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Abstract. The goal of this study was to design a clinical decision support tool that automatically summarizes 
patient-specific clinical evidence. We employed an iterative user-centered design, guided by information foraging 
theory. The resulting tool includes features that aim at optimizing information seeking experience, reducing the 
effort to scan for relevant information, and focusing on clinically actionable evidence. A standards-based 
architecture enables integration of the tool with electronic health record systems.   

Introduction 
Clinicians raise an average of one clinical question for every two patients seen. The nature of these questions varies 
widely and includes updated evidence on treatment and diagnostic alternatives, drug information, and institution-
specific protocols. Although online clinical evidence resources, such as Pubmed and UpToDate, have answers to 
most clinicians’ questions, over half of these questions are left unanswered.1 Despite substantial progress in clinical 
evidence resources and information retrieval technology, important barriers, such as clinicians’ lack of time and 
seamless access to resources, still compromise use of these resources to support clinical decisions. The overall goal 
of this study is to address these barriers with a tool that provides clinicians with interactive treatment evidence, 
automatically summarized from PubMed and UpToDate. Here we describe the design process and the core features 
of this knowledge summary (KS) tool. Results of a formative evaluation will be reported in a future publication. 

Methods 
The KS tool was iteratively designed and tested through a user-centered approach. Design was guided by 
information foraging theory, according to which humans constantly estimate the cost and benefit of seeking 
information from a specific resource.2 Our approach focused on helping information seekers produce cost-benefit 
estimates more reliably and efficiently and progressively move from overview to details. We adopted the following 
principles: (1) maximize information scent (i.e., cues to help identify relevant information); (2) provide measures of 
the amount of information available; (3) provide information overview from each source; (4) facilitate quick 
information scanning; (5) enable information patch enrichment; and (6) enable on-demand access to details. The 
design process consisted of iterative design cycles of a high-fidelity prototype, which provided clinicians with a user 
experience very similar to the desired final product. At the end of each cycle, we observed clinicians’ interactions 
with the tool as they gathered evidence to guide treatment decisions for clinical case vignettes.  

Results 
Figure 1 and Table 1 show the KS tool, its core features, and the underlying principle(s) that motivated design 
decisions. The architecture of the KS tool consists of (1) a text summarization pipeline based on concept extraction 
(MedTagger) and association extraction (SemRep); (2) a database that stores the results of pre-processed text 
summarization; (3) a Web service compliant with the Health Level Seven (HL7) Infobutton Standard;3 and (4) a 
client Web application developed in HTML and JavaScript. Based on a patient-specific request the Web service 
retrieves relevant articles from PubMed and UpToDate. Next, a text summarization algorithm extracts clinically 
actionable sentences from retrieved articles.4 Lastly, the Web service returns the summary to the client application. 

Discussion and Conclusion 
Technology-centric application of text summarization algorithms developed in past research has not resulted in 
effective information retrieval tools that were successfully integrated into patient care environments.5 To address 
this limitation, our proposed approach: (1) develops a standards-based architecture that enables integration of the KS 
tool with electronic health record (EHR) systems; and (2) follows a user-centered design approach, based on a set of 
principles derived from a theoretical framework to adapt state-of-the-art text summarization technology and create a 
high-fidelity prototype. The theory-driven principles helped guide and justify design decisions. The iterative 
formative evaluation validated design decisions and obtained user feedback. The high-fidelity prototype served as 
the project’s main communication tool, both among members of the research team and between the team and target 
users. A similar process may be followed in the design and evaluation of health information systems in general.  



 
Table 1. Description of the KS core features and underlying principles.  

Feature Description Principle 

Sentence / 
citation counts 

Number of retrieved randomized controlled trials (RCTs), 
systematic reviews, and UpToDate sentences on a given topic. 

(2) Measures of 
information available 

Summarized 
articles 

UpToDate: clinically actionable recommendations.  

Recent, high impact RCTs and systematic reviews: Title, date, and 
journal; sample size and funding source; and conclusions.  

(1) Information scent 

(3) Overview 

(4) Information scanning 

Treatment 
filters 

Narrow the summarization content to one or more specific 
treatments.  

(5) Information patch 
enrichment 

Highlights Key treatment terms are highlighted in the text (5) Information scanning 

Sentence 
expansion 

PubMed: displays results section of the citation; UpToDate: 
displays previous and next sentences.  

(6) On-demand details 

Links to content 
within source  

Access to full citations in PubMed; access to specific sentence 
within UpToDate.  

(6) On-demand details 
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Figure 1. Knowledge summary of treatment alternatives for rheumatoid arthritis. Call outs describe the KS features.


