcomes (PROs) · Decision-making · Communication · Educational materials · 
Decision aids
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Introduction

Because patient-reported outcomes (PROs) are increas-
ingly assessed in clinical trials and other types of com-
parative research studies [1–3], data regarding patients’ 
perspectives about symptoms, functioning, and health-
related quality of life (HRQOL) are more readily available 
to help patients understand the impact of health condi-
tions and their treatments [3–11]. These data are valued 
by patients and clinicians and inform decision-making [8, 
9, 11]. There are different approaches to analyzing PRO 
research study results, including comparing mean scores 
over time for the different treatment groups and comparing 
the proportion of patients in each treatment group meeting 
a responder definition (i.e., the proportion who improved, 
stayed about the same, or worsened). Regardless of the 
analytic approach, for the PRO data to aid education and 
decision-making most effectively, the results need to be 
interpretable by both patients and their clinicians.

We have conducted a multi-phase project to evalu-
ate different approaches for displaying PRO data to 
improve understanding and use. A nine-member Stake-
holder Advisory Board (SAB) guided the development 
and implementation of the entire project. This SAB was 
comprised of cancer patients and caregivers, cancer clini-
cians, and PRO researchers (see listing and affiliations in 
Acknowledgement).

During the first phase of the project, we obtained 
patient and clinician perspectives on currently existing 
approaches for PRO data display, including both individual 
patient data for use in monitoring and management, as 
well as comparative research study results. Participants 
evaluated formats for presenting average scores over time 
(line graphs of mean scores/line graphs of normed mean 
scores/line graphs with confidence intervals), proportions 
responding (improved/stable/worsened), bar charts of 
average changes, and cumulative distribution functions for 
interpretation accuracy, ease-of-understanding, and useful-
ness. Both clinicians and patients preferred line graphs of 
mean scores over the alternative formats [12].

In the second phase, we partnered with patients and cli-
nicians to develop PRO display formats that capitalized on 
the attributes that were found helpful and minimized the 
attributes that were considered confusing [13]. Although 
patients and clinicians preferred the presentation of mean 
scores over time provided by line graphs, it is commonly 
recognized that a summary of the proportion of patients 
meeting a responder definition provides an alternative 
representation of the study findings. For this reason, we 
developed presentation display candidates for both of these 
analytic approaches based on findings from the first phase. 
In addition, results from phase one suggested that patients 

and clinicians differ in their perspectives regarding dis-
plays of research study results. For example, clinicians 
value statistical details (e.g., p values), whereas patients 
find this information confusing [12]. Consequently, we 
addressed display formats for research study findings for 
patient educational materials/decision aids separately from 
display formats aimed at clinicians (e.g., in peer-reviewed 
publications) [14].

The third part of the study evaluated interpretation accu-
racy, clarity, and preferences among the candidate data dis-
play formats developed during the second phase. As noted 
above, we evaluated both line graph formats representing 
average scores over time and formats reporting the propor-
tion meeting a responder definition. Regarding average 
scores over time, our results supported using line graphs 
with higher scores consistently indicating better outcomes 
[15]. Here we report on the findings regarding presentation 
of proportions changed (from baseline) to patients, for use 
in educational materials or decision aids. Our approach was 
guided by existing literature focused on quantitative risk 
communication. A recent systematic review of that literature 
concluded that visual aids (e.g., icon arrays or bar charts) 
can improve patients’ understanding of probabilistic infor-
mation over numeric or narrative approaches, but that the 
superiority of any single visual method could not be estab-
lished [16]. Based on this literature, we hypothesized that 
participants’ preferences for visual display would vary, but 
that one particular strategy might prove to be more accu-
rately interpreted than others across respondents.

