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Abstract

The purpose of this study was to evaluate information visualization of publicly-reported central
line-associated blood stream infection (CLABSI) outcome data for decision making by diverse
target audiences — health care consumers and practitioners. We describe the challenges in publicly
reporting of healthcare-associated infections (HAIs) data and the interpretation of an evaluation
metric. Several options for visualization of CLABSI data were designed and evaluated employing
exploratory working group, two confirmatory focus groups’ observations, and experts’ committee
validation of the final designs. Survey-data collection and evaluation criteria results, collected from
the two focus groups, are presented and are used to develop the final recommendations for how
to visualize publicly-reported CLABSI data from Maryland acute care hospitals. Both health care
consumer and practitioner’s perspectives are highlighted and categorized based on the
visualizations’ dimensions framework. Finally, a recommended format for visualizing CLABSI
outcome data based on the evaluation study is summarized.
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Introduction

In 2002, the Centers for Disease Control and Prevention (CDC) released a public report
estimating that 1.7 million healthcare-associated infections (HAIS) result in 99,000 deaths
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annually within hospitals across the United States. Over the past decade a number of states,
including Maryland, to drive improvement and increase transparency have enacted legislation
that requires hospitals to publicly report HAIs. Central Line-Associated Blood Stream Infections
(CLABSISs) are one of the more common HAIs that result in substantial morbidity and mortality
as well as increased medical costs. As such, the HAI Advisory Committee of the Maryland
Health Care Commission, (MHCC), an “independent regulatory agency whose mission is to
increase accountability and promote informed decision-making,” chose CLABSIs in Intensive
Care Units (ICUs) as the first HAI outcome measure to be reported in Maryland [1].

In determining how best to publicly report CLABSI outcome data, MHCC considered the goals
and challenges of public reporting. The goals of public reporting are to inform the public about
hospital performance, to increase transparency and trust between hospitals and consumers, and to
drive best practices and improvement to eliminate healthcare-associated infections [2,3]. The
purpose of this study was to help MHCC in choosing the best way of communicating these data
that would address needs and concerns of consumers, hospitals, and the State.

Challenges in Public Reporting of HAI Data

There are a number of challenges that must be faced when deciding how to publicly report HAI
or CLABSI data. First, one must consider the audience viewing the data. Each individual
viewing the data may have different objectives and goals ranging from a patient trying to choose
a hospital for a procedure to hospital administration utilizing it for performance improvement.
Guidance in the medical and public health literature related to public reporting of health care-
associated infections data is currently limited and there are no articles directly pertaining to how
to effectively present HAI data to consumers. Extrapolating from literature on public reporting of
other measures, however, several major principles are apparent. To make informed choices and
navigate the health care system, consumers need to have easily available, accurate,
understandable, and timely information. Consumers likely represent a range of perspectives
because they have varying levels of education, different backgrounds and different needs with
regards to the data presented. For example, only about 50% of Americans have the minimal
mathematical skills necessary to understand numbers presented in printed materials [4]. The
primary challenge in designing a system for public reporting of health quality data is that quality
measures are often difficult to understand or are not meaningful to consumers. Cognitive
interviews of health care consumers have revealed that consumers prefer information that can be
reviewed quickly and that is clear at first review. Participants in these interviews frequently felt
inundated by the amount of information listed [5,6]. The data must be framed clearly to a broad
audience providing neither too much nor too little information [7,8].

The Agency for Healthcare Research and Quality (AHRQ) recommends that information should
be made relevant to what consumers care about, that metrics should be consistent, and that data
on sponsors and methods should be included to help legitimize the data for consumers [9,10].
More importantly, however, to ensure that the broadest possible audience utilizes and
understands the publicly-reported data, the information presented should be summarized and
interpreted for consumers to the greatest extent possible. Simple language should be used and
guidance on how to read graphs and understand measures should be provided. Familiarity with
health vocabulary by the public is an important factor in consumer understanding of health
related reporting [11]. Employing consumers’ vocabulary, in health literacy, can reduce the gap
between a vocabulary that is used by health care professionals and the consumers’
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understandings [12]. Visual communication using visualization of the information can improve
learning and communication [13].

