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ABSTRACT

Background: Patient representatives are increasingly engaged in quality in health care, and even
though quality data are publicly available, correct interpretation may be challenging. We designed a
randomized study with the primary aim to examine the association between preferred data presenta-
tion format and the interpretation of quality data among cancer patients and relatives.

Material and methods: Surveys were distributed to the Danish Cancer Society Citizens’ Panel
between 31 March and 14 April 2019 and 55% completed the survey (N=464) including six story-
boards that presented authentic quality data in table format, league table and point estimates. The
storyboards were randomized to expose participants to the data in the three different formats and in
varying presentation order. Logistic regression models were used to calculate Odds Ratios (ORs) and
95% confidence intervals (Cls) for the association between preferred presentation format, health liter-
acy, education and cohabitation status as exposures and interpretation of quality data as outcome.
Results: The majority of participants (97%) had high literacy and 57% had a medium or long higher
education. A total of 60% found the questions difficult or very difficult and 33% were not able to cor-
rectly interpret at least one format. Correct interpretation was associated with preferred league table
(OR = 1.62; 95% Cl = 1.04-5.52) and if the data was presented in the preferred format. Medium and
long education were associated with correct interpretation of at least one format (OR = 1.93; 95% ClI
= 1.16-3.21 and OR = 3.89; 95% Cl = 1.90-7.95, respectively) while health literacy and cohabitation
status were not.

Conclusions: More than one third of the participants were not able to correctly interpret the data and
the understanding of quality data improved with longer education and if the data was presented in
the preferred format. Decision-makers should carefully consider displaying quality data according to

ARTICLE HISTORY
Received 7 July 2022
Accepted 24 November 2022

KEYWORDS
Performance evaluation;
quality data; presentation
formats; patient
preferences; cancer
quality registry

preferred presentation format and to guide interpretation for individuals with short education.

Background

With a growing interest in user perspectives to improve qual-
ity of care, patient representatives including both patients
and relatives are increasingly invited to define, discuss and
evaluate quality measures in health care. Within cancer care,
a study based on views from healthcare professionals,
patients and relatives identified coordinated care, access to
care, timeliness of the first treatment and communication as
the four most important quality indicators [1] to evaluate,
benchmark and identify areas for improvements of cancer
care. The rapid developments in cancer care in parallel with
a strengthened focus on quality and equity in care implies
that patient representatives and patient advocacy groups
request access to quality data. Though such data are often
publicly available, correct interpretation especially related to

the meaning and impact of various indicators and the inter-
pretation of the presentation format may be challenging.
Graphs in different formats may visualize and assist the
understanding of quality indicators as they provide an over-
view, an immediate visual perception and reduce cognitive
load [2]. Graph presentation formats vary and may include
e.g. league tables, pie charts, bar charts and funnel plots and
presentation format has been suggested to influence data
interpretation [2,3], but are sparsely described. Hence,
patient and relative’s interpretation of graph formats needs
further attention and visualization should be optimized for
usability, to support correct interpretation and increase likeli-
hood for appropriate actions by various stakeholders.
Furthermore, patient and relative’s preferences for graph for-
mats may be relevant to raise interest and successfully
engage patients and their relatives in quality development
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and to secure information processing and knowledge sharing
[4]. Information on health risks has been suggested to be
preferred in clock, pie or bar chart by patients, though bar
charts and tables are more intuitive and easier to understand
[2]. Still, to our knowledge, no previous studies have investi-
gated patient and relative’s preferred graph presentation for-
mats and how presentation format influences correct
interpretation of quality data in cancer care.

A recurring challenge is that patient and relative’s involve-
ment in quality improvement may be time-consuming and
challenging for the lay person [5,6]. These difficulties may be
particularly evident among individuals with low socioeco-
nomic position (SEP), living alone and with lower health liter-
acy [7,8] and thus with a lowered ability to acquire,
understand and use information to maintain good health [9],
and to receive support from a partner in understanding and
finding relevant health care information [10,11]. To achieve
representativeness, it is important to ensure that the involve-
ment process is accessible also to patient and relatives living
alone with low SEP and health literacy.

We designed a randomized study to evaluate whether dif-
ferent data presentation formats influence how cancer
patients and their relatives interpret quality indicators. We
hypothesize that understanding is influenced by preferred
data presentation format and that presentation format may
influence correct interpretation with more pronounced effects
according to low SEP, cohabitation status and health literacy.

