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Abstract

Title of dissertation: Assessing and Improving Patient Understanding of Publicly 

Reported Healthcare-Associated Infection-Related Hospital Quality Measures

Max Masnick, Doctor of Philosophy, 2015

Dissertation directed by:
Anthony D. Harris, MD MPH
Professor
Department of Epidemiology & Public Health

Background

Public reporting of hospital quality data is a key element of health care reform in the 

United States, with the goals of improving quality of care while reducing costs by 

encouraging reductions in preventable adverse events (PAE). Healthcare-associated 

infections (HAIs) are a common PAE that cause substantial morbidity and mortality. HAI 

rates for hospitals are widely available online, including via http://medicare.gov/

hospitalcompare. Publishing these data requires considerable effort and expense for 

hospitals and the government. However, there has been little research on the ability of the 

general public to understand published HAI quality measures.

Methods

Aim 1: We assessed understanding of HAI data as presented on CMS Hospital Compare 

among a random sample of University of Maryland Medical Center (UMMC) patients. 

Participants compared HAI data for two hospitals, and the accuracy of their comparisons 

was assessed.



Aim 2: We analyzed nationwide HAI data to determine their utility in distinguishing 

among hospitals, and assessed characteristics of this dataset (e.g. geographic areas with 

hospitals that have substantially different HAI denominators or risk-adjustment profiles) 

that inform how HAI data are presented.

Aim 3: We developed a new method for presenting HAI data to the public. We then 

conducted a randomized controlled trial comparing this new method to the method from 

CMS Hospital Compare among a random sample of UMMC patients.

Results

Aim 1: Participants were able to correctly assess hospital performance 38% of the time 

(most complex data) to 72% (least complex) of the time.

Aim 2: In many geographic areas, HAI-related quality data are diverse enough to 

distinguish among hospitals. The methods for presenting HAI data on CMS Hospital 

Compare were suboptimal for displaying characteristics observed in the underlying data.

Aim 3: Participants in the experimental arm (with the new data presentation method) got 

55.8% of questions correct on average, compared to 31.5% correct in the control arm 

(p=0.0002).



Conclusions

The current tabular methods for presenting hospital-level HAI data to the general public 

on CMS Hospital Compare are understood by one third of patients but can be improved 

through user centered design.
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Chapter 1: Introduction

Hospital quality measurement

Hospital quality is generally categorized into three types of measures: outcomes, process, 

and structure.1 Outcome measures relate to patient survival and quality of life. Examples 

include 30 day readmission, infection, and death rates. The ultimate goal of improving 

hospital quality is to improve patient survival and quality of life; thus, if outcome 

measures are valid and reliable, improvements over time reflect substantive, meaningful 

improvements in medical care. Outcome measures are often risk-adjusted to account for 

patient factors affecting outcomes that are outside the hospital’s control.2

Process measures relate to following standards of care. For example, the percentage of 

heart attack patients given aspirin at discharge is a process measure. Another example is 

the percentage of patients who have prophylactic antibiotics administered prior to 

surgery. Process measures theoretically relate to patient survival and quality of life, as 

following evidence-based standards of care should by definition improve patient 

outcomes.

Structural measures track characteristics of hospitals, such as the use of electronic 

medical records or the percentage of board-certified physicians. Good performance on 

structural measures may lead to improved process measures, in turn leading to improved 

outcomes.
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Hospital quality reporting in the United States

Public reporting of hospital quality measures data began to both encourage hospitals to 

improve quality by making quality metrics public, and to allow consumers to make 

better-informed decisions when choosing health care providers.3 While efforts to report 

hospital quality data to the public in the US began in the 1980s,4 systematic, nation-wide 

reporting did not occur until the Medicare Modernization Act of 2003 gave hospitals a 

financial incentive to report quality data by tying reporting to Medicare reimbursement.5 

These data, which were limited to just 10 measures relating to acute myocardial 

infarction, congestive heart failure, and pneumonia, first became available to the public in 

2004.5

Since then, a number of additional measures have been added to Hospital Compare 

(http://medicare.gov/hospitalcompare), the primary website through which hospital 

quality data reported to the Centers for Medicare & Medicaid Services (CMS) is made 

available to the public. As of March 2015, Hospital Compare includes 124 quality and 

cost of care measures in a variety of categories including structural measures, patient 

satisfaction, process measures for a variety of conditions such as pneumonia and stroke, 

30 day death and readmission rates, surgical complications, hospital acquired infections, 

and overuse of medical imaging.6 A total of 4,619 hospitals are included in this database 

as of March 2015.7
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There are only two published sources of information on the public’s awareness and 

utilization of hospital quality data. The most relevant is a 2008 nationally representative 

survey, which indicated that 6% of US of adults were aware of CMS Hospital Compare, 

20% had seen information comparing hospital quality, and 7% used quality information 

in decision-making.8 It is worth noting that there have been substantial changes to 

information availability and consumption since this survey was conducted, including the 

introduction of Android smartphones (fall 2008) and the iPad (fall 2010). The second 

relevant study assessed Google search volume for “hospital compare” and related terms 

in 2012 and 2013, and found that there was a relatively low number of searches in this 

time period (12,000 per month for “hospital compare”).9 Current Google search volumes 

for this term (from June 2013 to May 2014) are similar. As a point of comparison, the 

term “consumer reports” was searched for over 800,000 per month in the US in the same 

time period (unpublished data, available from Google AdSense).

Public reporting continues to be mandated in federal healthcare legislation, most recently 

in the Patient Protection and Affordable Care Act of 2010 (ACA).10 The ACA further ties 

quality measures to financial incentives for hospitals through the Hospital Value-Based 

Purchasing Program, which ties Medicare payments to the hospital’s ranking on quality 

measures relative to other hospitals and to its own improvement.11

Healthcare-associated infections (HAIs)

HAIs are one of the hospital quality measures reported to the public through Hospital 

Compare beginning in 2011.12 HAIs, also called nosocomial infections, are infections 
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“originating in a medical facility; e.g., occurring in a patient in a hospital or other health 

care facility in whom the infection was not present or incubating at the time of 

admission.”13 Common HAIs include catheter-associated urinary tract infections 

(CAUTI), central line-associated bloodstream infections (CLABSI), surgical site 

infections (SSI), methicillin-resistant Staphylococcus aureus (MRSA) bloodstream 

infections, and Clostridium difficile infections (CDI),12 all of which are reported on 

Hospital Compare.

Among hospital quality measures, HAIs are of particular interest because while they are 

largely preventable, they continue to affect a large number of patients. Based on the 

effectiveness of HAI prevention interventions, up to 70% of CAUTI and CLABSI may be 

preventable.14 However, a large number of HAIs continue to occur: in 2011, there were an 

estimated 721,800 HAIs in US hospitals, affecting 1 in 25 inpatients.15 A 2009 report 

estimated that the direct medical costs of HAIs in the US were as high as $45 billion.16 

Furthermore, antimicrobial resistance presents an increasing challenge in treating HAIs.

With the exception of the SSI measures, HAI measures are broadly relevant because 

patients with many diagnoses are at risk for these HAIs. This is in contrast to other 

reported quality measures on Hospital Compare that are diagnosis-specific (e.g., percent 

of heart attack patients given aspirin at discharge). Among the HAIs on Hospital 

Compare, inpatients are most likely to be at risk for CAUTI: approximately 20% of 

inpatients in acute care hospitals had a urinary catheter15,17 and were therefore at risk. 
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Magill et al. found that in 2011, 13% of HAIs were CAUTIs, accounting for 

approximately 100,000 infections in the US.15 CAUTI rates may vary among hospitals 

because of differences in infection prevention practices or in patient populations. CAUTI 

rates are considered important enough by CMS to be included as one of the measures 

driving value-based purchasing for fiscal year 2016, which ties Medicare reimbursement 

to hospital performance. They are a good target for quality improvement, and relevant to 

patient decisions about which hospital to attend, because 65%-70% of CAUTI may be 

preventable.14

Standardized infection ratios (SIRs)

SIRs are a form of indirect standardization that adjusts for a hospital’s baseline risk of 

HAIs. Risk adjustment is necessary for HAIs because they are an outcome measure and 

thus dependent on factors outside hospitals’ control, such as the overall health of the 

patient population they serve. SIRs the method of reporting risk-adjusted measures used 

by Hospital Compare for HAIs. The numerator of the SIR is the raw number of infections 

for a given HAI, and the denominator is constructed by multiplying the time units 

observed (e.g., the hospital’s catheter-days for CAUTI) by a rate for the standard 

population.18 Thus, the SIR in its simplest form is:

When CMS calculates SIRs, they estimate the denominator more precisely by stratifying 
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time units by risk group (e.g., by ICU patients and non-ICU patients) and using group-

specific standard rates. For example, using CAUTI:

SIRs are a convenient way to compare a hospital’s HAI rate to a risk-adjusted benchmark 

(the denominator in the equation above), but are not necessarily valid when used to 

compare two hospitals to each other. This is because the weighting by risk group 

embedded in the SIR is not necessarily comparable between hospitals, which may result 

in residual confounding by risk group according to Rothman et al.19 This residual 

confounding is termed “shifting-base distortion.” The CDC claims that shifting-base 

distortion is unlikely when comparing SIRs for hospitals with HAI data.20 In response to 

this, Birnbaum et al. show that shifting-base distortion is theoretically possible, although 

their examples have large differences in the risk group distribution between hospitals. 

They also claim to have observed shifting-base distortion in CLABSI data for Washington 

State hospitals, but could not publish data to substantiate their observations because of 

privacy laws.20 Additionally, other methods of standardization, such as direct 

standardization, are not practical for HAI data because of the low number of events. Raw 

rates (i.e., not risk-adjusted) do not suffer from shifting-base distortion, but comparing 

them may be confounded by differing baseline infection risks among hospitals.21 In any 

case, it remains unclear whether residual confounding from shifting-base distortion 

substantially biases comparisons of hospitals using SIRs for nationwide HAI data.
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Two of the three methods for presenting HAI data on CMS Hospital Compare encourage 

direct comparisons of numeric SIRs. The new HAI data presentation method described 

below discourages direct comparisons of numeric SIRs with the goal of avoiding biased 

comparisons if shifting-base distortion is present.

Risk adjustment variables vary by HAI

The National Healthcare Safety Network (NHSN), which is the CDC initiative 

responsible for collecting HAI data from hospitals, specifies that the following variables 

are used for risk adjustment:22

● CAUTIs and CLABSIs

○ Type of patient care location

○ Hospital affiliation with a medical school

○ Bed size of the patient care location

● C. difficile and MRSA

○ Facility bed size

○ Hospital affiliation with a medical school

○ The number of patients admitted to the hospital who already have C. difficile 

or an MRSA bloodstream infection (“community-onset” cases)

○ For hospital-onset C. difficile, the SIR also adjusts for the type of test the 

hospital laboratory uses to identify C. difficile from patient specimens.

● SSIs

○ Duration of surgery

○ Surgical wound class
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○ Use of endoscopes

○ Re-operation status

○ Patient age

○ Patient assessment at time of anesthesiology

Public presentation of healthcare-associated infection (HAI) 
data

As discussed above, HAI data are reported to the public through Hospital Compare. Other 

websites use similar methods for presenting these data. Of the hospital quality data 

displayed on these websites, HAI data perhaps is the most difficult to present. This is the 

result of several factors:

● HAIs must be interpreted as rates; simply looking at the number of infections is 

not sufficient because at-risk time differs among hospitals. This is in contrast to 

process measures, which are much easier to interpret as they are often reported as 

the just percentage of time the standard of care was followed.

● HAI data must be risk-adjusted for comparison with state or national rates because 

patient factors unrelated to the quality of care at the hospital affect HAI rates. 

Thus, unadjusted HAI rates cannot be directly compared; rather, viewers must 

interpret some form of risk adjusted rate (SIRs in the case of Hospital Compare).

● SIRs themselves are unintuitive for several reasons: smaller numbers indicate 

better performance and larger numbers indicate worse performance; a SIR of 1 
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indicates neutral performance rather than 0; like odds ratios, when plotting SIRs on 

a number line, the scale differs for SIRs <1 and SIRS >1 (a SIR of 0.5 has the 

same magnitude as an SIR of 2, while an SIR of 0.25 has the same magnitude as an 

SIR of 4).

● Understanding the medical significance of HAIs requires some medical 

knowledge. For example, when a potential patient is deciding whether to consider 

CAUTI rates when choosing a hospital, he must know what a catheter is, what a 

urinary tract infection is, and when a hospitalized patient could need a catheter. 

Without this knowledge, it is impossible to know whether CAUTI rates are 

relevant to the potential patient and how important they are relative to other quality 

data. This is in contrast to, for example, patient satisfaction ratings of hospitals, 

which require little medical knowledge to interpret.

HAI data also share presentation and usability issues with other quality data reported on 

Hospital Compare. See Figure 8 for a critique of the Hospital Compare tabular interfaces 

for HAI data, which includes many interface elements used for other quality data on 

Hospital Compare.

For the presentation of any hospital quality data to be effective, the interface must 

consider the following three layers of usability:

1. Health literacy: viewers must be able to understand the words, numbers, and 

graphics presented.
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2. Data presentation: the data must be presented in a fashion that facilitates 

interpretation and comparison.

3. Website usability: the website where the data are presented must allow the 

viewer to find what she is looking for.

HAI data presents unique challenges for the health literacy and data presentation layers, 

as discussed above. However, many of the same techniques used to successfully present 

HAI data will also apply to other hospital quality data.

The remainder of this Background section will summarize the relevant literature for each 

of the three usability layers in the context of presenting HAI data.

Health literacy

While little is known about the public’s ability to understand health care quality data 

specifically, there is substantial information on general health literacy. The Institute of 

Medicine defines health literacy as “the degree to which individuals can obtain, process, 

and understand the basic health information and services they need to make appropriate 

health decisions”.23 The 2003 National Assessment of Adult Literacy found that 36% of 

Americans had basic or below-basic health literacy.24 Additionally, a number of other 

studies have found low levels of health literacy in a variety of populations,25 such as 

patients at urban hospitals,26 heart failure patients,27 Medicare enrollees.28 Low general 
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health literacy may contribute to the low use of published hospital quality data by the 

general public: the data are not useful if they cannot be understood.

There are two specific health literacy issues that are applicable to Hospital Compare: (1) 

understanding of SIRs (more generally, understanding of risks, rates, and ratios; even 

more generally, numeracy, or the interpretation of numbers) and (2) understanding of the 

medical terminology related to HAIs.

Broad variation in understanding of numbers is well-documented. For example, one study 

found that 33% of adults with at least some college education could not correctly convert 

“1% of 1,000” to “10 in 1,000,” and 74% could not convert “1 in 1,000” to “0.1%”.29 

There is also substantial variation in understanding of rates and probabilities. For 

example, one study of patients in Spain found that their interpretation of results from a 

medical test was often incorrect (incorrect >90% of the time for probability data and 

>70% of the time for rate data)30. However, there is evidence from a number of studies 

that combining visual displays of data with numerical data can help to address low 

understanding of numbers.30,31

Low general literacy may contribute to poor understanding of medical terminology 

related to HAIs. The 2003 National Assessment of Adult Literacy found that “some 30 

million American adults had Below Basic prose literacy, 27 million had Below Basic 

document literacy [e.g., reading tables, or documents like drug labels], and 46 million 

had Below Basic quantitative literacy [understanding and manipulating numbers 

embedded in prose].” In this study, a total of 34% of Americans had basic or below-basic 

document literacy, and 55% had basic or below-basic quantitative literacy.32
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An algorithmic analysis of the following text from Hospital Compare explaining a 

CAUTI ranks it as >12th grade reading level, which may be too difficult for readers 

without greater than basic literacy to understand:

A catheter is a drainage tube that is inserted by a doctor into a patient’s 

urinary bladder through the urethra and is left in place to collect urine 

while a patient is immobile or incontinent. When not put in correctly or 

kept clean, or if left in place for long periods of time, catheters can 

become an easy way for germs to enter the body and cause serious 

infections in the urinary tract. These infections are called catheter-

associated urinary tract infections (CAUTIs), and they can cause 

additional illness or be deadly. CAUTIs are mostly preventable when 

healthcare providers use infection control steps recommended by the 

Centers for Disease Control and Prevention (CDC).

Text from http://medicare.gov/hospitalcompare/about/rcd.html, analyzed 

by https://readability-score.com using 5 algorithms with an average 

readability grade level of 15.3 (i.e., college level; a score of 12 indicates 

12th grade level).

There is evidence that visualizations can help to explain topics that are too complex to 

describe in low-reading-level prose.33

Data presentation

The working definition of “data presentation” for the purposes of this document is: 

effectively displaying data so that the viewer can quickly and accurately interpret it. Good 
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data presentation thus takes advantage of the way the human brain processes visual 

information to effectively present data.

