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ABSTRACT 
Recent research focused on online health information seeking 
highlights a heavy reliance on general-purpose search engines. 
However, current general-purpose search interfaces do not neces-
sarily provide adequate support for non-experts in identifying 
suitable sources of health information. Popular search engines 
have recently introduced search tools in their user interfaces for a 
range of topics. In this work, we explore how such tools can sup-
port non-expert, patient-centered health information search. Scop-
ing the current work to medication-related search, we report on 
findings from a formative study focused on the design of patient-
centered, medication-information search tools. Our study included 
qualitative interviews with patients, family members, and domain 
experts, as well as observations of their use of Remedy, a technol-
ogy probe embodying a set of search tools.  Post-operative cardio-
thoracic surgery patients and their visiting family members used 
the tools to find information about their hospital medications and 
were interviewed before and after their use. Domain experts con-
ducted similar search tasks and provided qualitative feedback on 
their preferences and recommendations for designing these tools. 
Findings from our study suggest the importance of four valuation 
principles underlying our tools: credibility, readability, consumer 
perspective, and topical relevance. 

Categories and Subject Descriptors 
H5.2 [Information interfaces and presentation]: User Interfaces—
Graphical user interfaces; J.3 [Computer Applications] Life and 
Medical Sciences—Health  

General Terms 
Design, Human Factors 

1. INTRODUCTION 
Online health education materials are increasingly accessed by the 
public through popular search engines [28]. A recent Pew Poll 
surveying online activities of US adults over a 12-month period 
found that 72% of the 81% who use the Internet say they have 
looked online for health information—43% of them looking for 
information on specific treatments or procedures [15]. Searching 
for information of this sort often involves accessing a range of 
sites created by a variety of institutions and companies—from 
international online pharmacies, to personal blogs, to government-

agency–supplied literature.   

Social media also influence health education and decision-
making, including decisions to seek a second opinion [28]. As 
helpful as reviews by other patients can be, they can also bewilder 
non-expert patients if they contain claims from misinformed indi-
viduals. As patients sift through sites attempting to differentiate 
between fact and fiction, it can be difficult to detect sensational-
istic journalism or purely commercial material disguised as educa-
tional content or personal stories [25]. In response to these issues, 
recent research has explored features of health website credibility 
[12, 29, 30], while third-party organizations have been established 
to certify or recommend health-related websites [22]. However, to 
date, few researchers have studied the role of web search user 
interfaces in mediating patient access to health resources [32]. 

In this paper, we describe a formative study focused on the design 
of non-expert, patient-centered medication-information search 
tools. Through a review of the literature on personal health infor-
mation needs and information seeking, we identified four high-
level principles that affect patients’ valuation of online health 
information: credibility, readability, consumer perspective, and 
topical relevance. We applied these principles in our design and 
development of a technology probe [17], a high-fidelity medica-
tion-information search application (shown in Figure 1). Our 
probe, called Remedy, displays specific website features and doc-
ument topics to annotate medication information search results.  
We created the tools embodied in the probe using text processing 
techniques and probabilistic generative topic modeling approaches 
to retrieve and organize medication information across a variety 
of online sources.  
As one phase in a larger iterative design process, Remedy allowed 
us to observe how hospitalized, post-operative cardiothoracic 
surgery patients used the novel tools that we introduced, during 
searches for their actual medications. We present findings from a 
two-phase study in which these patients and their family mem-
bers, along with pharmacists, caregivers, and other domain ex-
perts, used the tools to conduct searches related to a number of 
medication-related topics. Qualitative interviews with the patients, 
family members and domain experts in our study, both before and 
after their use of the probe, led to rich insights into the search 
behaviors we observed, enabling us to distill preliminary design 
goals for this class of search tools. While we have previously 
demonstrated the tools included in Remedy [37], we make the 
following contributions in this paper: 

1. The four valuation principles underlying our tools for support-
ing rapid filtering and comparison of medication information 
search results, based on website features and content topics. 

2. Findings from a field study with cardiothoracic surgery patients 
and visiting family members during a post-operative hospital stay, 
exploring both their use of the tools and their detailed responses to 
them. 
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3. Discussion of preferences and recommendations of domain 
experts for designing tools to support non-expert, online medica-
tion information search, based on usage of the Remedy probe and 
qualitative feedback.  

2.  RELATED WORK 
Below, we first classify previous work on non-expert, health-
related search, according to the four health resource valuation 
principles that we identified. We then situate the current work 
with respect to related tools and technologies. 

