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My Goals for Today

1. Introduce you to my research field: information retrieval (IR) 

2. Convince you that IR research is important, challenging, and fun! 

3. Introduce you to some of my recent research projects
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What is Information Retrieval?

• Designing, developing, and evaluating systems to help 
people find and use information to support their goals.
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What is Information Retrieval?

Designing
Understanding humans as 
information-seekers, 
problem-solvers, and 
learners

Developing
Using computer 
programming + math 
(now called AI) to build 
“stuff”

Developing methods to 
figure out if the “stuff” is 
any good

Evaluating
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What is Information Retrieval?

• IR systems help people find information, and are: 

‣ Predictive: make (hopefully) educated guesses 
‣ Interactive: support back-and-forth interaction 
‣ Dynamic: evolve automatically with the environment 
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Many Types of IR Systems
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Many Types of IR Systems
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IR Systems have Important Societal Benefits

• We use them to: 

‣ Understand the world 
‣ Do our jobs 
‣ Find our jobs 
‣ Perform day-to-day tasks 
‣ Acquire new knowledge / skills 
‣ Make important decisions 
‣ Find entertainment 
‣ Support our hobbies 
‣ Meet people 
‣ Find inspiration 
‣ Ponder the meaning of life
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IR Systems have Important Societal Challenges

• “One size does not fit all” 

‣ Individual differences 
‣ Situational differences 

• Personalization (i.e., tailoring the search experience) helps, 
but raises questions about: 

‣ Privacy, filter bubbles, etc. 

• More importantly, personalization remains narrowly focused 

‣ Mostly topical (i.e., personal interests)



Interactive Information Systems Lab
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• Understanding humans: factors 
that influence needs and behaviors 

• Lab studies: participants+ 
manipulations + observations 

• Complex tasks: not simple fact-
finding nor navigation 

• Novel paradigms: beyond keyword 
queries + ranked lists 

• Novel tools: interfaces and tools to 
alleviate challenges

Interactive Information Systems Lab 
Common Threads
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Interactive Information Systems Lab 
Sandeep Avula

Embedding search systems into messaging platforms to 
support multiple collaborators in real-time
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Interactive Information Systems Lab 
Bogeum Choi

Understanding the role of working memory ability on 
how people search and learn
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Interactive Information Systems Lab 
Yuan Li

Understanding how people pause and resume complex 
tasks across multiple (long-term) sessions
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Interactive Information Systems Lab 
Kelsey Urgo

Understanding how characteristics of learning 
objectives influence task-decomposition and needs
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Interactive Information Systems Lab 
Austin Ward

Embedding search systems in virtual reality environments



Case (Research) Study
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web

entities

news

videos

local

images

Aggregated Search

• Integrating results from different, 
heterogeneous back-end 
systems in a unified presentation

...

verticals
“unc chapel hill”
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Web Search Portals (e.g., Google)
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Web Search Portals (e.g., Google)
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Academic Search (e.g., PubMed)
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Library Search (e.g., UNC Libraries)
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Social Media Search (e.g., Facebook)



Aggregated Search Systems

• Vary based on the extent to which the visual layout differentiates 
between results from different sources 

• Use Gestalt principles (to different extents) to convey relations 
between results 

• Proximity: items closer together are related 

• Similarity: items that look similar are related 

• Common region: items in a common region are related
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Research Questions

• The effects of 3 cognitive abilities and 2 interface conditions on: 

RQ1: effort 

RQ2: user engagement 

RQ3: search behaviors 

• Interfaces: varied in the extent to which Gestalt principles were 
used to distinguish between results from different verticals (web, 
images, news, shopping, video)
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Cognitive Abilities

• Working memory: the ability to hold (and work with) 
information in active memory 

• Perceptual speed: the ability to quickly scan for information 

• Inhibition (or attention control): the ability to ignore (or inhibit 
attention to) stimuli not relevant to the task at hand
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Interface Conditions: 
Blocked Interface

border around the image, news, shopping, and video results provided an additional visual cue to
help distinguish them from each other and the web results.

images

web

news

web

video

web

shopping

web

news

web

news

…

(a) Interleaved Interface (truncated)

web

images

news

video

shopping

(b) Blocked Interface

Fig. 1. Aggregated Search Interfaces

3.4 Post-task�estionnaires
A�er �nishing each search task, participants completed two questionnaires that measured their
levels of workload and user engagement during the task. To measure workload, we used the NASA
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Interface Conditions: 
Interleaved Interface (truncated)
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• 4 search tasks (2 with each interface) 

• 2 post-task questionnaires (effort, engagement) 

• (Short break) 

• 3 post-study psychometric tests

User Study 
(N=32)
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Comparative Tasks

As described in more detail in Section 3.2, we designed four search tasks for participants to
complete. In this paper, we were not interested in studying search task e�ects. �us, to keep
the tasks as consistent as possible, all tasks were comparative tasks. A comparative task is one
that requires comparing a set of items along a set of dimensions. For example, one of our tasks
asked participants to compare three di�erent water puri�cation methods (boiling water, tablets,
and portable water �lters) along three dimensions (types of bacteria eliminated, cost, and how the
method works). Participants were asked to search and bookmark at least 10 pages that would help
them construct a response for the task. While bookmarking each page, participants were asked to
provide a justi�cation for why/how the page would be useful. We provided participants with a
browser toolbar bu�on to bookmark pages and enter their justi�cations in a pop-up form.

