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In this talk…
• I will present two (user-based) studies:


1. Clinicians searching for literature/guidelines for evidence based practice (CDS)


2. Consumers searching for health advice online (CHS)


• I will reflect on the implications of our empirical results and observations with respect to:


• How we evaluate search systems in Information Retrieval


• What problems and areas future research effort in advancing current search 
technology may need to address



CDS: Our health and longevity 
depends on good clinical decisions 

Clinical Questions: An information need that arises as a 
result of a patient encounter directly pertaining to the 
diagnosis and/or treatments for a patient condition


• What is the diagnosis?


• What medical tests to order?


• What treatments to suggest?

I’ve had a sore neck for 3 
days and I woke up with 

a numb foot.

Hmm. I’m not 
sure about 

this one

• 1 question every 2 patient visits 
• More than half (53%) of clinical 

questions don’t get answered  
[Del Fiol et al., 2014] 



Does it matter if clinical questions are answered? 
• Considerable supporting evidence that answering clinical questions leads to significant 

changes to provided care: if relevant information is provided to clinicians, then changes to 
clinical decisions are observed with respect to:


• Patient advice (72%)

• Treatment decision (59%)

• Choice of diagnostic test (45%)

• Choice of drug (treatment) (45%)

• Diagnosis decision (29%)


• Thus avoiding: additional tests and procedures (49%), additional tests and procedures 
(49%), additional surgery (21%), patient mortality (19%)


• Correctly answering clinical questions impacts patient outcomes and the efficiency and 
effectiveness of the healthcare system

Marshall JG. The impact of the hospital library on clinical decision 
making: the Rochester study. Bull Med Libr Assoc. 1992;80(2):169.  

Marshall JG, et al. The value of library and information services in 
patient care: results of a multisite study. J Med Libr Assoc JMLA. 
2013;101(1):38. 




How can clinicians answer their questions?
• Current medical search engines, such as PubMed, can help 

clinicians to answer their clinical questions.


• However, they are often not used? 


• Clinicians report lack of time as the primary barrier to 
using such systems [Cook et al., 2013]


• In fact, clinicians frequently operate under time pressure:


• Average consultation time across more than half of the 
world’s population is less than 5 minutes [Irving et al., 2017]


• Across ten industrialized countries, over one-third of all 
primary care physicians are dissatisfied with the time 
available per patient [Osborn et al., 2015]

I could search for 
an answer….but 

no time

I’ve had a sore neck for 3 
days and I woke up with 

a numb foot.



What we have been interested in studying
1. Does the use of a search engine enable clinicians to make better clinical decisions?


• Does finding (relevant) information translates into a making a good decision? Can 
clinicians actually find relevant information?


2. How does time pressure impact clinical decision making, when using a search engine?


• If I am short in time, do I still make good decisions when using a search engine?


3. Does a significantly better search engine translate to better and faster clinical 
decisions?


• After all, We (the IR community) have spent some much time (and $$) in building better 
and better search engines

Based on: (1) van  der Vegt A, Zuccon G, Koopman B, Deacon A. Impact of a Search Engine on Clinical Decisions Under Time and System Effectiveness Constraints: 
Research Protocol. JMIR Res Protoc 2019;8(5):e12803 
… and others under review…




Methodology: User Study
• 85 final year medical students, 16 doctors 

and 8 nurses


• 16 questions: 1,653 samples


• Answer= Yes, No, Conflicting


• Questions are real-life scenarios:


A 48 year old man presents with severe right 
sided loin pain and is diagnosed with a 4mm 
distal ureteric calculus. Has Tamsulosin been 
shown to increase the chances of the calculus 
passing?

Clinician Taskiir SystemTimer

Select  Next Task
View Task

Answer Task Tasks 
left?

Start Timer
Select  Next Task

Select  Search 
System

View Task

Use Search 
System

Time 
left?

Answer Task
Tasks 
left?Stop Timer

No

No

No

Yes

Yes

Yes

Stage 1

Stage 2

Pre-Test consent to participate

Pre-Task Questions

Start

Finish

Video Tutorial



Does the use of a search engine enable 
clinicians to make better clinical decisions?

Similar Prior Studies:


• [Westbrook et al, 2005]:  
75 clinicians, 8 clinical 
questions


• [Hersh et al, 2002]:  
45 medical students, 21 
nursing students, total 324 
questions
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Does the use of a search engine enable 
clinicians to make better clinical decisions?