2.1 Valuation Principles 
2.1.1 Credibility 
Recent research on how lay users seek health information online 
highlights a heavy reliance on general-purpose search engines 
[15]. Unfortunately, once search results are returned, users often 
select information from the first page without awareness of the 
actual selection criteria [12]. While guidelines have been devel-
oped to help users assess information quality [22, 25], their utili-
zation is limited to those who have both the knowledge and time 
required to access and apply them.  

An important area of future work includes the design of automat-
ed approaches to flagging inconsistent or unsubstantiated infor-
mation [1]. In the present study, our goal was to “inform end us-
ers” [30] by exposing relevant website and document content 
features (described in Section 3) in the search result user interface, 
rather than attempt to predict credibility. This approach is sup-
ported by work suggesting that descriptions of health sites should 
display more information about the source of the content and its 
commercial intentions [32].  

Wang et al. note a lack of studies of usability and effectiveness of 
popular general-purpose search engines for health-related infor-
mation [35]. Using breast cancer as an example search topic, they 
compared the search experience of Ask.com, Yahoo!, Bing, and 
Google, finding that the page rankings of each corresponded in 
varying ways to both expert rankings of quality and volunteer 
rankings of usability.  

Sillence et al. observed that patient study participants sometimes 
rejected high-quality content because of its poor visual design 
[31]. This is consistent with prior findings showing that graphical 
design characteristics of a site greatly influenced users’ percep-

tions of credibility [13], further motivating the need for tools to 
increase consumer recognition of quality indicators [16]. 

2.1.2 Readability 
Martin and colleagues, through their study of older adults taking 
over-the-counter medications, call for research focused on better 
supporting laypeople’s recognition of keywords, as well as access 
to simplified explanations [23]. Indicating the literacy level at 
which a web document was written could help, but readability 
measures are currently difficult to determine. Currently available 
screening instruments used to evaluate an individual’s health liter-
acy [9] do not provide a comprehensive assessment, and “grad-
ing” online resources according to the health literacy level of the 
text is an important area for future work. We focus instead on the 
use of tools to permit recognition of concepts discussed in the 
online literature. Khan et al. highlight the value of displaying pill 
images in medication management applications, to aid consumers 
in identifying drugs [20]. However, many medications are availa-
ble in different shapes, imprints and sizes for varying strengths 
and brands. To avoid confusing users, we included only binary 
information about image availability on the linked page, rather 
than picking representative images. 

2.1.3 Consumer Perspectives 
A recent Pew Internet Poll found that one in five Internet users 
have consulted online reviews of particular drugs or medical 
treatments [15]. Caregivers were most likely to seek out medica-
tion reviews: 38% of Internet users in this group have consulted 
online drug reviews [14]. Respondents consulted these reviews to 
prepare for visits with their physicians, to learn from peers’ expe-
riences with medications, and to aid in making decisions—in col-
laboration with their care providers—about dosage changes or 
alternative medication [14]. A similar survey study indicated that 
34% of respondents report that social media would impact their 
decision about taking certain drugs [28].  
The quality of consumer-contributed information is a contentious 
topic [18], as we discuss below. Still, sharing and viewing peer 
perspectives is a growing trend that consumers are embracing to 
guide them in decision-making and in evaluating health infor-
mation [12, 15]. We sought to enable awareness of the presence of 
consumer reviews during the search process, noting that such 
awareness can help consumers to either locate or avoid this infor-
mation. 

 
Figure 1: Each result returned in the Remedy user interface contains a topic map, in which the topics discovered in the linked web 

document are listed with gray bars showing the relative amount of information on that topic. Touching a topic in the topic map 
(e.g., “Uses” on the left) displays a box (right) containing a topic-specific snippet from the linked web resource. 



 

 
Figure 2:  Portion of display presented by the search tools after 
user selects “How To Use” from topic menu to see relevant snip-

pets for Simvastatin. 

2.1.4 Topical Relevance 
Berland et al. showed that most users searching for online health 
information searched inefficiently when using simple key terms 
with general-purpose search engines [3], due in part to a lack of 
vocabulary to describe health concepts. A key design goal for 
Remedy included the display of relevant topics to users during the 
search process, to permit recognition of terms and concepts (Fig-
ure 1). 

Tasks essential to health-information sensemaking include dis-
covery and synthesis of trustworthy information, spread across 
multiple locations, and recognition of contradictory information. 
Sillence et al. propose a multi-stage web resource evaluation pro-
cess, in which rapid, heuristic processing based on superficial 
heuristics precedes in-depth examination and information pro-
cessing during health information search [31]. Based on these 
findings, we provide techniques for browsing topically-related 
web page excerpts (Figure 2). We included this ability to support 
synthesis and comparison of information: key elements of the 
sensemaking process that Sillence and colleagues describe.  