Material and methods
Study population

We invited participants from the Danish Cancer Society
Citizens’ Panel by e-mail with two following reminders
between 31 March and 14 April 2019. The panel includes 849
members aged 18-80years who had either been diagnosed
with cancer or who had a relative diagnosed with cancer dur-
ing 2010-2020. Cancer diagnoses include head and neck can-
cer (6%), breast cancer (27%), gastrointestinal cancer (13%),
pancreatic cancer (2%), cancer in the respiratory system (7%),
cancer of the urinary tract (3%), gynecologic cancers (7%),
bladder cancer (8%), lymph and haematological cancers (9%),
cancers in the neurological system (3%), malignant melanoma
(3%) and other cancers (12%). The panel members came from
all geographical regions of Denmark with a majority being
female (75%) and being patients with a diagnosis of cancer
(current or previous) (71%). The main purpose of the panel is
to inform the Danish Cancer Society as an NGO on patient and
relatives perspectives related to the cancer treatment and sur-
vivorship journey via questionnaires or focus group interviews.

No ethical approval was necessary for this study, as par-
ticipation was anonymous. The final number of participants
who completed the survey was 464 (55%).

Survey development and data collection

The survey was developed first by selecting the main formats
used to visualize quality data in the literature and then by
consulting the layout and content with an expert within the
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Danish Clinical Quality Program — National Clinical Registries
(RKKP) and with a Patient Panel within the Danish Cancer
Society Research Center including 7-10 cancer patients and
relatives, who are engaged to include the patient and public
perspective in research. Data was collected electronically
through SurveyXact accessed through e-mail link.

Storyboards

Participants were introduced to six different storyboards, all
of which represented authentic data from six Danish quality
registers in cancer care [12], i.e. the Danish Bladder Cancer
Database [13], the Danish Breast Cancer Group [14], the data-
base of the Danish Renal Cancer Group [15], the Danish
Lung Cancer Registry [16] and the Danish Gynaecological
Cancer Database [17] (cervical cancer) (Figure 1). The story-
boards presented the following scenarios: (1) time to start of
chemotherapy, (2) percentage of patients undergoing kid-
ney-preserving surgery for renal cancer, (3) percentage of
patients with lung cancer who were treated with curative
intent, (4) percentage of cervical cancer patients undergoing
surgery with lymph node dissection, (5) percentage of breast
cancer patients receiving adjuvant radiotherapy after breast-
conserving surgery and (6) percentage of bladder cancer
patients receiving neoadjuvant chemotherapy (Figure 1).

Presentation format and storyboard questions

The six storyboards presented quality data in three different
formats: table format, league table and point estimates with
two storyboards for each of the three formats (Figure 1).
There were three questions related to the data presented in
each of the 6 storyboards, i.e. 6 questions for each format in
1 storyboards and 18 questions in total. Of the 18 questions,
6 were concerning a comparison of the number of patients
in different regions or hospitals, e.g. ‘Which hospital has the
fewest patients in total?’, 6 questions were concerning differ-
ent scenarios on whether the different regions or hospitals
meet the quality goal, e.g. ‘Which regions meet the quality
goal of at least 30 percent?, 3 questions were concerning
interpretation of random variation in the quality goal using
confidence intervals (Cl), e.g. ‘Which region is with certainty
below the quality goal of 85 percent?, and finally 3 questions
were concerning variation of the quality goal over time, i.e.
‘Which hospitals are managing worse in 2017 compared
with 20167,

Randomization

Participants were exposed to the quality data in the three
different formats (1. Table format, 2. League table and 3.
Point estimates) in varying presentation order (i.e. format
presentation order 1-2-3, 1-3-2, 2-1-3, 2-3-1, 3-1-2, and 3-2-1)
resulting in a total of six different storyboard versions. This
strategy was chosen to avoid bias, and to allow evaluation of
whether the format changed the interpretation. The partici-
pants were randomly allocated to receive the 6 storyboards
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STORYBOARD 1

Time to chemotherapy

When a patient is diagnosed with cancer, treatment needs to start within a specific
time period according to the Danish regulations. For the specific cancer form
below, the quality goal is that at least 85% of patients have started chemotherapy
within 42 days of diagnosis.