Strategies that narrow options and highlight differences are the most useful to consumers
[14,15]. Display strategies that seem to be particularly effective include rank ordering providers
by performance, labeling performance (i.e., excellent, fair, poor or above average, average or
below average), or using symbols (i.e., stars or symbols that incorporate the interpretive label as
part of the symbol) [16,17]. AHRQ recommends against presenting Confidence Interval (Cl)
when presenting comparative performance data given that consumers often don’t understand
statistics and that research has shown that consumers tend to discount information when the
report suggests uncertainty regarding the data [18].

The primary objective of our study was to determine the most effective manner to publicly report
hospital CLABSI data to both consumers and professionals, based on current standards of data
presentation.

Methods

The study method, governance framework, had three phases—exploratory, confirmatory, and
validation [19].

Exploratory Phase

The purpose of this phase was to perform four activities: 1) Thorough Literature Review, 2)
Panel Study, 3) Experts’ Evaluation, and 4) Iterative Information Visualization Design.

The exploratory working group that participated in the panel study of the exploratory phase
included five (5) health care professionals: 1) the director of Center for Hospital Services at the
Maryland Health Care Commission, 2) the Chief of Hospital Quality Initiatives at the Maryland
Health Care Commission, 3) an assistant professor and hospital epidemiologist at the Johns
Hopkins Bayview Hospital, 4) a program manager at the Center for Innovation in Quality Patient
Care of Johns Hopkins University, and 5) a postdoctoral research fellow of the National Library
of Medicine (NLM) in the Division of Health Sciences Informatics at the Johns Hopkins
University School of Medicine. Three (3) experts that were solicited for their expertise and
evaluation included: 1) hospital epidemiologist — and professor of epidemiology, medicine, and
pathology, 2) anesthesiologist and critical-care specialist, and 3) professor of pediatrics, health
policy and management, and health sciences informatics. Thirteen (13) members of the MHCC
HAI Advisory Committee were solicited for their expertise prior to health care consumers and
practitioners’ focus groups. The expert-opinion solicitation employed recurring brainstorm and
interview sessions and the HAI Advisory Committee solicitation employed two panel discussion
and collection of word-type data that were analyzed for identifying themes.

Confirmatory Phase

In order to garner perceptions, on the proposed display formats during the confirmatory phase
from both of the intended audience groups, a structured interview tool was developed. The
purpose was to capture participants’ opinions and attitudes on the various information
visualization alternatives. The structured interview was administered to consumer and health care
professional, with expertise in hospital epidemiology and infection control, focus groups to test
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the usability and understanding of the alternative display presentations. The focus-groups-based
study included structured elicitation of responses of custom-built alternative display formats.
Volunteer participants in the focus groups, listed in Table 1, were identified and recruited to
provide feedback on the alternative displays.

Table 1: Focus Groups Composition

Consumer Focus Group (13 members) Health Care Professional Focus Group

-August 10, 2010 (7 members)- August 11, 2010
. Indivif_:luals wit_h Personal * Patient Safety Officer (1)
Experiences with HAls (5) * Vice President, Quality and
* Individuals with No HAI Personal Patient Safety (1)
Experience (2) + Hospital Chief Medical Officer (1)
* Former Newspaper Health * Surgical Intensive Care Unit
Reporter (1) Nurse (1)
* MHCC Commissioner (1) * Hospital CEO (1)
* IT Specialist (1) * Health Department M.D./
* Health Care Safety Consultant (1) Hospital Epidemiologist (1)
+ Senior Advocacy Representative * Cardiac Anesthesiologist (1)

(1)
* Quality/Patient Safety Expert
with HAI Experience (1)