We experimented with two di�erent aggregated search interfaces, referred to as the interleaved
and blocked interfaces (Section 3.3). Participants completed the �rst two search tasks with one
interface and the last two search tasks with the other. Participants completed two post-task
questionnaires a�er each search task (Section 3.4). A�er �nishing all four search tasks, participants
took a short break and then completed three cognitive ability tests to measure their perceptual
speed, working memory, and inhibition control (Section 3.5). We used a Latin square to rotate
the ordering of our four search tasks and also balanced the interface order—half the participants
completed the �rst two tasks with the interleaved interface and the other half completed the �rst
two tasks with the blocked interface. Participants were given 15 minutes to complete each search
task and were given a 2-minute warning by the study moderator. �e study session took about 1.5
hours, and participants were given $30 USD to participate in the study.

3.2 Search Tasks
One of our goals was to keep all four search tasks as consistent as possible. To this end, we designed
four comparative tasks to use in the study. A previously mentioned, a comparative task is one
that requires comparing a set of items along a set of dimensions. Our four tasks asked participants
to compare three items along three dimensions. Comparative tasks have been used in prior IIR
studies [15, 16]. Within the cognitive complexity framework [35], comparative tasks belong to the
analyze task complexity category [35] (i.e. an intermediate complexity level). �e following is an
example of one of our tasks:

“You are planning an extended hiking trip with your friend for this fall. You’ve recently
heard that it can be unsafe to drink water directly from streams and rivers due to the
possibility of contamination from bacteria, parasites, and pollutants. Now, you are trying
to do some research on methods for purifying naturally-sourced water. Consider the
following water puri�cation methods: (1) boiling water (2) water puri�cation tablets (3)
using a portable water �lter. For this task, your goal is to compare and contrast these
methods based on the following criteria: (1) the types of bacteria eliminated by the method,
(2) how much the method costs, and (3) how the method works.”

�e items and dimensions associated with our tasks were the following:
• Task 1: Heavy metal task: items = doommetal, thrash metal, progressive metal; dimensions
= origin, style and tempo, popular bands.

• Task 2: Vacation planing: items = Miami, San Diego, Santa Fe; dimensions = weather in
December, a�ractions, events.

• Task 3: Water puri�cation task: items = boiling water, water puri�cation tablets, water
�lter; dimensions = bacteria eliminated, cost, how the method works.

• Task 4: Chinese Cuisine task: items = Cantonese, Shandong, Sichuan; dimensions = region
of origin, typical ingredients, popularity in the U.S.

7

bacteria 
eliminated

equipment 
cost

how it 
works

boiling 
water

purification 
tablets

portable 
filter

• Compare 3 items (alternatives) along 3 dimensions (criteria) 

• Bookmark at least 10 pages + provide justification
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RQ1: Effort 
NASA TLX

video result. Finally, we randomly interleaved the remaining news, shopping, and video results at
the bo�om of the SERP.9

Blocked Interface: With the blocked interface (Figure 1b), our goal was to study participants’
search behaviors with an aggregated search interface that clearly distinguishes between results from
di�erent sources on the main SERP.�e blocked interface displayed results using a two-column
format, and results from the same source were always displayed as a group and in the same region.
�e top-5 image results were displayed horizontally in the top-le� region, the top-10 web results
were displayed vertically in the middle-le� region, the top-3 news results were displayed vertically
in the top-right region, the top-5 video results were displayed horizontally in the middle-right
region, and the top-5 shopping results were displayed horizontally in the bo�om-right region.
Furthermore, the image, news, shopping, and video results were enclosed in a border with a shadow
e�ect to help distinguish them from each other and the web results.
With respect to the Gestalt Principles discussed Section 2.5, the blocked interface used three

Gestalt principles to help distinguish between results from di�erent sources: proximity, similarity,
and common region. In terms of proximity, results from the same source were displayed as a group
and in the same regions on the SERP. In terms of similarity, each group of results was displayed
according to its own unique surrogate representation. Finally, in terms of common region, the
border around the image, news, shopping, and video results provided an additional visual cue to
help distinguish them from each other and the web results.