Which regions meet the quality standard of at The table also shows the level of certainty. Which
least 85 percent? regions are with certainty below the quality goal of
[] Region Cand D 85 percent?
[] RegionB, C,DandE
oAl [ Region A
[] None [ Region B
[] Dont know [J Region C
[] Region D
What region has the fewest patients in [J Region E
total? [J Dontknow
[] Region A
[J Region B
[] Region C
[] Region D
[] Region E
[] Dont know

Start of chemotherapy within 42 days

Nurmber of patients Patients —
Gog. receiving timely | Total number of mciving timely interval
(percent) patients treatment frcay
treatment (percent) P
Region A 8 304 400 7 7280
RegionB 8 313 78 ) 7987
RegionC 8 356 392 9 8894
RegionD 8 303 355 8 8189
Region E 85 158 197 80 74-86

STORYBOARD 3
Curative lung cancer treatment

Many lung cancers are discovered late. In some cases, it is not possible to
offer treatemnt with curative intent. Instead palliative treatment is offered. In
Denmark, the quality goal is that at least 30 percent of lung cancer patients should
be treated with cruative intent. The figure below shows the proportion of patients
in each region receiving curative treatment.

What regions meet the quality goal of The figure also shows the level of certainty of the

minimum 30 percent? results. Which regions are with certainty below the
[] RegionC,DandE quality goal of minimum 30 percent?
[ RegionAand B
[ Al [ Region A
[J None [ RegionB
[ Dont know [ RegionC
[ RegionD
[ RegionE
‘What region has most patients in total? [] Dont know
[] Region A
[ Region B
[ Region C
[ Region D
[ Region E
[J Dont know

Curative lung cancer treatment
4s

;(nm
I Goal

Figure 1. Examples of the six storyboard versions.

STORYBOARD 2

Surgery of patients with kidney
cancer

When a tumor in the kidney is small and located in only a part of the kidney, it is
possible to remove the entire kidney or only the part where the tumor is situated. The
quality goal is that no more than 10 percent of patients will have the
entire kidney removed. The Figure below illustrates the proportion of patients at
seven hospitals who had their entire kidney removed.

‘Which hospitals meet the quality goal of max 10 The figure also shows the level of certainty.
percent? Which hospitals are with certainty above the
[] Hospital A, B, C, Eand F quality goal of max 10 percent?

[ Hospital G and D

O Al [J Hospital A

[] None [ Hospital B

[ Dontknow [ Hospital C
[ Hospital D

Which hospital has the fewest patients in [J Hospital E

total? [] Hospital F

[ Hospital A [ Hospital G

[ Hospital B [J Dontknow

[ Hospital C

[ Hospital D

[] Hospital E

[] Hospital F

[] Hospital G

[JDont know

Removal of the entire kidney

o 10 20 30 20 50 60 70 80 % 100

Hospital A(o/67) [T
b 620 [T
Hospital C (3/28) _—n

Hospital D (7/7) 100
Hospital E (11/87)

Hospital F (9/41)

Goal

STORYBOARD 4

Removal of lymph nodes among
patients with cervial cancer

During surgery for cervical cance, it is recommended that at least 18 lymph nodes are
removed for examination for cancer cells. The quality goal in Denmark is that at
least 80 percent should have this number of lymph nodes removed. The table
below shows the proprotion of patients in four hospitals, who had at least 18 lymph
nodes removed in 2017 and 2016, respectively. In this storyboard the confidence

intervals are not shown.

‘Which hospitals meet the quality goal of at least 80 The table also shows the result in 2016. Which

percent i 20172 hospitals manage poorer in 2017 compared with

[] Hospital C and D 20162

[] Hospital Aand B

[mp [J Hospital A

[] None [ Hospital B

[] Dont know [ Hospital C
[ Hospital D

Which hospital has the most patients in 2017 in [J None

total? (] Dont know

[] Hospital A

[] Hospital B

[] Hospital C

[] Hospital D

[J Dont know

Removal of lymph nodes

‘ 2016
Number of patients Patientshaving | Patients having
Goall havingatleast | Tota numberof | | 2118 atleast 18
18 lymph nod lymph nodes Iymph nodes
(percent bl | g S e
(percent) (percent)
Hospital A 80 45 52 87 87
Hospital B 80 19 2 8 %
Hospital C 80 14 19 74 92
Hospital D 80 3 12 25 7




Radiotherapy after breast cancer

Among women who have received surgery for breast cancer, age, risk factors and
health status influence the subsequent choice of treatment. Women younger than 75
years are recommended radiotherapy. The quality goal in Denmark is that at least 95
percent of these women receives radiotherapy. The figure below illustrates the
proportion of women receiving radiotherapy in seven hospitals during 2016

and 2017, respectively. In this storyboard the confidence intervals are not shown.