Thirteen (13) study subjects were included in the health care consumer focus group based on
chain-referral sampling. The chain-referral sampling was initiated from the exploratory working
group members with the aim to recruit study subjects with personal HAIs’ experience, study
subjects with no personal HAIs’ experience, and representatives from the community and other
health care domains. Health care practitioners were excluded from participation in the health care
consumer focus group. Seven (7) study subjects were included in the health care professional
focus group, including one (1) hospital’s Chief Executive Officer (CEO), based on a chain-
referral sampling. The chain-referral sampling was initiated from members of the exploratory
working group and the Maryland HAI Advisory Committee with the aim to recruit study subjects
that were certify as a health care practitioner. Members of the exploratory working group and
Maryland HAI Advisory Committee were excluded from participation in either group.

Validation Phase

Summarization of the focus groups comments and the evaluation survey regarding alternative
formats were captured and submitted to the HAI Advisory Committee, during the validation
phase. Following review by the Commission staff, the alternative displays for reporting CLABSI
data for consumer and professional audiences were presented to the HAI Advisory Committee,
Maryland's panel of hospital epidemiology and infection control subject matter experts, who
selected the final format. Subsequently, a webinar was held for Maryland hospital Infection
Preventionists, performance-improvement, quality -measure, and public-relations staff on the
format of public reporting of central line-associated blood stream infection (CLABSI) data in
ICUs. Capturing consumers and practitioner’s perspective was an important and critical aspect of
recruiting diverse composition of participants.
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Data Collection

We captured participants’ comments during all the phases on the various information
visualization alternatives. To provide the focus groups with simulated data formats, we presented
mocked-up representations of how the data would be visualized. We used the custom-built
structured interview tool on four dimensions, see Figure 1. At the end of each focus-group
discussion the consumer and professional audiences were provided a paper-based custom survey
that asked them to rate each display format in terms of four criteria, depicted in Table 2, to
consider when visualizing complex medical information [20].

e Clarity — Is the information provided in a clear and understandable format?

e Functionality — Does this visualization provide the information and data elements you are
looking for?

e Usefulness — Is this visualization useful? (i.e., does this visualization help you make a
decision?)

e Effectiveness — To what extent does the visualization portray the intended information?
(i.e., are you able to tell which hospitals perform better or worse easily with this
visualization?)

Evaluation criteria and scale used a Likert scale of 1 (very poor) to 5 (very good) to select the
evaluation level. Participants ranked their top three visualization options according to their
overall preference. Furthermore, the survey included additional overall ranking of visualization
symbols and options, the quality interpretations of the Standardized Infection Ratio (SIR) using
different symbols, such as stars (full, half, empty), colors, and shapes.

Comparison
Aggregate -. NHSN / Star | rI.Comparative“
Hospital data | (National) ._ Table
Spe;iaf:;lcu | 1 State -/- Color | A?:L\;:is
—  Shape —  BoxPlot
- Heat Map

Figure 1: Evaluation of Reporting Dimensions
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Table 2: Evaluation Criteria and Scale

Rating Scale
Functionality Usefulness Effectiveness

Very Good 5
EEtont Good 4
Option 2 Fair 3
Option 3 Poor 2
Option 4 Very Poor 1

Consistent Metric

The Standardized Infection Ratio (SIR) is a summary measure used to compare the infection rate
of one group of patients to that of a standard population [21]. It is the observed number of
infections divided by the predicted number of infections. The predicted infection rate is the
number of infections that we would expect if the hospital had the same infection rate as a
comparison group, in this case the national average [22].

SIR = 1.00 (Reference Line)

/

Hospital A

95% Confidence Interval

|
N
|
|
C—— | Hospital B
|
|
: oeEmmmmmmm Hospital C

0.5 1.0 1.5
Standardized Infection Ratio (SIR)

Figure 2: Visualization of Standardized Infection Ratio (SIR)

A SIR of 1 means the hospital infection rate and that of the comparison group are the same. A
SIR > 1 means the hospital has a higher rate (i.e., more infections) than the comparison group. A
SIR < 1 means that the hospital has a lower infection rate (i.e., fewer infections) than the
comparison group. Figure 2 illustrates an example of estimated SIR for three hospitals. For
example, if a hospital’s medical intensive care unit (MICU) has five (5) bloodstream infections
and based on the national average for that type of ICU one would expect only four (4) infections
the SIR would equal 5/4 = 1.25 (e.g., Hospital C).

Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * Vol. 5, No. 2, 2013



Visualizing Central Line-Associated Blood Stream Infection (CLABSI) Outcome Data m

Information Visualization Mockups and Options Presented to Focus Groups

During the exploration phase six (6) distinct visualization mockups were developed, illustrated in
Figures 3a to 3f. These six (6) mockups were based on the following information visualizations
techniques.

e Comparative Table e BoxPlot e Quality Graph
e Analysis Table e Heat Map e Tree Map

After an initial evaluation of the six (6) mockups with the Commission, based on their clarity,
functionality, usefulness, and effectiveness, the Commission requested that only four (4) options
be presented to the focus groups for discussion, as depicted in Figures 3a to 3d.

Central-line  Central-line Days CLABSIRates (#  Expected  Standardized Compareto Compareto
Infections (CLDs) infections per Infections Infection National* State
1,000 CLDs) (National Ratio (SIR)
Hospital Name T Average)
= Hospital A 20.2 20009 1.01 0.02 0.93
Burn ICU (BICU) 44 20016 2.20 0.03 175
Cardiac ICU {CCU) 4 20006 0.20 0.02 0.25
Cardiothoracic surgical ICU (CSICU, CTICU) 5 20008 0.25 0.02 0.23
Med/Surg ICU 14 20004 0.70 0.01 101
Medical ICU (MICU) 1 20000 0.05 0.01 0.10
Neonatal ICU (NICU) 22 20014 110 0.02 0.54
Neuro critical care unit (NCCU) 3 20010 0.40 0.02 0.41
Pediatric ICU (PICU) 27 20012 1.35 0.02 1.26
Surgical ICU (SICU) 10 20002 0.50 0.01 0.84
Trauma ICU (TICU) 67 20018 3.35 0.03 2.47
Significantly fewer infections 1 The State of Maryland reporting period

is from July 2009 to June 2010; the National
(NHSN) reporting period is from 2006 to 2008.

Average

Significantly more infections

Figure 3a: Option 1 (Comparative Table)

Central-line Central-line Days CLABSI Rates (# Expected Standardized Confidence
Infections {CLDs) infections per Infections Infection Interval at 95%
1,000 CLDs) (National Ratio (SIR)
Hospital Name T Average)
= Hospital A 20.2 20009 1.01 0.02 0.93 0.05-4.21
Burn ICU (BICU) 44 20016 2.20 0.03 1.75 0.36- 2.16
Cardiac ICU (CCU) 4 20006 0.20 0.02 0.25 0.21-0.98
Cardiothoracic surgical ICU (CSICU, CTICU) 5 20008 0.25 0.02 0.28 0.24-0.37
Med/Surg ICU 14 20004 0.70 0.01 1.01 0.77-1.43
Medical ICU {MICU) 1 20000 0.05 0.01 0.10 0.05-0.69
MNeonatal ICU (NICU) 22 20014 1.10 0.02 0.94 0.72-2.29
Meuro critical care unit (NCCU) 8 20010 0.40 0.02 0.41 0.18- 1.76
Pediatric ICU (PICU) 27 20012 1.35 0.02 1.26 1.04-4.21
Surgical ICU (SICU) 10 20002 0.50 0.01 0.84 0.41-2.43
Trauma ICU (TICU) 67 20018 3.35 0.03 2.47 0.56- 2.78

! Confidence Intervals at 95%: a range of possible rates or ratios within which there is a 95 percent confidence that
the real rate or ratio for that hospital lies given the number of infections and procedures thatwere observed in that
hospital in a specific time period.