Methods

Study design

This cross-sectional, mixed-methods study employed a sur-
vey to evaluate the accuracy of interpretation and clarity of 
an array of PRO graphs. The survey was developed to pre-
sent the results of a hypothetical clinical trial and displayed 
graphs comparing the symptom and function results of two 
different treatments. The survey was presented online via an 
internet access link and assessed interpretation accuracy and 
clarity ratings for each data display format. Online survey 
participants also could provide free-text comments as they 
completed the survey. The qualitative portion incorporated: 
(1) the free-text comments online survey participants sub-
mitted and (2) the same online survey administered face-
to-face, after which the participant completed a cognitive 
debriefing interview. Analysis of free-text comments sup-
plemented interpretation of quantitative results [17].

In the online portion of the study, an introductory screen 
stated that completion of the survey would indicate con-
sent to study participation. Written informed consent was 
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obtained from all interview participants included in the 
study. The Johns Hopkins School of Medicine Institu-
tional Review Board (IRB-X) reviewed both the online and 
interview portions of the study and assigned exempt and 
approved statuses, respectively.

Population

Online survey participants

Online survey eligibility included cancer patients and sur-
vivors, cancer clinicians, and PRO researchers who were 
at least 21 years of age. To recruit these participants, we 
reached out to organizations that would be able to share the 
survey’s link electronically, often through social media. The 
SAB was influential in making these connections, as many 
members have affiliations with organizations that serve or 
represent our target populations. Snowball sampling was 
also utilized, as recipients had the opportunity to forward 
the survey link to individuals who fit the eligibility criteria. 
Before the survey began, eligibility was determined using a 
series of screening questions. The online survey and cogni-
tive interview were only available in English.

Cognitive interview participants

Cognitive interview participants were cancer patients and 
clinicians recruited via flyer from within the Johns Hopkins 
Clinical Research Network (JHCRN). The JHCRN is a con-
sortium of academic and community health systems in the 
US mid-Atlantic. The initial recruitment targets were ten 
patients and five clinicians to complete interviews. These 
targets could increase if thematic saturation (across both 
interviews and online free-text comments) was not attained. 
Patients were eligible if they were at least 21 years of age, 
diagnosed with any cancer (excluding non-melanoma skin 
cancer), ≥ 6 months post-diagnosis, not currently undergo-
ing acute treatment, and able to communicate in English. 
Clinician eligibility included active oncologists (i.e., medi-
cal, radiation, surgical, gynecologic/urologic, nurse practi-
tioners/physician assistants, and fellows). Purposive sam-
pling was used for both groups of participants, such that the 
sample included patients with different cancer types, educa-
tion levels, and who were treated at different clinical sites, 
as well as a sample of clinicians who represented varying 
specialties and clinical sites.

Study procedures

Online survey data collection

The online survey showed each participant all three different 
formats (bar graphs, pie charts, icon arrays), one at a time, in 

a randomly assigned order (Figs. 1, 2, 3). Each format pre-
sented four charts that displayed the proportion of patients 
who had improved, stayed about the same, and worsened at 
9 months compared to baseline for two hypothetical clini-
cal trial treatments. The charts represented two function 
domains (ability to do physical activities and emotional 
well-being) and two symptom domains (pain and fatigue). 
Regardless of which format was seen first, the first format 
was evaluated using two accuracy questions; the second and 
third formats were evaluated using one accuracy question 
each (the question wording is summarized in Fig. 4). To 
account for possible order effects, both the data each format 
displayed and the accuracy questions asked remained con-
stant across all surveys, so that differences found in accuracy 
and clarity could be ascribed to the format rather than the 
data presented or questions asked (Fig. 5). To assess clar-
ity, participants were provided an opportunity to rate each 
format as either “very confusing,” “somewhat confusing,” 
“somewhat clear,” or “very clear.” In addition, a text box 
allowed an opportunity to provide additional information. 
As explained earlier, this phase of the large project examined 
display formats both for average scores over time and for the 
proportion meeting a responder definition. For this reason, 
half of all survey participants evaluated a set of randomly 
assigned line graphs before they began evaluating each of 
the proportions, while the other half evaluated proportions 
first. Once participants completed the survey, they could 
enter for a chance to receive a $100 Amazon giftcard, with 
winners randomly chosen.

