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Abstract

The purpose of this study was to evaluate information visualization of pubhcdported central
line-associated bdod stream infection (CLABSI) outcome data for decision making by divg
target audiences- health care consumers and practitioners. We describe the challenges in pub
reporting of healthcareassociated infections (HAIs) data and the interpretation af evaluation
metric. Several options for visualization of CLABSI data were designed and evaluated empl
exploratory working group, two confirmator
validation of the final designs. Survegata colled¢ion and evaluation criteria results, collected from
the two focus groups, are presented and are used to develop the final recommendations for |
to visualize publiclyreported CLABSI data from Maryland acute care hospitals. Both health g
consumer andpractitioner’' s perspectives ar e h
vi sualizations’ di mensions framewor k. Fin
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 milliorhealthcareassociatedinfections (HAIS) result in 99,000 deaths
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annually within hospitals across the United Staté&scer the past decade number of states,
including Maryland,to drive improvement and increase transpardmaye eacted legislation
tha requires hospals to publity report HAIs Central LineAssociated Blood Stream Infections
(CLABSISs) are one of the more common HAlstresult in substaral morbidity and mortality
as well asincreased medical costds such, theHAI Advisory Committee of théMaryland
Health CareCommission (MHCC), an findependent regulatory agency whose missiotois
increase accountability ar@fomote informed decisiemakingd chose CLABSS in Intensive
Care Units (ICUs) athe firstHAI outcome measui® bereportedn Maryland[1].

In determining how best to publicly report CLABSI outcome data, MHCC considered the goals
and challenges of public reportinghe goals ofpublic reporting are to inform the public about
hospital performance, iacrease transparency and trust between hospitals and consumées, and
drive best practices and improvementeloninate healthcareassociated infectiong,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 inPublic Reporting of HAI Data

There are a number of challenges that must be faced when deciding how to publithAAdpo

or CLABSI data. Firstone must consider the audience viewing the data. Each individual
viewing the data may have diffart objectives and goals ranging from a patient trying to choose
a hospital for a procedure to hospital administratibhzing it for performance improvement.
Guidance in the medical and public healtbrhture related to public reporting of health eare
associated infectiondatais currently limitedand there are no articles directly pertaining to how
to effectivelypresent HAI data to consumeEtrapolating from literature on public reporting of
other measures, however, several major principles are appboemiake informed choices and
navigate the health care system, consumers need to have easily available, ,accurate
understandableand timey information. Consumerdlikely represent a range of perspectives
because they hawarying levels of education, different backgrounds and different needs with
regards to the data presenteBor exampleonly about 50% of Americans have the minimal
matheméical skills necessary to understand numbers presented in printed mdirialse
primary dallenge in designing a system for public repgrii health quality data is that quality
measures are often difficult to understand ane not meaningful to consumer€ognitive
interviews of healtltare consumers have revealed that consumers prefer inforrttettaan be
reviewed quickly andhatis clear at first reviewParticipants in these interviews frequently felt
inundatedby theamount of informatioristed [5,6]. The data must be frametearlyto a broad
audience providingeither too much nor too little informatigwn,8].

The Agency for Healthcare Resela and Qality (AHRQ) recommensl thatinformation should

be made relevant to what consumers care alibatmetrics should be consisteandthatdata

on sponsors and methodBouldbe included to help legitimize the data for consuni@ys0].

More importantly, howeverto ensurethat the broadest possible audience utilizes and
understandghe publiclyreported data, theaformation presented should l®mmarized and

interpreted for consuers to thegreatestextent possibleSimple language should be used and
guidance on how to read graphs and undacsimeasures should be providedmiiarity with

health vocabulanpy the publicis an important factom consumer understanding of health

related reportingl1]. Employingc o n s u me r s § in health &téracycanregice the gap

between a vocabulary that igsed by healthcare p of essi onal s and t he
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understanding§l2]. Visual communication usingisualizationof the informationcan improve
learning and communicatidt3].

Strategies that narrow options and highlight differences tae most useful to consumers

[14,15] Display strategies thaeem to be particularly effective include rank ordering providers

by performance, labeling performanaes( excellent, fair, poor or above average, average or
below average), or using symbols (isars or symbols that incorporate the interpgeetabel as

part of the symbol]16,17] AHRQ recommends against presenting Confidence Intg@8l

when presenting comparative performance dat a
statistics and that research has shown tleasumers tend to discount information when the

report suggests uncertainty regarding the fli8a

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

Methods

The study methqdgovernance frameworlhad three phasé 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) Expertsé Evalwuation, and 4) |

The exploratory working group that participated in the panealystf the exploratory phase
included five (5) health care professiondl} 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 asant 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 Medidne (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 includedl) hospital epidemiologist and professor of epidemiology, meitie, and
pathology, 2) anesthesiologist and criticate 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 expegtiprior to health care consumers and
practitioner so6 f -o@mnos solgitatougnployedTrdtaringexamsarnt and
interviewsessions and the HAI Advisory Committee solicitation employed two panel discussion
andcollection of wordtype da& that were analyzed for identifying themes.

