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Objective: To design alternate information displays that present summaries of clinical trial results to clin-

icians to support decision-making; and to compare the displays according to efficacy and acceptability.

Methods: A 6-between (information display presentation order) by 3-within (display type) factorial

design. Two alternate displays were designed based on Information Foraging theory: a narrative sum-

mary that reduces the content to a few sentences; and a table format that structures the display accord-

ing to the PICO (Population, Intervention, Comparison, Outcome) framework. The designs were compared

with the summary display format available in PubMed. Physicians were asked to review five clinical stud-

ies retrieved for a case vignette; and were presented with the three display formats. Participants were

asked to rate their experience with each of the information displays according to a Likert scale question-

naire.

Results: Twenty physicians completed the study. Overall, participants rated the table display more highly

than either the text summary or PubMed’s summary format (5.9 vs. 5.4 vs. 3.9 on a scale between 1

[strongly disagree] and 7 [strongly agree]). Usefulness ratings of seven pieces of information, i.e. patient

population, patient age range, sample size, study arm, primary outcome, results of primary outcome, and con-

clusion, were high (average across all items = 4.71 on a 1 to 5 scale, with 1 = not at all useful and 5 = very

useful). Study arm, primary outcome, and conclusion scored the highest (4.9, 4.85, and 4.85 respectively).

Participants suggested additional details such as rate of adverse effects.

Conclusion: The table format reduced physicians’ perceived cognitive effort when quickly reviewing clin-

ical trial information and was more favorably received by physicians than the narrative summary or

PubMed’s summary format display.

� 2017 Elsevier Inc. All rights reserved.

1. Introduction

One of the goals of biomedical research is to provide clinicians

with the best evidence possible to support patient care decisions.

Despite best efforts, tools that provide optimal access to

evidence-based research reports in the primary literature for clin-

ical decision support are still lacking [1–3]. This is important,

because clinicians often raise clinical questions in the course of

patient care that can be answered by online clinical evidence

resources such as Medline [4]. When faced with a non-routine clin-

ical problem, having clinicians consult the primary literature for

the best available evidence might seem ideal, yet the size, evolving

nature, and complexity of the primary literature make it challeng-

ing for consumption at the point of decision-making. As a result,

physicians prefer to consult alternate sources such as books, col-

leagues, guidelines, and synthesized sources of evidence such as

UpToDate� and Dynamed� [5,6].

When faced with a clinical question, clinicians need to scan a

potentially large number of citations to find those that are relevant

for a particular patient [7–9]. This process is cognitively intense

and often prohibitive in busy clinical workflows. Several tools have

been investigated to improve clinicians’ access to the primary liter-

ature, but most of these efforts focused on improving the search

process to find high quality articles [8–14]. Less effort has been

dedicated to tools that improve clinicians’ ability to quickly scan

citations to identify those that apply to a specific patient and infor-

mation needs.
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In the present study, we designed alternate information dis-

plays for presenting the results of clinical studies to clinicians.

The alternate displays were designed according to principles

derived from Information Foraging theory [15]. Applying Informa-

tion Foraging theory, we speculate that scanning for patient-

specific studies can be streamlined with structured data visualiza-

tion that provides cues to help information seekers to quickly iden-

tify relevant information. We hypothesized that, compared to

traditional narrative formats, an information display that mini-

mizes visual clutter and uses a semi-structured format improves

clinicians’ perceived efficiency and efficacy when scanning for rel-

evant studies for clinical case vignettes.

2. Materials and methods

2.1. Overview

This study used a within-subject design where each participant

was exposed to three types of presentation formats associated with

one out of three possible case vignettes on the following topics: (i)

efficacy and safety of vernakalant for cardioversion in atrial fibril-

lation (Fig. 1); (ii) benefits and safety of statins for a patient with

heart failure, hypertension and previous myocardial infarction;

and (iii) evidence on the use of metformin combined with a dipep-

tidyl peptidase-4 (DPP-4) inhibitor for a patient with uncontrolled

diabetes mellitus. Each vignette consisted of a brief case narrative

and five reports of clinical trials potentially relevant to the decision

task presented in the vignette. The vignettes described simple clin-

ical cases that were meant to focus the user’s search to determine

the relevancy of the search results, rather than for problem solving.

The full vignette descriptions are available in the online

supplement.