There are three types of memory used by the human brain when processing visual 

information. Information from the eye first goes into iconic memory, where visual 

information is automatically and unconsciously processed. Certain visual characteristics 

are unconsciously identified by the human brain during this process, such as movement, 

unexpected shapes, and unexpected colors. These visual characteristics can be used (or 

mis-used) when designing data presentation methods. Information is then moved from 

iconic memory into working memory in chunks. Working memory has limited space, 

which means that it is difficult to remember more than 4 to 5 visual elements without 

repetition. Repetition is used to move visual information from working memory into 

long-term memory.34,35

As mentioned above, the visual characteristics automatically identified in iconic memory 

can be used to optimize the way data are presented. Specifically, unexpected colors can 

be used to highlight important data. Likewise, misuse of unexpected (i.e., non-natural 

colors, or colors that generally appear out of place) can distract the viewer. While 

unexpected shapes are also identified in iconic memory, the human brain is better at 

identifying differences in color (more specifically, hue or saturation) than shape as is 

demonstrated by Figure 1.
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Figure 1. Demonstration of the ability of the human brain to identify differences in shape (Panel A) 
compared to differences in color (Panels B and C). Adapted from The Functional Art by Alberto Cairo.35

Thus, differences in data should be identified with differences in color rather than shape 
(see Figure 2).

Figure 2. Demonstration that it is more difficult to distinguish lines with different marker shapes (Panel A) 
compared to different hues (Panel B).

Data should also not be obscured by unnecessary visual elements: in other words, if the 

data are the lion in Figure 1 and the grass represent other visual elements of the data 

presentation method, situations like Panel A should be avoided. This is operationalized by 

Edward Tufte’s data-ink ratio, where he recommends maximizing the amount of data 

presented for every drop of ink (or pixel) used.36 Gridlines in a table are a good example 

of this; they should be reduced to avoid visual clutter that obscures the data (see Figure 

3).
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Figure 3. Example of how gridlines in a table cause visual clutter (Panel A) and correct use of gridlines 
(Panel B).

Likewise, the misuse of bright colors can make it difficult for the viewer to determine 

which elements of a data presentation method are important, or can misdirect attention at 

unimportant elements. The Where’s Waldo children’s books37 aptly demonstrate this 

principle: the “Waldo” character is hidden among numerous similarly-colored and shaped 

imposters, or in a field of visual noise (see Figure 4).

Figure 4. Where’s Waldo37 is a good demonstration of hiding important information with bright colors and 
shapes.
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Limits in the capacity of working memory dictate that use of visual elements to 

summarize or categorize data should only be used for 4 or fewer categories. For example, 

using colors to indicate series on a chart should be avoided for 5 or more series (see 

Figure 5). Likewise, when using symbols to represent categories of data, the symbols 

should include inline written descriptions for 5 or more categories.

Figure 5. Demonstration of limited working memory using a line graph with 9 series. In Panel A, it is 
impossible for most viewers to remember that purple represents Season 4 or Season 9, so viewers must 
constantly refer back to the legend to determine which series is which (or count over from the ends in this 
example). Panel B shows a better way of presenting the same data, avoiding a legend in favor of directly 
labeling the series. Note that the axes for Panel B are printed in a lighter color than in Panel A, in 
accordance with the lion-in-the-grass principle of reducing visual clutter.

These basic principles based on human perception of visual information should inform all 

data presentation methods.

Website usability

Creating a usable website fundamentally requires incorporating feedback from actual 

potential users (i.e., naïve users uninvolved with the project). User-centered design is one 

methodology for achieving this in an organized fashion.
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The Elements of User Experience by Jesse James Garrett38 offers a useful structure for 

specifying the design of a user interface. This structure breaks the design process down 

into six stages (Figure 6), from most abstract to most concrete. Garrett argues that by 

starting the design process with the most abstract stage and them moving sequentially 

through the other stages, the end product will be better.

An extreme example of not following this process would be starting with a pixel-perfect 

mockup of a website (corresponding to "Surface” in Figure 6). Making the mockup 

would require making a number of assumptions, such as deciding the primary objectives 

of the website and the way the navigation was organized. These assumptions might be 

wrong: they should have been challenged through discussion within the design team, or 

tested with users. If they are wrong, the mockup would have to be redone. Alternatively, 

the assumptions might never be discussed, resulting in a sub-optimal design.

Figure 6. The stages of designing a user interface, adapted from Garrett 2011.38
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Current HAI data presentation on CMS Hospital Compare

CMS Hospital Compare has two tabular displays of HAI data (Figure 7) and one 

graphical display. The “simple” format (Figure 7) is the default display and the other 

tabular display and the graphical display are available via buttons. We focus on the two 

tabular displays because (1) the “simple” format display is the default and (2) tabular 

displays are more common than graphical displays on other hospital comparison 

websites.

Figure 7. Current tabular presentations of HAI data on CMS Hospital Compare. The “simple” format 
(Panel B) is the default. The “complex” format (Panel A) is available through a “View More Details” 
button. 

The HAI data presentation method on Hospital Compare suffers from a number of basic 

usability defects described below (Figure 8). In addition, we believe that the contents of 

the tables are sub-optimal. In Aim 3a, we propose an improved design for presenting this 

information, which we will evaluate in Aim 3b.
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Figure 8. Diagram of basic usability issues with the two table-based HAI data presentation methods used 
by CMS Hospital Compare.
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Chapter 2: Methods

Aim 1 methods

We conducted a cross-sectional survey among patients admitted to the University of 

Maryland Medical Center, a 760 bed tertiary referral hospital in Baltimore, Maryland, on 

37 days between June 17, 2014 and September 22, 2014. Patients were approached at 

random using a list of patients who were admitted within the prior 24 hours to mitigate 

selection bias against short admissions. Units where patients were unlikely to be capable 

of completing a survey (e.g. intensive care units) or where conducting the survey would 

be disruptive to care (e.g. obstetrics, psychiatry) were not included. Patients were not 

approached to participate if they were unavailable ≥2 times (e.g. not in room), were 

discharged prior to enrollment, were physically or mentally unable to participate, or were 

on airborne or enhanced contact precautions. Patients were excluded if they could not 

speak or read English. Patients were not provided an incentive for completing the survey. 

This study was reviewed by the University of Maryland Institutional Review Board.

The survey was conducted using an iPad in a waterproof case, which was sanitized with 

Oxivir wipes after each interview. After enrollment and eligibility were assessed, 

participants were presented with several screens of written instructions followed by 

introductory information on catheter-associated urinary tract infections (CAUTI) (see 

Appendix 1: Aim 1 Survey Instrument) and a series of 12 questions that required review 

of contrived data presented in the same format as used by the CMS Hospital Compare 

website for CAUTI (see Figure 9 for example questions). Participants were also asked a 
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series of questions inquiring about demographics, degree of healthcare experience (e.g. if 

the participant was a healthcare worker or had been hospitalized frequently), and prior 

experience with online tools for comparing hospitals. The survey was developed by a 

panel of experts in hospital epidemiology (committee members A.D.H. and D.J.M.) and 

survey methodology (committee member J.P.B.), and was pre-tested with both non-

patients and patients. The survey instrument is available in its entirety as Appendix 1.

The 12 hospital comparison questions were divided into four sets of three questions. Each 

set of three questions, referred to below as a “task,” assessed understanding of a specific 

HAI data presentation format and characteristics of the data. All 12 questions presented 

data about two hospitals, referred to as Hospital A and B. The questions had the same 

structure and response options, which asked the participant to determine if (1) Hospital A 

performed better than Hospital B, (2) they performed the same, or (3) hospital B 

performed better than hospital A (Figure 9). In addition, (4) “Don’t know” and (5) “not 

enough information” were available as response options. Please refer to the Online 

Supplement for the scoring for each question. Questions were displayed in the same order 

for all participants. Figure 9 and Figure 10 provide more information about the structure 

of these questions and data presentation formats, and each task is summarized below:

Task 1 (written SIR [standardized infection ratio] description only)

Questions 1-3 assessed interpretation of the default HAI data presentation 

table format on CMS Hospital Compare (as of May 2014; N.B. that the 

CMS Hospital Compare format has not changed as of November 2015). 
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This consisted of only a written description of the hospital’s CAUTI 

performance as compared to a national benchmark.* For example, 

Hospital 1 might be “Better than the U.S. National Benchmark” and 

Hospital 2 might be “No different than the U.S. National Benchmark”; in 

this case, the correct answer is that Hospital 1 performs better than 

Hospital 2.

Task 2 (written SIR description with numbers)

Questions 4-6 assessed interpretation of another HAI data presentation 

table format also available on CMS Hospital Compare under “View More 

Details.” This table included the same written description of performance 

against a national benchmark as in Task 1 (written SIR description only), 

as well as the number of reported infections, catheter days, the predicted 

number of infections, and the standardized infection ratio (SIR).

Task 3 (identical SIR descriptions with numbers)

Questions 7-9 used the same HAI data presentation table format as Task 2 

(written SIR description with numbers). It differs from Task 2 in that the 

“Evaluation” cells (see Figure 2, column 5) were identical for both 

hospitals.
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Task 4 (numbers only, without written SIR description)

Questions 10-12 used a HAI data presentation table format based on the 

“details format”, but with the “Evaluation” column removed. This format 

does not appear on CMS Hospital compare; it was created for the purposes 

of this study.

We designed these tasks to be ascending in level of difficulty a priori. Task 1 (written SIR 

description only) was the most straight-forward of the four tasks, as it required only 

comparing the written descriptions of the SIRs (column 5 in Figure 10) for the two 

hospitals. Task 2 (written SIR description with numbers) could also be completed 

correctly using the written SIR descriptions alone or by interpreting the numerical 

CAUTI data. Task 3 (identical SIR descriptions with numbers) necessitated using the 

numerical data to correctly compare the two hospitals because the “Evaluation” cells 

were the same for both hospitals despite large differences in the numerical data. For this 

task, simply comparing the number of reported infections (column 1) would result in 

correct comparisons because the denominators (column 2) and predicted number of 

infections (column 3) were similar. Task 4 (numbers only, without written SIR 

description) forced participants to interpret numerical data because the “Evaluation” 

column was omitted. Additionally, in this task the denominators (column 2) and the 

predicted number of infections (column 3) differed substantially between the two 

hospitals. Thus, correct comparisons required calculating an infection rate (dividing 

column 1 by column 2) for each hospital and comparing them, or comparing the number 
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of infections (column 1) to the predicted number of infections (column 3), or using the 

SIR (column 4) to approximate this comparison.

We report the mean percentage correct for each task with 95% confidence intervals. Each 

task contains three questions, so a mean percentage correct of 67% for a task corresponds 

to two out of three correct answers on average for that task. We also report descriptive 

statistics for the demographics of our participants and their healthcare experience. 

Additionally, we report mean percentage correct for each task in subgroups of: 

participants with ≥67% correct for Task 1, college educated participants, and participants 

with some health care experience; our goal was to explore whether these factors affect 

participant scores. Finally, we report the responses to questions on the past usage and 

perceived utility of websites for comparing hospitals.

Aim 2 methods

We used HAI data that are publicly available from CMS published in January 2015 for 

this analysis.

 

In order to determine how useful HAI data are in differentiating hospitals for members of 

the public, we analyzed these data from the perspective of someone searching for a 

hospital. In other words, we compared HAI data for sets of geographically proximal 

hospitals that would be plausible choices for an actual person looking for a hospital.
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We defined “sets of geographically proximal hospitals” in two ways. First, we used 

“hospital referral regions” (HRRs) as defined by the Dartmouth Atlas.39 HRRs are 

geographic areas based on “where patients were referred for major cardiovascular 

surgical procedures and for neurosurgery.”39 Hospitals from the CMS data were matched 

to HRRs based on the “providerid” field, which matched 97% of hospitals. The remainder 

were matched based on zip code.

Second, we used a “simulated search” method to programmatically determine sets of 

hospitals that might appear in actual geographically-based search results on CMS 

Hospital Compare. Searches were simulated in urbanized areas  (UA; Census cluster of 

>50,000 people) and urban cluster (UC; 2,500 to 50,000 people) as defined by the US 

Census Bureau.40 We performed between 1 and 8 searches in each UA and UC; the 

number of searches was based on the log-population of the UA or UC. Precise search 

locations within each UA or UC were based on weighted random sampling of census 

blocks within the UA/UC. Blocks were weighted by their population. Searches were 

performed from the centroid of the selected census block(s). The closest 10 hospitals 

located within 100 miles were included in the results for each simulated search.

We report descriptive statistics for both the two grouping methods (i.e., the (1) HRR and 

(2) simulated search methods), including the number of groups from each method (e.g., 

the number of HRRs and the number of simulated search result sets), and the distributions 
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of the number of hospitals per group for both methods. For each HAI and grouping 

method combination, we then report:

● The proportion of hospitals in each group where data for the HAI are available.

● The percentage of groups (HRRs or simulated search results) where at least one 

pair of hospitals have non-overlapping 95% CIs for the SIR for the HAI, thus 

allowing a patient to legitimately choose one hospital over another based on the 

HAI data.

For example, if two hospitals in a single set of simulated search results (one 

“group”) have 95% CIs that do not overlap, then the HAI data are useful in 

distinguishing between hospitals for this simulated search.

● The percentage of groups (HRRs or simulated search results) where there is at least 

one pair of non-overlapping SIR 95% CIs that are incorrectly identified as being 

indistinguishable by the written summary.

For example, this would occur if Hospital 1 has CLABSI SIR 95% CI of 1.1 to 1.5, 

and Hospital 2 has a 95% CI of 2.0 to 2.5. These hospitals are on the same side of 

1, making the “evaluation” identical (see the “Simple table” figure below). 

However, these two hospitals have non-overlapping 95% CIs, making them 

numerically distinct.



27

This is important because CMS Hospital Compare depends on a written 

“evaluation” in its presentation of HAI data (see Figure 7B). When this occurs, the 

hospitals appear identical in tables like that of Figure 13, even though they might 

be very different numerically.

● The percentage of groups where there is at least one pair of hospitals where 

comparing their raw number of infections results in a different conclusion than 

comparing rates or risk-adjusted rates.

○ We have observed that people will sometimes use only the first column in the 

“complex table” on CMS Hospital Compare (Figure 7A).

This can lead to an incorrect interpretation of the data if the hospitals in the 

table have different denominators or predicted numbers of infection. For 

example, in Figure 14, this would be falsely concluding that Community 

Medical Center is the preferred hospital.  

We report the percentage of groups where either of the following scenarios 

occur at least once:

■ Scenario 1:

● The evaluation column is different for the two hospitals, AND
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● The hospital with the better evaluation column has a greater number in 

the # infections column

■ Scenario 2

● The evaluation column is the same for the two hospitals, AND

● One of the hospitals has > 10 infections, AND

● One hospital has at least 50% fewer infections than the other

Aim 3 methods

We conducted a randomized controlled trial comparing a new HAI data presentation 

method with one of the methods currently used on CMS Hospital Compare. Study 

participants were asked to complete a survey in which they compared two hypothetical 

hospitals based on HAI data presented with either the new method (experimental arm) or 

the CMS Hospital Compare method (control arm).

Development of new method for presenting data

The new method for presenting the HAI data was developed based on best practices for 

user-centered design38 and for human perception of visual information.34–36 Initial versions 

of the new presentation method were improved iteratively through one-on-one testing 

with naive users (people who had not seen HAI data before). These methods are 

described in detail in Chapter 5.

Survey instrument

The survey instrument used in this study to compare the two methods consisted of the 

following sections:
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a) Introductory information

b) Hospital comparison questions

c) Demographics and health care experience questions

The (a) introductory information section of the survey provided a self-administered 

explanation of catheter-associated urinary tract infections (CAUTI) to participants. 

CAUTI was chosen as a representative HAI for the purposes of this study because it is 

comparatively simple to explain and a greater percentage of patients are at risk for 

CAUTI than for the other HAIs reported on CMS Hospital Compare.

The (b) hospital comparison section consisted of four scenarios with three questions each 

(12 questions total for the complete survey). See Figure 18 for a description of the four 

scenarios; these scenarios occur frequently in comparisons of hospitals in health referral 

regions39 (data not shown). Each question presented the participant with HAI data for two 

hypothetical hospitals and asked them, “Which hospital would you choose based only on 

the CAUTI information [presented above]?” Response options for all questions were: (i.) 

Hospital 1; (ii.) Hospital 2; (iii.) Either; (iv.) Not sure. The underlying data were identical 

for all participants, but the method of data presentation differed by study arm. Participants 

were randomly assigned to one of the two arms. This section of the survey was self-

administered on an iPad. Participants were blinded (i.e., not aware which data 

presentation method was new) and the interviewer did not provide any assistance to 

participants beyond basic use of the iPad.
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The (c) demographics and health care experience questions were administered by the 

interviewer. See the Aim 3 survey instrument (https://masnick.org/projects/dissertation/

aim3-survey/) and Table 6 for details. 

Study population and inclusion/exclusion criteria

Data were collected from patients admitted to the University of Maryland Medical 

Center, a 810 bed tertiary referral hospital in Baltimore, Maryland, on 14 days between 

May 15, 2015 and June 2, 2015. The sampling methodology was identical to that 

described above in the Aim 1 Methods section of this chapter. In brief, patients were 

randomly selected from recent admissions (within 24 hours), excluding units where 

patients were unlikely to be capable of completing a survey (e.g. intensive care units) or 

where conducting the survey would be disruptive to care (e.g. obstetrics, psychiatry). If 

patients were unavailable ≥2 times (e.g. not in room), discharged prior to enrollment, 

physically or mentally unable to participate, or on airborne or enhanced contact 

precautions, they were not approached to participate. Patients were excluded if they could 

not speak or read English. Patients were not provided an incentive for completing the 

survey. This study was reviewed by the University of Maryland Institutional Review 

Board.