Confirmatory Phase

In order to garner perceptignen the proposed display formadsring the confirmatgr phase

from both of the intended audience groupsstructured interview tool was developéde

pur pose was t o capture participants?©o opinio
visualization alternatives. The structured interview a@sinistered to consumer and health care
professionalwith expertise in hospital epidemiology and infeoticontrol,focus groups to test
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the usability and understanding of the alternative display presentations. Therfogpsbased
study includd structured etitation of responses of custabuilt alternative displayformats.
Volunteer participants in theocus groupslisted 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
chainreferral sampling. The chameferral sampling was initiated from the exploratory working

group members with the aim to recruisfty subj ects with personal
subjects with no personal HAI s6 experience, a
health care domains. Health care practitioners were excluded from participation in the health care
consumer focsl group. Seven (7) study subjects were included in the health care professional
focus group, including one (1) hospitad 6s Ch
referral sampling. The chameferral sampling was initiated from members of the ety

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 participatin either group.

Validation Phase

Summarizabn of the focus groups commerdad the evaluation survey regarding alternative
formats were captured and submittedthe HAI Advisory Committeeduring the validation
phase. Following review by the Commimsistaff, the alternative displays for reporting CLABSI

data for consumer and professional audiences were presented to the HAI Advisory Committee,
Marylands panel of hospital epidemiology and infection control subject matter experts, who
selected thdinal format. Subsequently, a webinar was held for Maryland hospital Infection
Preventionists, performanamprovement, qualitymeasure, and pubhelations staff on the
format of public reporting of central liressociated blood stream infection (CLABS8ata in

ICUs. Capturing consumersapdr act i t i oner @simgoréant ang eritichliaspeat wa s
recruiting diverse composition of participants.
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Data Collection

We capturedparti ci pant s 6 alt thenrpleses ®rthedvarious nirgormatn
visualizationalternativesTo provide he focus groupwith simulated data formats, we presented
mockedup representations of how the data would be visualized. We used the -tustiom
structured interview toobn four dimensions, sekigure 1. At the end of each foctgroup
discussiorthe consumer and professiomatdiences wererpvided apaperbasedcustomsurvey
that asked them to rate each display formaterms of four critda, depicted inTable 2, to
consider wherwisualizing complex medical informatid@0].

1 Clarityi Is the information provided in a clear and understandable format?

1 Functionalityi Does this visualization provide the ammationanddata elements you are
looking for?

1 Usefulness Is this visualization usefuld.€¢., does this visualization help you make a
decision?)

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

Evaluationcriteria and scalesed a ikert scale of 1 (very poor) to 5 (very good) to select the
evaluation level. Participants ranked itheop three visualization options according tteeir
overall preferenceFurthermore, the survey included additional overall ranking of visualization
symbols and optionghe quality interpretations of the Standardized Infection Ratio (SIR) using
differentsymbols, such as staffslll, half, empty), colors, anghapes.

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

Figure 1: Evaluation of Reporting Dimensic
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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 Standardizebhfection Ratio (SIR) is a summary measure used to compare the infection rate
of one group of patients to that of a standard populdfdh It is the observed number of
infections divided by the preded rumber of infections. The preded infection rate is the
number of infections that we woulepect if the hospital had the same infection ea
comparison group, in this caie national averade?].

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 (SIF

A SIR of 1 meanghe hospital infection rate and that of tt@mparison grou@re the sameA

SIR > 1 meanthe hospital has a higher rate (i.e., more infections) than the asompgrop. A

SIR < 1 meanghat the hospital has a lower infection rate (i.e., fewer infections) than the
comparison groupFigure 2 illustrates an example of estimated SIR for three hospitals. For
exampl e, i hedieal ifteosive care anibiiCs)) 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.gospital C).
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Information Visualization Mockups and Options Presented to Focus Group

During the exploratiophasesix (6) distinctvisualization mockupw/ere developedIlustrated in
Figures3a to 3f. Thesesix (6) mockups were based dne followinginformation visualizations
techniques.