3.4 Post-task�estionnaires
A�er �nishing each search task, participants completed two questionnaires aimed to measure work-
load and user engagement. To measure workload, participants were asked the six questions from
the raw NASA TLX [30] questionnaire (Table 1). �ese six questions are designed to measure: (1)
mental demand, (2) physical demand, (3) temporal demand, (4) failure, (5) e�ort, and (6) frustration.
Participants responded to all NASA TLX questions using a 7-point scale with labeled endpoints.
For the failure question, the labeled end-points were “perfect” (1) and “failure” (7). For the other
�ve questions, the labeled end-points were “very low” (1) and “very high” (7). �us, for all NASA
TLX questions, high response values indicate high levels of workload.

Table 1. NASA TLX questionnaire to measure workload

Mental demand: How mentally demanding was the task?
Physical demand: How physically demanding was the task?
Temporal demand: How hurried or rushed was the pace of the task?
Failure: How successful were you in accomplishing what you were asked to do?
E�ort: How hard did you have to work to accomplish your level of performance?
Frustration: How insecure, discouraged, irritated, stressed, annoyed were you?

To measure user engagement, we used a short-form of O’Brien’s User Engagement Scale [46],
denoted as UES-SF. �e UES-SF questionnaire (Table 2) contains 12 items designed to capture 4
factors of engagement (3 items per factor): (1) focused a�ention (FA), (2) perceived usability (PU),
(3) aesthetic appeal (EA), and (4) reward (RW). Participants indicated their level of agreement
with all 12 UES-SF items using a 7-point scale with labeled endpoints, from “strongly disagree”
(1) to “strongly agree” (7). We examined the internal consistency of each three-item factor using
Cronbach’s alpha and found acceptable values: focused a�ention = .793, perceived usability = .770,
aesthetic appeal = .945 and reward = .863. As shown in Table 2, the three items for perceived
9We decided that show the top-5 image results as a group (rather than vertically interleaved with the other results) to keep
the “look and feel” of the interleaved interface somewhat consistent with commercial search portals (e.g., Google).

9
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Table 2. User Engagement Scale (Short Form)

FA1: I lost myself in this search experience.
FA2: �e time I spent searching just slipped away.
FA3: I was absorbed in the search task.
PU1: I felt frustrated while doing the search task. (reverse coded)
PU2: My search experience was taxing. (reverse coded)
PU3: I found the search system confusing to use. (reverse coded)
AE1: �e search system was a�ractive.
AE2: �e search system was aesthetically appealing.
AE3: �e search system appealed to my senses.
RW1: My search experience was worthwhile.
RW2: My search experience was rewarding.
RW3: I felt interested in the search task.

Perceptual Speed: To measure perceptual speed, we used the Finding A’s test provided by the
Ekstrom Kit of Factor-referenced Cognitive Tests [22]. During the Finding A’s test, participants
complete a series of 2-minute trails in which they are given lists of words and must draw a line
through all words containing the le�er ‘A’. Participants are instructed to work as quickly as possible
without sacri�cing accuracy. �e �nal score is equal to the number of words with the le�er A
found by the participant (analogous to recall). A high score indicates that the participant was able
to scan words quickly without sacri�cing accuracy. �e Finding A’s test has been used in prior IR
studies to measure perceptual speed [14, 54].

Working Memory: To measure working memory, we used a computerized memory span test
distributed with the “CogLab in a CD” textbook by Francis et al. [25]. During this test, participants
complete a series of trials. During each trial, the participant is displayed a sequence of N items
one-at-a-time. A�er this, the participant is shown a set of 9 items (in a grid display) and is asked to
recall the items that appeared in the sequence in the same order. If the participant answers correctly,
the number of items in the next sequence is increased by one (up to a maximum of 9). Otherwise,
the number of items in the next sequence is decreased by one. �e test shows participants �ve
di�erent types of items: digits, le�ers that sound similar, le�ers that sound dissimilar, short words,
and long words. Finally, the test outputs a score for each item type. Each score corresponds to the
sequence length associated with the last trial answered correctly for each item type. To produce a
�nal score, we averaged participants’ scores across all �ve item types. �e same memory span test
has been used in prior IR studies to measure working memory ability [27, 29].

Inhibition: To measure inhibition, we used the Stroop test, which is also a computerized test.
Again, we used the version of the Stroop test distributed with the “CogLab in a CD” textbook by
Francis et al. [25]. During the Stroop test, participants are �ashed a sequence of words indicating
one of three colors: red, greed, or blue. For each word, the participant must quickly indicate the
color of the word by pressing a speci�c key on the keyboard (e.g., the ‘B’ key for the color blue).
Some of the words displayed are congruent (e.g., the word “blue” displayed in blue font) and some of
the words are incongruent (e.g., the word “blue” displayed in red font). Participants must complete
48 correct trials, of which 24 are congruent and 24 are incongruent. �e �nal score is equal to the
participant’s average response time (in milliseconds) for the incongruent trials minus the average
response time for the congruent trials. Response times are typically slower for the incongruent
trials, an e�ect referred to as the Stroop e�ect. For the Stroop test, lower scores are be�er. Higher
scores indicate greater di�culty in focusing on the relevant stimulus (the color of the word) and
ignoring (or inhibiting a�ention to) the non-relevant stimulus (the word itself).