Power calculations

Power calculations indicated that a sample size of 26 per arm was sufficient for detecting 

an improvement (or decline) of 20% between the control and experimental arms with 

80% power at α=0.05. Standard deviation was estimated from a previous study.

https://masnick.org/projects/dissertation/aim3-survey/
https://masnick.org/projects/dissertation/aim3-survey/
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Randomization

After enrollment and eligibility were assessed, participants were randomized into one of 

two study arms:

a) Experimental arm: new data presentation method

b) Control arm: HAI data presentation method from CMS Hospital Compare

Randomization occurred automatically on the iPad, and was in variable block sizes of 2, 

4, 6, and or 8.

Data analysis

The primary endpoint was pre-specified as the difference in average correct answers 

between the study arms (see Online Supplement, questions 1-12). This difference was 

assessed with a two-sided Student’s t-test. Analysis was performed according to intention-

to-treat: one participant only completed 5 of the 12 hospital comparison questions; 

missing responses for this participant were recoded as “not sure” and scored as incorrect. 

All other participants completed all questions. Analysis was blinded.

We collected a number of demographic and health experience variables for participants, 

and compared the distribution of these variables between the two study arms with 

Pearson's chi-square tests for categorical variables and two-sided Student’s t-tests for 

continuous variables.
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Chapter 3: Lack of Patient Understanding of Hospital 
Acquired Infection Data Published on the Centers for 

Medicare and Medicaid Services (CMS) Hospital Compare 
Website*

Abstract

Background: Public reporting of hospital quality data is a key element of US healthcare 

reform. Data for hospital-acquired infections (HAIs) are especially complex.

Objective: To assess interpretability of HAI data as presented on the Centers for 

Medicare and Medicaid Services Hospital Compare website among patients who might 

benefit from access to these data.

Methods: We randomly selected inpatients at a large tertiary referral hospital from June 

to September 2014. Participants performed 4 distinct tasks comparing hypothetical HAI 

data for 2 hospitals, and the accuracy of their comparisons was assessed. Data were 

presented using the same tabular formats used by Centers for Medicare and Medicaid 

Services. Demographic characteristics and healthcare experience data were also collected.

Results: Participants (N = 110) correctly identified the better of 2 hospitals when given 

written descriptions of the HAI measure in 72% of the responses (95% CI, 66%-79%). 

* Masnick M, Morgan DJ, Sorkin JD, Kim E, Brown JP, Rheingans P, Harris AD. Lack of 
Patient Understanding of Hospital Acquired Infection Data Published on the Centers for 
Medicare and Medicaid Services (CMS) Hospital Compare Website. Infect Control Hosp 
Epidemiol. In press.
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Adding the underlying numerical data (number of infections, patient-time, and 

standardized infection ratio) to the written descriptions reduced correct responses to 60% 

(55%-66%). When the written HAI measure description was not informative (identical 

for both hospitals), 50% answered correctly (42%-58%). When no written HAI measure 

description was provided and hospitals differed by denominator for infection rate, 38% 

answered correctly (31%-45%).

Conclusions: Current public HAI data presentation methods may be inadequate. When 

presented with numeric HAI data, study participants incorrectly compared hospitals on 

the basis of HAI data in more than 40% of the responses. Research is needed to identify 

better ways to convey these data to the public.
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Background 

The collection and publication of hospital-acquired infection (HAI) data, as part of an 

effort to publicly report hospital quality data, is a key element of the Affordable Care Act 

and other recent healthcare reform legislation in the United States.10,41 These data are 

made available to the public via the Centers for Medicare and Medicaid Services (CMS) 

Hospital Compare website42 and a number of state-specific websites. The reasons for 

making these data accessible to the public include improving hospital quality, increasing 

transparency in the healthcare system, and providing information for patients to allow 

them to make informed decisions related to their healthcare.

HAI data may be more difficult to interpret than other hospital quality metrics (eg, patient 

satisfaction) because these data involve infection rates and risk adjustment. The objective 

of this study was to determine whether the general public could compare hospitals using 

HAI data as they are currently presented on these websites.

 

Methods

We conducted a cross-sectional survey among patients admitted to the University of 

Maryland Medical Center, a 760-bed tertiary referral hospital in Baltimore, Maryland, on 

37 days between June 17, 2014, and September 22, 2014. Patients were approached at 

random using a list of patients who were admitted within the prior 24 hours to mitigate 

selection bias against short admissions. Units where patients were unlikely to be capable 

of completing a survey (eg, intensive care units) or where conducting the survey would 
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be disruptive to care (eg, obstetrics, psychiatry) were not included. Patients were not 

approached to participate if they were unavailable 2 or more times (eg, not in room), were 

discharged before enrollment, were physically or mentally unable to participate, or were 

on airborne or enhanced contact precautions. Patients were excluded if they could not 

speak or read English. Patients were not provided an incentive for completing the survey. 

This study was approved by the University of Maryland Institutional Review Board.

 

The survey was conducted using an iPad in a waterproof case that was sanitized with 

disinfectant wipes (Oxivir) after each interview. After enrollment and eligibility were 

assessed, participants were presented with several screens of written instructions followed 

by introductory information on catheter-associated urinary tract infections (CAUTI) (see 

online supplement) and a series of 12 questions that required review of contrived data 

presented in the same format as used by the CMS Hospital Compare website for CAUTI 

(see Figure 9 for example questions). Participants were also asked a series of questions 

about demographic characteristics, degree of healthcare experience (eg, whether the 

participant was a healthcare worker or had been hospitalized frequently), and prior 

experience with online tools for comparing hospitals. The survey was developed by a 

panel of experts in hospital epidemiology (A.D.H. and D.J.M.) and survey methodology 

(J.P.B.), and was pretested with both non-patients and patients. The survey instrument is 

available in its entirety as an online supplement.
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Figure 9. Format of hospital comparison questions (left pane) and examples of the table formats we 
assessed for presenting hospital-acquired infection data to the general public (right pane). CAUTIs, 
catheter-associated urinary tract infections.
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The 12 hospital comparison questions were divided into 4 sets of 3 questions. Each set of 

3 questions, referred to below as a “task,” assessed understanding of a specific HAI data 

presentation format and characteristics of the data. All 12 questions presented data about 

2 hospitals, referred to as Hospital 1 and Hospital 2. The questions had the same structure 

and response options, which asked the participant to determine whether (1) Hospital 1 

performed better than Hospital 2, (2) they performed the same, or (3) Hospital 2 

performed better than Hospital 1 (Figure 9). In addition, (4) “Not enough information” 

and (5) “Don’t know” were available as response options. Please refer to the online 

supplement for the scoring for each question. Questions were displayed in the same order 

for all participants. Figure 9 and Figure 10 provide more information about the structure 

of these questions and data presentation formats, and each task is summarized below. The 

tables used by CMS Hospital Compare and shown in these figures use standardized 

infection ratios (SIRs), which are calculated by dividing the infection rate in the hospital 

by a predicted infection rate based on national data.22,42 The written description (column 5 

in Figure 10) describes the 95% CI of the SIR—for example, if the lower bound of the 

95% CI is greater than 1, the hospital is described as “worse than the US National 

Benchmark” for CAUTI. SIRs of less than 1 indicate fewer reported infections than 

predicted; lower SIRs indicate better performance.
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Figure 10. Summary of the differences between the 4 hospital-acquired infection data interpretation tasks 
in this study, and descriptions of what is assessed in each task.

Column # 1 2 3 4

No. of 
infections 
reported (A)

Catheter 
Days

Predicted 
No. 
Infections 
(B)

Standardized 
Infection 
Ratio (SIR) 
(A/B)

Hospital 1
Hospital 2

Column # 1 2 3 4 5 Difficulty
Task (format)
Task 1
(default) No No No No Yes Interpretation of col. 5 alone

Task 2
(details) Yes Yes Yes Yes Yes

Interpretation of detailed table 
when col. 5 is sufficient to 
correctly compare hospitals

Task 3
(details, 
identical 
evaluation 
cells)

Yes Yes Yes Yes Yes*

Interpretation of detailed table 
when col. 5 is identical for 
both hospitals; requires 
interpreting numeric data

Task 4
(details without 
"Evaluation")

Yes Yes Yes Yes No

Understanding of rates vs. 
raw number of infections; col. 
5 omitted to force participants 
to use numerical data

* Not informative (and potentially misleading); same for both hospitals

Columns included in data presentation format by task

5

_____ than the U.S. National Benchmark
_____ than the U.S. National Benchmark

↑
Less 

difficult

More 
difficult
↓

Evaluation

Task assesses

Task 1 (written SIR description [ie, “Evaluation”] only): Questions 1-3 

assessed interpretation of the default HAI data presentation table format 

on CMS Hospital Compare (as of January 2015). This consisted of only a 

written description of the hospital’s CAUTI performance as compared 

with a national benchmark. For example, Hospital 1 might be “Better than 

the US National Benchmark” and Hospital 2 might be “No different than 

the US National Benchmark”; in this case, the correct answer is that 

Hospital 1 performs better than Hospital 2.

 

Task 2 (written SIR description with numbers): Questions 4-6 assessed 

interpretation of another HAI data presentation table format also available 
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on CMS Hospital Compare under “View More Details.” This table 

included the same written description of performance against a national 

benchmark as in Task 1, as well as the number of reported infections, 

number of catheter days, the predicted number of infections, and the SIR.

 

Task 3 (identical SIR descriptions with numbers): Questions 7-9 used 

the same HAI data presentation table format as Task 2.In this task, the 

number of infections differs substantially between the two hospitals, while 

denominators are similar, resulting in large differences in infection rates 

and SIRs between the hospitals. Both hospitals SIR 95% CIs are on the 

same side of 1 to make interpreting numerical data necessary for 

answering correctly, as opposed to relying on the “Evaluation” column.

 

Task 4 (numbers only, without written SIR description): Questions 

10-12 used a HAI data presentation table format based on the “details 

format” but with the “Evaluation” column removed. This format does not 

appear on CMS Hospital compare; it was created for the purposes of this 

study.

 

We designed these tasks to be ascending in level of difficulty a priori. Task 1 was the 

most straight-forward of the 4 tasks, as it required only comparing the written 

descriptions of the SIRs (column 5 in Figure 10) for the 2 hospitals. Task 2 could also be 
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completed correctly using the written SIR descriptions alone or by interpreting the 

numerical CAUTI data. Task 3 necessitated using the numerical data to correctly compare 

the 2 hospitals because the “Evaluation” cells were the same for both hospitals despite 

large differences in the numerical data. For this task, simply comparing the number of 

reported infections (column 1) would result in correct comparisons because the catheter-

days (column 2 [denominator for infection rate]) and predicted number of infections 

(column 3) were similar. Task 4 forced participants to interpret numerical data because 

the “Evaluation” column was omitted. Additionally, in this task the catheter-days (column 

2) and the predicted number of infections (column 3) differed substantially between the 2 

hospitals. Thus, correct comparisons required calculating an infection rate (dividing 

column 1 by column 2) for each hospital and comparing them, or comparing the number 

of infections (column 1) to the predicted number of infections (column 3), or using the 

SIR (column 4) to approximate this comparison.

 

We report the mean percentage correct for each task with 95% confidence intervals. Each 

task contains 3 questions, so a mean percentage correct of 67% for a task corresponds to 

2 of 3 correct answers on average for that task. We also report descriptive statistics for the 

demographic characteristics of our participants and their healthcare experience. 

Additionally, we report mean percentage correct for each task in subgroups of participants 

with at least 67% correct for Task 1, college-educated participants, and participants with 

some healthcare experience; our goal was to explore whether these factors affect 

participant scores. Finally, we report the responses to questions on the past usage and 
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perceived utility of websites for comparing hospitals. Data were analyzed using Stata, 

version 12.1 (StataCorp).

 

Results

A total of 110 patients completed the survey between June 17, 2014, and September 22, 

2014. See Table 1 for details on participant demographic characteristics and degree of 

healthcare experience. An additional 75 patients were approached and declined to 

participate.
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Table 1. Demographic Characteristics, Healthcare Experience, and Use of Hospital Comparison Websites 
Study Participants (n=110).

* Data are no. (%) of participants unless otherwise specified. Percentages may not total to 100% owing to 
rounding.

 

Variable
Demographic characteristic
Age, mean (SD), y
Female sex
Race

American Indian
Asian Indian
Black
Hispanic
Multiracial
White

Marital status
Married
Single
Other

Currently employed
Education

Some high school
High school graduate
Some college
College graduate

Household income
<$20,000
$20,000 to $25,000
$25,000 to $35,000
$35,000 to $50,000
$50,000 to $75,000
>$75,000
Don't know or prefer not to respond

 
Healthcare experience
Lifetime overnight hospital stays

1 or 2 times
3 to 6 times
7 or more times

Previous catheter-associated urinary tract infection
Participant has ever been a healthcare worker
Immediate family member is a healthcare worker
Caregiver for frequently hospitalized person
 
Use of hospital comparison website
Has ever used hospital comparison website
Hospital comparison website would help decision to come to current hospital

Value*
 
50.7 (15.4)
55 (50.0)
 
4 (3.6) 
1 (0.9) 
44 (40.0)
1 (0.9) 
1 (0.9) 
59 (53.6)
 
54 (49.1)
35 (31.8)
21 (19.1)
40 (36.4)
 
10 (9.1)
38 (34.5)
29 (26.4)
33 (30.0)
 
 12 (10.9)
 7 (6.4) 
 9 (8.2) 
 10 (9.1)
 12 (10.9)
 24 (21.8)
 36 (32.7)
 
 
 
13 (11.8)
51 (46.4)
46 (41.8)
11 (10.0)
36 (32.7)
55 (50.0)
36 (32.7)
 
 
6 (5.5)
39 (35.5)
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The mean (95% CI) percentage correct was 72% (66%-79%) for Task 1; 60% (55%-66%) 

for Task 2; 50% (42%-58%) for Task 3; and 38% (31%-45%) for Task 4 (Figure 11A). 

This pattern of descending mean percentages correct for each successive task was 

observed in subgroups of those who got either 2/3 or 3/3 questions correct for Task 1 (n = 

78; Figure 11B); and healthcare workers or participants who were a caregiver for a 

frequently hospitalized person (n = 57; Figure 11D). A similar pattern was observed 

among college graduates (n = 33; Figure 11C). Percentages correct for individual 

questions within each task were similar (data not shown) except for the third question 

(no. 6) in Task 2, which was answered correctly only 35% of the time. In this question, 

Hospital 1 and 2 had nearly identical CAUTI rates and SIRs but Hospital 1 had twice as 

many catheter-days (denominator for infection rate) as Hospital 2. Including only the first 

2 questions (nos. 4 and 5) in Task 2 (in these questions both hospitals had similar 

numbers of catheter-days), the mean (95% CI) percentage correct was 73% (66%-80%).
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Figure 11. Mean percentage correct on each task for the entire study sample and subgroups.

72%
60%

50%
38%

Task 1
Task 2
Task 3
Task 4

  
30 40 50 60 70 80 90 100

92%
66%

56%
44%

Task 1
Task 2
Task 3
Task 4

 
30 40 50 60 70 80 90 100

86%
69%

75%
56%

Task 1
Task 2
Task 3
Task 4

 
40 50 60 70 80 90 100

78%
58%

50%
41%

Task 1
Task 2
Task 3
Task 4

% correct (error bars show 95% CIs)
30 40 50 60 70 80 90 100

A) All participants (n=110)

B) >66% correct on Task 1 (n=78)

C) College graduates (n=33)

D) Health care workers or caregivers for a frequently
     hospitalized person (n=57)
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Participants were asked whether they had ever used a website for comparing hospitals 

before; 6 (6%) indicated that they had. A larger number of participants (39 [36%]) 

indicated that a hospital comparison website would have been helpful in their choice of 

hospital for their current admission (Table 1).

 

Discussion

In our study, we asked participants to compare 2 hypothetical hospitals using CAUTI data 

displayed identically to the presentation methods currently used on CMS Hospital 

Compare and other hospital comparison sites meant for use by the general public. When 

presented with the relatively simple table providing only written summaries of the SIR 

(eg, “Better than US National Benchmark”), participants were able to correctly assess 

hospital performance 72% of the time, on average. As the complexity of the data and their 

interpretation increased, participants answered correctly less often (see Figure 9, Tasks 

2-4). These results indicate that the current tabular methods for presenting hospital-level 

HAI data to the general public may not allow patients to make informed comparisons 

among hospitals.