Figure 3b: Option 2 (Analysis Table) 7
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95 %
Hospital Name Observed Expected Difference SIR Confidence
Interval .
Hospital A 1 57 4.7 0.18 0-0.79 [
Hospital B 1 5.4 a.4 0.19 0-0.97 i
Hospital 4 5.8 1.8 0.69 0.18-1.76 5
Hospital D 5 6.2 1.2 0.81 0.26 - 1.89 -
Hospital E 6 6.3 -0.3 0.95 0.35- 2.08 i
Hospital F 6 6 o 1.00 0.36- 2.16
Hospital G 6 5.4 0.6 1.11 0.41-2.43
Hospital H 8 6.1 1.9 1.31 0.56 - 2.58 -
Hospital | 11 6.2 4.8 1.77 0.88 - 3.17 T
Hospital J 11 6 5 1.83 0.92-3.29 -
Hospital K 12 5.7 6.3 211 109-368 O
Hospital 1 15 5.9 9.1 2.59 1.43 - 4.21 E
[} T T T 1)
] L-O 2.5 5.0
[ significantly fewer infections Confidence Intervals at 95%: a range of possible
rates or ratios within which there is a 95 percent
confidence that the real rate or ratio for that
Average . . . . .
hospital lies given the number of infections and
procedures that were observed in that hospital in
- Significantly more infections a specific time period.
Figure 3c: Option 3 (Box Plot)
Medical ICU Surgical ICU  Med/SurgICU  CardiacICU  Cardiothoracic Surgical ICU Neuro Critical Care Unit  Burn ICU Trauma ICU Pediatric  Neonatal ICU
Hospital Name (Micu) (sicu) (ccu) (csicu, cTicu) (NCCu) (8iCU) (icu)  ficu(Picu)  (NICu)
Hospital A (] @ A @ @ @ @ €] @ @
Hospital B [¢] @ A @ @ (] (] (] A (€]
Hospital C €] @ A (] ] (] @ @ N ®
Hospital D A @ A A [©] @] €] (@] A A
Hospital E A @ @ A (] (] A A A A
Hospital F A @ [e3 A ] (] A A @ N
Hospital G @ @ @ A @ (] A A o A
Hospital H @ @ @ AN @ @ VAN VAN 3 A
Hospital | @ 4 4 @ (] @ (4 (4 @ A
Hospital J (€] @ A ("] @ (] ® @ @ o
Hospital K A @ o A @ ] o @ @ VAN
Hospital L @ @ @ AN @ (] @ @ L JAN

@  significantly fewer infections '
/\  Average
&  Significantly more infections

Figure 3d: Option 4 (Heat Map)
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Quality

Vieasure
Hospital A 100 e ————————
Hospital B 98 I ——————— ;
Hospital C 96 T ———— ' —
Hospital D 94 T ——————————————_ =
Hospital E 92 I — | ||
Hospital F 90 e ———— | o
Hospital G 88 e — | .
Hospital H 86 e —————— ——
Hospital I 84 e — [
Hospital J 82 e ———— | P
Hospital K 80 T ——— |
Hospital L 78 e — |

Figure 3e: Option 5 (Quality Graph)
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Figure 3f: Option 6 (Tree Map)
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During the focus groups study, the four (4) selected visualizations were labeled as options 1 to 4
without specifying the visualization technique. The intention was to reduce selection bias, which
might have been influenced by a preconception of a visualization category. The information
visualization layouts included a combination of standards information graphics used in public
health and public-oriented visualization.

Differences in preferences across groups were analyzed by Kruskal-Wallis non-parametric tests,
appropriate for the ordinal data we collected.

Results

The focus group evaluation results, as summarized in Table 3, were collected from the Maryland
Health Care Commission, Public Reporting of Maryland HAI Outcome Data, Consumer and
Health Care Professional Focus Groups, which were conducted on August 10-11, 2010.