2.2 Related Tools and Interventions 
Schwarz and Morris recently explored how credibility signals can 
be used to assist end users in evaluating website search results, for 
a number of information domains [30]. We strive in our work to 
support end-user assessment of website credibility, but tailor our 
metrics to address medication information search. In addition, we 
also explore the importance of readability, peer perspectives, and 
topical relevance. 

Making sense of online health information often involves brows-
ing multiple webpages to compare explanations, descriptions or 
opinions about a single topic—a time-consuming and cognition-
intensive task [4, 10]. To assist users with sensemaking tasks, 
researchers have designed technologies that combine document 
summarization techniques with presentation techniques.  
Dontcheva et al. allow end users to create and manage their own 
summaries of web documents that contain similar layout patterns 
[11]. A complementary approach to end-user–driven tools in-
cludes browser technology that recommends web document con-
tent at the page-unit level, based on the user’s interactions with 
previously-visited webpages [8]. In contrast, we focus on deter-
mining and presenting salient topic information, with the specific 
goal of augmenting the medication information search experience. 

3. TECHNOLOGY PROBE 
3.1 Search Tools  
We included the following tools in our technology probe, Reme-
dy, based on the design goals described above. 

• Result-specific topic map. For each page result, a set of hori-
zontal bars indicates the relative amount of page content in 
each of the set of topics, as determined by our topic analysis 
(shown in Figure 1).  

• Result-specific feature annotations. For each page result, 
certain binary characteristics are listed, including whether the 
page was reviewed by experts, contains commercial content, 
or includes patient reviews (shown in Figure 1). 

• Topic Menu: Browse All Results by Topic. Selecting a topic 
(e.g., “Dose” or “How to Use”) from the topic menu displays 
topically relevant page excerpts from all page results for the 
queried medication. For example, Figure 2 shows “How to 
Use” excerpts for the lipid-lowering drug, Simvastatin. 

• Filters to Select Results Based on Page Features. Selecting 
filtering criteria narrows the search to satisfy all selected cri-
teria. 

3.2 Topic-Based Browsing 
The past decade has seen advances in computational methods to 
identify and cluster both structured and unstructured text. In par-
ticular, several techniques have been developed to discover salient 
aspects or topics discussed across multiple documents [5, 26].  

Our approach to adopting these techniques is guided by work on 
visual interfaces to large text document sets. Wei et al. explored 
techniques for interactive browsing of document topics, achieved 
in part through probabilistic latent topic modeling [36], though 
they did not apply their work to web search. This type of topic 
modeling is often applied to documents with varying structure and 
organization, typically in an unsupervised manner (i.e., without 
any pre-determined labeling on the documents). Specific topic 
modeling techniques include latent Dirichlet allocation (LDA) 
[33], which treats each document in a collection as a mixture of 
topics—determined by a probability distribution over words. 
While these techniques play a role in webpage indexing and 
search, conventional user interfaces do not expose this infor-
mation when it is available, even though it could be valuable to 
consumers [5].  

To create our tools, we applied LDA-based topic modeling algo-
rithms, drawing on evidence of their effectiveness for similar web 
content types [6]. We supplemented these techniques with addi-
tional text processing and manual content curation (described 



below) to approximate what we could expect from a fine-tuned, 
fully-automated system. We note that the development and evalu-
ation of fully-automated topic modeling techniques for the medi-
cation information domain is an important goal, but not one that 
we focus on here.  

Instead, our goal was to explore the future potential of topic-based 
browsing techniques and the role they might play in assisting 
consumers in medication information search. Complementary 
work has demonstrated benefits in modeling topic distributions in 
combination with readability information to predict user interest 
in web documents [21], but utilized supervised classification 
techniques and did not address implications for user interface 
design. Earlier work in web-based, multi-document summariza-
tion presented topic information in the web search user interface, 
but focused on generating textual synopses of search results, using 
pre-determined topic structure [19]. 