 

In general, we found that participants in our study were less accurate at comparing 

hospitals when correct comparisons required interpreting numerical data (Task 3 and Task 

4) compared with when written descriptions of SIRs were available and informative (Task 

1 and Task 2). Examining our results in greater detail suggests some more specific 

reasons why participants had difficulty properly interpreting HAI data presented in these 
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tabular formats. For example, in Task 3 the hypothetical hospitals had identical written 

SIR descriptions (indicating that the 95% CIs for the SIRs of the 2 hospitals were either 

both on the same side of 1, or both overlapped 1). However, the CAUTI rates were very 

different between the 2 hospitals; one hospital clearly performed better than the other if 

the CAUTI data were interpreted correctly (see the Task 3 example table in Figure 9). For 

questions in this task, participants answered correctly only 50% of the time on average.

 

For the first 2 questions (nos. 4 and 5) in Task 2, both hospitals had similar catheter-days 

(denominator of infection rate), while the hospitals in the third question (no. 6) had 

substantially different catheter-days. Participants answered the first 2 questions correctly 

73% of the time, compared with 35% for the third question. This suggests that 

participants were comparing the raw number of infections rather than calculating an 

infection rate. Note that participants could have ignored the numerical data in all of the 

Task 2 questions and instead used the written SIR descriptions to correctly compare the 

hospitals as they did in Task 1. This indicates that providing the written SIR descriptions 

along with numerical data is not beneficial (and may be misleading, as they appeared to 

be in Task 3 as described above).

 

Real-world data are generally much more complex than the contrived CAUTI data in our 

survey (eg, they include more than 2 hospitals, denominators may differ substantially 

among hospitals), which would lead to even lower rates of correct hospital comparisons. 

Thus, on the basis of the results of this study we expect members of the general public in 
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many cases may reach incorrect conclusions when comparing hospitals using the current 

HAI reporting format.

 

To our knowledge, this is the first quantitative study rigorously assessing the 

interpretability of CMS Hospital Compare’s format for presenting hospital-level HAI data 

to the general public. We are aware of only one other publication addressing the usability 

of publicly available HAI data,43 but this study did not quantitatively assess understanding 

of data.

 

Strengths of our study include the large sample size (N = 110), random selection of 

participants, and the method for presenting participants with HAI data on an iPad to 

ensure that the formatting of the HAI data were identical to how they appear on CMS 

Hospital Compare. The primary limitation of this study is that our inpatient population 

may not represent members of the general public because they were hospitalized. 

However, our sample was racially diverse, had a range of ages, and had a variety of 

educational attainment and household income levels. Additionally, subanalysis of only 

participants with a 4-year college degree demonstrated a pattern of decreasing 

performance from Task 1 to Task 4 similar to the primary analysis, suggesting that our 

results hold across levels of educational attainment. Similar results were seen in a 

subanalysis of participants with greater healthcare experience, suggesting that our results 

are independent of familiarity with healthcare. Finally, performance on Tasks 2-4 among 

participants who got at least 2 questions correct on Task 1 was nearly identical to that of 
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the overall sample, indicating that our sample did not consist of patients too sick to 

complete the survey.

 

In summary, this study found that the current tabular methods are inadequate for 

presenting HAI data to the general public as used by CMS Hospital Compare and other 

hospital comparison websites. However, 39 participants in our survey indicated that a 

website for comparing hospitals would have been useful in choosing a hospital for their 

current hospitalization, indicating that there is public demand for a usable form of these 

data. Further research is necessary to identify methods for improving the way these data 

are presented. This research should include rigorous quantitative assessment of public 

understanding using realistic data.
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Chapter 4: Ability of Healthcare-Associated Infection 
(HAI) Data to Differentiate Hospitals Nationwide, and 

Suitability of CMS Hospital Compare’s Method of Public 
Reporting for These Data*

Background

Healthcare-associated infection (HAI) data are reported by U.S. hospitals to the Centers 

for Disease Control and Prevention (CDC). These data are then reported to the public by 

the Centers for Medicare and Medicaid Services (CMS), with the goal of providing 

information for patients to decide which hospitals to utilize. The CMS website, titled 

Hospital Compare (http://medicare.gov/hospitalcompare), allows the public to search for 

hospitals in a geographic region, and then compare these hospitals based on a variety of 

quality data including HAIs. This website is one of the only sources of hospital quality 

information patients can use to compare hospitals.

CMS provides data for the following HAIs:

● Catheter-associated urinary tract infections (CAUTI)

● Central line-associated bloodstream infections (CLABSI)

● Surgical site infections (SSI), separately for (a) colon surgery and (b) hysterectomy

● Methicillin-resistant Staphylococcus aureus (MRSA) bloodstream infections

● Clostridium difficile infections (CDI)

* Masnick M, Morgan DJ, Macek MD, Sorkin JD, Brown JP, Rheingans P, Harris AD. 
Ability of Healthcare-Associated Infection (HAI) Data to Differentiate Hospitals 
Nationwide, and Suitability of CMS Hospital Compare’s Method of Public Reporting for 
These Data. In preparation for submission.
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CMS uses standardized infection ratios (SIRs) to account for differences in underlying 

patient factors that increase HAI risk and differ among hospitals. SIRs are calculated by 

dividing the number of observed infections by the predicted number of infections for that 

hospital. The predicted number of infections is based on a limited set of risk 

characteristics that differ by HAI.22

Our aims were (1) to determine if the nationwide HAI data published by CMS is useful in 

differentiating among hospitals within a geographic area and (2) if current methods for 

presenting HAI data are suitable for displaying the data reported by hospitals (e.g., a 

presentation method incapable of representing hospitals reporting zero infections would 

be inadvisable if most hospitals reported no infections). Safavi et al. examined hospital 

quality data for surgery-related process measures, and found that “publicly reported 

surgical quality of care measures, which CMS hopes patients will use to identify a 

preferred destination for their surgical care, do not differentiate the vast majority of 

hospitals that a patient is likely to choose from when selecting a provider.”44 To our 

knowledge, no such analysis has been previously published for HAI data.

Methods

We used publicly available HAI data published by CMS in January 2015 for this analysis. 

The data cover calendar year 2013.45 We analyzed these data from the perspective of 

someone searching for a hospital. To do this, we compared HAI data among 

geographically proximate hospitals that would constitute a plausible set of choices for an 

actual person looking for a hospital in their geographic region.
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Defining grouping methods for identifying of geographically proximate hospitals

We identified groups of geographically proximate hospitals in two ways:

1. Hospital referral regions (HRRs), as defined by the Dartmouth Atlas39

2. Simulated searches

These are explained in detail below, and in Figure 12.

Hospital referral regions (HRRs): HRRs are geographic areas based on “where patients 

were referred for major cardiovascular surgical procedures and for neurosurgery.”39 

Hospitals from the CMS data45 were matched to the list of HRRs based on the 

“providerid” field that appeared in both datasets; HRRs were identified for 97% of 

hospitals in the CMS dataset based on “providerid”, and HRRs for the remainder were 

determined using zip codes.

Simulated searches: We used a simulated search method to programmatically 

determine sets of hospitals that might appear in actual geographically-based search results 

on CMS Hospital Compare. Searches were simulated in urbanized areas (UAs; Census 

cluster of >50,000 people) and urban cluster (UCs; 2,500 to 50,000 people) as defined by 

the US Census Bureau.40 UAs and UCs were treated identically in analysis, and will be 

referred to simply as “urban areas” hereafter.

We performed between 1 and 8 searches centered in each urban area, with the number of 

searches proportional to the ceiling of the log10 of the population of the urban area (eg, if 
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the log10 of the urban area’s population was 2.6, then 3 searches would be performed in 

that urban area). Urban areas vary in geographic size, so the following methodology was 
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Figure 12. Summary of methods used for analyzing nationwide HAI data in Aim 2.

Two methods for creating groups of hospitals by geographic areas:

Method 1: Hospital Referral Regions Method 2: Simulated searches

Step 1: Identify geographic areas for 
searching for hospitals.

Method 1: Gray-filled polygons represent 
HRRs.

Method 2: Dots/polygons represent UAs 
and UCs (collectively referred to as 
“urban areas”).

100 miles

Abbreviations: CAUTI = Catheter-Associated Urinary Tract Infection; CI = Confidence Interval; HAI = Healthcare-Associated Infection;
HRR = Hospital Referral Region; UA = urbanized area; UC = urban cluster.
* Not actual hospital locations. For illustrative purposes only.
† The exact center of the 100 mile search area was chosen by weighted sampling at random of census blocks within the UA/UC. Weights were 
proportional to the population of each census block.
‡ SIR 95% CI < 1 = “Better than U.S. National Benchmark”; crosses 1 = “No different than U.S. National Benchmark”; > 1 = “Worse than U.S. 
National Benchmark.

Example HRR

Example UA
3

4

1 2

Step 2: Find hospitals in each 
geographic area (here we show an 
example for each method).

        represent hospitals.*

Method 1: hospitals within the HRR.

Method 2: closest 10 hospitals within 
100 miles of the UA/UC.†

#

Step 3: Analyze HAI data for hospitals 
within a given geographic area (referred 
to as a group of hospitals).

CAUTI is used here as an example; the 
same analysis was done for each HAI. 
Bars represent 95% confidence intervals 
(CIs) for the standardized infection ratios 
(SIRs).

3
4

1 2

5

1

SIR = 1

2

3

4

95% SIR CIs – CAUTI

Not available

# infections

10

16

—

16

1

SIR = 1

2

3

4

95% SIR CIs – CAUTI

Not available

# infections

10

16

—

16

5  7

Step 4: Calculate summary statistics for 
a given group of hospitals and HAI.

a) % hospitals reporting “not available”

b) At least one pair of non-overlapping 
95% CIs

c) At least one pair of non-overlapping 
CIs indistinguishable by written 
summary‡ 

d) At least one pair of hospitals have raw 
numbers of infections that, when 
considered alone, lead to a different 
comparison than when comparing with 
SIRs.

Step 5: Aggregate results from Step 4 
across all groups of hospitals.

a) 25% (       reports “not available.”)

b) Yes (       and       do not overlap.)

c) No

d) No

3

2 4

a) 20% (       reports “not available”)

b) Yes (       and       do not overlap)

c) Yes (       and       are both > 1 and do not 
overlap.)

d) Yes (       and       are both  > 1,       has > 10 
infections, and        has 50% fewer infections 
than       . This matches Scenario 2 described 
in the manuscript text.)

3

2 4

4 5

4 5 4
5

4

See results in manuscript aggregating data
for 16,021 groups of hospitals (simulated searches):
a) Figure 5
b) Table 1
c) Table 2
d) Table 3

See results in manuscript aggregating data
for 306 groups of hospitals (HRRs):
a) Figure 4
b) Table 1
c) Table 2
d) Table 3
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used to determine a center point for each search within an urban area. For each search, 

we:

1. Identified census blocks (small geographic units) within each urban area.

2. Assigned a weight to each block proportion to its population.

3. Randomly chose a block with the probability of being selected directly 

proportional to the block’s population.

4. Centered each search at the centroid of the selected census block (block centroids 

are defined in Census data).

The 10 hospitals closest to the centroid of the block located within 100 miles were 

included in the results for each simulated search.

Hereafter, we refer to hospitals in the same HRR or a set of hospitals from the same 

simulated search as a group of hospitals.

Data analysis

We conducted two parallel analyses, one for each of the methods for defining groups of 

hospitals described above. In these analyses, we assessed each individual group of 

hospitals for each of the following four outcome criteria. We then aggregated results 

across all groups of hospitals.



55

Outcome criteria

Outcome 1: Data availability. The proportion of hospitals in each group 

of hospitals where data for the HAI are available (ie, where data exist that 

can be used for comparing hospitals).

This is important because if no HAI data are available for a high 

proportion of hospitals, then these data do not help to distinguish among 

hospitals.

Outcome 2: HAI performance diversity. The percentage of groups of 

hospitals where at least one pair of hospitals have non-overlapping 95% 

CIs for the SIR for the HAI, thus suggesting a difference in performance 

between the hospitals for that HAI.

For example, if two hospitals in the results for one simulated search (i.e., 

one group of hospitals) have 95% CIs that do not overlap, then the HAI 

data differentiates these hospitals for this simulated search. Conversely, if 

all of the 95% CIs overlap, the HAI data is unlikely to distinguish among 

hospitals for this simulated search.

This is important because if hospitals all perform similarly with in a group 

of hospitals, then the HAI data are not useful in distinguishing among 

hospitals in this group. If this were true for a large number of groups of 
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hospitals, then HAI data would not generally be useful for distinguishing 

among hospitals nationwide.

Outcome 3: Non-overlapping 95% CIs with identical “written 

summaries”. The percentage of groups of hospitals where there is at least 

one pair of hospitals with non-overlapping SIR 95% CIs but both have the 

same “written summary”. The “written summary” is used when presenting 

HAI data on CMS Hospital Compare (see Figure 13 and Figure 14).

For example, this would occur if Hospital 1 has CLABSI SIR 95% CI of 

1.1 to 1.5, and Hospital 2 has a 95% CI of 2.0 to 2.5. These hospitals are 

on the same side of 1, making the “written summary” identical. However, 

these two hospitals have non-overlapping 95% CIs, making them 

numerically distinct.

This is important because the default method for displaying HAI data on 

CMS Hospital Compare (Figure 13) uses only the “written summary” and 

displays no other data. When the situation assessed in this Outcome 

occurs, the hospitals appear identical in tables like that in Figure 13, even 

though the hospitals differ numerically.
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Figure 13. Screenshot of the “simple table” from the CMS Hospital Compare website. This is the default 
method for presenting HAI data on this website.
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Figure 14. Screenshot of the “complex table” from the CMS Hospital Compare website. This is the method 
for viewing numerical HAI data on this website.

Outcome 4: Disparity between raw number of infections and SIRs. 

The percentage of groups of hospitals where there is at least one pair of 

hospitals for which comparing their raw number of infections results in a 

different conclusion than comparing rates or risk-adjusted rates.

More specifically, we report the number of groups of hospitals where one 

or both of the following scenarios are true for at least one pair of hospitals 

in the group:

Scenario 1:

a) The “Evaluation” column (Figure 14) is different for the two 

hospitals, AND
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b) The hospital with the better “Evaluation” column (Figure 14) has a 

greater number in the “No. of Infections Reported” column (Figure 

14)

Scenario 2

a) The “Evaluation” column (Figure 14) is the same for the two 

hospitals, AND

b) One of the hospitals has > 10 infections (“No. of Infections 

Reported” column in Figure 14), AND

c) One hospital has at least 50% fewer infections than the other (“No. 

of Infections Reported” column in Figure 14)

This is important because we have observed that people will sometimes 

use only the first column in the “complex table” on CMS Hospital 

Compare (Figure 14). This can lead to an incorrect interpretation of the 

data if the hospitals in the table have different denominators or predicted 

numbers of infection. For example, in Figure 14, interpreting only the first 

column would lead to the false conclusion that the Community Medical 

Center performs better than St. Patrick Hospital: even though Community 

Hospital has fewer (25) infections compared to St. Patrick Hospital (28 

infections), the denominators (labeled “Predicted No. Infections” in Figure 

14) and SIRs suggests the opposite conclusion.
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Results

Descriptive results

HRR method

Publicly available CMS HAI data were analyzed for all 4,561 hospitals in 306 HRRs. 

This represents all hospitals available in the CMS data and 88% of 5,187 registered 

community and federal government hospitals in the United States.46 The median number 

of hospitals in each HRR was 11 (IQR 11). The median number of hospitals per HRR was 

11; the minimum was 2; the maximum was 83. Most HRRs had between 1 and 20 

hospitals (Figure 15).

Figure 15. The distribution of the number of hospitals within each HRR.

Simulated search method

A total of 16,021 simulated searches were performed. A map of search locations is 

available at http://bit.ly/simulated-search-map. There were 4,446 hospitals included in at 
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least one set of simulated search results. Up to 10 hospitals were found in each of the 

16,021 searches – in fact, 97% included 10 hospitals. A total of 158,119 results were 

returned (16,021 searches × up to 10 hospitals per search).

Outcome 1: Data availability

Figures 5 and 6 show the distribution of groups of hospitals by the 

proportion of hospitals in those groups reporting data are “not available” 

for a given HAI. Data that are “not available” indicate that either (1) the 

hospital did not report the data or (2) the denominator (e.g., central line 

days for CLABSI) is below a threshold. (The threshold is not to our 

knowledge specified by CMS, but is apparent when viewing the data.45) 

For both the HRR and simulated search methods for grouping hospitals, 

>78% of groups of hospitals had at least 50% of hospitals reporting C. 

difficile data; >36% of groups of hospitals had at least 50% of hospitals 

reporting CAUTI data; >31% of groups of hospitals had at least 50% of 

hospitals reporting SSI (colon) data; and >24% of groups of hospitals had 

at least 50% of hospitals reporting CLABSI and MRSA data. SSI 

(hysterectomy) is reported much less frequently, with only 2% of groups 

of hospitals having >50% of hospitals reporting these data (Table 2).
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Table 2. Percentage groups of hospitals that have at least 50% of hospitals reporting data for each HAI. 
Two methods are used to define groups of hospitals: Hospital Referral Regions (HRRs) and simulated 
searches.