Table 3: Survey Statistics Results Summary

Consumer Practitioner
Visualization Mean Median Low High StdErr. 95% Conf. Interval Mean Median Low High Std Err. 95% Conf. Interval
Heat Map 4.6 5 2 5 0.0 4.4-4.8 1.9 1 1 5 0.2 1.4-24
Box Plot 3.8 4 1 5 0.1 35-41 4.3 4 3 5 0.1 41-4.6
Comparative Table 3.1 3 2 5 0.1 2.8-3.4 3.3 3 2 5 0.2 29-3.7
Analysis Table 2.5 2 1 5 0.1 2.2-27 3.2 3 1 4 0.1 2.9-35

Table 4: Kruskal-Wallis equality-of-populations rank test (with ties) within a group

Consumer Practitioner

Visualization Box Plot Comparative Table Analysis Table Box Plot Comparative Table Analysis Table

chi-squared d.f p-value chi-squared d.f. p-value chi-squared d.f. p-value chi-squared d.f. p-value chi-squared d.f p-value chi-squared d.f p-value

Heat Map 221 1 0.0001 47.6 1 0.0001 64.7 1 0.0001 29.0 1 0.0001 15.7 1 0.0001 14.4 1 0.0001
Box Plot 13.0 1 0.0006 33.8 1 0.0001 14.2 1 0.0002 22.4 1 0.0001
Comparative Table 8.1 1 0.006 0.0 1 0.8353
Within each group, the evaluation ratings Visualizations' Rating within a Group

indicate varied preferences of the ratings for
each visualization and criteria as depicted in Cd
Figure 4. Testing for Kruskal-Wallis equality- ~°

o
> T

|

|

F

of-populations rank [23] (with ties), which & .
indicates the degree of dispersion (spread) in £ i
the data within a group, in Table 4, shows that “ < D ‘

there are statistically significant differences s =t L
within the groups. The consumers’ group had < ’ B Consumer

a statistically significant difference for ratings n T o o | O Pt |
f . . Q

across Vlsua“zatlon methOdS- The 4@(‘\ Analysis Table Box Plot  Comparative Table Heat Map

practitioners’  group  had  statistically

significant difference for most of the ratings

Figure 4: Visualizations’ Evaluation Rating

10
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * Vol. 5, No. 2, 2013



Visualizing Central Line-Associated Blood Stream Infection (CLABSI) Outcome Data m

across visualization methods except between “Analysis Table” and “Comparative Table.”
Between Consumers and Practitioners there were differences in the favorites’ ranking with no
consensus on most of the visualization ranking, as depicted in Figure 5. Overall, Consumers
preferred the “Heat Map” and the Practitioners preferred “Box Plot,” as indicated in Figure 6.

Consumer Practitioner
Favorite 2nd Favorite 3rd Favorite Favorite 2nd Favorite 3rd Favorite
Heat Map 92% 8% 15% 14% 14% 14%
Box Plot 8% 62% 23% 86% 14%
Comparative Table 15% 54% 57% 20%
Analysis Table 8% 20% 43%
No Response 8% 8%

Heat Map 67% 14%
Box Plot 21% 60%
Comparative Table 8% 15%
Analysis Table 2% 10%
Consumer Practitioner

Figure 6: Weighted Opinion of Visualization Options

Although Consumers preferred the “Heat Map” and Practitioners preferred “Box Plot”, there was
also a statistically significant difference of preferences between the two groups for the “Analysis
Table,” as indicated in Table 5. In contrast, there was no difference of preferences between the
two groups for “Comparative Table.”
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Table 5: Kruskal-Wallis equality-of-populations rank test between groups

Consumer Practitioner
Visualization Rating Obs Rank Sum Rating Obs RankSum chi-squared d.f  p-value chi-squared withties d.f p-value
Heat Map 52 2733 28 507 40.0 1 0.0001 45.7 1 0.0001
Analysis Table 52 1797 28 1443 9.7 1 0.001 10.6 1 0.001
Box Plot 52 1905 28 1335 4.1 1 0.04 4.8 1 0.02
Comparative Table 52 2032 28 1207 0.6 1 0.45 0.6 1 0.43

In evaluating the overall opinion of Consumers and Practitioners on the use of visualization
symbols (Stars, Colors, or Shapes), Consumers and Practitioners ranked them at the same order,
as depicted in Figure 7, and selected colors as the overall preferred symbols, as depicted in
Figure 8, which indicates a consensus among the groups.