Cognitive interview data collection

Participants who completed cognitive interviews completed 
one of the same randomly assigned surveys as online par-
ticipants. To obtain qualitative feedback, participants were 
recorded while they completed the survey and asked to think 
aloud as they answered questions, made decisions, and rated 
clarity for each format. Upon completion, a research team 
member asked the participant to share any overall feedback 
and additional thoughts that came up during survey comple-
tion. Participants were given a $35 giftcard at the end of the 
interview. Interview recordings were transcribed in order to 
be analyzed using qualitative software.

Analysis

Quantitative data

Descriptive statistics included sample characteristics for 
online participants, as well as their responses to accuracy 
and clarity questions. Multivariable generalized estimating 
equation (GEE) logistic regression models with the indi-
vidual as the cluster unit tested differences in accuracy and 
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clarity by format. The following two outcomes evaluated 
interpretation accuracy: (1) accuracy regarding the two 
questions asked for the first format seen and (2) accuracy 
regarding all questions on each format seen, across all orders 
(and, therefore, all participants). Fixed effects for the specific 
questions were included in the model that included all ques-
tions, and all models adjusted for participant type (patient, 
clinician, researcher) and order the format was seen. Clarity 
was evaluated using the following two outcomes: (1) those 
rating the format “very” or “somewhat” clear and (2) those 
rating the format “very” clear only. These categorizations 
were based on the distribution of the responses.

Qualitative data

Qualitative data obtained from the cognitive interview tran-
scripts were analyzed by a deductive coding scheme based 
on the study objectives, interview structure, and interview 
content. The codebook, which was piloted and subsequently 
revised, was developed by a member of the research team 
and reviewed by another team member who specializes in 
qualitative research. The codebook was designed to capture 
the broad coding categories of positive or negative com-
ments, misinterpretations, and preferences for each pres-
entation format. One member of the research team coded 

each transcript using ATLAS.ti [18] and a second member 
reviewed each coded transcript for consensus. A report was 
generated from the coded transcripts by format to identify 
themes. Quotes reflecting these themes are included in the 
results, with “P” indicating comments made by patients and 
“C” designating clinicians.

Text box comments provided by online survey partici-
pants were also analyzed qualitatively. These comments 
were organized, by participant and format type, into the 
preexisting categories of “positive” and “negative.” Illus-
trative text box comments are also included in the results, 
with “PA” indicating patient comments, “CL” for clinicians, 
and “RE” for researchers.

Results

Study sample

Online survey sample

The online participant sample included 629 patients, 139 
clinicians, and 249 PRO researchers, for an overall total 
of 1017 (Table 1). Patients were 58 years of age on aver-
age, and were predominately female (87%), White (94%), 

Fig. 1   Example of pie chart format tested
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breast cancer patients and survivors (56%). Twenty-three 
percent of patients had less than a college degree. Clini-
cians had a mean age of 44 years and had been in practice 
for an average of 16 years. The plurality practiced medi-
cal oncology (44%). Researchers had an average age of 
45, and 46% had over 10 years of experience as a PRO 
researcher.

Cognitive interview sample

Purposive sampling led to ten patient participants of whom 
70% were survivors of cancer types other than breast, 70% 
were outside Johns Hopkins, and 30% had less than a col-
lege degree. Among the five clinician participants, 60% 
were from outside Johns Hopkins and specialties included 
an oncology fellow; nurse practitioner; and surgical, radia-
tion, and medical oncologists. As no new issues related to 
question or concept comprehension emerged, saturation 
was considered achieved. For this reason, no additional 
interview participants were recruited.