�e Stroop test was �rst introduced in 1935 [51] and there are many variations (see MacLoed [41]
for a review). As noted in Kane and Engle [34] (p. 48), the Stroop test is a “mainstay of research
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RQ2: User Engagement 
O’Brien’s UES
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• Queries 

• Clicks 

• Bookmarks 

• Completion Time 

• Time to 1st bookmark 

• Query-to-click time 

• Click-to-bookmark time 

• Time b/w events 
(queries, clicks, 
bookmarks)

• Clicks w/o bookmarks 

• Queries w/o clicks 

• Queries w/o mouseover events 

• Queries w/o scrolls 

• Queries w/o bookmarks 

• Quick reformulations (< 1min.) 

• Queries with repeated intent 
(qualitative analysis)

RQ3: Search Behaviors 
15 Behavioral Measures



RQ3: Search Behaviors 
Factor Analysis

Table 4. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries without bookmarks 0.888 0.021 0.216
queries with repeated intent 0.867 0.029 0.217
queries 0.863 -0.285 0.214
queries without clicks 0.863 0.232 0.029
quick query reformulations 0.811 -0.412 -0.083
queries without mouseovers 0.696 0.118 -0.018
queries without scrolls 0.577 -0.370 -0.004
time between events -0.259 0.887 -0.027
time to �rst bookmark 0.019 0.718 0.202
bookmarks -0.045 -0.659 0.242
click-to-bookmark time -0.207 0.626 -0.072
query-to-click time 0.134 0.523 -0.065
clicks 0.143 -0.462 0.851
clicks without a bookmark 0.161 -0.033 0.835
completion time 0.045 0.577 0.674

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 5 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
working memory test: long and short words.10 In Gwizdka’s study, participants had a mean score
of 5.45 (SD = 0.72). In our study, for the same two item-types, participants had a mean score of
4.86 (SD = 0.79). Finally, in terms of inhibition, Cothran and Larsen [18] administered the Stroop
test to 32 undergraduate students (again, a slightly di�erent population than our participants).
Participants had a mean score of 114 (SD = 18.85).11 For all three tests, our participants’ mean
scores were within one standard deviation of the reference score.
To analyze the e�ects of each cognitive ability, we decided to group participants into low and

high cognitive ability groups using a median split. Table 5 shows the number of participants in each
group for each cognitive ability. For working memory, participants were divided at 5.60 (low=3.80-
5.60, high=5.61-7.20). For perceptual speed, participants were divided at 63 (low=44-63, high=64-90).
For inhibition, participants were divided at 101.80 (low=101.80-449.13, high=-272.20-101.79). Note

10Gwizdka motivated this decision based on the notion that search is more greatly impacted by the ability to remember
words than le�ers and digits.
11Note that this standard deviation is smaller than the standard deviation of our participants’ scores (i.e., 166.27). �is may
be because our participants had a wider age range.

14

• 3-factor solution explained 68% of variance
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RQ3: Search Behaviors 
Factor Analysis

Table 4. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries without bookmarks 0.888 0.021 0.216
queries with repeated intent 0.867 0.029 0.217
queries 0.863 -0.285 0.214
queries without clicks 0.863 0.232 0.029
quick query reformulations 0.811 -0.412 -0.083
queries without mouseovers 0.696 0.118 -0.018
queries without scrolls 0.577 -0.370 -0.004
time between events -0.259 0.887 -0.027
time to �rst bookmark 0.019 0.718 0.202
bookmarks -0.045 -0.659 0.242
click-to-bookmark time -0.207 0.626 -0.072
query-to-click time 0.134 0.523 -0.065
clicks 0.143 -0.462 0.851
clicks without a bookmark 0.161 -0.033 0.835
completion time 0.045 0.577 0.674

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 5 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
working memory test: long and short words.10 In Gwizdka’s study, participants had a mean score
of 5.45 (SD = 0.72). In our study, for the same two item-types, participants had a mean score of
4.86 (SD = 0.79). Finally, in terms of inhibition, Cothran and Larsen [18] administered the Stroop
test to 32 undergraduate students (again, a slightly di�erent population than our participants).
Participants had a mean score of 114 (SD = 18.85).11 For all three tests, our participants’ mean
scores were within one standard deviation of the reference score.
To analyze the e�ects of each cognitive ability, we decided to group participants into low and

high cognitive ability groups using a median split. Table 5 shows the number of participants in each
group for each cognitive ability. For working memory, participants were divided at 5.60 (low=3.80-
5.60, high=5.61-7.20). For perceptual speed, participants were divided at 63 (low=44-63, high=64-90).
For inhibition, participants were divided at 101.80 (low=101.80-449.13, high=-272.20-101.79). Note

10Gwizdka motivated this decision based on the notion that search is more greatly impacted by the ability to remember
words than le�ers and digits.
11Note that this standard deviation is smaller than the standard deviation of our participants’ scores (i.e., 166.27). �is may
be because our participants had a wider age range.