Consumer Practitioner
Favorite 2nd Favorite 3rd Favorite Favorite 2nd Favorite 3rd Favorite
Colors 62% 31% 8% 100%
Shapes 23% 54% 5% 71% 14%
Stars 15% 8% 62% 14% 86%
No Response 8% 15% 14%

Figure 7: Overall Opinion of Visualization Symbols

Colors 50% 69%

Shapes 30% 18%

Stars 17% 10%
Consumer Practitioner

Figure 8: Weighted Opinion of Visualization Symbols

Consumer and Health Care Professional Survey Sentiments

Consumers indicated a preference to obtain one overall aggregated CLABSI measure
supplemented with a symbol for quality interpretation, to make a decision and drive
improvement, and then to have an overall hospital CLABSI rate by specific units. The consumers
group discussed the meaning of the term “Expected” and “Significantly”. The consumers
preferred to view hospitals overall quality and then to drill down to the details.
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Practitioners indicated to see an overall CLABSI performance, number of infections, number of
central line days, and SIR confidence interval at 95 percent without any additional interpretation
symbols.

Conclusions

From this rigorous elicitation of data-visualization preferences for a key State and national
measures, our data suggest that Consumers prefer “Heat Map” and that it was desired by them to
focus on a meaningful level of aggregation beneath total overall and to employ colors for quality
interpretation and grouping.

On the other hand, our data suggest that Practitioners prefer “Box Plot” augmented with
numerical data. One interpretation of these preferences is that it was desired by the Practitioners
to focus on the details and relative comparison.

One of the methods used to address both groups’ preferences for aggregation and interpretation
is by constructing three ordinal categories of performance and by combining symbols and colors
that indicate “Better than National Experience” as green circle, “No Different than National
Experience” as a yellow triangle, and “Worse than National Experience” as a red Diamond.

The visual display of quantitative information clarifies data [24] for consumers and practitioners
for making decision. The objective of visual design, to organize the data for communicating a
message effectively, can be accomplished by prioritizing, grouping, and sequencing the data
correctly [25]. But the long-term challenge, in the evaluation of visual communication, is its
demonstration of adaptation and utility [26].

Hence, the robust triangulation of mixed study methods, as in our study, is necessary because it
uses theoretical and applied constructs of usability studies and controlled experiments in all its
phases—exploratory, confirmatory, and validation. The deployment and usage of our final
formats, on the MHCC website [27,28], are the demonstration of their adaptation and utility.

Discussion

Based on the comments and data analysis of the focus groups, two formats were selected for
presentation on the MHCC website. These displays are depicted in Figure 9 and Figure 10.

These displays had been designed based on Consumers and health care Practitioners’
perspectives and the focus groups analysis results. Additionally, they encompassed standard
information visualization techniques that were employed in multi-dimensional case studies [29].
Subsequently, they were validated by subject matter experts. Improvement in quality and safety
performance over time is important to consider (i.e., what is the current performance and what is
the goal in three years). As we demonstrated in our results, in the visualization’s evaluation
rating of the “Analysis Table”, SIR and CI were difficult concepts to explain to Consumers.
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Number of Ratio of

Actual Numberof Infections Actual to

Hospital N\ame Numberof CentralLine Projected by Projected

Infections Days Mational Infections

Experience (SIR)

Hospital A 1 20000 5.7 0.18 ®
Hospital B 1 20004 5.4 0.19 ®
Hospital € 4 20008 5.8 0.69 ®
Hospital D 5 20012 6.2 0.81 ®
Hospital E 6 20016 6.3 0.95 )
Haspital F 6 20020 6 1.00 A
Hospital G 6 20024 5.4 1.11 A
Hospital H 8 20028 6.1 121 A
Hospital | 11 20032 6.2 1.77 &
Hospital J 11 20036 ] 1.83 @
Hospital K - 20040 5.7 2.11 &
Hospital L 15 20044 5.9 2.59 @