3.3 Sources of Information  
We draw from a variety of online medication information materi-
als, to simulate what a lay consumer might encounter using gen-
eral-purpose search engines with basic keyword queries. To col-
lect representative information, we employed Mechanical Turk 
(MT) workers [2]. We provided approximately 200 workers with 
the names of a total of 100 unique medications, which were se-
lected by extracting the most frequently used inpatient cardiotho-
racic surgery medications from the hospital information system of 
our study site. Workers were asked to use their preferred general-
purpose search engine to query a subset of the medication names, 
and report up to 10 URLs containing consumer-specific infor-
mation for each medication. Two authors then manually reviewed 
the list to verify reported results and resolve broken links.  
Next, we wrote basic webpage text processing scripts to capture 
site titles, page article titles and description information provided 
in the site meta-data for the full list of curated URLs. We also 
wrote basic page processing scripts to harvest content for the cu-
rated URLs. In all, 993 webpages were collected. Using sentence 
and paragraph extraction tools on the harvested webpages [6], we 
prepared a text corpus with which we ran topic-modeling experi-
ments. We used MALLET [24] to apply LDA-based topic model-
ing, using 10–200 topics (with default parameters for the others). 
Two co-authors reviewed the experiment results, selecting results 
and labeling strongly agreed-upon resultant clusters. Determining 
the optimal number of topics for any given modeling task is an 
open research question. Thus, we ran topic modeling with 10–200 
topics and selected the model that resulted in the most semantical-
ly meaningful topics from a qualitative standpoint [7]. 

We further refined topic clusters using heuristic text-processing 
techniques that utilized structural features of web documents to 
detect lists and ads, as well as keyword-based filters. After apply-
ing these techniques, we selected a subset of 18 medications from 
the initial 100 to include. We made our selection to prepare for 
our inpatient field study, basing our choice on medications com-
monly utilized during and after cardiothoracic surgery. The clini-
cal pharmacist co-author created the “gold standard” for validat-
ing content clusters, manually reviewing website excerpts as-
signed to each cluster, for all 18 medications (described by 148 
associated webpages). Final refinements were then made to all 
topic-based information, based on the pharmacist’s review. 

3.4 Site- and Page-Content–Based Features 
Guided by the work of Schwarz and Morris, we also identified on-
page and off-page features of the included webpages, based on 
their relevance to our design goals. On-page features included 

information about the domain type (e.g., .gov and .edu), the num-
ber of ads on the page, and whether or not there were patient tes-
timonials or reviews of the medication on the page. Off-page fea-
tures included the detection of Health on the Net (HON) certifica-
tion and Utilization Review Accreditation Commission (URAC) 
accreditation of the hosting institution. HON (www.hon.ch) and 
URAC (www.urac.org) are nonprofit organizations promoting 
healthcare quality by verifying that consumer-friendly quality 
guidelines are followed. The Google “page rank” score of the 
webpage was also collected. If no score was available for the 
page, the rank of the hosting site was used. We ordered the search 
results according to this page rank, to approximate the order of 
search results one might expect from a general-purpose search 
engine. While automated approaches to detecting on- and off-page 
features have been demonstrated to be technologically feasible 
[30], we collected these data manually to minimize the likelihood 
of error.  
To populate the search user interface, we created a SQL database 
to store webpage addresses and description information from site 
meta-data, article titles, URLs, on- and off-page features we col-
lected, and all associated topic information, including topic clus-
ters containing relevant page excerpts. The search interface was 
created using HTML with JavaScript and PHP, and hosted on one 
of our institution’s secure web servers in a password-protected 
directory. 

4. Two-Phase Study 
4.1 Participants 
4.1.1 Inpatient Field Study Participants  
We conducted the inpatient portion of our study in the surgical 
cardiac unit at NewYork-Presbyterian Hospital, a large, urban 
academic medical center. Our study was approved by the medical 
center’s human subjects institutional review board.  

Post-operative cardiothoracic surgery patients were invited to 
participate in the study after consultation with their providers and 
were included based on their physical and mental capability to 
participate and ability to speak English. Twelve patients (eight 
male), age 48–88 (mean=66), participated. In two of these cases, 
visiting spouses (both female) performed the search task, indicat-
ing that they were the most likely to search for information at 
home. In another two of the cases, family members participated 
along with the patient in interviews. A review of the patient par-
ticipants’ medical records indicated that each had previous experi-
ence managing a heart condition. However, to explore non-expert 
patient search, the search task included active medication thera-
pies administered to the patient during their care, with which they 
were unfamiliar.  

4.1.2 Domain Expert Participants 
We recruited eight domain experts: two nurses (each with two 
years of experience), four pharmacists (with four to six years of 
experience), and two fourth-year PhD candidates conducting HCI 
research on the display of medication information to patients.  

4.2 Methods 
4.2.1 Inpatient Field Study Methods 
Patient and family member participants engaged in study sessions 
lasting 40–60 minutes, the variation in time being largely due to 
interruptions related to the administration of care during study 
interviews. 