Findings

Accuracy and clarity: quantitative findings

Figures  6 and 7 summarize patients’, clinicians’, and 
researchers’ accuracy of interpretation and clarity ratings 
for proportion formats. Among patients, accuracy was high-
est for pie charts and icon arrays. Clinicians and researchers 
were more likely to accurately answer questions about pie 
charts. Pie charts received the best clarity ratings among 
all three participant groups. Table 2 summarizes the multi-
variable model accuracy and clarity outcome results. Across 
all four accuracy questions, bar graphs were less accurately 
interpreted than pie charts (OR 0.39, p < .0001) and icon 
arrays (OR 0.47, p < .0001). The analyses focusing on the 
two accuracy questions for the first format seen demon-
strated an even larger difference (OR 0.22, p < .0001 for bar 
graphs vs. pie charts; OR 0.30, p < .0001 for bar graphs vs. 
icon arrays). In addition, bar graphs and icon arrays were 
less likely to be rated “somewhat” or “very” clear than pie 
charts (OR 0.37 and OR 0.18, respectively; both p < .0001). 

Fig. 2   Example of bar graph format tested
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Fig. 3   Example of icon array format tested

Fig. 4   Accuracy questions 
and answer choices as seen by 
randomized format order
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We also analyzed accuracy by clarity rating. Participants 
who rated a format as “very clear” were 2–3 times more 
likely to get both accuracy answers correct than those who 
did not rate the format as “very clear” (icon arrays OR 1.9, 
p = .13; bar charts OR 2.0, p = .01; and pie charts OR 2.8, 
p = .02).

Accuracy and clarity: qualitative findings

In general, qualitative comments were categorized as being 
positive or negative for each format. Participants were much 
more likely to discuss and describe negative aspects of each 
format, which is evident throughout all qualitative findings. 
Strong qualitative support for pie charts emerged from par-
ticipants’ comments. Patients found the pie charts easy to 
read and were able to obtain information quickly: “Very easy 
to see at a quick glance, and I wished I had been privy to 
more graphs like these; it may well have helped me to make 
treatment decisions regarding my care” [PA]. Clinicians and 
researchers had similar comments: “It’s easy to see with the 
side by side with the different colors and especially with 
the percentages laid out to correlate with the colors to see 
kind of, you know, how many people improved, worsened 
or about the same is quick to sort out between the 2 and the 
colors along with the percentages work well to quickly figure 
out what’s going on” [C05]. There were, however, partici-
pants within each group that found limitations in pie charts: 
“Pie graphs ok if only three or less choices, but confusing if 
more than three (ten to fifteen)” [PA]; “Too hard to quickly 
review and note any substantive differences—they look too 
similar to one another” [CL]. When the general categories of 
positive and negative were considered, approximately 61% 
of patient comments and 40% of clinician and researcher 
comments in regard to pie charts described positive aspects.

Participants noted helpful aspects of bar charts: “Side 
by side comparisons are much easier to read and com-
prehend” [PA]; “Now I can quantify the difference and 
decide for myself whether I find this is small or a big dif-
ference. I also think this approach is more standardized 
(you cannot ‘cheat’ as a researcher in presenting your data) 
and therefore less prone to bias” [RE]. There were also 
comments that offered insight as to why bar charts were 
less accurately interpreted and less likely to be rated clear: 
“It takes a second to read the graph and then connect the 
color to the corresponding graph” [PA]; “Sometimes a lit-
tle difficult to say when you compare overall to each one, 
treatment X and treatment Y, somewhat confusing is why I 
said that” [P02]. Approximately 21% of patient comments 
and 38% of clinician and researcher comments were coded 
as positive.

Icon arrays, similar to bar graphs, received mixed com-
ments, providing further support for quantitative results. All 
participant types noted that icon arrays would be easy for 
patients to understand: “Cute and pleasant, and manage to 
convey the information in a clear and concise way” [PA]; 
“Pictorial representations are better understood by patients 
than graphs” [CL]. However, many of the comments, across 
participant types, focused on the difficulties of icon arrays: 
“These seem most effective for large changes—I wouldn’t 
want to have to sit and count the little people figures to find 
out if there was one more or one less or the same number” 
[PA]; “Definitely takes more work to look up the different 
colors and what they represent. Also a bit more visually 
complicated” [CL]. “I’m not used to dealing in gingerbread 
people, it should be numbers here, um, yeah I, worse, you 
know, I would like to see numbers” [P06]. Among comments 
describing icon arrays, approximately 35% of patients’ and 
43% of clinicians’ and researchers’ feedback was positive.