14

• Factor 1: difficulty identifying relevant SERP results
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RQ3: Search Behaviors 
Factor Analysis

Table 4. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries without bookmarks 0.888 0.021 0.216
queries with repeated intent 0.867 0.029 0.217
queries 0.863 -0.285 0.214
queries without clicks 0.863 0.232 0.029
quick query reformulations 0.811 -0.412 -0.083
queries without mouseovers 0.696 0.118 -0.018
queries without scrolls 0.577 -0.370 -0.004
time between events -0.259 0.887 -0.027
time to �rst bookmark 0.019 0.718 0.202
bookmarks -0.045 -0.659 0.242
click-to-bookmark time -0.207 0.626 -0.072
query-to-click time 0.134 0.523 -0.065
clicks 0.143 -0.462 0.851
clicks without a bookmark 0.161 -0.033 0.835
completion time 0.045 0.577 0.674

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 5 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
working memory test: long and short words.10 In Gwizdka’s study, participants had a mean score
of 5.45 (SD = 0.72). In our study, for the same two item-types, participants had a mean score of
4.86 (SD = 0.79). Finally, in terms of inhibition, Cothran and Larsen [18] administered the Stroop
test to 32 undergraduate students (again, a slightly di�erent population than our participants).
Participants had a mean score of 114 (SD = 18.85).11 For all three tests, our participants’ mean
scores were within one standard deviation of the reference score.
To analyze the e�ects of each cognitive ability, we decided to group participants into low and

high cognitive ability groups using a median split. Table 5 shows the number of participants in each
group for each cognitive ability. For working memory, participants were divided at 5.60 (low=3.80-
5.60, high=5.61-7.20). For perceptual speed, participants were divided at 63 (low=44-63, high=64-90).
For inhibition, participants were divided at 101.80 (low=101.80-449.13, high=-272.20-101.79). Note

10Gwizdka motivated this decision based on the notion that search is more greatly impacted by the ability to remember
words than le�ers and digits.
11Note that this standard deviation is smaller than the standard deviation of our participants’ scores (i.e., 166.27). �is may
be because our participants had a wider age range.

14

• Spoiler: perceptual speed affected measures related to Factor 1
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RQ3: Search Behaviors 
Factor Analysis

Table 4. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries without bookmarks 0.888 0.021 0.216
queries with repeated intent 0.867 0.029 0.217
queries 0.863 -0.285 0.214
queries without clicks 0.863 0.232 0.029
quick query reformulations 0.811 -0.412 -0.083
queries without mouseovers 0.696 0.118 -0.018
queries without scrolls 0.577 -0.370 -0.004
time between events -0.259 0.887 -0.027
time to �rst bookmark 0.019 0.718 0.202
bookmarks -0.045 -0.659 0.242
click-to-bookmark time -0.207 0.626 -0.072
query-to-click time 0.134 0.523 -0.065
clicks 0.143 -0.462 0.851
clicks without a bookmark 0.161 -0.033 0.835
completion time 0.045 0.577 0.674

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 5 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
working memory test: long and short words.10 In Gwizdka’s study, participants had a mean score
of 5.45 (SD = 0.72). In our study, for the same two item-types, participants had a mean score of
4.86 (SD = 0.79). Finally, in terms of inhibition, Cothran and Larsen [18] administered the Stroop
test to 32 undergraduate students (again, a slightly di�erent population than our participants).
Participants had a mean score of 114 (SD = 18.85).11 For all three tests, our participants’ mean
scores were within one standard deviation of the reference score.
To analyze the e�ects of each cognitive ability, we decided to group participants into low and

high cognitive ability groups using a median split. Table 5 shows the number of participants in each
group for each cognitive ability. For working memory, participants were divided at 5.60 (low=3.80-
5.60, high=5.61-7.20). For perceptual speed, participants were divided at 63 (low=44-63, high=64-90).
For inhibition, participants were divided at 101.80 (low=101.80-449.13, high=-272.20-101.79). Note

10Gwizdka motivated this decision based on the notion that search is more greatly impacted by the ability to remember
words than le�ers and digits.
11Note that this standard deviation is smaller than the standard deviation of our participants’ scores (i.e., 166.27). �is may
be because our participants had a wider age range.