After providing informed consent, each patient was given a Wi-
Fi–connected first-generation iPad computer and, if necessary, 



was given a brief training session on its use. The computer was set 
up to display a password-protected webpage with the patient’s 
inpatient medications, created by software that we had previously 
created [34]. Patients and participating family members were then 
asked to comment on medications in the list that they had experi-
ence taking, and to point out unfamiliar medications. The study 
coordinator noted unfamiliar medications as query candidates for 
a later search task.  

4.2.1.1 Prior Experiences with Medication Infor-
mation Search 
Following a semi-structured format, we asked participants to de-
scribe prior experiences searching for medication information. 
These questions covered specific medication-related topics for 
which participants had searched, and their strategies when seeking 
web-based medication information. For example, participants 
were asked to comment on how they identify relevant sites to 
visit, and how many resources they consult during a typical medi-
cation information search. 

4.2.1.2 Inpatient Search Activities 
Demonstration and Free-Form Use 
After discussing participants’ previous search experiences, we 
introduced Remedy and demonstrated the filtering tools and topic 
browsing capabilities by querying a drug on the inpatient medica-
tion list. When possible, we queried a drug already familiar to the 
participant for training purposes. We then encouraged participants 
to explore the tools by conducting free-form searches of their 
choosing. 

Structured Search Activities 
After free-form use of the tools, we selected an unfamiliar medi-
cation from the patient’s inpatient medication list and explained to 
participants that we were interested in observing them during a 
web search related to it.  

While it was not our goal to evaluate the tools by comparing them 
to a benchmark, we wished to explore how the search behaviors 
elicited by our tools departed from the general-purpose experi-
ence. While we ultimately see our techniques and tools as aug-
menting, not replacing, existing search technologies, we wished to 
observe the specific preferences and search behaviors elicited by 
our tools, and to give patients and their family members a basis 
from which to reflect on their experiences using the probe.  

To do this, we asked participants to use a search technology with 
which they were familiar, in addition to Remedy, explaining to 
them that we were exploring the applicability of different technol-
ogies on medication information search (to mitigate demand char-
acteristics, we did not identify the probe as “ours”). Thus, partici-
pants were asked to use both the probe and one general-purpose 
search engine (Google, Bing, or Yahoo) of their own choosing to 
perform a query for the same medication information topic. These 
general-purpose engines detect queried drug names as such, and 
provide keyword-based text previews in the search interface along 
with class information and often, chemical structure.  

We counterbalanced the order in which Remedy and the general-
purpose search engine were used for the search activity. The same 
search was conducted with both, all in the Safari browser. Partici-
pants were randomly asked to search for information on uses, 
precautions, or factors affecting dosage, and to find this infor-
mation on a credible health information site (point out to the study 
coordinator the information relevant to the query, on a page they 
found to be a credible source of information, once they deter-
mined its relevance). The study coordinator manually noted time 

spent and individual actions taken with each technology (e.g., 
scroll though first page of results, read result title information, 
select result, return to view of search results).  We then asked the 
following questions related to their preferences: 

1. If you were given a new medication and wanted to search for 
web-based information about that medication, which of the 
two search technologies would you choose to use? Why? 

2. If these tools were part of the current search engine that you 
use, would you use them? Why or why not? 

4.2.2 Domain Expert Study Methods 
We engaged each domain expert in individual study sessions last-
ing 30–45 minutes each. These sessions were conducted either in-
person in a private conference room or using web conferencing 
software. We demonstrated the tools by first querying for a drug 
that they selected, and explained the search tools, including the 
filtering tools and topic browsing capabilities.  

4.2.2.1 Domain Expert Search Activities  
As in the inpatient field study, experts were introduced to Remedy 
and encouraged to use it in a free-form manner before a structured 
activity. We explained to these participants that we were compar-
ing different technologies to understand their applicability to non-
expert, patient-centered medication information search. As in the 
previous phase, we did not identify the probe as “ours.” We asked 
experts to use both Remedy and one general-purpose search en-
gine (Google, Bing, or Yahoo) of their own choosing to perform a 
query on the same medication information topic. We counterbal-
anced the order in which the two search technologies were used to 
complete the search. Searches were conducted in the participant’s 
preferred browser. (The user experience of the tools was con-
sistent across IE, Firefox, Safari, and Opera.) 