Fig. 5   Format display order by 
survey version
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Table 1   Sample characteristics Characteristic Survivors
(n = 629)

Clinicians
(n = 139)

Researchers
(n = 249)

Age
Mean (SD) 58.1 (11.3) 43.8 (12.56) 45.0 (11.92)
Male n(%) 70 (13.3) 58 (46.0) 74 (33.3)
Race n(%)
 White 494 (94.1) 87 (70.2) 175 (79.2)
 Black/African-American 16 (3.0) 3 (2.4) 4 (1.8)
 Asian 6 (1.1) 23 (18.5) 32 (14.5)
 Other 9 (1.7) 11 (8.9) 10 (4.5)

Hispanic n(%) 16 (3.1) 9 (7.3) 9 (4.1)
Country n(%)
 United States 450 (85.6) 62 (49.2) 107 (48.6)

Education n(%)
 < High school graduate 1 (0.2)
 High school graduate 34 (6.5)
 Some college 88 (16.7)
 College graduate 199 (37.8)
 Any post-secondary work 205 (38.9)

Cancer type n(%) all that apply
 Breast 351 (55.8)
 Bladder 44 (7.0)
 Colorectal 44 (7.0)
 Prostate 26 (4.1)
 Lymphoma 21 (3.3)
 Gynecological 20 (3.2)
 Other 103 (16.4)

Time since diagnosis n(%)
 < 1 year 28 (5.3)
 1–5 years 215 (41.0)
 6–10 years 130 (24.8)
 11+ years 151 (28.8)

History of cancer n(%) 12 (9.5) 18 (8.2)
Provider specialty n(%)
 Medical oncology 55 (43.7)
 Radiation oncology 16 (12.7)
 Surgical oncology 15 (11.9)
 Gynecologic oncology/urology 2 (1.6)
 Oncology nurse practitioner/physician assistant 5 (4.0)
 Other 33 (26.2)

Provider years in practice
 Mean (SD) 15.7 (11.24)

PRO researcher expertise n(%) all that apply
 Patient perspective 35 (14.1)
 Clinician 28 (11.2)
 Clinician-scientist 42 (16.9)
 PRO assessment/psychology/sociology 134 (53.8)
 Clinical trial methods/analysis 70 (28.1)
 Psychometrics 59 (23.7)
 Policy/public health 59 (23.7)
 Journal editor 17 (6.8)
 Frequent journal reviewer 78 (31.3)
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Table 1   (continued) Characteristic Survivors
(n = 629)

Clinicians
(n = 139)

Researchers
(n = 249)

 Regulator/health administrator 3 (1.2)
 Other 16 (6.4)

PRO research experience n(%)
 Student 22 (10.1)
 Post-doc 16 (7.3)
 < 5 years of experience 34 (15.6)
 5–10 years of experience 45 (20.6)
 > 10 years of experience 101 (46.3)

Fig. 6   Accuracy of interpreta-
tion for the first proportion 
format seen

Fig. 7   Clarity ratings for pro-
portion formats



618	 Quality of Life Research (2019) 28:609–620

1 3

Discussion

It is essential for PRO data collected during clinical trials 
and other comparative research studies to be presented in a 
way that people can understand in order to effectively con-
tribute to the decision-making process. This study aimed to 
contribute to the knowledge base regarding the effectiveness 
of visual PRO data presentations, as little previous research 
exists [19]. Specifically, this work tested candidate formats 
that had been developed over the course of a multi-phase 
project for displaying PRO data as proportions changed. 
Our findings show that pie charts were more accurately 
interpreted than bar charts, equally well interpreted as icon 
arrays, and rated the clearest for communicating proportions 
changed from baseline.

Our findings are similar to those of other studies on com-
municating probabilistic outcomes to patients, in that dif-
ferent formats (bar graphs, pie charts, and icon arrays) have 
been found to be useful in different contexts [20, 21]. For 
example, between-treatment differences in PRO findings in 
this study were not intended to be shown with precision, 
and are best characterized as ‘gist’ rather than ‘verbatim’ 
estimates [22]; the PRO setting may have made the precision 
of icon arrays seem less useful to some viewers.