Outcome 2: HAI performance diversity

Table 3 shows the percentage of groups of hospitals where at least one pair 

of hospitals have a non-overlapping 95% SIR CIs. This is a measures of 

diversity of hospitals for each HAI within groups; a pair of hospitals with 

non-overlapping 95% CIs for the SIR indicates a statistically significant 

difference in performance for that HAI between hospitals. By both the 

HRR and simulated search methods, CAUTI and C. difficile had the most 

diversity within groups of hospitals, with more than 30% of groups of 

hospitals having at least one pair of hospitals with non-overlapping 95% 

CIs for. Lower percentages were observed for the other HAIs.
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Table 3. Percentage groups of hospitals that have at least one pair of hospitals with non-overlapping 95% 
standardized infection ratios (SIR) confidence intervals (CIs) for a given healthcare-associated infection 
(HAI), indicating a statistically significant difference in SIR between the pair of hospitals. Two methods are 
used to define groups of hospitals: Hospital Referral Regions (HRRs) and simulated searches.

Outcome 3: Non-overlapping 95% CIs with identical “written 

summaries”

Table 4 shows the percentage of groups of hospitals where at least one pair 

of hospitals meets the following criteria: (a) non-overlapping 95% SIR 

CIs; and (b) both hospitals in the pair have 95% CIs entirely on the same 

side of 1. Recall that when this occurs, the pair of hospitals will appear 

identical in a presentation method such as that shown in Figure 13, despite 

the large numerical difference in performance between the hospitals. In 

our analysis, this occurred most often in C. difficile data, with 15% of 

HRRs and 4% of simulated search result sets meeting these criteria.
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Table 4. Percentage of groups of hospitals that have at least one pair of hospitals meeting both the 
following criteria: (a) non-overlapping 95% standardized infection ratios (SIR) confidence intervals (CIs), 
and (b) both 95% CIs entirely on the same side of 1, for a given healthcare-associated infection (HAI). 
Meeting these criteria indicates that the “simple table” HAI data presentation method (Figure 13) would 
present these hospitals as identical, when in fact there is a statistically significant difference between their 
SIRs. Two methods are used to define groups of hospitals: Hospital Referral Regions (HRRs) and simulated 
searches.

Outcome 4: Disparity between raw number of infections and SIRs

Table 5 shows the percentage of groups of hospitals where at least one pair 

of hospitals have raw numbers of infections that, when considered alone, 

lead to a different comparison than when comparing with SIRs. This 

occurred in >50% of groups for CAUTI, C. difficile, and CLABSI for both 

HRRs and simulated searches.
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Table 5. Percentage of groups of hospitals where at least one pair of hospitals have raw numbers of 
infections that, when considered alone, lead to a different comparison than when comparing with SIRs.* 
Meeting these criteria indicates that viewers who compare hospitals only using the raw number of 
infections would make incorrect comparisons when using the “complex table” HAI data presentation 
method (Figure 14). Two methods are used to define groups of hospitals: Hospital Referral Regions (HRRs) 
and simulated searches.

* Pairs of hospitals were considered to fit the criteria in the following scenarios: (1) SIRs appear similar 
while numerators appear different; or (2) SIRs appear different while numerators appear similar. To 
mitigate issues with bias from direct comparison of numerical SIRs, for the purposes of this table, SIRs 
were grouped into 3 categories: (1) 95% CI < 1; (2) 95% CI crosses 1; or (3) 95% CI > 1. For Scenario 1, 
SIRs were in the same category (e.g., both crossed 1). For Scenario 2, SIRs were in different categories 
(e.g., the first was < 1; the second crossed 1). This is consistent with the default method for presenting HAI 
data to the public on CMS Hospital Compare (http://medicare.gov/hospitalcompare).

Discussion

We analyzed publicly available healthcare-associated infection (HAI) data to assess (1) 

whether it can be used to distinguish among geographically proximate hospitals. The 

following are the key conclusions from these data:

● Outcome 1: Data availability (Table 2)

There are a substantial number of groups of hospitals where >50% of the hospitals 

in each group report data. This is true for C. difficile (>78% of groups of hospitals 

have at least 50% of hospitals reporting C. difficile), CAUTI (>36%), SSI (colon) 

(>31%), and CLABSI and MRSA (both >24%) with both the HRR and simulated 

search methods. Far fewer hospitals report SSI (hysterectomy) HAI data.
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In summary, HAI data generally are reported by enough hospitals for it to be useful 

in comparisons in many geographic locations, though this varies by type of HAI.

● Outcome 2: HAI performance diversity (Table 3)

This outcome answers the following question: in what percentage of groups of 

hospitals is there at least one pair of hospitals that perform very differently for a 

given HAI?

This varies by type of HAI: >50% of groups of hospitals meet this criteria for C. 

difficile, compared with <5% for SSI (hysterectomy). These results indicate 

CAUTI, C. difficile, and CLABSI are more likely to differentiate hospitals than the 

other publicly reported HAIs. This is true with both the HHR and simulated search 

methods of grouping hospitals.

● Outcome 3: Non-overlapping 95% CIs with identical “written 

summaries” (Table 4)

This outcome addresses the suitability of the default method for presenting HAI 

data on CMS Hospital Compare (Figure 13). Groups of hospitals meeting the 

criteria for this outcome (described above) will appear identical when presented in 

the style of Figure 13, when in fact they are not.
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This occurs most often with C. difficile, CAUTI, and CLABSI in between 1% and 

15% of groups of hospitals (Table 4). This is frequent enough that considerations 

should be made when presenting HAI data with only a written summary of the 

95% CI to indicate when such a situation occurs

● Outcome 4: Disparity between raw number of infections and SIRs (Table 5)

In our prior work, we have observed that patients using tables such as those on 

CMS Hospital Compare (Figure 14) will sometimes look only at the first column 

of data rather than considering the entire table.47

Frequently, comparing the numerator of the HAI rate (which appears in the first 

column of the table in Figure 14) contradicts the HAI rate or the SIR for a pair of 

hospitals. This occurred in >90% of groups for C. difficile, and in ≥49% of groups 

for CAUTI and CLABSI. This strongly suggests that the numerator for a rate 

should not appear in the first column of a table such as that on CMS Hospital 

Compare (shown here in Figure 14).

To our knowledge, this is the first in-depth assessment of its kind for publicly reported 

HAI data. Safavi et al. have conducted a somewhat similar analysis for SSI process data, 

and found that it was not useful in differentiating among the “vast majority” of 

hospitals.44 In contrast, our findings indicate that HAI outcome data does differentiate 
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among hospitals in many, though not all, geographic areas (corresponding to the areas 

covered by HRRs and by simulated searches).

Strengths of this study include using two methods for grouping hospitals geographically. 

Both methods of grouping hospitals (HRRs and simulated searches) yielded fairly similar 

results (Tables 2-4), which supports the validity of these methods. Other strengths are the 

use of nationwide data (as opposed to regional data), and including analysis of all six 

HAIs reported by CMS. A limitation of the CMS HAI data is that directly comparing 

SIRs between hospitals may result in bias if the distribution of weighting variables differ 

substantially between the hospitals.19 Publicly available data do not include enough 

information to determine if there are substantial differences in weighting variable 

distributions. Further research is needed to determine whether bias is actually present 

when comparing SIRs between hospitals.

Our findings show that HAI data in its current form is useful when comparing hospitals in 

many geographic areas using hospital search tools such as CMS Hospital Compare. 

However, the methods for presenting the data to the public used by CMS Hospital 

Compare (Figure 13 and Figure 14) may mislead users in some situations, based on 

characteristics of the underlying data. Analyses such as this one should be used in the 

development process of data presentation methods to ensure they are appropriate for the 

underlying data.
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Chapter 5: Methods for Developing a New Method of 
Presenting Healthcare-Associated Infection Data to the 

Public*

Background

Hospitals in the United States report a variety of quality data to the Centers for Disease 

Control and Prevention (CDC). In turn, these data are made available to the general 

public by the Centers for Medicare and Medicaid Services (CMS). The goal of publishing 

these data is to increase transparency in the health care system and provide information 

for patients to make informed choices about which hospitals they use. As such, public 

reporting of hospital quality data is a key element of the Affordable Affordable Care Act10 

and other U.S. healthcare legislation.48 

Healthcare-associated infection (HAI) data are one type of hospital quality data that are 

reported by hospitals to the CDC. These data relate to preventable infections associated 

with a patient’s treatment in a hospital. HAIs affect 1 in 25 inpatients,15 and result in 

direct yearly medical costs of HAIs in the US as high as $45 billion.16. Additionally, 

concern about HAIs is increasing as antimicrobial-resistant organisms become more 

common. These organisms cause infections that can be extremely difficult to treat.

While HAI data are an important indicator of hospital quality, we found that patient 

understanding of these data is much lower than is desirable.47 To address this problem, we 

* Masnick M, Morgan DJ, Macek MD, Sorkin JD, Brown JP, Rheingans P, Harris AD. 
Methods for Developing a New Method of Presenting Healthcare-Associated Infection 
Data to the Public. In preparation for submission.
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developed a new method for presenting healthcare-associated infection (HAI) data to the 

public. Our goals were to allow users to easily perform the following tasks:

1. Understand HAI data for a single hospital, in order to identify underperforming 

hospitals

2. Accurately compare hospitals based on HAI data

This paper describes the methods we used to develop the new data presentation method. 

We believe these methods may be useful in the creation or improvement of other digital 

health information communication methods.

Methods

We used a four-stage process for developing the new HAI data presentation method:

1. We defined a systematic design process. This was codified in a “design 

document” that described the goals of designing the data presentation method 

from a high level down to implementation details.

2. We reviewed resources on effective techniques for data presentation.

3. We created an initial implementation of the new data presentation method based 

on the design document and a review of relevant data presentation literature.

4. We conducted user testing to iteratively refine the initial implementation of the 

new data presentation method.

These stages will be described in detail below.
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Stage 1: Design document

We based our design document on the user-centered design principles set forth in 

Garrett’s The Elements of User Experience.38 Garrett recommends starting from a high 

level by defining the project’s objectives and the needs of the users (see Appendix 2). 

Based on that, we defined the user needs more explicitly (functional requirements) and 

delineated the content that was currently available to meet these needs, namely the HAI 

data published on CMS Hospital Compare (see Appendix 2). Next, we defined the 

structure, which combines the functional and content requirements fit together in a 

cohesive interface. Mockups were created based on the structure. The initial polished 

version (a design comprehensive49 or “design comp”) of the data presentation method was 

based on these mockups. See Appendix 2 for the design document.

Creating a design document using this methodology is helpful in several ways. First, it 

avoids making limiting low-level decisions prior to addressing high-level issues. For 

example, deciding on the color scheme of an interface prior to defining the general 

purpose of the interface may artificially limit the interface’s functionality.

Second, it explicitly identifies any assumptions that are made as part of the design 

process, and provides an opportunity to test these assumptions in a systematic way if 

needed. We used one-on-one user testing (described below) to test assumptions made in 

the creation of the initial mockup and design comp for the data presentation method. For 

a different project, we might have tested assumptions at the top of Garrett’s design 

document hierarchy (i.e., assumptions about the needs of the user), using different 
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methods such as focus groups or literature review, prior to defining lower levels of the 

hierarchy. Even if assumptions are not tested, it is crucial to systematically identify them 

and consciously decide that further testing is unnecessary. Implicit assumptions at the 

high level of a project can have a cascading negative effect, such as developing a time-

consuming software component to fulfill a need that does not actually exist.

Third, it provides a common point of reference for collaborators working together on the 

same project.

Stage 2: Review of effective methods for data presentation

We reviewed a number of resources related to the effective presentation of data, including 

books by Tufte,36,50 Cairo,35, and Few.34 Some of the most relevant principles our purposes 

found in these resources are:

● Preferring the use of colors to shapes for differentiating categories

● Reserving bright colors for important information

● Removing visual noise, such as grid lines and unnecessary cosmetic design 

elements (e.g. gradients in table cells)

● The use of “small multiples” to allow the user to see an overview of the data with a 

quick visual scan (see https://masnick.org/projects/datatips/guidelines/small-

multiples/ for more information)

● The use of the “details-on-demand” design pattern from the Visual Information 

Seeking Mantra to show additional data contextually51

https://masnick.org/projects/datatips/guidelines/small-multiples/
https://masnick.org/projects/datatips/guidelines/small-multiples/
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● We have collected additional information about data presentation best practices, 

which is available online at https://masnick.org/projects/datatips/.

Stage 3: Initial implementation

Based on our data presentation background research and the design document, we created 

an initial implementation of the design comp (Figure 16).

Figure 16. The initial design comprehensive (“design comp”) of the new data presentation method, 
annotated to describe the HAI data representation elements and associated rational.

Features of the initial design comp include:

a) “Small multiple” graphics share an axis with a size based on the SIRs of the 

hospitals displayed. Figure 1 shows an axis that ranges from 3x fewer to 3x more 

infections than expected.

This interface de-emphasizes the point estimate for the SIR in favor of the 95% 

confidence interval. The reasoning behind this is that we hypothesize users will 

https://masnick.org/projects/datatips/
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fixate on the point estimate and ignore the statistical uncertainty, which could lead 

to inaccurate conclusions.

b) Rather than a SIR and 95% CI, we use “times-different than expected” calculated 

from the SIR 95% CI. We hypothesize that this will be much easier for users to 

interpret. Hospital A in Figure 16 corresponds to a SIR 95% confidence interval of 

0.36 to 0.65.

c) Written summary of 95% CI with simplified language and arrow glyph, replacing 

the “Better than/same as/worse than the U.S. National Benchmark” phrasing used 

on CMS Hospital Compare. 

d) Details-on-demand51 for displaying additional contextual information to users

e) A red→orange→green color scheme is used to indicate SIRs above, equal to, and 

below 1. The color scheme also ties together the elements of the table.

Stage 4: User testing and iterative improvement

The design document (Appendix 2) identified a number of assumptions that we wished to 

test. These included:

● Can users interpret the graphical representation of the data alone, or is additional 

information required?

● Do users default to looking at the “summary” rather than considering all the data?
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● What information is needed in the “details-on-demand” for curious or confused 

users?

● Is the red→orange→green color scheme effective at communicating the summary 

of the numerical data?

● Do users interpret confidence intervals as confidence intervals?

● Are the words and phrases used (e.g. column headers) understandable?

● Is additional axis labeling necessary for the small multiples?

User testing was conducted with n=14 students at University of Maryland Baltimore 

County (UMBC) from April 15 to May 4, 2015. Students were compensated with a $10 

Amazon.com gift card for an approximately 30 minute interview. The user testing study 

was approved by the UMBC institutional review board.

User testing participants were presented with a prose introduction to HAIs and a series of 

questions asking them to interpret data using the presentation method currently on CMS 

Hospital Compare. The purpose of this was (1) to introduce them to HAI data and (2) to 

compare their ability to interpret these data to participants in a prior study.47

Participants were then asked to verbally interpret data using an iteration of the functional 

prototype of the new data presentation method. Open-ended follow-up questions were 

asked based on what the participant said. Participants were also asked specific questions 

as necessary, e.g., “How do you interpret the colors in the interface?”
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Participant feedback was used to iteratively improve the data presentation method in-

between user testing sessions. A total of 10 iterations were tested (please see https://

masnick.org/projects/dissertation/assets/User-testing-history.pdf). The following are 

examples of changes and observations made based on user testing feedback:

● The “bar” style presentation method (v1 to v3) was replaced by the “dot” style 

presentation method (v4 onwards). This was due in part to fixation on small 

differences between the 95% standardized infection ratio (SIR)1 confidence 

interval (CI) that is represented by the bar. Small differences in the 95% CI are not 

practically relevant for differentiating hospitals. Some users also did not 

understand how the bars related to the underlying data, suggesting that this 

particular visualization would be very confusing to some subset of users.

● The red→orange→green was effective in communicating “bad”, “moderate”, and 

“good” performance respectively.

● A detailed explanation of how the summary dot and “high/moderate/low” ratings 

was made available through a modal dialog activated by a “Details” button for 

each hospital. The text of this explanation was iteratively improved based on 

1 CMS Hospital Compare uses standardized infection ratios (SIRs) to account for differences in underlying 
HAI risk among hospitals. SIRs are calculated by dividing the number of observed infections by the 
estimated number of infections for that hospital. Estimates are based on risk characteristics for the hospital; 
the characteristics used differ by type of hospital acquired infection.22

https://masnick.org/projects/dissertation/assets/User-testing-history.pdf
https://masnick.org/projects/dissertation/assets/User-testing-history.pdf
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feedback from users on what they found confusing. The “Details” modal dialog 

was designed to discourage direct comparisons of numerical SIRs among hospitals, 

which can lead to biased comparisons.20

● The “dot” style was more intuitive than the “bar” style, but there was some 

confusion related to having two columns of dots. Because the “Confidence in data” 

column could easily be described with words, we replaced the 2nd column of dots 

with words in the final version of the presentation method.

● Users were much less likely to press the “Details” and “Show how to read this 

table” buttons when they were neutrally colored (v8) compared to brightly colored 

(v9). We used the bright colors in the final version to enhance the discoverability 

of these details-on-demand features.

