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Anomalous State of Knowledge (ASK) 

 The user’s state of knowledge with respect to 

a topic is in some way inadequate with 

respect to that person’s ability to achieve 

some goal. 

 One of the first cognitive explanations of the 

IR situation.  

 Grew from the cognitive viewpoint.  

Belkin, N. J., Oddy, R. N., & Brooks, H. M. (1982). ASK for information retrieval. Parts 1 and 2. 

Journal of Documentation, 38(2), 61-71; 145-164. 



Relevance 

 System relevance:  relevance is a property of the relation 

between the content of the document and the system’s 

search criteria (e.g., Boolean, tf*idf, Page Rank).  This 

type of relevance is consider ‘objective.’  

 User relevance: relevance is related to the cognitive 

processes of the users and their changing knowledge 

and needs regarding information.  This type of relevance 
is considered ‘subjective.’  



Relevance 

 Algorithmic 

 Topical 

 Cognitive 

 Situational 

 Motivational 

Saracevic, T. (2007). Relevance: A review of the literature and a framework for thinking on the 
notion in information science.  Part II: Nature and manifestations of relevance. Journal of the 
American Society for Information Science and Technology, 58(13), 1915-1933. 
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Query:  

Result:  



Relevance 

 Algorithmic 

 Topical 

 Cognitive 

 Situational 

 Motivational 
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Work Task and Environment 
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Relevance 

 Different Types (as we’ve just seen) 

 Multi-dimensional (composed of different criteria) 

 Multi-level 

 Dynamic  

 Not independent or discrete 

 



Tasks 



Tasks 

White, R. W. & Roth, R.A. (2009). Exploratory search: Beyond the query-response paradigm. Morgan & Claypool. 

modified from Marchionini (1995)  



Li, Y. & Belkin, N. J. (2008). A faceted approach to conceptualizing tasks in information seeking. IP&M, 44, 1822-1837. 

Common Attributes of Tasks 

Task 
Characteristics 

Objective 
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Models 
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Q3 

Q2 

Q1 

Q4 

Q5 

Bates, M. J. (1989). Design of browsing and berrypicking for the online search interface. Online 
Review, 13, 407-424. 

Berrypicking  

Model 



Perfect Set 
Q1 

One Ideal Query 

Vs. 

Q1 

Q2 

Q3 

Q4 

Q5 
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Berrypicking  

Model 
Traditional 

Model (TREC) 



Ingwersen and Järvelin’s Model 



Trends Over Time 



The First User Studies (?) 

Bernal, J. D. (1948). Preliminary 

analysis of pilot questionnaires 

on the use of scientific 

literature. The Royal Society 

Scientific Information 
Conference, 589‐637.  

Urquhart, D. J. (1948). The 

distribution and use of scientific 

and technical information. The 

Royal Society Scientific 

Information Conference, 
408‐419.  



1960s 

Ide, E. (1967, 1969). User interaction with an automated information retrieval system.  In G. Salton 

(Ed.) Information Storage and Retrieval: Scientific Report No. ISR-12 and ISR-15.  



1960s 

Ide, E. (1967, 1969). User interaction with an automated information retrieval system.  In G. Salton 

(Ed.) Information Storage and Retrieval: Scientific Report No. ISR-12 and ISR-15.  



1960s 

 By the mid-1960s, several techniques had been introduced 
to assist users, including the: 

 Display of online thesauri to help with query formulation 

 Choice of novice or experienced searcher interface mode 

 Ability to save search queries to rerun at a later time or on a 
different database 

 Relevance feedback 

 System prompts for further information from user about his/her 
information need 

 In 1971, the first workshop was held about interactive 
searching. 
 Walker, D.E. (1971). Interactive bibliographic search: The 

user/computer interface. Montvale, NJ: AFIPS Press.  

 



1970s 



Oddy, R. N. (1977). Information retrieval through man-machine dialogue. Journal of 

Documentation 33(1), 1-14. 



Slonim, J., Maryanski, F. J., & Fisher, P. S. (1978). Mediator: An integrated approach to information 
retrieval. Proceedings of SIGIR, 14-36. 

Personalization 

& 

Enthusiasm! 

Politeness 



1980s 



SIGIR 1983 

SIGIR 1984 

IP&M 1981 

SIGIR 1983 



McAlpine, G. & Ingwersen, P. (1989). Integrated information retrieval in a knowledge 

worker support system. ACM SIGIR Forum, 48-57. 

 

Information Intermediary Modeling 



Allen, R. B. (1990). User models: Theory, 

method, and practice. International 

Journal of Man-Machine Studies, 32, 

511-543.  

Rich, E. (1983). Users are individuals: 

Individualizing user models. 

International Journal of Human-

Computer Studies, 51, 323-338.  

“While the term ‘user model’ 

emphasizes the information about 

the person, it is obvious that a 

great deal of situational, task, or 

environmental information may be 

encoded in the model.” 