1 Comparative Table 1 Box Plot 1 Quality Graph
1 Analysis Table 1 Heat Map 1 Tree Map

After an initial evaluation of the siX6) mockups with the Commission, based on their clarity,
functionality, usefulness, and effectiveness, the Commission requested that oii}) fmations
be presented to the focusogps for discussion, agplictedin Figures & 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 0.28
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 0.94
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 Tablg 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 2.4 0.19 0-0.97 i
Hospital a 5.8 -1.8 0.69 0.18 - 1.76 0
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 Kk 12 5.7 6.3 211 109-368 O
Hospital 1 15 9 9.1 2.59 1.43 - 4.21 E
[} T T T 1)
0 1.0 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 Plo)
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) (BICU) (ncu)  ficu(Picu)  (NICU)
Hospital A (] @ A @ @ @ @ €] @ @
Hospital B @ @ A (] @ Q Q@ [ A @
Hospital C €] @ A (] ] (] @ @ N ®
Hospital D A @ A A [©] @] €] (@] A A
Hospital E A @ @ A (] (] A A A A
Hospital F A o o AN ] (] A A o VAN
Hospital G @ @ L3 A (] @ A A @ A
Hospital H @ @ @ A €] Q A A @ A
Hospital | @ 4 4 @ (] @ (4 (4 @ A
Hospital J (€] @ AN (“] @ o o o @ o
Hospital K A @ @ A [ (€] @ @ @ A
Hospital L @ @ @ AN @ (] @ @ L JAN

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

Figure 3d: Option 4 (Heat Map)
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Figure 3f: Option 6 (Tree Map)
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During the faus groups study, the fo(4) selected visualizations were labeled as otibrio4
without specifying the visualization techniguEhe intention was to reduselectionbias, which

might have been influenced by a preconception of a visualization catégayinformation
visualization layouts included a combination of standards information graphics used in public
health and publioriented visualization.

Differences inpreferences across groups were analyzed by Kiidskalis nonparametric tests,
appropriate for the ordinal data we collected.

Results

The focus group evaluatioesults as summarizesh Table3, were collectedrom the Maryland
Health Care Commission, Public Reporting of Maryland HAI Outcome Data, Consumer and
Health Care Professional Focus Growplsichwere conducted on August-1a, 2010.

Table 3: Survey Statistics Results Summary

Consumer Practitioner
Visualization Mean Median Low High StdErr.  95% Conf Interval — Mean Median Low High StdErr.  95% Conf Interval
Heat Map 4.6 5 2 5 0.0 44-438 1.9 1 1 5 0.2 14-24
Box Plot 3.8 4 1 5 0.1 35-41 4.3 4 3 5 0.1 41-46
Comparative Table 3.1 3 2 5 0.1 2.8-34 3.3 3 2 5 0.2 29-37
Analysis Table 25 2 1 5 0.1 22-27 3.2 3 1 4 0.1 29-35

Table 4: KruskalWallis equalityof-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 df p-value chi-squared df p-value chi-squared df p-value chi-squared d.f p-value chi-squared d.f p-value

Heat Map 22.1 1 0.0001 47.6 1 0.0001 647 1 0.0001 29.0 1 0.0001 157 1 0.0001 144 1 0.0001
Box Plot 13.0 1 00006 338 1 0.0001 14.2 1 00002 224 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 preference®f the ratings for .
each visualizatiorand criteria as depicted in do°°
Figure4. Testing for KruskaWallis equality ~*

of-populations rank23] (with ties) which &
indicates the degree of dispersion (spread)dn
the datawithin agroup in Table4, showsthat ¢ < D

there arestatistically significant differences o 44
within thegroyps. The consumer®s 6 i{gr oulps chad
a statisticallysignificant differencdor ratings [ Practiioner

=]
-

'

'

1

| |

' '

'

'

F

|
. o

1
1

. o o
T

CF" T T T
. - - Q
across \_/Isua_llzatlon methOdS Th%«»“‘ Analysis Table Box Plot ComparatweTable. HeatMap.
practitioners?o gronn h ad statistically
significant difference for most of theatings Flgure4: Vi sual i zati onso
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acrossvisualization methods except betweeim Anal ysi s

Tabl

eo

a.od i Co

Between Consumers and Practitiondreré weredifferences in the favoritésanking with no
consensus on most of the visualization ranking, as depictéiyure 5. Overall Consumers

preferedthei He at Ma p ractitomerd preéfdeeén BPo x , 81 a &

in Riguie®@ at e d

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% 29%
Analysis Table 8% 29% 43%
No Response 8% 8%

Fiaure 5: Overall Oninion of Visualization Option

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 Gnsumers prefere d t h e # H aatitiondsappefer eadn di BPo x

Pl ot o,

also a statisticallysignificant difference of preferences between the two gréupthed Anal ysi s
Tabl e, 0 a sTableh. thicantastethibre ivamo difference & preferencedbetweenthe

two groupdfor iComparative Table.
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Table 5: KruskalWallis equalityof-populations rank test between groups

Consumer Practitioner
Visualization Rating Obs  Rank Sum  Rating Obs  Rank Sum  chi-squared ar p-value chi-squared with ties ar 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 evduating the overall opinion of Consumers anchditioners on the use of visuadtion
symbols (Stars, Colorsr Shapes), Consumers an@®itiones ranked them at the same order,
as depicted irFigure 7, and selected colors athe overallpreferredsymbols, as depicted in
Figure8, whichindicates 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% 15% 71% 14%
Siars 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