Results

The final version of the new data presentation method is in Figure 17. We subsequently 

compared user understanding of this presentation method to that of users using a 

presentation method from CMS Hospital Compare using a randomized controlled study 

design.

Features of the final design include:
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A. Small multiple “dot” graphics provide a glanceable visual indication of the 

hospital’s performance for a HAI. This visualization technique also discourages 

direct comparison of numerical SIRs between hospitals. The underlying data are 

described in (E).

B. Simplified summary of SIR 95% CI focuses on its width, indicating certainty in 

the data. This is further explained in (D).

C. Details-on-demand51 for providing additional detail about the data to users.

D. An explanation of the data underlying (B).

E. An explanation of the data underlying (A).
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Figure 17. The final version of the new data presentation method.
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Discussion

We found the design methodology described here to be an effective and efficient way to 

create the new HAI data presentation method. Starting with a design document (Stage 1 

as described above) provided a structure that guided the rest of the design process. We 

found that this structure was successful in encouraging a logical order in design decisions, 

from high-level (eg, overall project objectives) to low-level (eg, color schemes. We also 

found it easy to identify assumptions made while writing the design document. Some 

assumptions, such as the high-level assumption that users would want to compare 

hospitals based on HAI data were identified but not validated. (In this case, public 

reporting is mandated by law, and we already knew from previous research47 that the 

existing methods for presenting HAI data to the public are too difficult to understand.) 

We believe it is very valuable to explicitly make the decision that validating an 

assumption is unnecessary, rather than failing to validate it by default because there is no 

process to identify that a design assumption is being made.

Our review of the data presentation literature (Stage 2) was very helpful both in 

identifying deficiencies with the way HAI data are presented on CMS Hospital Compare, 

and in designing the new data presentation method. We strongly recommend reviewing 

this literature as part of the design process for any data presentation method. We have 

published a list of recommended references and a summary of our literature review at 

https://masnick.org/projects/datatips/.

https://masnick.org/projects/datatips/
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User testing (Stage 4) immediately identified flaws with the initial design of the data 

presentation method (Stage 3). These included poor understanding of the small multiples 

(Figure 16a) and fixation on small differences in the numeric SIR 95% CIs (Figure 16b). 

These issues were addressed with iterative changes to the design of the presentation 

method. We conducted user testing with students at the UMBC campus, with multiple 

user testing interviews in the same day. We were able to quickly make changes to the 

design of the data presentation method in-between user testing interviews, which allowed 

us to rapidly test different ideas. We found UMBC students to be ideal user testing 

subjects: they were all very engaged in answering our questions but had no prior 

knowledge of HAI data or CMS Hospital Compare. Recruitment of students was 

efficient: our strategy was to post flyers around campus advertising a $10 Amazon gift 

card as an incentive for completing the interview, and provided a link to an online system 

where students could sign up for interview times.

Conclusions

We used user-centered design, a combination of a structured design process and iterative 

improvement based on user feedback, to create a new method for presenting HAI data to 

the public. We were subsequently able to demonstrate that the new data presentation 

method we developed was better-understood than the table currently used on CMS 

Hospital Compare.  

Design techniques similar to those described here are common in private sector user 

interface design,52 but are less common in the public sector and in some types of 
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enterprise software (e.g. electronic medical record software). The U.S. Digital Service is 

currently making an effort to improve public sector design practices with the introduction 

of the U.S. Digital Services Playbook (https://playbook.cio.gov/). This playbook 

recommends a number of the techniques we describe here in the development of 

governmental digital channels.

Health information is increasingly communicated through websites and mobile apps. It is 

critical that data and other information is clearly communicated through these channels, 

and is accessible through easy-to-use interfaces. To do this, we believe that it is necessary 

to apply techniques, such as user-centered design, that make it possible to systematically 

incorporate user feedback at all levels of the design process.

https://playbook.cio.gov/
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Chapter 6: Improving Understanding of Publicly Reported 
Healthcare-Associated Infection (HAI) Data*

Abstract

Importance: Hospital acquired infection (HAI) data are reported to the public on the 

Centers for Medicare and Medicaid Services (CMS) Hospital Compare website. We 

previously found that public understanding of these data is poor.

 

Objective: Developed an improved method for presenting HAI data that could be used 

on the CMS website.

 

Design: Randomized controlled trial comparing understanding of data presented using 

the current presentation strategy vs. a new strategy.

 

Setting: 760-bed tertiary referral hospital.

 

Participants: Sixty-one randomly selected patients within 24 hours of admission

 

Intervention: Participants were shown HAI data formatted using a method from CMS 

Hospital Compare (control arm) or a new method (experimental arm)

 

* Masnick M, Morgan DJ, Macek MD, Sorkin JD, Brown JP, Rheingans P, Harris AD. 
Improving Understanding of Publicly Reported Healthcare-Associated Infection (HAI) 
Data. In preparation for submission. 
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Main outcome measure: Difference by arm in the mean percentage of correct 

interpretation of HAI data.

 

Results: There were no statistically significant demographic differences between study 

arms. Although 47% percent of participants said a website for comparing hospitals would 

have been helpful, only 10% had ever used such a website. Participants viewing data 

using the new presentation strategy compared hospitals correctly 56% of the time, 

compared with 32% in the control arm (p=0.0002).

 

Conclusions and relevance: Understanding of HAI data increased significantly with the 

new data presentation method compared to the method currently used on the CMS 

Hospital Compare website. Many participants expressed interest in a website for 

comparing hospitals, indicating public demand for these data. Improved methods for 

presenting these data, such as the one assed here, should be adopted to increase public 

understanding of these data.
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Background

Hospital acquired infection (HAI) data are reported by hospitals to the Centers for 

Disease Control and Prevention (CDC), and are made public on websites such as Centers 

for Medicare and Medicaid Services (CMS) Hospital Compare (http://medicare.gov/

hospitalcompare). Publicly reporting hospital quality data, including HAI data, is a key 

element of the Patient Protection and Affordable Affordable Care Act10 and other U.S. 

healthcare legislation.48 The goals of reporting quality of care data include allowing 

patients to make informed decisions regarding the hospital they go to, and increasing the 

quality of healthcare provided by hospitals.

Our previous work has shown that patients have difficulty correctly interpreting HAI data 

as it is currently presented in tables of numbers on CMS Hospital Compare. We found 

that study  participants were not able to accurately identify better-performing hospitals 

when presented with numeric HAI data.47 This is not unexpected as correctly interpreting 

the tables on CMS Hospital Compare requires understanding of rates and ratios, and both 

quantitative literacy (“the knowledge and skills needed to identify and perform 

computations using numbers that are embedded in printed materials”32) and health literacy 

is low in the United States. For example, the National Assessment of Adult Literacy 

found that 55% of Americans had basic or below-basic quantitative literacy.32 The new 

method for presenting HAI data developed for this study utilizes a visual representation 

of the data; others have shown that this type of technique may improve patient 

understanding.30,31

http://medicare.gov/hospitalcompare
http://medicare.gov/hospitalcompare
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In this paper we present the results of a randomized controlled trial in which we 

compared a new method for presenting HAI data to the current presentation method used 

on the CMS Hospital Compare website. Both data presentation methods can be seen in 

the Online Supplement (https://masnick.org/projects/dissertation/aim3-survey/) to this 

paper.

Methods

We conducted a randomized controlled trial with newly admitted hospital patients 

comparing a new HAI data presentation method to one of the methods currently used on 

CMS Hospital Compare. Study participants were asked to complete a survey in which 

they compared two hypothetical hospitals based on HAI data presented with either the 

new method (experimental arm) or a method from the CMS Hospital Compare website 

(control arm).

Development of new method for presenting data

The new method for presenting the HAI data was developed based on best practices for 

user-centered design38 and visual presentation of data.34–36 The new presentation method 

was improved iteratively through one-on-one testing with naive users (people who had 

not seen HAI data before). These methods are described in detail elsewhere.

Survey instrument

The survey instrument consisted of the following three sections (see the Online 

Supplement (https://masnick.org/projects/dissertation/aim3-survey/) and Table 1 for 

details):

https://masnick.org/projects/dissertation/aim3-survey/
https://masnick.org/projects/dissertation/aim3-survey/
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1. The introductory information section of the survey provided a self-administered 

explanation of catheter-associated urinary tract infections (CAUTI) to 

participants. CAUTI was chosen as a representative HAI for the purposes of this 

study because it is comparatively simple to explain and a greater percentage of 

patients are at risk for CAUTI than for any HAIs reported on CMS Hospital 

Compare.

2. The hospital comparison section consisted of 4 scenarios (Figure 18) with 3 

questions each (a total of 12 questions): 

Scenario 1: the two hypothetical hospitals performed equally well;

Scenario 2: one hospital was better than the other hospital;

Scenario 3: both hospitals were above-average, but one performed better due

to a narrower 95% CI;

Scenario 4: one hospital had a very wide 95% CI.

These 4 scenarios occur frequently in comparisons of hospitals in health referral 

regions39 (data not shown). Each question presented the participant with HAI data 
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for two hypothetical hospitals and asked them, “Which hospital would you choose 

based only on the CAUTI information [presented above]?” Response options for 

all questions were: (i.) Hospital 1; (ii.) Hospital 2; (iii.) Either; (iv.) Not sure. The 

underlying data were identical for all participants, but the method of data 

presentation differed by study arm. Participants were randomly assigned to one of 

the two arms. This section of the survey was self-administered on an iPad. 

Participants were blinded (i.e., not aware which data presentation method was 

new) and the interviewer did not provide any assistance to participants beyond 

basic use of the iPad.

3. The interviewer collected demographic and health care experience sections 

from each participant.

Study population and inclusion/exclusion criteria

Data were collected from patients admitted to the University of Maryland Medical Center 

(UMMC), a 760 bed tertiary referral hospital in Baltimore, Maryland. Patients were 

randomly selected within 24 hours of admission using a methodology that has been 

successful previously.47 Data were not collected from areas of the hospital where patients 

were unlikely to be capable of completing a survey (eg, medical or surgical intensive 

care) or where conducting the survey would disrupt patient care (eg, obstetrics, 

psychiatry). If patients were unavailable ≥2 times (eg, not in room) they were excluded 

from the study, as were those patients who were discharged prior to enrollment, 

physically or mentally unable to participate, unable to read and speak English, or on 
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airborne or enhanced contact precautions. Patients were not provided an incentive for 

completing the survey. This study was reviewed by the University of Maryland 

Institutional Review Board. Power calculations indicated that a sample size of 26 per arm 

was sufficient for detecting an improvement (or decline) of 20% between the control and 

experimental arms with 80% power at α=0.05.

Figure 18. Scenarios for comparing hospitals based on healthcare-associated infection (HAI) data.
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Randomization

After enrollment, participants were randomized automatically on an iPad using variable 

block sizes of 2, 4, 6, and or 8 into (a) the experimental arm (using the new data 

presentation method) or (b) the control arm (using a HAI data presentation method from 

CMS Hospital Compare).

Data analysis

The pre-specified primary endpoint was the difference in average number of correct 

answers between study arms (see Online Supplement, questions 1-12). This difference 

was compared using a two-sided Student’s t-test. Analysis was performed according to an 

intention-to-treat paradigm. Analyses were performed blinded to study arm.

Demographic and health experience variables were compared between study arms with 

Pearson's chi-square tests for categorical variables and two-sided Student’s t-tests for 

continuous variables.

Results

A total of 234 inpatients were assessed for eligibility to participate in the study (Figure 

19). Of these, 173 were excluded or declined to participate. Sixty-one were enrolled in 

the study and 60 completed the survey between May 15, 2015 and June 2, 2015. One 

participant in the control arm was interrupted during the interview and did not complete 

the survey; following an intention-to-treat paradigm, their incomplete answers to the 

hospital comparison questions were counted as incorrect for analysis.
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Figure 19. Participant flow in trial of two methods for presenting public data on healthcare-associated 
infection (HAI).

No statistically significant differences between study arms were found (Table 6). 

Participants were primarily white (53% in the experimental arm and 60% in the control 

arm) or black (40% and 37%). Most were married (43% and 40%) or single (40% and 

30%). Most were employed (47% and 40%) and incomes ranged from less than $20,000/

year (20% and 23%) to greater than $75,000/year (23% and 30%). Most participants had 

completed college (43% and 27%) or had some college (30% in both arms). Most 

participants had some level of experience with the health care system, with most having 

been hospitalized 3 or more times (90% and 83%); additionally, many had been 

healthcare workers (40% and 33%) or had immediate family members who were health 

care workers (63% and 67%). In both arms, 10% of participants said they had previously 
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Table 6. Demographics and characteristics of participants who completed the survey (n=60) by study arm.
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used a website for comparing hospitals; 47% in both arms said that a website for 

comparing hospitals would have been useful in choosing a hospital.

The experimental arm performed better than the control arm for all scenarios individually, 

and for the primary endpoint of all questions combined (Table 7). For the latter, 

participants got 55.8% of questions correct on average in the experimental arm and 

31.5% correct in the control arm (p=0.0002). Excluding the control arm participant who 

did not complete the survey, the mean percentage correct in the control arm was 31.9% 

(p=0.0002).

Table 7. The mean percentage of correct answers for questions where participants compared two 
hypothetical hospitals using healthcare-associated infection (HAI) data. Results are presented for all 
hospital comparison questions, and for subsets of questions by scenario (see Figure 18). P values are from 
two-sided Student’s t-tests.

On average, participants took 10.9 minutes (SD=4.4) to complete the survey in the 

experimental arm compared with 9.4 minutes in the control arm. This difference was 

neither statistically significant (by two-sided Student’s t-test, p=0.35) nor biologically 

important.

All questions

By scenario:
    Scenario 1
    Scenario 2
    Scenario 3
    Scenario 4

Experimental arm (% correct)

55.8

67.8
62.2
41.1
52.2

Control arm (% correct)

31.5

47.3
39.8
12.9
25.8

 p value

0.0002

0.0446
0.0209
0.0016
0.0064
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In the experimental arm, 73% of participants had at least some college education, 

compared with 57% in the control arm (p=0.34; Table 6). While this difference between 

study arms was not statistically significant, we performed a regression analysis to 

compare performance between arms while controlling for educational attainment. When 

including (1) study arm and (2) a binary variable indicating at least some college as 

independent variables in a linear regression model, the adjusted difference in performance 

between study arms was 22.3% (p<0.001). Recall that the unadjusted difference between 

arms was 55.8% - 31.5% = 24.3%.

To examine the effects of reduced mental acuity related to hospitalization (i.e. the effects 

of acute illness, medications, disrupted sleep wake cycle, etc.) may have on our results we 

performed a sub-analysis analysis in which we included only those subjects who scored 

better than chance (>33% correct, based on 3 plausible response options for each 

question). Our assumption was that those subjects who performed worse than would be 

expected by chance (5 subjects who viewed the new presentation and 18 controls) might 

not fully understand the premise of the questions. Excluding these 23 subjects, the 

remaining experimental arm subjects (n=25) properly interpreted the data 63.7% of the 

time on average, compared to 48.1% in the remaining control subjects (n=13). The 

difference between the arms in this sub-analysis (16%) was still statistically significant 

(p=0.04).
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Discussion

We have described and tested a new method for presenting HAI data. We found that our 

new method for presenting HAI data increased the percentage of times subjects correctly 

interpreted HAI data from 31.5% to 55.8% compared to a standard presentation method 

from CMS Hospital Compare. We observed this improvement in a diverse, multiracial 

group of subjects with a wide range of income and educational attainment. We found that 

47% of subjects would find a website for comparing hospitals useful in choosing a 

hospital,  but few had ever used CMS Hospital Compare or a similar website.

To our knowledge, this is the first study quantitatively examining patient understanding of 

HAI data. Though quantitative assessments of understanding have not been used 

previously to assess methods of presenting HAI data, the study methods used here are 

similar to those frequently used in the private sector to improve the user interface of an 

application or website. For example, companies such as Amazon, Google, and Netflix 

often use “A/B testing” to optimize their user interfaces.53 In A/B testing, two versions of 

a website are created; half of visitors to the website are randomly assigned to see version 

A and the other half see version B, and subsequent user actions, such as purchasing a 

product, are tracked to determine the relative effectiveness of the A and B versions of the 

website. Although qualitative data, such as data from focus groups and from one-on-one 

user testing, can help direct the design of data presentation methods, more rigorous 

quantitative methods such as the ones we employed are necessary to truly assess and 

compare methods of presenting data.
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Although our method of presenting data was better than the method used by CMS 

Hospital Compare, the percentage of correct answers obtained using our new method 

(56%) was not as high as we wished. This may be partly due to lowered mental acuity 

associated with hospitalization; thus, we might observe a higher percentage if the method 

was used by the general public. We observed a small increase in the percentage of correct 

answers (64%) when we performed a sub-analysis excluding participants who performed 

worse than chance in the experimental arm; our assumption was that the excluded 

patients might not fully understand the premise of the questions. However, far more 

patients performed worse than chance in the control arm (n=18) than the experimental 

arm (n=5), suggesting that poor performance may be related to lack of understanding of 

the data presentation method rather than general confusion about the premise of the 

survey. The relatively large number of participants who performed worse than chance in 

the control arm is disappointing but consistent with our past study,47 and is further 

evidence of the need to improve how these data are presented. Additional efforts are 

needed to further test and improve HAI data presentation methods.