Which hospitals meet the quality goal of at least 95
percent in 20162

[ Hospital C, D, E, Fand G

[] Hospital D, E, Fand G

The figure also shows the result in 2015. Which
hospitals manage poorer in 2016 compared with 20157

0 Al [ Hospital A

[] None [ Hospital B

[] Dont know [ Hospital C
[] Hospital D

‘Which hospiutal has the most patients in 2016 in [ Hospital E

totats [] Hospital F

(] Hospital A [ Hospital G

L] Hospital B [ Dontknow

[ Hospital C

[] Hospital D

[ Hospital E

[] Hospital F

[] Hospital G

[ Dont know

Radiotherapy after breast cancer

70 75 80 85 % 95 100 %
Hospital A (250/275)" _

94
Hospita 8 97740y LI

73

Hospital € 2937317y LS
lospif (293/311) o7 H
Hospital D (162/171)* I
P > H
Hospital £ @33/242 E R
97 -
Hospital F (438/443)" ) [ S N
lospi (438/443) 75 i
Hospital G (229/230)"
100 ;

Goal
. 2016 2013 *Number of patients in 2016

Figure 1. Continued

versions using computer-generated block randomization with
a size of 12 surveys in each block.

Measurements of preferred presentation format,
education, health literacy and cohabitation
status (exposures)

Participants were asked to mark which format they preferred,
e.g. whether they preferred league tables, point estimates or
tables when interpreting the questions from the storyboards
and to provide information on cohabitation status (living
with spouse or partner (yes; no)) and educational level (no
higher education; short higher education (<3 years); medium
higher education (3-4years); long higher education
(>4 years)). Health literacy was measured using the Japanese
Functional Health Literacy scale developed by Ishikawa [18]
including five items concerning how people generally experi-
ence reading and understanding information related to
health, illness and medical care. The functional aspects of
health literacy refers to basic skills in understanding texts,
figures and numbers in health information [19]. The partici-
pants indicated on a five-point Likert scale ranging from
‘never’ to ‘always’, how often they found it difficult to e.g.
read and understand health information. The five items were
summed into a total score (continuous). We also included
categories of high (‘'never’ or ‘rare’) and low health literacy
(‘'sometimes’, ‘often’ and ‘always’) based on guidelines for
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Chemotherapy before surgery for
bladder cancer

It is recommended that patients diagnosed with bladder cancer younger than 75
years should receive chemotherapy before surgery, because it raises the possibility
for cure. In some circumstances, the patient will however not benefit from
treatment or the treament is not tolerated, e.g. because of comorbidities. The
quality goal in Denmark is that at least 30 percent of patients should receive
chemotherapy before surgery. The figure below illustrates the proportion of patients
four hospitals who received chemotherapy before surgery in 2017 and 2016,
respectively. In this storyboard the confidence intervals are not shown.

Which hospitals meet the quality goal in 20177 The figure also shows the result in 2016. Which

hospitals manage poorer in 2017 compared with
[] Hospital AogBand C 20162
[ Hospital Aand C
[ Al
[ None
[ Dont know

[J Hospital A
[ Hospital B
[] Hospital C
[] Hospital D
Which hospitals has the fewest patients in 2017 in [ None
total? [] Dont know
[] Hospital A

[] Hospital B

[] Hospital C

[] Hospital D

(7] Dont know

Chemotherapy before surgery for bladder cancer

8 8059

70 73%) ©(65%)

60 o(61%) 061%)

50 Goal

20 °(41%) O(a1%)

®(19%)

M 2017 [] 2016

*Number of patients in 2017

use of the scale [20] in the descriptive table, but due to low
numbers, it was not possible to include a binary version of
health literacy in the regression analysis.

Measurements of correct interpretation (outcome)

Correct interpretation of quality data was defined as (1)
degree of correct interpretation within each format calcu-
lated by the sum (0-6) of correct answers, (2) having
answered all questions correctly in a given format (table for-
mat, point estimates and league table, respectively) (yes; no)
and (3) having answered all questions within at least one of
any format correctly (yes; no).