Our results:


• Slightly higher pre-search 
correct answer rate


• Slightly higher post-search 
correct answer rate


• Similar significant benefit from 
using a medical search engine 
 
Note: All differences between pre-search and 
post-search answers are significant 
(McNemar's Chi-squared Test for symmetry)
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Does the use of a search engine enable 
clinicians to make better clinical decisions?

Our results:


• Slightly higher pre-search 
correct answer rate


• Slightly higher post-search 
correct answer rate


• Similar significant benefit from 
using a medical search engine 
 
Note: All differences between pre-search and 
post-search answers are significant 
(McNemar's Chi-squared Test for symmetry)
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Around half the 
questions answered 
incorrectly



How does time pressure impact clinical 
decision making, when using a search engine?

Similar Prior Studies: time pressure 
not controlled for, or measured


[Crescenzi et al, 2016]:  Impact of 
time constraints on user during 
information search. Users report:


•Greater time pressure


•Higher perceived task difficulty


•Less satisfaction with their 
performance
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Study Design: Imposing Time Pressure

Search time constraints applied 
to induce time pressure

Based on [Westbrook et al, 
2005]: mean search time = 
6.1mins, std. dev = 3 mins.  
Therefore, 3 Time constraints 
applied to search:  
3 minute, 6 minute and 9 minute

Within-subject, time constraint 
changes each question

Participant notified of time at 
start of each question, then 
given a minute-by-minute 
countdown timer, then warning 
at 30 seconds to go, then forced 
to stop and answer question 
when time is up



Impact of Time Pressure of Decisions
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Correctness Before Search
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Right before search, then wrong after 
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Wrong before search then right 
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Right after using search system 
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• Decreased answer 
confidence


• Increased task difficulty


• Increased stress 
 
 
Note: All differences between time 
pressure levels are significant 
(TukeyHSD p<.05)
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• No/Minimal Impact on 
decisions! 

• Under the tightest, 
time-constrained 
search conditions, a 
better performing 
search engine 
prevents more 
clinicians from 
incorrectly changing 
their clinical decisions 



More General Implications for Search 
Engine Evaluation

• Traditionally, search engine evaluation has measured a function of the presence of 
relevant documents in the ranking, e.g. precision, recall, MAP, nDCG


• BUT — users do not search to find relevant documents 


• They search to fulfil tasks, and often to make decisions


• Our results show that good rankings in terms of relevance are NOT equal to increase 
in correct decisions


• In cases such the one seen here, evaluation should be more holistic: it should 
consider the root cause for using the search engine, i.e. making decisions


• (see next for what may actually impact decisions)



So, why do 
clinicians fail to 

correctly answer 
around half the 

questions? 
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Is it because of: 


• the corpus?


• the search engine?


• the participant?



Analysis: Success Factor Model

• Define 2 types of documents:


• Turning Point


• Derailing


• Define factors based on these docs

Clinician viewed document 
and set relevance = Essential

Clinician got 
Wrong-Right 

Answer
=

Turning Point 
Documents

Clinician got 
Wrong Post-

Search Answer
=

Derailing
Documents



The Success 
Factors

Each factor has 3 grades


• Green: Above normal (+1SD)


• Amber: normal


• Red: below normal (-1SD)

ParticipantTaskiir SystemCorpus

Read question

view 
Question P1

Corpus Success Factors:
• C1: corpTPDoc - # base turning point docs.
• C2: corpDRDoc - # derailing docs.
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• C4: corpAmbDoc - # ambiguous docs. 

Search System Success Factor:
• S1: searchEff – search system effectiveness

Participant Success Factors:
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• P2: partQEff - Query formulation ability
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Which Factors are most important?
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Which Factors are most important?
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Which Factors are most important?
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More General Implications for Search 
Engine Research (Design, Evaluation)

From the results of this study, we have learnt that:


• The ranking of documents (and thus, traditional search effectiveness) is not the only 
factor affecting users decisions


• actually, it is a weak factor


• Documents ambiguity, document misinterpretation are  far more pressing factors that 
influence users decisions


• Holistic Evaluation: should consider the whole search task


• How can search engine technology aid document interpretation, resolve document 
ambiguity? See next for an example, in a different, but related task



Consumer Health Search (CHS)
• CHS: people searching for health advice online. 


59% of U.S. adults has searched online for health information [Fox & Duggan, 2013].


7% of Google searches are health related ~ 70,000 health queries/minute [Murphy, 2019].


• Search results strongly bias people’s health decisions [Pogacar, 2017; White, 2009].


• People struggle to understand health search results and fail to make correct health 
decisions [Alpay, 2009; Kobayashi & Ishizaki, 2019].   