User Modeling 



1990s 



Pejtersen, A. M. (1989). The BOOK House: Modeling user needs and search strategies 

as a basis for system design. Roskilde, Risø National Laboratory. (Risø report M-2794).  

Interactive “Spaces” 



Spoerri, A. (1993). InfoCrystal: A visual tool for information retrieval. Proceedings of 

the IEEE Visualization Conference, 150-157. 

Help with Querying 



DIALOG 



Snippets … And Only Snippets! 



TREC Interactive Track 

 Ran from TREC 3 to TREC 12 

 Explored a variety of tasks including filtering (query 

writing), ad-hoc, aspectual recall, fact-finding and topic-
distillation 

 Most noted for establishing the ‘model’ user study and 

some guidelines for reporting experiments 

 Finding:  Hard to do interactive IR studies in the context of 

TREC 

Dumais, S. T. & Belkin, N. J. (2005). The TREC interactive tracks: Putting the user into search. In TREC: 

Experiment and Evaluation in Information Retrieval, (E. M. Voorhees and D. K. Harman, eds.), pp. 123–
153, Cambridge, MA: MIT Press, 2005.  
 



Robertson, S. E., Walker, S., Beaulieu, M. M., Gatford, M., & Payne, A. (1996). Okapi at 

TREC-4.  Proceedings of the Text Retrieval Conference.  



Belkin, N. J., et al. (2001). Iterative exploration, design and evaluation of support for query 
reformulation in interactive information retrieval. Information Processing & Management 37(3), 
404-434. 



Rao, et al. (1995). Rich interaction in the digital library.  Communications of the ACM, 38(4), 29-39. 

Integrated Environments 



Evaluating Results 

Hearst, M. A. (1995). TileBars: Visualization of term distribution in full text information 

access.  Proceedings of CHI ‘95, 59-66. 



Navigating and Evaluating Results 

Veerasamy, A. & Belkin, N. J. (1996). Evaluation of a tool for visualization 

of information retrieval results.  Proceedings of SIGIR ‘96, 85-92. 



Single View Comparison 

Golovchinsky, G. & Chignell, M. H. (1997). The newspaper as an information 

exploration metaphor. Information Processing & Management, 33(5), 663-683. 



Interaction Explosion! 

Hearst, M. A. & Karadi, C. (1997). Cat-a-Cone: An interactive interface for specifying 
searches and viewing retrieval results using a large category hierarchy. Proceedings of 
SIGIR ‘97.  



Saving and Sorting 

Robertson, et al. (1998). Data Mountain: Using spatial memory for document 

management. Proceedings of UIST ‘98, 153-162. 



Twidale, M. B. & Nichols, D. M. (1998). Designing interfaces to support collaboration 

in information retrieval.  Interacting with Computers, 10(2), 177-193. 

Collaborative Search with Cards 



2000s 



Jhaveri, N. & Raiha, K.-J. (2005). The advantages of a cross-session web workspace. 

Proceedings of CHI.  

Saving and Sorting 



Wright, et al. (2006). The Sandbox for analysis-concepts and methods. Proceedings of 

SIGCHI Conference. 

Integrated Environments 



Integrated Environments 

Golovchinsky, G., Biriye, A., & Dunnigan, T. (2012). The future is in the 

past: Designing for exploratory search. Proceedings of IIiX ‘12.  



Agapie, E., Golovchinsky, G. & Qvardordt, P. (2012). Encouraging behavior: A foray 

into persuasive computing. Proc. of HCIR  

Persuading People to Change 



Reflective Practice & Learning 

Bateman, S., Teevan, J., & White,  

R. W. (2012). The search dashboard: 

How reflection and comparison 

impact search behavior. 

Proceedings of CHI ’12, Austin, TX, 

1785-1794. 

 

 



Methods 



When People Search … 

 They do iterative searching 

 Relevance judgments are tricky 

 Most standard evaluation measures aren’t useful 



Why User Centered Evaluation is Hard 

Q1 Q2 Q3 Q4 Q5 Q6 

54 

[E] [F1] [F1] [FUF1] [F2] [F3] [FUF3] 

Q7 

Vakkari, P. (2010).  Exploratory searching as conceptual exploration.  Proceedings of the Fourth 

Human Computer Information Retrieval Workshop, New Brunswick, NJ, 24-27. 



And even harder … 

55 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 

Session 1 Session 2 Session 3 

[E] [F1] [F1] [FUF2] [F3] [F3] [FUF3] [F1] [F2] [F3] [F2] [FUF1] 



Different Types of Methods 

56 

Dumais, S., Jeffries, R., Russell, D. M., Tang, D. & Teevan, J. (2014). Understanding user behavior 
through log data and analysis. J.S. Olson and W. Kellogg (Eds.), Human Computer Interaction 
Ways of Knowing. New York: Springer.  