14

• Factor 2: pace of interaction
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RQ3: Search Behaviors 
Factor Analysis

Table 4. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries without bookmarks 0.888 0.021 0.216
queries with repeated intent 0.867 0.029 0.217
queries 0.863 -0.285 0.214
queries without clicks 0.863 0.232 0.029
quick query reformulations 0.811 -0.412 -0.083
queries without mouseovers 0.696 0.118 -0.018
queries without scrolls 0.577 -0.370 -0.004
time between events -0.259 0.887 -0.027
time to �rst bookmark 0.019 0.718 0.202
bookmarks -0.045 -0.659 0.242
click-to-bookmark time -0.207 0.626 -0.072
query-to-click time 0.134 0.523 -0.065
clicks 0.143 -0.462 0.851
clicks without a bookmark 0.161 -0.033 0.835
completion time 0.045 0.577 0.674

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 5 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
working memory test: long and short words.10 In Gwizdka’s study, participants had a mean score
of 5.45 (SD = 0.72). In our study, for the same two item-types, participants had a mean score of
4.86 (SD = 0.79). Finally, in terms of inhibition, Cothran and Larsen [18] administered the Stroop
test to 32 undergraduate students (again, a slightly di�erent population than our participants).
Participants had a mean score of 114 (SD = 18.85).11 For all three tests, our participants’ mean
scores were within one standard deviation of the reference score.
To analyze the e�ects of each cognitive ability, we decided to group participants into low and

high cognitive ability groups using a median split. Table 5 shows the number of participants in each
group for each cognitive ability. For working memory, participants were divided at 5.60 (low=3.80-
5.60, high=5.61-7.20). For perceptual speed, participants were divided at 63 (low=44-63, high=64-90).
For inhibition, participants were divided at 101.80 (low=101.80-449.13, high=-272.20-101.79). Note

10Gwizdka motivated this decision based on the notion that search is more greatly impacted by the ability to remember
words than le�ers and digits.
11Note that this standard deviation is smaller than the standard deviation of our participants’ scores (i.e., 166.27). �is may
be because our participants had a wider age range.
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RQ3: Search Behaviors 
Factor Analysis

Table 4. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries without bookmarks 0.888 0.021 0.216
queries with repeated intent 0.867 0.029 0.217
queries 0.863 -0.285 0.214
queries without clicks 0.863 0.232 0.029
quick query reformulations 0.811 -0.412 -0.083
queries without mouseovers 0.696 0.118 -0.018
queries without scrolls 0.577 -0.370 -0.004
time between events -0.259 0.887 -0.027
time to �rst bookmark 0.019 0.718 0.202
bookmarks -0.045 -0.659 0.242
click-to-bookmark time -0.207 0.626 -0.072
query-to-click time 0.134 0.523 -0.065
clicks 0.143 -0.462 0.851
clicks without a bookmark 0.161 -0.033 0.835
completion time 0.045 0.577 0.674

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 5 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
working memory test: long and short words.10 In Gwizdka’s study, participants had a mean score
of 5.45 (SD = 0.72). In our study, for the same two item-types, participants had a mean score of
4.86 (SD = 0.79). Finally, in terms of inhibition, Cothran and Larsen [18] administered the Stroop
test to 32 undergraduate students (again, a slightly di�erent population than our participants).
Participants had a mean score of 114 (SD = 18.85).11 For all three tests, our participants’ mean
scores were within one standard deviation of the reference score.
To analyze the e�ects of each cognitive ability, we decided to group participants into low and

high cognitive ability groups using a median split. Table 5 shows the number of participants in each
group for each cognitive ability. For working memory, participants were divided at 5.60 (low=3.80-
5.60, high=5.61-7.20). For perceptual speed, participants were divided at 63 (low=44-63, high=64-90).
For inhibition, participants were divided at 101.80 (low=101.80-449.13, high=-272.20-101.79). Note

10Gwizdka motivated this decision based on the notion that search is more greatly impacted by the ability to remember
words than le�ers and digits.
11Note that this standard deviation is smaller than the standard deviation of our participants’ scores (i.e., 166.27). �is may
be because our participants had a wider age range.