Measurements of potential confounding factors

Information on potential confounding factors such as such as
age (continuous) and gender (male; female) were retrieved
from the survey in addition to cohabitation status and edu-
cation (see categories of the latter two under exposures).

Statistical methods

To characterize the study population we calculated frequencies
and percentages of sociodemographic factors, health
literacy level, the general difficulty level of all questions in the
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survey and preferred data presentation format according to
correct interpretation of a given format or at least one of any
format. Plots were computed with the mean score of the sum
(0-6) of correct answers within each format and according to
preferred presentation format. We used logistic regression
models to calculate odds ratios (ORs) with 95% Cl to examine
associations between (1) preferred presentation format, health
literacy level, educational attainment, cohabitation status
(exposures) and interpretation of quality data of a given format
or at least one of any format (outcome) and (2) health literacy
level (exposure) and preferred presentation format (outcome).
The ORs were further mutually adjusted for potential con-
founding factors such as gender (male; female), age (continu-
ous), educational attainment (no higher education; short
higher education (<3years); medium higher education
(3-4years)) and cohabitation status (living with spouse or part-
ner (yes; no)).

Significance was set at p < 0.05. Statistical analyses were
performed using SAS.

Results

The block randomization balanced the allocation of partici-
pants to each of the six storyboard versions: Storyboard

A=66, storyboard B=73, storyboard C=75, storyboard
D =287, storyboard E=84 and storyboard F=79 (data not
shown). Sociodemographic characteristics of the 464 panel
members of the Danish Cancer Society patient panel are
shown in Table 1 stratified by correct interpretation of the
quality data. The vast majority of participants (97%) had high
literacy and 57% had a medium or long higher education. A
total of 67% correctly interpreted at least one format with
correct responses in 43% for table format, 40% for point esti-
mates and 38% for league tables. The majority (60%) consid-
ered the questions to be difficult or very difficult. When
asked about the preferred presentation format, 56% reported
that they preferred league tables (56%). The distribution of
correct interpretation of at least one format is shown for
table format, league tables and point estimates in
Supplemental Figures 1-3.

The mean score for correct interpretation of storyboards
was highest for league table and lowest for table format irre-
spective of patient’s preference for presentation format
(Figure 2). The highest mean scores of correct interpretation
of table format were seen among patients who also pre-
ferred table format compared with patients who preferred
league table or point estimates (Figure 2).

Table 1. Characteristics of the panel of 464 cancer patients and relatives by correct interpretation of at least one format and each format.

Patient and relatives N (%)

Correct interpretation
At least one format®

Correct interpretation
Table format®

Correct interpretation
Point estimates®

Correct interpretation
League table®

Characteristics Yes No Yes No Yes No Yes No
All 312 152 203 261 184 280 175 289
Gender

Male 93 (30) 49 (32) 55 (27) 87 (33) 56 (30) 86 (30) 48 (27) 94 (33)
Female 219 (70) 103 (68) 148 (73) 174 (67) 128 (70) 194 (70) 127 (73) 195 (67)
Background for panel participation

Patients 213 (68) 97 (64) 138 (68) 172 (66) 132 (72) 178 (64) 113 (64) 197 (68)
Relatives 99 (32) 55 (36) 65 (42) 89 (34) 52 (28) 102 (36) 62 (36) 92 (32)
Age, mean (SD) 58 (11.6) 61 (11.5) 57 (11.5) 60 (11.6) 56 (12.1) 61 (10.9) 57 (11.5) 60 (11.6)
Live with spouse or partner

Yes 219 (70) 106 (70) 142 (70) 180 (70) 131 (71) 194 (69) 122 (70) 203 (70)
No 93 (30) 46 (30) 61 (30) 78 (30) 53 (29) 86 (31) 53 (30) 86 (30)
Highest attained education

No higher education 69 (22) 48 (32) 40 (19) 77 (30) 38 (21) 79 (28) 38 (22) 79 (27)
Short higher education (<3 years) 45 (14) 38 (25) 30 (15) 53 (20) 24 (13) 59 (21) 29 (16) 54 (19)
Medium higher education (3-4 years) 132 (42) 53 (35) 85 (42) 100 (38) 77 (42) 108 (39) 64 (37) 121 (42)
Long higher education (>4 years) 66 (21) 13 (8) 48 (24) 31 (12) 45 (24) 34 (12) 44 (25) 35(12)
Occupation