Q) Better than National Experience
/% No Different than National Experience

<» Worse than National Experience

Figure 9: Post Focus Group — Consumers’ Visualization Recommendation

Actual  Number of Raw Rates Numberof Ratio of SIR
Number  Central (#of Infections Actualto Confidence
of Line Days infections Projected Projected Interval at
Infections per 1,000 by Infections 95%
ClDs)  National (SIR)
Hospital Name i Experience
= Hospital A 9.25 21931 0.41 0.01 0.68 0.04-2.18 . E
Med)/Surg ICU (Hospital with <= 15 Beds) 5 20008 0.25 0.01 0.50 0.14-0.76 [ i
Med/Surg ICU (Hospital with > 15 Beds) 14 27714 0.51 0.02 0.70 0.21-2.18 B
Medical ICU (MICU) 1 20000 0.05 0.01 0.10 0.04-0.37 || H
Surgical ICU (SICU) 17 20002 0.85 0.01 1.43 1.17-1.94 e .|
5 e 15 " L
-Betf.er than National Experience Confidence Intervals at 95%: a range of possible rates or
ratios within which there is a 95 % confidence that the true
No Different than National Experience rate or ratio lies given the number of infections and central
line days.

- Worse than National Experience

Figure 10: Post Focus Group - Health Care Practitioners’ Visualization Recommendation
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However, they were also more interested in seeing the absolute number of infections. It was
challenging to explain to Consumers the meaning of large confidence intervals as it was related
to small number of cases. Moreover, combining data was difficult and may result in reaching the
wrong conclusions, which is ultimately unfair to patients.

Overall, operationally, hospitals focus on zero harm to patients (i.e., no infections). The goal is to
create meaningful data aggregation (e.g., overall adult, overall pediatric, and specialized units).
Avoiding priority ranking is important to prevent the unintended consequence of hospitals
avoiding high risk patients. Thus, we chose to group hospitals alphabetically within the broad
categories. As well, we chose to comment that within the broad categories all hospitals have
approximately equivalent performance.

Limitations

Compared with population surveys, our sample size, based on number of focus group
participants, was small. However, these numbers are in line with what is required for assessing
user-interface preferences [30]. Furthermore, we used multiple formative methods with multiple
groups to confirm the preferences that we did elicit of the participants, and we employed a broad
cross section of the targeted user populations.

Future Directions

Visual communication can provide effective evidenced-based information to consumers for
decision making and to practitioners for improving patient safety outcomes and processes.
Additional HAIs outcomes can be presented and evaluated for Surgical Site Infections (SSI),
nosocomial transmission of multi-drug resistant organisms (e.g., MRSA and VRE), Ventilator-
Associated Pneumonia (VAP) and nosocomial Respiratory Syncytial Virus (RSV). Process
oriented measurements can also be presented for surgical antimicrobial prophylaxis, hand
hygiene compliance, health care worker influenza, and compliance with active surveillance
testing for MRSA in ICUs.

Moreover, public reporting should focus on reporting: 1) the overall picture, 2) where individual
hospitals are, 3) where hospitals should be, and 4) the direction of change toward a target
improvement goal. To address these temporal and multivariate dimensions in pre- and post-
intervention evaluation, outcomes can be displayed in a run chart, a trend graph, or a statistical
process control diagram. Visualization capabilities can be employed for understanding an
intervention efficacy, providing insight on trends improvement, and acting as a public social
influencer. Providing those tools for comparing and monitoring performance should influence
consumers’ decision, assist practitioners in improving patient safety, and inform policy makers.
As a result of our study, the validated visualizations were approved and publicly deployed for
consumers [27] and practitioners [28] in Maryland.
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