2.2. Information display design

We compared three information displays that summarize clini-

cal trial reports. The first display was the standard presentation of

search results available in PubMed (Fig. 2). The second display con-

sisted of a synthesized narrative summary with key information

from the abstract including title, journal, publication year, and a

few sentences about the study conclusions (Fig. 3). The third dis-

play consisted of a semi-structured table format according to ele-

ments in the PICO framework (Population, Intervention,

Comparison, and Outcome) (Fig. 4) [16].

2.2.1. Design rationale

Our design decisions were guided by Information Foraging the-

ory [15] and the PICO framework [16]. Information Foraging pro-

poses that humans forage for information in information patches

similar to how animals forage for food. In the information foraging

process, information seekers constantly estimate the cost and ben-

efit of foraging from a specific information patch. Our approach

focused on helping information seekers produce cost-benefit esti-

mates more reliably and efficiently so they can quickly identify

the most profitable information patches. Specifically, we adopted

the following strategies: (1) maximize cues (i.e., information scent)

that help seekers to quickly identify relevant information; and (2)

apply information patch enrichment, i.e. ensure that information

patches have the highest possible concentration of useful

information.

The PICO framework emerged in the mid-1990s as a means for

physicians and clinical researchers to frame their clinical questions

[17,18]. Since then, it has been widely adopted for evidence-based

inquiry, especially in the development of systematic reviews and

clinical practice guidelines [19–24]. Clinicians have also been rec-

ommended to structure their patient-specific clinical questions

according to PICO [18,25–29]. Finally, information retrieval tools

that structure queries according to the PICO format have shown

promising results [30–32]. However, searches formulated in the

PICO format in current search engines retrieve publications that

are then displayed in a format that follows the traditional abstracts

in biomedical journals [16]. This leads to a mismatch between the

clinicians’ mental model that is reflected in the structure of the

search and the format of the retrieved information, compromising

information scent. In addition, several pieces of information in a sci-

entific abstract may not be relevant to clinicians’ decision-making,

compromising information patch enrichment.

Our design goals were to maximize information scent by match-

ing the structure of the information display to clinicians’ informa-

tion foraging mental model; and by including only the information

that is necessary for judging the relevance of clinical trial publica-

tions for a specific patient (the Population, Intervention, and

Comparison in the PICO format) and interpreting the gist of the

findings of those trials, therefore maximizing patch enrichment.

The use of table format information displays have been shown to

be successful in other studies and supports our hypothesis [33].

2.3. Preparation of display formats

Using iterative design processes, members of our research team

and target users provided feedback on a series of hypertext markup

language (HTML) prototypes. The motivation for the design alter-

natives was to present only the information necessary to help clin-

icians judge the relevancy of a study to a specific patient and to

enhance the ability of readers to grasp the gist of the study findings

rapidly. For each vignette, we selected publications resulting from

five recent clinical trials that were manually searched using Pub-

Med’s Clinical Queries filter. The key information about the five

clinical trials was then manually formatted in HTML according to

the two alternate displays (Figs. 3 and 4).

2.4. Participants/recruitment

Participants for this study were a convenience sample of 20

physicians who were invited by e-mail to join our study. The first

participants were known to members of our team. From that initial

sample we used snowball sampling, where participants recruited

others like themselves to participate in the study, to achieve a lar-

AFIB

58 year old male with recent onset AFIB who shows at the ED with an acute episode. You are 

considering vernakalant as an option to cardiovert this patient and would like to review the evidence 

on its efficacy and safety.

Please click the link below to find the informa�on you need, then return to this survey. 

Atrial Fibrilla�on

Fig. 1. Atrial fibrillation vignette.
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ger sample size. The recruitment targeted practicing primary care

and internal medicine physicians with a wide range of clinical

experience, from second year residents to practitioners with over

25 years of patient care experience.

2.5. Procedure

The e-mail sent to potential participants included a link to an

online survey, from which they could launch the case vignettes

along with the three information displays. Participants completed

the assessment independently and at their own leisure with no

time limit imposed. Participants were blinded to the study goals

and hypotheses. For each participant, three vignettes were ran-

domly assigned to one of the display types, so that each participant

viewed search results for all three vignettes, each result displayed

in a different display format. Randomization was implemented

with a simple computer-based randomization procedure. There

were six possible vignette-information display pairings. Each pair-

ing was assigned a range within 0 and 1. At the time of enrollment

of each participant, a computer algorithm generated a random

number from 0 to 1, which determined the vignette-display pairing

for the participant.