Full time employment 95 33 66 62 67 61 54 74
Part time employment 21 7 17 1" 10 18 1" 17
Flexible job 17 12 10 19 9 20 10 19
Pension or early retirement 134 83 82 135 68 149 71 146
Unemployed 6 <5 <5 6 <5 6 <5 <6
Student or trainee 10 <5 7 <6 9 <5 5 7
Other 29 12 18 23 18 23 20 21
Health literacy

High 306 (98) 142 (93) 201 247 181 267 170 (97) 278 (96)
Low 6 (2) 10 (7) <5 <15 <5 <15 5(3 11 (4)
General difficulty level of questions

Very difficult or difficult 155 (50) 122 (80) 99 178 77 (42) 200 (72) 91 (52) 186 (64)
Very easy or easy 146 (47) 25 (17) 101 78 100 (54) 71 (25) 77 (44) 94 (33)
Don't know 11 (3) 5(3) <5 <15 7 (4) 9 (3) 7 (4) 9 (3
Preferred format of data presentation

Table format 87 (28) 61 (40) 62 (30) 86 (33) 49 (27) 99 (35) 37 (21) 111 (38)
League table 184 (59) 4 (49) 117 (58) 141 (54) 108 (59) 150 (54) 113 (65) 145 (50)
Point estimates 41 (13) 17 (11) 24 (12) 34 (13) 27 (15) 31 (11) 25 (14) 33 (12)

N, number; OR, odds ratio; Cl, confidence interval.

At least one of any format correctly interpreted, i.e. two storyboards including six questions in total.
PAIl questions in a given format correctly interpreted, i.e. two storyboards including six questions in total.


https://doi.org/10.1080/0284186X.2022.2153619

ACTA ONCOLOGICA 1459

Mean value
N
(8]
1

Table format

League table

Point estimates

Preferred presentation format

Correctly interpreted

Table format M League table M Point estimates

Figure 2. Mean scores of correctly interpreted storyboards by preferred presentation format among 464 cancer patients and relatives.

Preferred presentation format and correct interpretation
Correct data interpretations of at least one format were
more often provided by participants who preferred league
tables (OR = 1.62; 95% Cl = 1.04-5.52) compared with par-
ticipants who preferred table format (Table 2). However, this
tendency did not persist when restricting correct interpret-
ation of storyboards to table format (league table preferred
OR = 1.06; 95% Cl = 0.69-1.62) (Table 3). Participants who
preferred table format had a lower odds ratio of correct
interpretation of league table (OR = 0.45; 95% Cl =
0.29-0.71) compared with participants who preferred league
table (Table 3).

Health literacy, education and cohabitation status and
correct interpretation

Health literacy did not seem to play a role for correct inter-
pretation of at least one format (OR = 1.02; 95% Cl =
1.01-1.04) and estimates did not differ when stratified by
correct answers in each presentation format (table format:
OR 1.02; 95% CI = 1.00-1.03, league format: 1.02; 95% Cl =
1.00-1.03, for point estimate OR 1.03; 95% Cl = 1.02-1.05)
(data not shown). Neither did health literacy seem to play a
role for preferred presentation format (table format: OR 1.00;
95% Cl = 0.98-1.01, league format: 1.00; 95% CI = 0.99-1.01,
point estimate: OR 1.01; 95% Cl = 0.99-1.03) (data not
shown). However, the number of participants in the study
population categorized as having low health literacy were
limited (N=16) (Table 1).

Participants with medium (3-4years) or long (>4years)
higher education had a higher odds ratio of correct inter-
pretation of at least one format compared with panel mem-
bers with no higher education (OR = 1.93; 95% Cl =
1.16-3.21 and OR = 3.89; 95% Cl = 1.90-7.95, respectively)
(Table 4). The same tendency was seen in analyses stratified

Table 2. Patient’s and relative’s preferred presentation format associated with
correctly interpreted quality data.

Correct interpretation®
At least one format

Preferred presentation format N OR (95% CI)
Table format 87 1.0 (reference)
League table 184 1.62 (1.04-2.52)
Point estimates 41 1.72 (0.87-3.41)

N, number; OR, odds ratio; Cl, confidence interval.

At least one of any format correctly interpreted, i.e. two storyboards includ-
ing six questions in total.