14

• Factor 3: effort
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Psychometric Tests 
Perceptual Speed: Finding A’s Test
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Psychometric Tests 
Working Memory: Memory Span Test

(long words)
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Psychometric Tests 
Working Memory: Memory Span Test

(short words)
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Psychometric Tests 
Working Memory: Memory Span Test

(numbers)
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Psychometric Tests 
Working Memory: Memory Span Test

(letter that sound similar)
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Psychometric Tests 
Working Memory: Memory Span Test

(letter that sound dissimilar)
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Psychometric Tests 
Inhibition: Stroop Test

(congruent condition)
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Psychometric Tests 
Inhibition: Stroop Test

(incongruent condition)
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• WM vs. PS: r = .069 (p = .707) 

• WM vs. IN: r = .133 (p = .469) 

• PS vs. IN: r = .165 (p = .366)

working memory test: long and short words.10 In Gwizdka’s study, participants had a mean score
of 5.45 (SD = 0.72). In our study, for the same two item-types, participants had a mean score of
4.86 (SD = 0.79). Finally, in terms of inhibition, Cothran and Larsen [18] administered the Stroop
test to 32 undergraduate students (again, a slightly di�erent population than our participants).
Participants had a mean score of 114 (SD = 18.85).11 For all three tests, our participants’ mean
scores were within one standard deviation of the reference score.

Table 6. Descriptive statistics for scores associated with each cognitive ability test.

Working Memory Perceptual Speed Inhibition
Possible Range 0-9 0-200 unbounded
Mean (SD) 4.86 (0.79) 64.16 (12.00) 107.80 (166.27)
Median 5.60 63 101.80
Min, Max 3.80, 7.20 44, 90 -272.20, 449.13
Participants in Low Group 19 17 16
Participants in High Group 13 15 16

To analyze the e�ects of each cognitive ability, we decided to group participants into low and
high cognitive ability groups using a median split. Table 6 shows the number of participants in each
group for each cognitive ability. For working memory, participants were divided at 5.60 (low=3.80-
5.60, high=5.61-7.20). For perceptual speed, participants were divided at 63 (low=44-63, high=64-90).
For inhibition, participants were divided at 101.80 (low=101.80-449.13, high=-272.20-101.79). Note
that for inhibition, low test scores indicate high ability. Prior studies have also analyzed the e�ects
of di�erent cognitive abilities by binning participants into low/high groups using either a median
split [1, 14, 54] or by taking the bo�om and top quartiles [29].
We also examined the Pearson’s correlation values between participants’ scores for all pairs

of cognitive ability tests. None of the correlations were statistically signi�cant. �e correlation
between working memory and perceptual speed was r = .069 (p = .707), the correlation between
working memory and inhibition was r = .133 (p = .469), and the correlation between perceptual
speed and inhibition was r = .165 (p = .366), and . �ese non-signi�cant correlation values suggest
that the three cognitive ability tests given to participants measured di�erent cognitive abilities. A�er
binning participants into high/low working memory (WM), perceptual speed (PS), and inhibition
(IN) groups, there were only 7 (out of 32) participants assigned to both the high-WM and high-PS
groups, 7 participants assigned to both the high-WM and high-PS groups, 6 participants assigned to
both the high-PS and high-IN groups, and 2 participants assigned to all three high-ability groups.

Statistical Analysis: To investigate our three research questions, we were interested in measur-
ing the following main and interaction e�ects on each outcome: (1) the main e�ect of the interface
condition (1 main e�ect), (1) the main e�ect of each cognitive ability (3 main e�ects), and (3) the
two-way interaction e�ects between the interface condition and each cognitive ability (3 two-way
interaction e�ects). In our statistical analyses, we decided to use multilevel modeling.
Multilevel modeling (MLM) is similar to other regression analysis techniques in which there

are several predictor variables and one outcome variable. However, MLM is particularly powerful
when the data is “grouped”, and we wish to account for random e�ects introduced by di�erent
groups (also referred to level-one factors). In our case, each of our 32 participants completed each
10Gwizdka motivated this decision based on the notion that search is more greatly impacted by the ability to remember
words than le�ers and digits.
11Note that this standard deviation is smaller than the standard deviation of our participants’ scores (i.e., 166.27). �is may
be because our participants had a wider age range.
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Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26

1
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6

7

* (I × WM)
* WM

* WM

RQ1: Workload 
Working Memory
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Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
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high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26
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RQ1: Workload 
Working Memory
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Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
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Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26
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Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
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Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26

1

2

3

4

5

6

7

* (I × WM)
* WM

* WM

• Irrespective of the interface, high-WM participants reported 
lower physical demand and frustration (p<.05)

RQ1: Workload 
Working Memory
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Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26

1

2

3

4

5

6

7

* (I × WM)
* WM

* WM

• With the interleaved interface, both participant groups report 
similar levels of mental demand 

• With the blocked interface, high-WM participants reported 
lower levels of mental demand 

• Possible Explanation: high-WM participants were more effective 
at leveraging the fixed layout of the blocked interface

RQ1: Workload 
Working Memory



Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both
Perceived Usability Aesthetic Appeal Focused Attention Reward Overall Engagement

low-WM 5.26 5.37 5.32 3.28 3.29 3.29 4.32 4.39 4.35 4.32 4.53 4.42 4.29 4.39 4.34
high-WM 6.01 6.50 6.26 2.89 3.17 3.03 4.50 4.30 4.40 5.19 5.17 5.18 4.65 4.78 4.72