Participants did not receive training on any of the information

displays. Information displays were presented in random order

for each participant to minimize order effect, with no washout per-

iod between vignette presentations. After reading each vignette,

participants were asked to scan the summary information about

the clinical trials, find the publications that were relevant to the

vignette, and interpret the key results. At the end of each vignette

and information visualization, participants were asked to complete

a brief questionnaire in the online survey and data collection tool

Research Electronic Data Capture REDCap [34]. The study was

approved by the University of Utah Institutional Review Board.

2.6. Measures

We developed an 11-item questionnaire that included 4 ques-

tions obtained from the System Usability Scale (SUS) [35]; 6 ques-

tions that measured self-perceived ability to understand the

meaning of user interface features, quickly scan and judge study

relevancy to the vignette, and interpret the studies that were pre-

sented; and one question about satisfaction. Questions were

framed according to a Likert scale (1 = strongly disagree;

7 = strongly agree). The complete questionnaire is available in the

online supplement.

Participants were asked an additional set of questions about the

tabular display format to rate the usefulness of the set of display

features we had chosen to present (Table 2) according to a 5-

point Likert scale (1 = not at all useful, 5 = very useful) with an

option to add open-ended comments.

2.7. Data analysis

The data analysis assessed the differential impact of the 3 dif-

ferent displays on perceptions of decision quality, usability and

satisfaction using a generalized linear model with repeated mea-

Fig. 2. PubMed summary display format for atrial fibrillation. Participants had to click on each article title to read the study abstract.
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Fig. 3. Narrative summary display for a case vignette on atrial fibrillation.

Fig. 4. PICO tabular display format for a case vignette on atrial fibrillation.
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sures factorial analysis with design type as a within-subject com-

ponent and sequence as a between-subject variable. Mean differ-

ences were assessed using a generalized linear model repeated

measures analysis with design type as the within-subject variable

and sequence as the between-subject variable. The statistical

power of the sample size for all study comparisons was above 80%.

3. Results

3.1. Mean comparison across groups

Across all of the single-item questions, the PICO presentation

format received significantly higher ratings after controlling for

sequence in all 11 variables (Table 1). In all of the single-item anal-

yses, the effect of sequence was non-significant. The Benjamini-

Hochberg method was used to control for multiple comparisons

[36] and all but one (Q10) remained significant. All post hoc Tukey

comparisons were not significant. A power analysis was done

assessing a within-subject ANOVA for 20 and 2 trials and a large

effect size estimate of 0.70 with a resultant power estimate of

0.844 and a non-centrality parameter of 3.13.

3.2. Usefulness ratings of specific PICO display components

The average ratings for the different types of information pre-

sented in the PICO tabular display was between 4.4 and 4.9 out

of 5 (Table 2).

3.3. Open-ended comments

The open-ended comments in general favored the PICO display

and included suggestions for improvement (Table 3).

4. Discussion

Clinicians must engage in substantial efforts to address their

frequent scientific questions and many go unanswered. Although

substantial work has been dedicated to improving the biomedical

literature search process [8,9,12,37], less has been done to investi-

gate optimal displays for summarizing individual studies, espe-

cially in the context of clinical decision support [38]. This study

was designed to address this question by assessing the perceived

efficiency and efficacy of 3 display formats for presenting a sum-

mary of clinical trial reports to clinicians. Participants significantly

rated either the PICO tabular display or the narrative display higher

than the PubMed display in at least 10 of the 11 criteria. Of the two

non-PubMed displays, PICO tabular displays were always rated

higher, but post hoc comparisons did not show a difference,

although the pattern is suggestive. Our results suggest that a tabu-

lar format is helpful for communicating useful and clinically

actionable information when compared to a traditional PubMed

format. One explanation for our findings may be that a structure

that distills the main components of a clinical trial may require less

cognitive load than the traditional PubMed narrative summary, no

matter how concise. Our study suggests that further work on cre-

ating tabular displays would be a promising alternative to help

clinicians find answers to their patient-specific clinical questions

in the primary literature and would warrant further investigation,

both in terms of identifying optimal displays and developing algo-

rithms that can automate tabular displays [15]. Other fields have

found similar positive results for tabular displays [33].