Adjusted for age, gender, cohabitation status and education.

by correct interpretation of storyboards in table format, point
estimates and league table format, respectively (Table 5). We
found no association between participant’s cohabitation
status and correct data interpretation, irrespective of data
format (data not shown).

Discussion

This randomized study is the first to investigate how various
data presentation formats might influence the interpretation
of quality data among patients with cancer and their rela-
tives. Despite that a large proportion of participants had
high health literacy and medium or long education, more
than one third did not correctly interpret at least one format
and almost 60% found that the questions were difficult or
very difficult to answer, which serves as a reminder of sup-
port and explanations when involving patients and relatives
in work related to quality data interpretation. Most patients
and relatives preferred league table format and the under-
standing of quality data on cancer care improved with lon-
ger education and if the data was presented in the
preferred format.
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Table 3. Patient’s and relative’s preferred presentation format associated with correctly interpreted quality data by presentation format.

Correct interpretation®
Table format

Correct interpretation®
Point estimates

Correct interpretation®
League table

Preferred presentation format N OR (95% Cl) N (OR 95% CI) N OR (95% CI)
Table format 62 1.0 (reference) 37 0.45 (0.29-0.71) 49 0.54 (0.28-1.05)
League table 117 1.06 (0.69-1.62) 113 1.0 (reference) 108 0.70 (0.38-1.28)
Point estimates 24 0.94 (0.49-1.78) 25 0.97 (0.54-1.75) 27 1.0 (reference)

N, number; OR, odds ratio; Cl, confidence interval.

All questions in a given format correctly interpreted, i.e. two storyboards including six questions in total.

Adjusted for age, gender, cohabitation status and education.

Table 4. Patient’s and relative’s highest attained education associated with
correctly interpreted quality data.

Correct interpretation®
At least one format

Highest attained education N OR (95% Cl)

No higher education 69 1.0 (reference)
Short higher education (<3 years) 45 0.81 (0.45-1.45)
Medium higher education (3-4 years) 132 1.93 (1.16-3.21)
Long higher education (>4 years) 66 3.89 (1.90-7.95)

N, number; OR, odds ratio; Cl, confidence interval.

At least one of any format correctly interpreted, i.e. two storyboards includ-
ing six questions in total.

Adjusted for age, gender and cohabitation status.

We found that preferred presentation format does influ-
ence understanding of health care indicators. A possible
explanation of this finding is that preferred format may
reflect higher familiarity and meaningfulness, which may
improve how health care information was processed, and
understood [2]. In contrast to our study, a systematic review
reported that patients and public groups tended to prefer
bar charts, but this format seemed to be the least under-
stood whereas tables and pictographs improved the under-
standing of healthcare providers’ performance [21]. Previous
studies on the understanding of health risk information have
also reported that preferred formats such as pie, clock and
bar charts did not seem to enhance individual's ability to
correctly interpret the information [2,22,23]. However, the
decisional context, presentation formats and study popula-
tion in these studies were different from our study, which
may explain the conflicting findings. Additional studies are
needed to explore preferred formats as prerequisite for
improved understanding of cancer quality indicators. Correct
interpretation also increased with longer education, irrespect-
ive of presentation format. We did, however, not find any
association between health literacy and cohabitation status,
respectively and correct interpretation of quality data.

The majority of participants in our study preferred league
table format and this format also had the highest mean
scores of correct interpretations. A randomized comparison
of formats among 345 Swedish health care decision-makers
comparing hospital performance within cancer care found
that league table was associated with increased Type 1 errors
compared with funnel plots resulting in inappropriate actions
by unsupported information [3]. However, decision-makers
more often missed to react when using funnel plots [3]. The
authors suggested that explanations and visualization aids
are warranted to further guide appropriate decisions. In our

study, even among participants who were able to correctly
interpret cancer quality indicators in league table format,
there were 52% who found the questions very difficult or dif-
ficult. This indicates a significant challenge for engaging
patients and relatives in work related to quality parameters,
indicator outputs and suggest that data presentation should
be greatly simplified to ease correct interpretation and sup-
port understanding. Participants in our study were asked to
interpret quality data with confidence intervals, which may
be a very difficult assignment, even among highly educated
individuals. Patients and relatives who are making hospital
provider choices based on benchmarked quality indicators
are likely to be unfamiliar with the information and the diffi-
culty level may exceed their information processing skills
[24]. A systematic review on how presentation formats influ-
ence decision-making concluded that health care perform-
ance reports could be enhanced using user-defined formats
while limiting the amount of information presented and test-
ing the preference and understanding of presentation
formats prior to use [25].