We asked domain experts to adopt the role of a non-expert when 
using the technologies. We randomly selected a medication from 
the list of available ones and for consistency with the inpatient 
search task, asked them to search for information on either pre-
cautions for using the medication, factors affecting the dosage, or 
uses of the drug. We noted steps that the participant took, as in the 
inpatient task described above. Upon completion of the search 
activity, we asked each participant the following questions:  
If you were asked to recommend a search engine for finding web-
based information to a patient or non-exert caregiver, which of 
the two search engines would you recommend? Why? 

4.2.2.2 Debriefing Interview  
After completing the search task, both inpatient participants and 
experts were asked to interact with each of the search tools in 
Remedy (described above) and to comment on their perceptions 
of the usefulness of each. They were also asked to recommend 
improvements to the tools, or design refinements.  

5. RESULTS AND DISCUSSION  
Below, we present findings from our two-phase study. Our find-
ings reinforce the importance of each of the valuation principles 
underlying our tools, and suggest insights related to the design of 
future tools based on them. 

5.1 Inpatient Search Behavior   
5.1.1 Navigating to the Right Information  
All inpatient participants chose to use Google as their preferred 
general-purpose search engine for the search activity. In general, 
most participants had a domain vocabulary that differed from 
standard usage—even on consumer-oriented pages. For example, 



when using the standard search engine to find information on 
medication precautions, participants used keywords that were 
technically incorrect, such as “side effects” and “interactions.” 

Inpatient participants also spent more time assessing and pointing 
out relevant, credible information using the general-purpose 
search engine. Participants spent an average of 72 seconds using 
the general-purpose search engine, versus 40.5 seconds using the 
probe, before they could confidently identify relevant, credible, 
information. They also struggled with incorrect, keyword-based 
results (e.g., “using the drug” versus “uses of the drug”), which 
we found were conflated when using the general-purpose search 
engine. A comparative analysis with a larger participant pool us-
ing the tools in a controlled environment is necessary to further 
validate our findings. Our primary goals in this study phase were 
to gain preliminary confirmation that using the tools did not in-
stead slow users down, and to understand whether and how pa-
tients responded to the availability of the search tools. 

5.2 Patient and Family Member Responses  
5.2.1 Search Interface Preferences 
Ten of 12 inpatient participants chose Remedy over the general-
purpose search engine when asked which experience they pre-
ferred. One patient of the 12 did not choose either, asking us to 
conclude the interview after he completed the search activities, 
due to discomfort. The remaining patient mentioned that he felt 
more comfortable with a well-known search technology. All par-
ticipants mentioned that, given the opportunity to use the tools 
within the current web search experience, they would.  

5.2.2 Participants Preferred Topic-Based Tools 
Participants were uniformly positive about both the display of 
topic-based information and filtering tools in the probe’s search 
interface. Several mentioned that, while they might not choose to 
use certain filters, they found them important to include. Most 
participants (11 of 12) preferred the topic-specific tools to the 
filtering tools. Of these 11, five participants indicated that the 
topic map was the most important, while four indicated that 
“Browse by Topic” was the most useful. The remaining two found 
the topic map and “Browse by Topic” equally important. Below, 
we illustrate how inpatient participants made use of the topic-
based tools. 

When commenting on the importance of the short snippets viewa-
ble in the interactive topic map, P1 explained that, “I don’t want 
to look at a ton of pages. But I want to see where sites agree or 
disagree. This is concise. I like these [snippets] better.” P3, a 
family member participating in the search activity, highlighted 
similar benefits of the topic-based browsing feature after doing a 
search for Amiodarone dose: “It’s comparative and very specif-
ic…if I’m ignorant, [a] number doesn’t mean as much to me un-
less it’s reinforced by a judgment type word, weighted. I like see-
ing the combo.” P11 also appreciated the ability to see multiple 
topic-related excerpts from the returned results, indicating that she 
liked “seeing multiple page excerpts because when I search, I 
don’t just go to one. There [is] always something new in each site 
I visit unless it’s just stats. But even that, I cross-check. It helps to 
see that sites have the same info.”  
While browsing multiple topic-based excerpts was important to 
these patients, they also commented on the ability to use the topic-
based tools to help find specific information when keywords were 
unknown. P6 commented on the importance of quickly locating 
the specific information he needs, explaining, “I like this ‘Browse 
by Topic’ because I can zero in on it.” 