Strengths of this study include the use of a blinded randomized controlled trial design and 

the diversity of the study population. Further, the new data presentation method described 

here was created from the publicly available hospital quality data published on CMS 

Hospital Compare. Thus, our presentation method could be easily adopted without 

collecting additional information from hospitals.Limitations of the study include that the 

study examined only one of the methods CMS Hospital Compare uses to present HAI 
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data, and did not perform the comparison in the broader context of the Hospital Compare 

website (ie, in this study, HAI data were presented for two hypothetical hospitals, rather 

than for multiple hospitals in a search initiated by the user). Finally, this was a single-

center trial including only hospitalized patients. Additional research including both 

patients and non-patients from multiple locations is needed.

In conclusion, this study demonstrates that substantial improvements in patient 

understanding of publicly reported data are possible by using a simple visual method for 

presenting the data, and that alternative presentation methods are easily tested. Better 

presentation methods, developed using a design process that focuses on the user’s needs, 

are crucial to ensure that patients are able to understand information collected and 

published—often at great expense—by hospitals and government agencies.
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Chapter 7: Discussion

This dissertation consisted of three studies related to public understanding of hospital-

level HAI data:

Aim 1: An assessment of patient understanding of the current method for 

presenting HAI data to the public on CMS Hospital Compare (see Chapter 

3).

Aim 2: An analysis of national hospital-level HAI data to assess its utility 

in distinguishing among geographically proximate hospitals, and an 

assessment of characteristics of these data that inform how the data should 

be presented (see Chapter 4).

Aim 3: The development of a new method for presenting HAI data to the 

public, and a randomized controlled trial comparing public understanding 

of the new method to a current method from CMS Hospital Compare (see 

Chapters 5 and 6).

We found that patients could correctly compare hospitals using HAI data as it is presented 

on CMS Hospital Compare ≤60% of the time using the “complex table” method of 

presenting HAI data (Figure 7a). The “complex table” method also suffers from a 

phenomena we observed where some portion of viewers will look only at the left-most 
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column (see the Discussion section in Chapter 3). This can lead to incorrect conclusions 

in a high percentage of possible hospital comparison searches using HAI data (see Table 

5). The “simple table” (Figure 7b), which is the default method for presenting these data 

on CMS Hospital Compare, provides little information and may be misleading in some 

circumstances (see Table 4).

To address these deficiencies identified with the current methods for presenting HAI data 

on CMS Hospital Compare, we developed an improved way of presenting these data that 

incorporated data presentation best practices, user feedback, and iterative improvement. 

The  design methodology for developing the new data presentation method is described in 

detail in Chapter 5.

We then conducted a randomized controlled trial comparing the new HAI data 

presentation method to the “complex table” method on CMS Hospital Compare. We 

found that participants in the experimental arm compared hospitals correctly 56% of the 

time on average, compared with 32% in the control arm (p=0.0002). This is a difference 

of 24%, which we believe is large enough to justify changes to the CMS Hospital 

Compare website (which would be relatively simple).

To our knowledge, this work (Aims 1 and 3) represents the first quantitative assessment 

of public understanding of HAI data reported in the literature. The only published work 

on presenting HAI data to the public includes only qualitative data about specific data 
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presentation techniques, and does not assess interpretation of data using these 

techniques.43

The development of the new data presentation method (Aim 3) used techniques that are 

well-established in private sector user interface design,52 but are less common in the 

public sector and in some types of enterprise software (e.g. electronic medical record 

software and government websites). Since the completion of Aim 3, the U.S. Digital 

Service introduced the U.S. Digital Services Playbook (https://playbook.cio.gov/), which 

embodies much of the design methodology described in Chapter 5. 

Aim 2 builds on the work of Safavi et al., who performed a similar assessment with 

surgery-related quality process measures.44 This study found that “publicly reported 

surgical quality of care measures, which CMS hopes patients will use to identify a 

preferred destination for their surgical care, do not differentiate the vast majority of 

hospitals that a patient is likely to choose from when selecting a provider.” In contrast, we 

found that in many cases, HAI data is useful in distinguishing among hospitals (Table 3). 

While this varies by type of HAI, in general these data do have value for comparing 

hospitals.
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Strengths and limitations

Aim 1

Strengths of Aim 1 include the large sample size (n=110), random selection of 

participants, and the method for presenting participants with HAI data on an iPad to 

ensure that the formatting of the HAI data were identical to how they appear on CMS 

Hospital Compare. The primary limitation of this aim is that our inpatient population may 

not represent members of the general public as they were hospitalized. However, our 

sample was racially diverse (54% white), had a range of ages (mean 50.7 years; SD 15.4), 

and had a variety of educational attainment and household income levels. Additionally, 

sub-analysis of only participants with a four year college degree demonstrated a similar 

pattern of decreasing performance as the complexity of the data increased, as was seen in 

the primary analysis. This suggests that our results hold across levels of educational 

attainment. Similar results were seen in a sub-analysis of participants with greater 

healthcare experience, suggesting that our results are independent of familiarity with 

healthcare. Finally, performance among participants who got at least two correct out of 

the three easiest questions in the survey was nearly identical to that of the overall sample, 

indicating that our sample did not consist of patients too sick to complete the survey.

Aim 2

The primary strength of Aim 2 is the use of two methods for grouping hospitals 

geographically, including the novel “simulated search” method that complements the 

“hospital referral regions” method used by Safavi et al.44 The use of nationwide data and 

the inclusion of all six HAIs reported on CMS Hospital Compare are also strengths. This 
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aim is limited to the data that are available nationwide, which are in turn limited by what 

is reported by hospitals. The simulated search method is limited in that it does not include 

rural areas.

Aim 3

Strengths of Aim 3 include its blinded randomized controlled trial design, which is the 

gold standard for comparing two alternatives, and the diversity of the study population.

This aim has several limitations. First, the mean percentage of correct answers in the 

experimental arm was 56%, which was lower than expected. This may be partly due to 

lowered mental acuity of participants related to their illness, despite excluding patients 

from participation who were not physically or mentally able to complete the survey. To 

explore this, we performed a sub-analysis excluding participants who performed no better 

than chance (presumably these participants did not fully understand the premise of the 

questions): 5 participants in the experimental arm and 18 in the control arm were 

excluded, with the remaining participants scoring 64% on average in the experimental 

arm and 48% in the control arm. The difference between the arms in this sub-analysis 

(16%) was still statistically significant (p=0.04). The relatively large number of 

participants who performed worse than chance in the control arm is surprising, and is 

further evidence of the need to improve how these data are presented. Second, this study 

only evaluated one of the methods CMS Hospital Compare uses to present HAI data, and 

did not do it in the broader context of the Hospital Compare website (i.e., HAI data were 

presented for two hypothetical hospitals, rather than for actual hospitals in a search 
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initiated by the user). Further research is necessary to assess these other methods of 

presenting HAI data and how they perform on the CMS Hospital Compare website. 

Finally, this was a single-center trial including only hospitalized patients. Additional 

research including both patients and non-patients from multiple locations is needed.

Conclusions

The results of these three studies demonstrates that the methods for presenting HAI data 

on CMS Hospital Compare and other similar websites can be improved to increase public 

understanding of these data. Patients are interested in such data although few know it 

exists or are able to interpret the data. Improving these websites is worthwhile to provide 

valuable information to patients when choosing a hospital. Additionally, the HAI data 

reporting process is expensive and time-consuming for the >4,600 hospitals included in 

the CMS hospital quality data. This effort is wasted if the public cannot understand the 

data. The new data presentation method developed as part of this dissertation can be 

created directly from the data already collected by CMS (i.e., it is not necessary to collect 

additional data in order to implement it).

HAI data is just one small—but important—part of the hospital quality data reported on 

CMS Hospital Compare. It is our hope that, in addition to improving HAI data 

presentation, the methodology described here (rigorous quantitative assessment of 

understanding) and the underlying philosophy (prioritizing user experience and 

accessibility; and incorporating user feedback in the design process) will be applied more 

frequently to other areas of health communication.
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Appendix 1: Aim 1 Survey Instrument

REPID: _______________________

[MT01] Interviewer: _______________________

1. Patient is excluded if any of the following apply:
• Enhanced contact precautions
• Airborne precautions
• Patient is known to be not alert or not able to communicate
• Patient is known to be unable to speak, see, or hear
• Patient is not available (unavailable multiple times or not going to be available at all 

today)

     ⤵︎ Skip to MT02

2. If patient is not excluded, come back later if any of the following apply:
• Temporarily unavailable (out for test, busy with nurses or doctors)
• Asleep

     ⤵︎ Skip to MT02

3. If patient is available and not excluded, approach by name and ask:

! “Mr./Ms. Smith?”

     Exclude patient if their name does not match the name on the enrollment sheet.

! “Hi, my name is ______ and I work with the infection control doctors. I was wondering 
if you would be willing to answer some questions for a research study. It will take 
about 15 minutes.”
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[MT02] Enrollment status:
◯ Come back later to restart survey

◯ Patient excluded: ⤵ ︎ Go to MT03
◯ Agrees to participate: ⤵︎ Skip to MT04
◯ Declines participation: ⤵︎ Skip to MT04

[MT03] Reason for excluding patient:
◯ Physically not able to participate (could not sit up, hear, see, read, etc.)

◯ Could not speak or understand English

◯ Failed vision test

◯ Failed reading test

◯ Unavailable multiple times

↳ ⛔  End survey
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→ Hand iPad to participant

[MT04] Please read out loud the smallest line you can easily see:

V  Z  C  E
D  L  T  Z  C
V  N  O  P  T

Z  C  E  F  N
D  P  V  T  Z
C  D  F  V  T

Z  C  L  D  V
T  N  E  L  F
V  D  N  O  T

E  C  P  T  O

→ Hand iPad to interviewer

[Interviewer: if patient reads line correctly (0 or 1 incorrect letters), instruct him to tap the line and 
press next. If patient does not read the line correctly, ask him to try the next bigger line. If patient is 
unable to read any of the bottom 4 lines, ⤴︎ return to page 1 to indicate exclusion.]
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Study information

Interviewer: verbally provide the following information to the patient:

! I'm going to give you some information about the study now.

! If I say anything that's unclear, please stop me and ask me to explain it 
more.

! Please pay attention because I will ask you some questions about this 
to make sure you understand.

! Medicare has a website that you can go on to compare hospitals based 
on a number of different things like complications, patient satisfaction, 
and infections related to medical care.

! This survey uses the same format as the Medicare website but with 
made-up information about the hospitals. The questions in the survey 
ask you to compare two hospitals using this made-up information.

! The survey will take about 15 minutes.

! I will also ask you some questions about previous hospitalizations and 
basic demographics.

! Your responses are confidential and we don't link you responses to 
your name or anything that identifies you.

! The survey is voluntary, and there's no penalty if you decide you don't 
want to answer these questions.

! You can tell me at any time that you want to stop the survey.

Then give patient written survey information letter:
! “We have to give you a paper copy of the information I just told you. You can read 

through it now, and please ask me if you have any questions."

Then ask:

! "Do you still want to participate?"

If no: ⤴ ︎ return to page 1 and indicate patient declined to participate.
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→ Hand iPad to participant

Please read this sentence out loud:

    Dorothy lived in the middle of the great Kansas prairies, with Uncle Henry, who 
was a farmer.

→ Hand iPad to interviewer

[Interviewer: if patient reads 3 or more words incorrectly, ⤴︎ return to page 1 to 

indicate exclusion. Otherwise, ⤵︎ continue to next page.]
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Assent comprehension assessment

Tell the participant:

! “I'm going to ask a few questions about the study to make sure you 
understand.”

[MT05] 1) What is the purpose of this study?
[acceptable answers: something to do with hospital quality, quality data, etc]
◯ Correct

◯ Incorrect

[MT06] 2) Do you have to participate in this study?
[acceptable answers: no]
◯ Correct

◯ Incorrect

[MT07] 3) Are your answers to this survey confidential?
[acceptable answers: yes]
◯ Correct

◯ Incorrect

[MT08] 4) If you want to stop the survey, what should you do?
[acceptable answers: hand back iPad, tell interviewer, etc.]
◯ Correct

◯ Incorrect

[Interviewer: If patient misses 1 or more, ⤴︎ return to page 1 and indicate the patient is excluded. 

Otherwise, ⤵︎ continue to next page.]
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Interviewer: Help the participant get in a comfortable position where he/she can hold the 
iPad.

→ Hand iPad to participant

Introduction (part 1)

When patients come to the hospital, sometimes they develop complications because of 
their hospital care. Sometimes these complications include infections.

In this survey you will see some information about how often a certain kind of infection 
happens when patients are in the hospital. This infection is a type of urinary tract 
infection, which is also called a UTI. A UTI is an infection in the bladder or kidney.

UTIs may be a complication because of hospital care when the patient has a urinary 
catheter. This kind of UTI is called a catheter-associated urinary tract infection.

Introduction (part 2)

Hospitals tell the government how many catheter-associated urinary tract infection 
patients get when they are staying in the hospital. Anyone can look this up on the 
Medicare website to decide which hospital to go to.

In this survey, we will show you some information about the number of catheter-
associated urinary tract infections that happen at two pretend hospitals. We call these 
pretend hospitals Hospital 1 and Hospital 2.

You will then answer questions about whether you think Hospital 1 performs better than 
Hospital 2, if Hospital 2 performs better than Hospital 1, or if you think they perform 
the same.

Introduction (part 3)

Some of the questions in the survey may seem very easy or may be confusing.

If you don't know the answer to a question, it's very important to say "Don't know" 
instead of guessing.

If you see  during the survey, tap on it to see more information.

Ready to begin the survey?

Tap “Next” to start.



111

[HC01] Question 1

     Catheter-Associated Urinary Tract Infections

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

[HC02] Question 2

     Catheter-Associated Urinary Tract Infections

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 1

Hospital 2

Evaluation

Better than the U.S. National Benchmark

Worse than the U.S. National Benchmark

Hospital 1

Hospital 2

Evaluation

No different than the U.S. National Benchmark

Better than the U.S. National Benchmark
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[HC03] Question 3

     Catheter-Associated Urinary Tract Infections

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 1

Hospital 2

Evaluation

Worse than the U.S. National Benchmark

Worse than the U.S. National Benchmark
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[HC04] Question 4

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 
1

Hospital 
2

No. of 
infections 
reported (A)

38

1

Catheter 
Days

2220

2021

Predicted 
No. 
Infection
s (B)

8.331

9.42

Standardized 
Infection 
Ratio (SIR) (A/
B)

4.56

0.11

Evaluation

Worse than 
the U.S. 
National 
Benchmark

Better than 
the U.S. 
National 
Benchmark
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[HC05] Question 5

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 
1

Hospital 
2

No. of 
infections 
reported (A)

77

149

Catheter 
Days

31,813

29,910

Predicted 
No. 
Infection
s (B)

81.201

78.509

Standardized 
Infection Ratio 
(SIR) (A/B)

0.95

1.90

Evaluation

No different 
than the U.S. 
National 
Benchmark

Worse than 
the U.S. 
National 
Benchmark
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[HC06] Question 6

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 
1

Hospital 
2

No. of 
infections 
reported (A)

40

20

Catheter 
Days

10,061

5,394

Predicted 
No. 
Infection
s (B)

38.801

19.727

Standardized 
Infection Ratio 
(SIR) (A/B)

1.03

1.01

Evaluation

No different 
than the U.S. 
National 
Benchmark

No different 
than the U.S. 
National 
Benchmark



116

[HC07] Question 7

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 
1

Hospital 
2

No. of 
infections 
reported (A)

78

2

Catheter 
Days

11,001

10,923

Predicted 
No. 
Infection
s (B)

81.401

82.355

Standardized 
Infection Ratio 
(SIR) (A/B)

0.96

0.02

Evaluation

Better than 
the U.S. 
National 
Benchmark

Better than 
the U.S. 
National 
Benchmark
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[HC08] Question 8

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 
1

Hospital 
2

No. of 
infections 
reported (A)

108

386

Catheter 
Days

13,201

13,108

Predicted 
No. 
Infection
s (B)

97.681

98.826

Standardized 
Infection Ratio 
(SIR) (A/B)

1.11

3.91

Evaluation

Worse than 
the U.S. 
National 
Benchmark

Worse than 
the U.S. 
National 
Benchmark
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[HC09] Question 9

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 
1

Hospital 
2

No. of 
infections 
reported (A)

91

44

Catheter 
Days

8,801

8,738

Predicted 
No. 
Infection
s (B)

65.121

65.884

Standardized 
Infection Ratio 
(SIR) (A/B)

1.40

0.67

Evaluation

No different 
than the U.S. 
National 
Benchmark

No different 
than the U.S. 
National 
Benchmark
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[HC10] Question 10

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 1

Hospital 2

No. of 
infections 
reported (A)

3

10

Catheter 
Days

1,284

18,752

Predicted 
No. 
Infections 
(B)

1.87

21.401

Standardized 
Infection Ratio 
(SIR) (A/B)

1.60

0.47
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[HC11] Question 11

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 1

Hospital 2

No. of 
infections 
reported (A)

93

30

Catheter 
Days

38,201

2,214

Predicted 
No. 
Infections 
(B)

91.502

8.472

Standardized 
Infection Ratio 
(SIR) (A/B)

1.02

3.54
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[HC12] Question 12

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

Hospital 1

Hospital 2

No. of 
infections 
reported (A)

246

27

Catheter 
Days

54,984

6202

Predicted 
No. 
Infections 
(B)

122.486

13.327

Standardized 
Infection Ratio 
(SIR) (A/B)

2.01

2.03
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[HC13] Question 13

     Catheter-Associated Urinary Tract Infections

     Standardized infection ratio (SIR) national benchmark = 1. 
     Lower SIRs are better. A score of (0) – meaning no CAUTIs – is best.