The PICO tabular design is particularly supported by empirical

and theoretical principles. The PICO framework has been widely

promoted as a mechanism to help clinicians formulate better clin-

ical questions [16]. In addition, participants in a study of summa-

rized systematic reviews suggested that the most useful data in a

clinical setting would include ‘‘population, setting, intervention

and control group” [39]. The PICO table was designed to optimize

information seeking by following a consistent structure that

matches clinicians’ information seeking mental model, therefore

increasing information scent [15]. Although the post hoc compar-

isons were non-significant, the consistent pattern of higher scores

for the PICO format or the tighter narrative supports the notion

that this framework might be successful in a larger trial.

Participants rated the text summary and the PICO tables higher

than the PubMed summary displays in terms of scanning the infor-

mation quickly, judging the relevancy of studies for a particular

patient, and overall usability. Because previous research has shown

that clinicians are unlikely to devote more than two to three min-

utes for such an information search [4], supporting efficient infor-

mation scanning and rapid relevance judgment was one of the

most important design considerations in the alternate displays.

Table 1

Physicians’ ratings of the three information displays. All ratings use a Likert scale 1(strongly disagree) to 7 (strongly agree).

Criteria PubMed Narrative

summary

PICO

table

F

score

P value /adjusted

(0.05)

Mean ± standard deviation

Q1. It was easy to understand the meaning of the information presented. 4.4 ± 1.7 5.8 ± 1.2 5.9 ± 1.2 6.0 0.008/0.05

Q2. I think that I would like to use this product frequently. 3.6 ± 1.76 5.6 ± 1.3 5.9 ± 1.3 16.8 <0.001/0.05

Q3. I was able to scan the information quickly. 3.5 ± 1.8 5.8 ± 1.2 6.0 ± 1.3 18.6 <0.001/0.05

Q4. I was able to quickly determine relevance of the study for my patient. 4.2 ± 1.7 5.3 ± 1.3 6.1 ± 1.1 6.0 0.008/0.05

Q5. It was easy for me to locate the information about the study that I needed. 3.0 ± 1.2 4.6 ± 1.7 5.2 ± 1.6 8.5 0.002/0.05

Q6. I thought that this product was easy to use. 4.1 ± 1.6 6.0 ± 1.4 6.2 ± 1.2 15.9 <0.001/0.05

Q7. I was able to find the pieces of information I needed to understand the study. 4.2 ± 1.8 5.6 ± 1.2 6.2 ± 1.0 19.7 <0.001/0.05

Q8. I would imagine that most people would learn to use this product quickly. 4.9 ± 1.5 5.6 ± 1.5 6.1 ± 1.2 8.0 0.002/0.05

Q9. I was able to quickly grasp the gist of the paper’s findings. 3.7 ± 1.9 5.6 ± 1.1 6.1 ± 1.0 13.1 <0.001/0.05

Q10. I found this product very awkward to use. (reversed question) 3.8 ± 1.8 5.4 ± 1.5 5.7 ± 1.4 4.4 0.02/NS

Q11. In general, I am satisfied with the presentation (i.e., format of the display) of the

information.

3.7 ± 1.6 5.4 ± 1.3 5.7 ± 1.3 13.9 <0.001/0.05

Average and standard deviation of all items (after reversing the scale of negative criteria) 3.9 ± 0.5 5.4 ± 0.4 5.9 ± 0.3 N/A N/A

Table 2

Usefulness of different types of information presented in the PICO tabular display

(1 = not at all useful, 5 = very useful).

Item Mean ± standard deviation

Patient population 4.8 ± 0.4

Patient age 4.6 ± 1.0

Sample size 4.4 ± 1.1

Study arm 4.7 ± 0.6

Primary outcome 4.9 ± 0.3

Primary outcome results 4.9 ± 0.5

Conclusion 4.9 ± 0.4
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Another important feature was optimizing the display to improve

the user’s ability to quickly understand the gist of study findings.

Overall, our findings are congruent with the Technology Accep-

tance Model (TAM) [40], which postulates that perceived ease of

use and perceived usefulness are predictors of actual adoption of a

particular technology.

Based on user suggestions, other items could be included in the

table such as race, funding source, study type, and adverse effects.

However, additional information could also clutter the display

and compromise efficiency and cognitive effort. A potential alter-

native is to add interactive functions to the PICO display so that

only the essential information for scanning and relevance judging

is displayed up-front and additional details are provided on-

demand upon user request.