5.2.3 Participants Sought Personal Medication 
Management Resources in Addition to Factual Infor-
mation 
While study participants mentioned that the search tools embodied 
in the probe presented relevant information, several also proposed 
that many of their information needs related specifically to medi-
cation management went unmet. For example, several patients 
desired that additional resources be included in the search result 
interface—either integrated into the results, or included in a side-
bar. Patients suggested links to resources to help manage the cost 
of a medication and tools to locate articles dealing with differ-
ences between generic versus brand-name drugs, tools to simulta-
neously compare summaries of consumer reviews with profes-
sionally-written, and tools to locate articles dealing with differ-
ences between generic versus brand-name drugs and alternative 
and complementary drug therapies. A few patients also suggested 
that site ownership information be made clearer in the search re-
sults. As P11 stated: “I’d like to know the tie-in to a corporation, 
[or] who owns the company promoting the site.”  

5.2.4 Non-Experts Desired Advanced Content  
Though patients in our study considered themselves non-experts 
in health-information search, all patients had previous experience 
managing a heart condition, and several had experience reviewing 
online information related to one or more conditions. While our 
tools do not currently allow users to filter out advanced content, 
they do provide annotations for individual results that contain 
information written at an advanced level, to help users identify 
them. We were interested in patient responses to the annotations 
in each result, as well as the “Advanced Content” filter.  

Half the inpatient participants in our study anticipated that they 
would filter results to include only advanced content during some 
of their searches. Only four did not find the filter useful, three of 
whom mentioned that they would prefer instead to be able to re-
move results containing advanced content. This difference in opin-
ion sheds light on the diversity of patients’ needs: once experi-
enced at managing a condition, patients often conducted further 
research to clarify side effects versus symptoms, or determine if 
they should request a change in their medication. P8 commented 
that he searched for information online, rather than consulting 
only one credible site, to find more in-depth information on his 
medications, explaining, “I would go to an FDA site, but you 
know they don't really provide that much info.” 

5.2.5 Participants Desired Additional Tools to Cu-
rate Consumer Perspectives  
Five participants of 12 did not find the “Patient Reviews” filter to 
be useful, yielding the most divergence in preferences. P1 com-
mented that: “I don’t want just generic reviews. People don’t 
know what they’re talking about.” However, five inpatient partici-
pants mentioned that they found patient-contributed reviews par-
ticularly useful to them, and two indicated that this filter was one 
of the most important to include in the search tools. These patients 
also noted that caution might be needed in interpreting peer ad-
vice. As P12 explained, “I also want to see, what are good re-
views.”  
Patients who valued quick access to patient reviews commented 
on the potential to learn from peers when making decisions about 
changes in therapies or treatments. They also mentioned the po-
tential for encouragement in pursuing similar or complementary 
therapeutic goals. As P7 expressed, “I’m interested in the effec-
tiveness of the brand versus generic. The patient reviews would be 
useful for that.” P13 mentioned his desire to learn from similar 



patients, but mostly about measures they took to reduce their reli-
ance on pharmaceutical drugs when exploring therapies for his 
condition. He commented, “I would like to see, this person, he 
walked more and so he doesn’t need the medication now.” This 
comment points to the need for tools to help consumers not only 
to locate trustworthy information about a specific therapy, but also 
to explore, in the context of health-related information search, the 
experiences of peers who have related conditions, therapeutic 
regimens, and goals.  

5.2.6 Participants Used Multiple Tools to Determine 
Credibility, Applying Them to Suit Individual Needs 
We found that all patients expressed interest in tools to permit 
greater verification of information and selection of trustworthy 
resources. Five patients of 12 found the “Reviewed by Experts” 
filter to be the most useful, while several volunteered that using 
the “Academic/Non-profit” filter to view non-commercial infor-
mation would help them to find credible content. For his search 
activity P15 looked for information from a credible source, on 
uses of the antibiotic, Vancomycin. Afterward, he commented that 
when searching using Google, the first result returned was a Wik-
ipedia page. “[Wikipedia] might give me a snapshot, but I would-
n't rely on it.” Using our tools, this patient filtered results using 
the “Reviewed by Experts” filter.  

Interestingly, some patients expressed their feeling that the non-
commercial content filter (labeled Academic/Non-Profit) might 
yield more trustworthy results than certain commercial sites—
even commercial sites certified by an expert review panel. P11 did 
not find the “Reviewed by Experts” filter to be useful, but valued 
the “Academic/Non-Profit” filter the most. She said, “Who is the 
expert? Bogus things happen.” Her preferences, shared by other 
participants, point to a valuable area of future work focused on 
better supporting recognition of trustworthy information based on 
combining expert- and user-defined criteria. 