• 59% of self-diagnosers decided NOT to confirm their condition with a health 
professional [Fox & Duggan, 2013].



Search Activities

swollen tender pink eye

1. Formulating queries

Health decisions:  
1. Condition that I have is … 
2. What I should do is: 

A. Self treat 
B. Contact health professional 
C. Use an emergency service

3. Making health decisions

Information need:  
1. What condition do I have?  
2. What to do?

User Activities

Re-formulating 
queries

2A. Understanding Search  
Results Snippets

2B. Understanding Search  
Results Documents



Search Activities

swollen tender pink eye

1. Formulating queries

Health decisions:  
1. Condition that I have is … 
2. What I should do is: 

A. Self treat 
B. Contact health professional 
C. Use an emergency service

3. Making health decisions

Information need:  
1. What condition do I have?  
2. What to do?

User Activities

Re-formulating 
queries

2A. Understanding Search  
Results Snippets

2B. Understanding Search  
Results Documents

• Ranking and content of 
snippets heavily bias people 
[White et al., 2009; Dumais et al., 2010]


• People often misunderstand 
health search results 
snippets [White et al., 2009], e.g. tend 
to consider the ranking of 
search results as the likelihood 
of health condition


• Search results are from 
different sources with 
varying quality


• Health web pages are difficult 
to read [D’Alessandro et al., 2001; Becker, 2004].


• And contain medical terms 
that are difficult and 
intimidating for laypeople [Kindig 
et al., 2004; Zeng et al., Zeng et al., 2005; Kobayashi & 
Ishizaki, 2019].



Assist People Appraising Search Results
• Entity cards have been used by 

commercial search engines to present 
coherent, easy to understand and 
trustworthy information (Radlinski, 2015)


• In current search engines, the 
appearance of a health card is triggered 
by queries that contain health 
condition name or its aliases


• We investigate the benefits of health 
cards for broader search tasks - 
beyond just find out more information 
about a specific health condition (e.g. 
symptom-based query)

Based on: (1) Jimmy, G Zuccon, B Koopman, G Demartini, Health Cards for 
Consumer Health Search, SIGIR 2019 
(2) Jimmy, G Zuccon, G Demartini, B Koopman, Health Cards to Assist 
Decision Making in Consumer Health Search, AMIA 2019

(3) Jimmy, G Zuccon, B Koopman, G Demartini, Health Card Retrieval for 
Consumer Health Search, CIKM 2019



Do Health Cards Help People Making  
Effective Health Decisions?

• In a previous study we compared a search engine with health cards VS no 
health cards, and we found that:


• The use of health cards in general reduces the effort spent, increases the 
good abandonment rate, and improves the user’s satisfaction while not 
significantly impacting other considered measurements


• Presenting health cards also benefits the not knowledgeable searchers to 
identify the correct health information


• What I am describing next is a study where we focus on Health Decisions 
with respect to self-diagnosis (what condition and what to do)


• And we consider settings where health cards are used, but to varying degree 
(Single VS. Multiple Cards, Correct VS Incorrect Cards)



• 8 health search tasks X 64 Participants = 512 Data Points.


• Graeco-latin square design to avoid order effects.


• Types of user interface: 


✤ Single VS. Multi-Cards


✤ Correct VS Incorrect Cards

Methodology: User Study

Start Demographic 
questionnaire

Pre-task 
questionnaire 

Search 
scenario

User experience 
questionnaire

Finish all 
tasks?Finish

Yes

Informed 
Consent and 
instructions

Exit 
questionnaire

No

Finish all 
tasks?

No

Yes



Single-Card Multi-Cards

With a Correct Card

No Correct Card

The Four Search Interfaces

Why Multi-Cards? Presenting possible health conditions side-by-side may enable people to perform 
differential diagnosis + increases chances to present a correct health card



For a health scenario, make the following 
two decisions:


1. What is the most possible condition for 
the scenario?


2. What to do / level of urgency ?


A. Use emergency service


B. Contact a health professional


C. Self treat

Search Task
Sample scenario:


Scenario: Your 12-year-old 
daughter had a sudden severe 
abdominal pain with nausea, 
vomiting, and diarrhea. Her body 
temperature is 40C. 


Correct Diagnosis: Appendicitis 


Correct Urgency Level: 
Emergency


[Semigran et al., 2015]



Is this a difficult task?
• For users: Our previous findings show that health card provide less 

support for such explorative type of search.