Common Types of Studies 

 Examining search behavior 

 What will people do if I flip the order of the first ten results? 

 How does task complexity impact search behavior? 

 Examining relevance behavior 
 What will happen if we use magnitude estimation?  

 How does order impact relevance assessments? 

 Evaluating interfaces and systems 

 Is my new interface any good? 

 Is my query expansion technique any good? 

 Building/evaluating theory might go with any of the above 



Goal: Explaining or Predicting? 

Shmuéli, G. (2010). To explain or predict? Statistical Science, 25(3), 289-310. 

Explaining Predicting 

Goal F  -> f f 

Sampling Statistical Power Big n to lower 

variance 

Holdout datasets 

Population-level 

parameters 

Setting Experimental; 

clean and 

controlled 

Observational; noise 

and realism 

Measurement Operationalizatio

n 

Available signals 

Variables Researcher-driven Data-driven 

Model Evaluation Explanatory 

Power 

Predictive Accuracy 

Analysis Statistical Theory  Machine Learning 



Laboratory Experiments: Making 

a Case for Generalizability 

TIME 

Generalizability 



Components of a “User” Study 

 People 

 Experimental “Conditions” 

 Systems/Algorithms 

 Interfaces 

 Instructions 

 … 

 Search Tasks (sometimes called topics; can be used as 
independent variables) 

 Collection/Corpus of Information Objects  

 Data Collection Techniques 

 Measures 

 Data Analysis Procedures 



Data Collection Techniques 

 Logging 

 Observation 

 Self-report 

 Questionnaires (many types) 

 Scales 

 Relevance measures 

 

Search Pain Rating Scale 



Basic Experimental Design 

How does the vertical display 

(interface) impact searchers’ use 

of verticals? 

 

Vertical ‘levels’: two 

Type: between-subject  

Use of verticals: clicks on verticals 

Arguello, J., Wu, W.C., Kelly, D., & Edwards, A. (2012). Task complexity, vertical display and user interaction in 

aggregated search. Proceedings of SIGIR '12, Portland, OR, 435-444. 



Basic Experimental Design 

How does task complexity impact 

the workload experienced by 

searchers and their search 

behaviors? 

 

How does vertical display impact 

the workload experienced by 

searchers and their search 

behaviors? 

 

Complexity ‘levels’: two 



Basic Experimental Design 

• “Factorial Design”  2x2 

• Between subjects vs within 

• ANOVA 

Vertical Display 

Task 

Complexity 

Blended Non-

Blended 

Total 

1 4.5 1.7 3.1 

2 2.9 5.8 4.4 

Total 3.7 3.8 3.7 

Independent  

Variable 
Dependent  
Variable 

Moderating 

Variable 

Workload: 

7-point 

scale, 

where 

7=more 



Data Collection Techniques 

 “Easy” 

 Think-aloud & Stimulated Recall 

 Interviews & Open-ended Questions 

 “Hard” 

 Evaluation of End Products  

 Learning 



Data Collection Techniques 

 “Harder” 

 Eye-tracking 

 Physiological Signals 

 EEG 

 Brain Scans (fMRI) 

 What does this tell 
us? 



Measures 

 Contextual 

 Individual Differences 

 Tasks 

 Type 

 Difficulty 

 Interaction 

 Queries 

 SERP Views 

 TIme 

 … 

 

 Performance 

 Number saved 

 Query diversity 

 User Experience 

 Usability 

 Preferences 

 Mental Effort & Cognitive Load 

 Flow and Engagement 

 Affective 

 … 



Sample Sizing 

 What Evangelos said … 

 It isn’t ad-hoc although it sometimes appears that way 

 There are statistical methods to help you understanding risks 
associated with sample sizes 

 The goal of statistical power analysis is to identify a sufficient number of 
participants to keep alpha (risk of Type I error) and beta (risk of Type II 
error) at acceptably low levels given a particular effect size without 
making the study unnecessarily expensive or difficult. 

 Bigger ≠ Better 

 i.e., don’t confuse size with representativeness 

 (I didn’t mention this in the tutorial, but crowdsourcing can also be 
useful for certain types of studies.  Requires the researcher to be 
very clear and careful with instructions.) 

 



Power Analysis of Independent Sample T-Test 

Created with G*Power 



Data Analysis 

 Analytical methods are closely tied to experimental 

design. 

 Since the basic design is a factorial, people often use 

ANOVAs. 

 Techniques that model relationships, such as structural 

equation modeling, have not been used very much. 

 Explaining has been favored over predicting. 

Kelly, D. & Sugimoto, C. R. (2013). A systematic review of interactive information retrieval evaluation 
studies, 1967-2006. Journal of the American Society for Information Science and Technology, 64(4), 
745-770. 



Thank you. 

Email me:   dianek@email.unc.edu 