5.2.7 Identifying Advertisements was Difficult 
During her search activity, P2 encountered difficulty while 
searching for Heparin precautions. Mistaking an advertisement for 
an educational video, she was redirected to different page. This 
patient had initially navigated to a site not deemed credible by 
organizations such as HON, but that appeared in the top set of 
results of the general-purpose search engine. P3 had an easier time 
with the task, but recalled cases during the interview in which she 
was confused by ads: “I've gone to pages where there are a lot of 
ads… and I just turn the whole thing off.” We found that most 
participants appreciated annotations showing the number of ads 
on the page of each result. While P4 commented that the annota-
tions were not particularly useful since “ads are unavoidable”, 
several other patients, such as P14, thought that awareness of ads 
in the search results would help him “go to sites without too many 
ads.” 

5.3 Expert Responses  
5.3.1 Search Tools Preferences 
Experts were also uniformly positive in their review of the tools. 
However, three of the four pharmacists objected to allowing easy 
navigation to consumer-contributed information. These pharma-
cists mentioned that reviews describing negative experiences 
might originate from patients who incorrectly followed treatment 
instructions, or who took additional medications that were not 
accounted for in the review. These pharmacists also had concerns 
that reviewers might confuse symptoms related to their illness 
with side effects of medications, making it harder for the reader to 

objectively weigh the risks of taking the medication. As E8 ex-
plained, “It’s just too hard to tell how reliable it is.”  

Expert participants in our study viewed the remaining tools favor-
ably. Two experts found the topic map included with each search 
result to be the most helpful, while the remaining six highlighted 
the importance of the “Reviewed by Expert” filter, the non-
commercial content filter, and the pill images filter. Many of the 
participants suggested that information about how the filter 
worked be included directly in the user interface (e.g., explaining 
HON and URAC accreditation for the “Reviewed by Experts” 
filter). 

5.3.2 Experts Emphasized a Need for Safety-Related 
Information in the Search Result Interface 
Experts made several recommendations for improving the medi-
cation-information search user interface. Four of the eight rec-
ommended that a static view be provided when medication search 
results are returned, including a summary of uses, the generic 
name with popular brand names of the drug, and its drug class. 
One nurse in our study, E1, mentioned the importance of the order 
in which the topics are listed in the “Browse all results by topic” 
section of the user interface. This nurse commented that, “For 
different meds, the relative importance of the topic might change. 
It might be good to reflect that somehow. For example, for Ty-
lenol ‘overdose’ is really important, maybe the most important 
topic, because acetaminophen is in so many OTC [Over-the-
Counter] drugs.” 

Pharmacists recommended that medication search results indicate 
whether or not the queried medication is included in the therapeu-
tic guidelines of organizations such as the American Heart Asso-
ciation. Pharmacists also recommended that web resources ad-
dressing different strengths of medication, and immediate versus 
extended release formulas, be more clearly indicated. As E6 men-
tioned, “Some people have more difficulty than others when 
switching from the ‘immediate release’ form [of a medication] to 
an ‘extended release’ one.”  
Several experts in our study mentioned dissatisfaction with the 
quality of the online medication information they encountered 
during the search activities. Pharmacists and nurses stated they 
would encourage consumers to avoid a general-purpose search 
technology, preferring instead that experts directly supply infor-
mation from resources such as PubMed (pubmed.gov), UpToDate 
(uptodate.com), and Micromedex (micromedex.com). Interesting-
ly, these preferences stress the inclusion of an expert to vet these 
resources and overlook the role of credible consumer resources 
(e.g., WebMD and MedlinePlus).  

6. CONCLUSIONS 
We presented results of a study incorporating qualitative inter-
views and use of Remedy, a technology probe embodying tools to 
support patient-centered evaluation of medication-related web 
search results. Our tools draw from four health resource valuation 
principles that we distilled from a literature search: credibility, 
readability, consumer perspectives and topical relevance. 
Through an inpatient field study with cardiothoracic surgery pa-
tients and their family members, and expert usage sessions and 
interviews, we found that the tools provided in our probe were 
well received. Our findings reinforce the importance of each of 
the valuation principles underlying our tools, and suggest im-
portant insights for the design of additional future tools.  

Inpatient participants in our study found several of the tools to be 
important, largely favoring the topic-based tools. Experts in our 



study were also positive about the search tools we introduced, but 
found many of the resources designed for consumers to be of low 
quality, emphasizing the usefulness of the “Reviewed by Experts” 
filter and the need for safety-related features to augment the 
search result user interface.  

The positive responses we observed suggest that this problem 
space is important to investigate further. Work at the intersection 
of HCI, machine learning, and public health is needed to develop 
tools to further aid consumers in evaluating online health infor-
mation. 
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