Patient involvement in quality improvement may be
demanding for the lay person, especially for individuals with
lower education and health literacy [26]. Both education and
health literacy have been shown to be negatively associated
with active provider choice suggesting a disadvantage for
the less educated with lower health literacy [7]. Therefore, it
is important to consider both presentation formats and add-
itional assistance strategies to guide understanding for indi-
viduals with lower skill levels [24,27]. Our study did not
suggest that any specific format improved the understanding
among participants with short education. Previous studies
have suggested that adding illustrations or plain language
describing the numerical information depicted in graphs
might improve understanding among individuals with low
health literacy [27-29]. Alternatively, a tailored approach with
support from healthcare professionals or family members
may be more effective when involving patients with low
health literacy in health care quality improvement [27].

The strengths of our study included the randomized com-
parison of formats making it possible to evaluate whether
the format changed the interpretation of the quality data.
The Danish quality registers in cancer care allowed use of
authentic data to be interpreted by real consumers reflecting
real decision situations. Moreover, the participants were
recruited from the Danish Cancer Society panel representing
all Danish regions and patients had been diagnosed with a
broad range of different cancer diagnoses making it possible
to generalize our results to patient representatives with
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Table 5. Patient’s and relative’s highest attained education associated with correctly interpreted quality data by presentation format.

Correct interpretation®
Table format

Correct interpretation®
Point estimates

Correct interpretation®
League table

Highest attained education N OR (95% CI) N OR (95% Cl) N OR (95% Cl)

No higher education 40 1.0 (reference) 38 1.0 (reference) 38 1.0 (reference)
Short higher education (<3 years) 30 1.05 (0.57-1.91) 29 1.08 (0.59-1.97) 24 0.85 (0.45-1.61)
Medium higher education (3-4 years) 85 1.73 (1.05-2.86) 64 1.13 (0.68-1.89) 77 1.84 (1.10-3.10)
Long higher education (>4 years) 48 3.12 (1.70-5.73) 44 2.68 (1.47-4.89) 45 3.41 (1.82-6.36)

N, number; OR, odds ratio; Cl, confidence interval.

All questions in a given format correctly interpreted, i.e. two storyboards including six questions in total.

Adjusted for age, gender and cohabitation status.

various cancer diagnoses in Denmark. Our study also had
some limitations. We did not measure the ability to under-
stand probabilistic and mathematical concepts (numeracy)
and the ability to evaluate meaning form graphical represen-
tation of numerical information (graph literacy), which are
important components of the individual's ability to accur-
ately understand information about hospital performance
[2,30,31]. Since the vast majority of the participants had high
health literacy, there were not sufficient variation in our data
to meaningfully interpret the association of health literacy
with understanding of quality data. In addition, it has been
demonstrated that the selection of cancer survivors from
patient organizations may not be fully representative of the
general cancer population, since they are usually somewhat
higher educated [32]. When comparing education levels in
our study population with that of the general Danish popula-
tion, we also see higher levels among the study participants
[33]. Thus, we may overestimate the proportion of correct
interpretations and underestimate question difficulty. Finally,
the response rate was modest (55%), and non-responders
may be those having most difficulties in responding to ques-
tionnaires and understanding the quality data leading to
overestimation of the level of correctly interpreted story-
boards in our study.

Future perspectives

Overall, the challenges and shortcoming identified indicate a
need for optimized presentation formats to achieve equal
cooperation and meaningful interaction with patients and
relatives in the development, interpretation and benchmark-
ing of quality data in cancer care. Involving patient and rela-
tives with short education in the development of
presentation formats for cancer quality data may further the
understanding.

Conclusion

It is noteworthy from our results that patients and relatives
found it difficult to interpret the cancer quality data even
though the majority had high education and health literacy.
Decision-makers within cancer care should carefully consider
displaying quality data according to preferred presentation
format. Moreover, when engaging patients and relatives in
work related to quality parameters, the data presentation
should be simplified to lower the difficulty level and improve

the understanding. This may be done e.g. by opting out con-
fidence intervals or variation of the quality goal over time.
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