• For systems: People submit under-specified queries [Stanton et al., 2014; Chen & Turner, 

2010; Zuccon et al., 2015; Luger et al., 2014] which make determining the one correct health card 
difficult (if possible at all).


• For example: people search for one symptom at a time say ‘headache’ 
[Luger et al., 2014]. This is a symptom of many health conditions.



Measurements
1. Selected as a source of information 2. Lead to more correct answers 3.Reduce time to complete a task

7. Improve 

confidence on decisions

4. Reduce the 

effort to complete a task

5. Increase rate of 

Good abandonment*

6. Reduce the workload 

to complete a task

* Good abandonment is when people manage to complete a task without clicking on the search results. 
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7. Improve 

confidence on decisions

4. Reduce the 

effort to complete a task

5. Increase rate of 

Good abandonment*

6. Reduce the workload 

to complete a task

* Good abandonment is when people manage to complete a task without clicking on the search results. 



49% of time was spent to 
interact with the Single-Card

 

82% of time was spent to interact 
with the Multi-Cards interface.

Impact of Single VS. Multi-Cards on Search Behaviour



49% of time was spent to 
interact with the Single-Card

 

82% of time was spent to interact 
with the Multi-Cards interface.

Impact of Single VS. Multi-Cards on Search Behaviour

Attention on Health Cards

Attention on Snippets
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Participants tend to consider health cards earlier and at the end of a session



Information from health cards 
selected regardless of the 
correctness of health card

Impact of single and multi-cards?

(1) Health cards selected as a source of information

Information from multi-cards 
selected significantly more 
frequently than from single-card
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Impact of single and multi-cards?

(2) Correctness of diagnosis and level of urgency

Correctness of decisions is 
dependent on correctness of 
presented health card

Single card lead to significantly 
higher number of correct 
diagnosis than multi-cards
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Impact of single and multi-cards?

(2) Correctness of diagnosis and level of urgency

Correctness of decisions is 
dependent on correctness of 
presented health card

Single card lead to significantly 
higher number of correct 
diagnosis than multi-cards
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• The majority of participants failed to assess correctness of 
health card within the multi-cards interface 

• Although, participants are more likely to be correct when using 
the multi-cards than only using the search results snippets 
(and documents) 

• Note: multi-cards actually allow search engine to deal with 
uncertain/ambiguous queries more effectively than single card 
(best S@1=0.28; best S@4=0.48)



How does Search Impact Health Decision Making?

Diagnosis Urgency Urgency Diagnosis
Before Searching After Searching

Wrong

Right

Under

Over

Right

Under

Over

Right

 Wrong

 Right

Wrong

Right

m
ulti−cards

single−card

4%

96%

49%

22%

29%

47%

15%

38%
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75%
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62%

0

100

200

300

400

500

Fr
eq

ue
nc

y

• Search activities (with health 
cards) lead to significant 
increase of correct diagnosis


• Search activities did NOT lead to 
better level of urgency 
correctness


• 43% of correct diagnosis had 
an incorrect level of urgency 
(73% of them were 
underestimated)



What have we learnt from this study?
• Presenting health cards helps people to make more correct diagnosis


• People struggle to infer the level of urgency based on search results. In fact, 
people tend to underestimate urgency across search interfaces.


• This is problematic as making the correct diagnosis is not as important as 
identifying the correct level of urgency


• Future work needs to better assist people in deciding the urgency level 
(what to do)

Diagnos
is

Urgency Level Risk
Correct Under-estimated Harm well-being + additional health system costs
Correct Over-estimated Waste medical resources

Incorrect Correct None to minimum



Example of an attempt to address these findings
Now

Self-treat Seek Medical Attention Emergency Emergency

Google Health Cards Before Our Study



The TREC Decision Track
• Goals of the track:


• Foster research on retrieval methods that promote better decision making with search engines


• Develop new online and offline evaluation methods to predict decision quality induced by search 
results


• It ran first time in 2019 with an ad hoc search task. In 2020:


• Task 1: (Offline, ad hoc) devise search technologies that promote correct information over 
incorrect information, with the assumption that correct information can better lead people to make 
correct decisions 


• Task 2: (Online) Given a query, a document ranking (results list) and interaction/behavioural data, 
predict the decisions users will take at the end of the search process


• Task 3: (Offline) Given a query, a document ranking (results list), and assessments (for relevance and 
correctness), predict the decisions users will take at the end of the search process 


• The task provides assessments of relevance, credibility, correctness + decisions and interactions

Organised with Mark Smucker (U Waterloo), Christina Lioma, Maria Maistro (U Copenaghen) 
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Questions?

http://ielab.io