Fiqure 8: Weighted Opinion of Visualization Symbols

Consumerand Health Care ProfessionaSurvey Sentiments

Consumersindicated a preference to obtaione overall aggregade CLABSI measure
supplemented with a symbol for quality interpretatido make a decision andirive
improvement, and then to haae overall hospital CLABSI ratey specific unitsThe consumers
group discussed the me aandiBgnificarftlyo. {THe econduraar m

preferred to view hospitals overall quality ahernto drill down to the details.
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Practitioners indicated to se@ overall CLABSI performance, number of infections, number of
central line days, and SIR doence interval at 95 percent withaarty additional interpretation
symbols.

Conclusions

From this rigorous elicitation of dataisudization preferences for a keytée and national
measures, our data suggest that Consumers pre
focus on a meaningful level of aggregation beneath total overall axdpmy colors for quality
interpretation and grouping.

On the other hand, our data suggest t hat Pr
numerical data. One interpretation of these preferences is that it was desired by the Practitioners
to focus orthe details and relative comparison.

One of the methodgsed to address both grouppreferences for aggregatiamd interpretation

is by constructinghree ordinatategoresof performance and by combining symbols and colors

t hat i ndi caNat indBredlt eEx gérainenced as green cCcir
Experienced as a yellow triangle, and AWorse

The visual display of quantitative information clarifies d@4] for consumers and practitioners

for making decision. The objective of visual design, to organize the data for communicating a
messag effectively, can be accomplished by prioritizing, grouping, and sequencing the data
correctly [25]. But the long-term challenge in the evaluationof visual communicationis its
demonstration of adaptation and utili6].

Hence, he robusttriangulation of mixed study methods, as in our study, is necessary bécause
uses theoretical and applied construaftsisability studies and controllezkperimentsn all its
phage exploratory, cofirmatory, and validation The deploymentand usageof our final
formats, on the MHCC websif@7,28], arethedemonstration otheiradaptation and utility

Discussion

Based on the commenand data analysisf the focus groups, two formats were selected for
presentation on the MHCC websiféhese displays are depictedrigure9 andFigure10.

These displays had been designed based on Consumers and healthacaré iPt i oner s
perspectives and the focus groups analysis results. Additionally, they encompassed standard
information visualization techniques that were employed in ndiriensional case studi§29].
Subsequently, they were validated by subject matter experts. Improvement in quality and safe
performance over time is important to consider (i.e., what is the current performance and what is
the goal i n three years). As we demonstrated
rating of t heSIRaAdChwere sdiffisult@heefsto 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 ConsumesdVisualization 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 Focusroup- Health Care PractitionsgdVisualization Recommendation
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However, theywere also more interested in seeihg absolutenumber of infections. It was
challenging to explain to Consumel® meaning ofarge confidence intervals as it was related
to small number of cases. Moreover, combining data was difficultrerydresult in reaching the
wrong conclusions, which is ultimately unfair to patients.

Overall, opeationally, hospitals focus on zelnarm to patients (i.e., no infections). The goal is to
create meaningful data aggregation (e.g., overall adult, ovedilitge, 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 thighbroad
categoriesAs well, we chose to commethat within the broad categories all hospitals have
approximately equivalent performance.

Limitations

Compared with population surveysurosample sizebased on nundy of focus group
participants, was smalHowever, these numbers are in line with wisatequired for assessing
userinterface preferencg80]. Furthermore, we used multiplermative methodswith multiple
groupsto confirm the preferences that we did elicit of the participamd we employed a broad
cross section of the targeted user populations.

Future Directions

Visual communication can provide effective evidenbaded information to consumers for
decision making and to practitioners for improving patient safety outcomes and processes.
Additional HAIs outcomes can be presented and evaluate8uugical Site Infections (SSI),
nosocomial transmission of mutlrug resistant organisms (e.g., MRSA and VRE), Ventilator
Associated Pneumonia (VAP) and nosocomial Respiratory Syncytial Virus (RSV). Process
oriented measurements can also be presentedsui@ical antimicrobial prophylaxis, hand
hygiene compliance, health care worker influenza, and compliance with active surveillance
testirg for MRSAIn ICUs.

Moreover, public repoitig should focus on reporting) the overall picture?) where individual

hospitals are3) where hospitals should be, addl the direction of change toward a target
improvement goalTo addresghese temporal and multivariate dimensianspre and post
intervention evaluation, outcomes can be displayed in a run chart, agtegid 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 toofsr comparingand monitoring performancghould influence
consumersod6 decision, assi st ,pandaformipdlidy makers.s i n
As a result of our studythe validatedvisualizatiors were approved and publiciyeployedfor
consumer$27] and practitionerf28] in Maryland
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