4.1. Limitations

This study was focused on assessing participants’ self-perceived

ability to scan, judge relevancy, and interpret the results of clinical

studies. We have not investigated the effect of the different infor-

mation displays on physicians’ actual decision making subjected to

typical clinical setting constraints, such as time pressure and inter-

ruptions. Yet, the perceived improvements of the PICO display in

items related to efficiency and cognitive effort suggest clinician

adoption. Future studies could present clinical vignettes that

request clinicians to make patient care decisions, simulating an

environment with time pressure and interruptions. We limited

the displays to five publications to minimize participants’ time.

Actual searches are likely to retrieve a much larger number of stud-

ies. Yet, PubMed displays by default up to 20 publications per page

and clinicians are unlikely to scan a large number of studies in the

context of patient care [4]. The three medical conditions we used

for the case vignettes are fairly common conditions. It is possible

that other design features may be needed to help with clinical sce-

narios that are less familiar to clinicians. All participants were pre-

viously familiar with the PubMed format and a subset of the study

subjects (n = 4) had participated in usability testing of the narrative

summary display. Familiarity with those displays may have influ-

enced participants’ ratings in comparison with the PICO table in

ways that we were unable to measure. Last, we have not investi-

gated the effect of clinical experience and specialty on the study

outcomes, which limits the generalizability of findings with differ-

ent populations. Yet, we expect that the randomization of partici-

pants across the six order pairs and the within-subject design

minimizes the impact of individual differences as an explanation

of the findings.

4.2. Future work

Future investigation is needed to identify optimal displays

based on the PICO table, developing algorithms that can automate

tabular displays, and investigate the use of tabular displays in real

clinical settings. While the information items provided in the PICO

tablewere all rated highly in terms of usefulness, some participants

requested that other pieces of information be included, such as

adverse events. Researchers have investigated mechanisms to

automatically extract key pieces of information from clinical trials

using methods such as information extraction from full-text arti-

cles [41–43]. Our research group is currently investigating the fea-

sibility of extracting PICO elements from ClinicalTrials.gov. We are

also investigating alternative displays that add interactive func-

tionality to the PICO table.

5. Conclusion

Overall, a tabular information display structured according to

the PICO framework appears to be more useful to clinicians than

a traditional (i.e., PubMed) narrative format, which aims to serve

general audiences and investigators. Integration of primary litera-

ture resources with EHR systems for clinical decision support could

be improved with a tabular PICO display and warrant further

investigation. While we have not investigated the effect of the dif-

ferent displays on clinicians’ decisions and clinical outcomes, supe-

riority of the PICO table display in efficiency and effort favor

clinician adoption of such a display format and warrant further

research.
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Table 3

Open-ended comments on the PICO display.

In the tabular display, we have included information on patient population, age, sample size, study arms, outcomes, and conclusions. Is there enough

information here for you to be able to make a clinical decision about the patient?

Yes! It was great to click on the study and see the full abstract and links to other studies. It was so much faster to have the studies broken down and the information organized.

This is generally enough.

Yes. ’Sample size’ was listed in #25, but didn’t see it appear consistently, making it hard to know if the trial was powered sufficiently. Indication of statistical significance would

clearly be useful.

Generally yes.

The tabular form when introduced secondarily, at first overloads because of the complexity of the layout but quickly overcomes this by its utility. This presentation provides

structure to the text from the articles without removing the semantic benefit of transmitting information through prose and allows the reader to easily compare study

characteristics.

There was a lot of information at first. After using it a few times it would probably be quite a bit easier to understand it quickly.

Other types of information that could be included and display suggestions.

Race, was it an industry funded study? A link to editorials on the paper if there are any.

Study limitations

It would be very helpful to know if the study can be applied to the patient for whom a clinical decision is being made. For example, in the geriatrics clinic, it is essential to know

whether older adults were studied, and if so, if there were adequate numbers of older adults in the trial to make a meaningful conclusion. I would add that the study arm/

results column was somewhat difficult to read, as I think it is difficult to condense this type of detailed information into a small space.

Need to read abstract for full context. For example, abstract for first study included this useful sentence: Rosuvastatin 10 mg daily did not affect clinical outcomes in patients with

chronic heart failure of any cause, in whom the drug was safe.

Type of study (randomized, placebo-controlled, case control, etc.), follow-up period, lost to follow-up rate, measures that would suggest effectiveness of randomization (or other

variables controlled for)

It would be nice to color code the results by positive effect, negative effect or no measurable effect.
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