Although there exist a great number of established Inter-
national Patient Decision Aids Standards (IPDAS) for deci-
sion aids, the optimal choice of visual format for presen-
tation of probabilities is not specifically addressed in the 
IPDAS checklist [23, 24]. Our study was designed to inform 
the development of best practices for consistent communi-
cation of PROs, through future Delphi-based consensus-
building exercises similar to those used to evolve the IPDAS 
checklist [23].

An important strength of this study is that we rand-
omized the order in which the different formats were seen, 
held the data and interpretation accuracy questions con-
stant across the orders, and varied only the format for data 
display. This design helps ensure that the differences found 
can be attributed to the format. In addition, the iterative 
approach and embedded mixed-methods design strengthen 
this study by adding validity to the results. The cognitive 

interviews, for example, allowed purposive sampling and 
allowed us to determine that there were no systematic dif-
ferences within feedback obtained from online and cogni-
tive interview participants. In addition, the online platform 
resulted in a large sample that included participants from 
a wide variety of locations.

In addition to its strengths, this study has limitations 
that should be recognized and considered along with its 
findings. The quantitative and a major portion of the quali-
tative data were obtained using an online platform, which 
may have excluded possible participants who did not have 
internet access. Furthermore, the online platform com-
bined with subsequent snowball sampling likely skewed 
the sample to be more highly educated and predominately 
female, which limited analysis by different subgroups. 
Future research of this topic should be structured to ensure 
good representation of participants with low educational 
attainment as well as ethnic and racial diversity. Online 
completion also meant that there was no way to ensure that 
self-screening was accurate and that multiple participation 
did not take place.

On review of our study findings, the SAB suggested that 
the evidence base developed through this research could 
inform recommendations for displaying PRO data in educa-
tional materials and decision aids. They advised engaging 
a broader group of stakeholders to develop recommenda-
tions that are both evidence-based and stakeholder-driven. 
Thus, we are partnering with stakeholders to develop rec-
ommendations for PRO data presentation in patient educa-
tional materials and decision aids using a modified-Delphi 
approach and informed by these results, and to identify areas 
of uncertainty and opportunities for further research.

The findings of this study will be useful to promote more 
effective communication of comparative study PRO data 
with patients, thereby informing discussions with clinicians 
that result in better informed decisions and in turn, more 
effective patient-centered care and enhanced quality of life. 
The next step of our research is to use these results as part of 
an evidence base as we partner with stakeholders to develop 
recommendations for PRO data presentation in patient edu-
cational materials and decision aids.

Table 2   Adjusted odds ratios for the association between format and outcome (giving the correct answer and clarity ratings)

All odds ratios in a given column are from a single multivariable logistic regression model estimated using generalized estimating equations 
(GEE). The cluster unit was the individual participant. Terms for the fixed effects of the specific questions were included in the larger model for 
accuracy. Adjusted for participant type (survivor, clinician, researcher) and whether proportion formats were seen before or after line graphs

Comparison Correct answer, 
all four questions

p Correct answer, 
first two questions

p Rated very or 
somewhat clear

p Rated very clear p

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

Bars vs. pies 0.39 [0.30, 0.52] < 0.0001 0.22 [0.14, 0.35] < 0.0001 0.37 [0.29, 0.49] < 0.0001 0.48 [0.40, 0.58] < 0.0001
Icons vs. pies 0.83 [0.63, 1.10] 0.1913 0.74 [0.42, 1.28] 0.2794 0.18 [0.14, 0.23] < 0.0001 0.29 [0.24, 0.35] < 0.0001
Bars vs. icons 0.47 [0.36, 0.62] < 0.0001 0.30 [0.20, 0.46] < 0.0001 2.08 [1.70, 2.55] < 0.0001 1.67 [1.37, 2.04] < 0.0001
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