     Catheter Days: Catheter days are the total number of days a catheter was used in 
patients.

     Standardized Infection Ratio: The Standardized Infection Ratio (SIR) compares the actual 
         number of infections at a hospital to the "predicted" number of infections.

     1 The lower limit of the confidence interval cannot be calculated if the number of observed
     infections equals zero.

Use the information in the blue rectangle to answer this question:

Which hospital has the strongest performance?
◯ Hospital 1 performs stronger than Hospital 2

◯ Hospital 1 and Hospital 2 are about the same

◯ Hospital 2 performs stronger than Hospital 1

◯ Not enough information

◯ Don't know

→ Hand iPad to interviewer

Hospital 
1

Hospital 
2

No. of 
infections 
reported (A)

58

0

Catheter 
Days

15,484

1,175

Predicted 
No. 
Infection
s (B)

94.508

1.703

Standardized 
Infection Ratio 
(SIR) (A/B)

0.61

0.0001

Evaluation

Better than 
the U.S. 
National 
Benchmark

No different 
than the U.S. 
National 
Benchmark
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Interviewer: Ask the remaining questions verbally !

Hospital compare experience/utility

[UT01] Have you ever used Medicare Hospital Compare or any other website to help 
you choose a hospital?
◯ Yes, website for comparing hospitals, which website? _____________

◯ Yes, website for insurance eligibility, which website? _____________

◯ No

[UT01] Would a website that compares hospitals have helped you decide whether or 
not to come to the University of Maryland Hospital?
◯ Yes, it would help

◯ No, it would not help

Health experience

[HE01] How many times have you been admitted to the hospital, including this time?
(select one)
[Interviewer: read response options if patient is trying to count precisely for a long time; explain 
"admitted" if the patient seems confused.]
◯ No times

◯ 1 or 2 times

◯ 3 to 6 times

◯ 7 or more times

◯ Don't know/not sure

◯ Prefer not to respond

[HE02] Have you ever had a complication that you think the hospital caused? (select 
one)
◯ Yes: _____________

◯ No

◯ Don't know/not sure

◯ Prefer not to respond

[HE03] Have you ever had a Catheter-Associated Urinary Tract Infections (CAUTI)? 
(select one)
◯ Yes

◯ No

◯ Don't know/not sure

◯ Prefer not to respond
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[HE04] Have you ever worked in a hospital, doctor's office, or a place that cares for sick 
people? (select one)
◯ Yes

◯ No

◯ Don't know/not sure

◯ Prefer not to respond

[HE05] ...and have any of your immediate family members? (select one)
Include only your parents, siblings, and children.

◯ Yes

◯ No

◯ Don't know/not sure

◯ Prefer not to respond

[HE06] Have you ever been a caregiver for someone who was hospitalized more than 3 
times in a year? (select one)
◯ Yes

◯ No

◯ Don't know/not sure

◯ Prefer not to respond

Demographics

[DE01] What is the highest grade or year of school you completed? (select one)
◯ Never attended school or only attended kindergarten

◯ Grades 1 through 8 (Elementary)

◯ Grades 9 through 11 (Some high school)

◯ Grade 12 or GED (High school graduate)

◯ College 1 year to 3 years (Some college or technical school)

◯ College 4 years or more (College graduate)

◯ Prefer not to respond
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[DE02] Is your annual household income from all sources...? (select one)
◯ Less than $20,000

◯ $20,000 to $25,000

◯ $25,000 to $35,000

◯ $35,000 to $50,000

◯ $50,000 to $75,000

◯ Greater than $75,000

◯ Don't know/not sure

◯ Prefer not to respond

[DE03] How old are you? (select one, enter age if applicable)
◯ Age in years: __________

◯ Don't know/not sure

◯ Prefer not to respond

[DE04] Race - select all that apply:
▢ White

▢ Black or African American

▢ Hispanic/Latino/Spanish origin

▢ American Indian or Alaska Native

▢ Asian

▢ Asian Indian

▢ Pacific Islander

[DE05] Are you...? (select one)
◯ Married

◯ Divorced or separated

◯ Widowed

◯ A member of an unmarried couple

◯ Single

◯ Prefer not to respond
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[DE06] Are you currently...? (select one)
◯ Employed for wages

◯ Self-employed

◯ Out of work for 1 year or more

◯ Out of work for less than 1 year

◯ A Homemaker

◯ A Student

◯ Retired

◯ Unable to work

◯ Prefer not to respond

Note: gender and insurance status are collected from electronic hospital records.

[End of survey.]
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Responses for hospital comparison questions:

HC01)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    79       71.82 ← correct
Hospital 1 and Hospital 2 are about the same |     6        5.45 
Hospital 2 performs stronger than Hospital 1 |     1        0.91 
Not enough information                       |    18       16.36 
Don't know                                   |     6        5.45 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC02)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    14       12.73 
Hospital 1 and Hospital 2 are about the same |     6        5.45 
Hospital 2 performs stronger than Hospital 1 |    73       66.36 ← correct
Not enough information                       |    11       10.00 
Don't know                                   |     6        5.45 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC03)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    13       11.82 
Hospital 1 and Hospital 2 are about the same |    63       57.27 ← correct
Hospital 2 performs stronger than Hospital 1 |     3        2.73 
Not enough information                       |    23       20.91 ← correct
Don't know                                   |     8        7.27 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC04)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |     6        5.45 
Hospital 1 and Hospital 2 are about the same |     6        5.45 
Hospital 2 performs stronger than Hospital 1 |    86       78.18 ← correct
Not enough information                       |     4        3.64 
Don't know                                   |     8        7.27 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC05)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    75       68.18 ← correct
Hospital 1 and Hospital 2 are about the same |     8        7.27 
Hospital 2 performs stronger than Hospital 1 |     9        8.18 
Not enough information                       |     5        4.55 
Don't know                                   |    13       11.82 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC06)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
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Hospital 1 performs stronger than Hospital 2 |    15       13.64 
Hospital 1 and Hospital 2 are about the same |    38       34.55 ← correct
Hospital 2 performs stronger than Hospital 1 |    36       32.73 
Not enough information                       |    12       10.91 
Don't know                                   |     9        8.18 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC07)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    16       14.55 
Hospital 1 and Hospital 2 are about the same |    24       21.82 
Hospital 2 performs stronger than Hospital 1 |    57       51.82 ← correct
Not enough information                       |     6        5.45 
Don't know                                   |     7        6.36 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC08)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    52       47.27 ← correct
Hospital 1 and Hospital 2 are about the same |    29       26.36 
Hospital 2 performs stronger than Hospital 1 |    13       11.82 
Not enough information                       |     8        7.27 
Don't know                                   |     8        7.27 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC09)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    14       12.73 
Hospital 1 and Hospital 2 are about the same |    28       25.45 
Hospital 2 performs stronger than Hospital 1 |    55       50.00 ← correct
Not enough information                       |     6        5.45 
Don't know                                   |     7        6.36 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC10)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    41       37.27 
Hospital 1 and Hospital 2 are about the same |     4        3.64 
Hospital 2 performs stronger than Hospital 1 |    46       41.82 ← correct
Not enough information                       |     9        8.18 
Don't know                                   |    10        9.09 
---------------------------------------------+-------------------
                                       Total |   110      100.00
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HC11)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    49       44.55 ← correct
Hospital 1 and Hospital 2 are about the same |     7        6.36 
Hospital 2 performs stronger than Hospital 1 |    37       33.64 
Not enough information                       |     8        7.27 
Don't know                                   |     9        8.18 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC12)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    21       19.09 
Hospital 1 and Hospital 2 are about the same |    30       27.27 ← correct
Hospital 2 performs stronger than Hospital 1 |    48       43.64 
Not enough information                       |     5        4.55 
Don't know                                   |     6        5.45 
---------------------------------------------+-------------------
                                       Total |   110      100.00

HC13)
                                             | Freq.     Percent 
---------------------------------------------+-------------------
Hospital 1 performs stronger than Hospital 2 |    29       31.18 
Hospital 1 and Hospital 2 are about the same |     8        8.60 
Hospital 2 performs stronger than Hospital 1 |    38       40.86 
Not enough information                       |     8        8.60 
Don't know                                   |    10       10.75 
---------------------------------------------+-------------------
                                       Total |    93      100.00

(Note: the first 17 respondents were not presented with HC13. HC13 does not have a clear correct 
answer as Hospital 1 performs better than expected and Hospital 2 has 0 infections. This question 
was included in the survey for exploratory analysis on how participants interpret hospitals with 0 
infections.)
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Appendix 2: Aim 3 Design Document

Strategy
The project objective is to improve user understanding of publicly reported HAI data. 
Specifically:

1. Improve understanding when showing data for one hospital
2. Improve understanding when comparing hospitals

The potential users of this interface are members of the general public who are interested 
in understanding HAI data but have no special expertise or training.

The user needs the high-level benefits users can expect from the project. Specifically:

1. Users should be able to determine whether a given hospital has HAI rates that are 
significantly better or worse than expected.

2. Users should be able to make accurate comparisons among hospitals using HAI 
data.

The primary focus of the interface design is on the data presentation method. A website 
(haicompare.org) will be created to showcase this data presentation method.

Scope
This section identifies functional and content requirements for the interface based on the 
project objectives and user needs.

For the HAI data presentation method, the functional requirements described below using 
user stories. A user story is a method for making abstract user needs more concrete. It is a 
scenario written about a specific hypothetical user that embodies what that user needs out 
of the interface.

1. Compare HAI data for hospitals in a specific geographic region
a. User story: Alice is choosing a hospital for her ailing mother, who has an 

indwelling urinary catheter, and she is worried about CAUTI. She wants to 
find a hospital with low CAUTI rates in her area.

b. User story: Bob is getting knee replacement surgery. He is concerned about 
surgical site infections. He is trying to choose between the three best hospitals 
in his state, and wants to see how they compare on SSI rates. (Note: the data 
presentation method is the same for both CAUTI and SSI.)

2. View HAI data for a single specific hospital
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a. User story: Carol's doctor referred her to Hospital X, and she wants to see how 
this hospital compares to the state average for HAIs. She is interested in HAIs 
as a proxy for overall quality of care.

The content requirements for the HAI data presentation method are primarily formed by 
the HAI data that are publicly available for hospitals in the United States. These data are:

● Number of observed infections per hospital (e.g. number of CAUTI)
● Number of person-days observed per hospital (e.g. catheter-days)
● Number of predicted infections
● SIR, with 95% confidence interval

Thus, the content for the data presentation method is limited to these variables or 
variables derived from them.

Structure
This section defines how the functional and content requirements fit together in a 
cohesive interface.

For the HAI data presentation method, this means generally specifying how the user will 
interact with the interface and how information will be organized.

● HAI data for multiple hospitals must be able to be viewed on the same page in a 
way that facilitates comparisons among the hospitals.

● Based on observations during Aim 1 interviews and the Aim 1 data, we 
hypothesize that displaying all the available HAI data (as is currently done on 
CMS Hospital Compare) may be confusing to users. Thus, we will display a 
summary of the data, while employing “details-on-demand” from the Visual 
Information Seeking Mantra (37) to show additional data contextually. This means 
that the user can view additional data directly from the summary, and without 
losing their place.

● Understanding the relevance of HAI data requires understanding medical 
terminology like “urinary tract infection” and “catheter”. Our interface should also 
provide definitions and additional information about any medical terminology 
contextually.

We will assess the following during user testing:

● Can users easily compare hospitals using the data summary as presented, including 
information presented in “details-on-demand”?

● “Details-on-demand” interface elements
○ Is the interface for displaying details intuitive?
○ Do the data details complement or contradict the data summary?
○ How important are the data details in the process of interpreting the data?
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● Contextual additional information (essentially “more info” buttons)
○ Is the interface for displaying these intuitive?
○ Do users feel these are helpful in understanding the data?

Skeleton
This section identifies the specific user interface elements needed for implementing what 
is described in the previous sections. It leads to a “wireframe” or mockup of the interface 
that specifies the location and type of user interface elements, but ignores visual polish 
and color choices.

Possible data presentation methods fall on a continuum from words to graphics:
● Text (sentences or paragraphs)
● Text-tables (short sentences or sentence fragments aligned in a table)
● Tables
● Graphics

Comparisons among hospitals will likely be difficult without some structure imposed by 
the website design. For example, a paragraph of sentences describing HAI data for five 
hospitals would make it difficult to compare the first hospital to the fifth hospital. A 
purely graphical presentation method will also likely prove difficult to interpret without 
substantial interactive explanation. Thus, the starting point for the skeleton will be table-
based.

At this point, it is instructive to examine the current CMS Hospital Compare website. 
This website provides two table-based HAI data presentation methods and a graph-based 
presentation method. The default “simple” table displays only a written summary of the 
SIR in the form “[Better than/Worse than/The same as] the U.S. National Benchmark”. 
This avoids the problem of encouraging users to directly compare SIRs, but provides very 
little information: a hospital with a SIR of 1.1 could potentially look the same as a 
hospital with a SIR of 10 due to overlapping confidence intervals.

The other table-based presentation method on CMS Hospital Compare provides the 
number of infections observed, the denominator (e.g. catheter-days), the expected number 
of infections, the SIR, and the written summary of the SIR. Based on Aim 1 data, it was 
difficult for users to determine how these data relate to each other, though this is 
explained in the table’s column headings. Because of this, users found it difficult to know 
which column(s) to compare. When presented with data that, without a full understanding 
of how the columns related, made the columns appear to contradict themselves (e.g. two 
hospitals with very different denominators and similar SIRs), users were unable to 
reliably identify the better-performing hospital.

Based on this analysis, the new data presentation interface must strike a balance between 
the two types of tables on CMS Hospital Compare. Specifically, it must provide some 
information beyond CMS Hospital Compare’s written SIR summary, but should not 
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provide so much information that it is confusing to users. Additionally, it should not 
encourage a direct comparison between SIRs. Ideally, it should incorporate the 95% 
confidence interval for the SIRs, which is not shown in either CMS Hospital Compare 
table, as this is necessary to truly evaluate hospital performance.

Appendix Figure A.

This wireframe uses the same general design of the CMS Hospital Compare table, but 
completely changes the content and its positioning. Each of the numbered regions is 
explained below:

①This is a “small multiple” style graphic showing the 95% confidence interval for the 
SIR. By making it physically small, I hope to avoid issues around directly 
comparing SIRs by making only large differences stand out. Presumably, shifting-
base distortion is worse for SIRs that are close in value; large differences are less 
likely to be impacted by any bias.

②These are the numbers used to make the area marked with ①.
③This is an interpretation of ① and ② similar to the written SIR interpretation on 

CMS Hospital Compare. The goal is to guide the user’s interpretation of ① and ②. 
It is placed to the right of ① and ② so users will not start with it and then ignore 
the other information in the table.

④This is space for contextual information about the data in the table. User testing will 
determine what is included here.

We will assess the following during user testing:

● Do users use need ② to interpret ①, or can ① stand alone?
● Do users default to ③ without looking at ① and ②?
● What information should be included in ④ and in other contextual help?
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Surface
This section describes the polished design prior to the start of user testing.

Appendix Figure B. The initial design comprehensive (“design comp”) of the new data 
presentation method.

Features of the initial design comp include:

● “Small multiple” graphics share an axis with a size based on the SIRs of the 
hospitals displayed. Appendix Figure B shows an axis that ranges from 3x fewer to 
3x more infections than expected.

● Rather than a SIR, we use “times-different than expected” calculated from the SIR. 
We hypothesize that this will be much easier for users to interpret. Hospital A in 
Appendix Figure B corresponds to a SIR 95% confidence interval of 0.36 to 0.65.

● This interface de-emphasizes the point estimate for the SIR in favor of the 95% 
confidence interval. The reasoning behind this is that we hypothesize users will 
fixate on the point estimate and ignore the statistical uncertainty, which could lead 
to inaccurate conclusions.

● A red-orange-green color scheme is used to indicate SIRs above, equal to, and 
below 1. The color scheme also ties together the elements of the table.

We will assess the following during user testing:
● Is the color scheme effective?
● Are the confidence intervals interpreted correctly?
● Is the microcopy understandable? What elements of the interface need contextual 

help?
● Is it necessary to add axis labels to the small multiple graphs (e.g. “← better than 

expected | worse than expected →”)?
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