1

2

3

4

5

6

7 * WM
* WM

• Irrespective of the interface condition, high-WM participants 
reported higher perceived usability and reward (p<.05)
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RQ3 Results: Effects on Search Behaviors



RQ3 Results: Working Memory on Search Behaviors

Int. Block. Both

low-WM 23.84 26.23 25.03

high-WM 20.89 20.19 20.54

0

10

20

30

time between events

Int. Block. Both

low-WM 9.11 8.61 8.86

high-WM 10.50 11.35 10.92

0

5

10

15

bookmarks

• Working memory had no significant effects on search behaviors 

• General trend: high-WM participants worked faster and 
produced more bookmarks (p=.06)
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RQ3 Results: Perceptual Speed on Search Behaviors
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RQ3 Results: Perceptual Speed on Search Behaviors
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RQ3 Results: Inhibition on Search Behaviors
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* IN

Int. Block. Both
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Summary

Workload (RQ1) Engagement (RQ2) Behaviors (RQ3)

Working Memory
High-WM participants 

reported lower 
workload, especially 

with blocked interface

High-WM participants 
reported higher 

engagement
None

Perceptual Speed None None

Low-PS participants had 
more difficulty finding 

relevant results on SERP, 
especially with the 

interleaved interface

Inhibition None None

Low-IN participants had 
slower pace of 

interaction, especially 
with the interleaved 

interface



Possible Implications

• Aggregated interfaces based on Gestalt principles aim to clearly 
convey relations between search results 

• Help users focus on specific groups of results and ignore others 

• May provide benefits for specific groups of users: high-WM, 
low-PS, low-IN users
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Possible Implications

• Aggregated interfaces based on Gestalt principles aim to clearly 
convey relations between search results 

• Help users focus on specific groups of results and ignore others 

• May provide benefits for specific groups of users: high-WM, 
low-PS, low-IN users 

• More accurate inferences from behavioral data: 
‣ low-PS users: more abandoned queries 
‣ low-IN users: slower pace of interaction
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Possible Implications

• Aggregated interfaces based on Gestalt principles aim to clearly 
convey relations between search results 

• Help users focus on specific groups of results and ignore others 

• May provide benefits for specific groups of users: high-WM, 
low-PS, low-IN users 

• More accurate inferences from behavioral data: 
‣ low-PS users: more abandoned queries 
‣ low-IN users: slower pace of interaction 

• Some cognitive abilities may be more difficult to infer than 
others (e.g., working memory)
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Other (Ongoing) Studies



Working Memory + Note-Taking
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Working Memory + Note-Taking
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Comparative Tasks + Structured Note-taking  
+ Search Completion
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Comparative Tasks + Structured Note-taking  
+ Search Completion



76

Comparative Tasks + Structured Note-taking  
+ Search Completion



Thank you! 
Questions?
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Studies

• The effects of working memory, perceptual speed, and 
inhibition in aggregated search 

• The effects of working memory during search tasks of varying 
complexity
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Research Questions

• The effects of working memory and task complexity on: 

RQ1: workload 

RQ2: satisfaction 

RQ3: search behaviors 

RQ4: outcomes
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• Evaluate tasks:  

‣ compare N alternatives along M criteria 
‣ complete N x M spreadsheet (as needed) 
‣ make a selection 
‣ write a justification 

• Simple tasks: 2 alternatives, 2 criteria 

• Complex tasks: 4 alternatives, 4 criteria

Task Complexity Manipulation 
(2 x 2) vs. (4 x 4)
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• 2 search tasks (1 simple, 1 complex) 

• 2 post-task questionnaires (workload, satisfaction) 

• (Short break) 

• 1 post-study psychometric test

User Study 
(N=24)
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Psychometric Test 
Working Memory: Operation Span Task
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Psychometric Test 
Working Memory: Operation Span Task



Results
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RQ1-2 Results: Workload + Satisfaction

Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both

Mental Demand Temporal Demand Failure Effort Overall Workload
low-WM 2.42 3.00 2.71 2.67 3.83 3.25 2.17 2.50 2.33 3.17 3.42 3.29 2.60 3.19 2.90
high-WM 2.75 2.75 2.75 2.42 2.92 2.67 1.92 2.25 2.08 2.92 3.17 3.04 2.50 2.77 2.64

1

2

3

4

5

*C

Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both

Enough Info Time Spent Info Amount Info Quality Stategy Overall Sat.
low-WM 3.92 3.33 3.63 3.92 3.00 3.46 3.75 3.33 3.54 3.75 3.58 3.67 4.17 3.67 3.92 3.90 3.38 3.64
high-WM 4.00 3.58 3.79 3.92 3.25 3.58 3.92 3.50 3.71 3.83 3.42 3.63 4.17 4.00 4.08 3.97 3.55 3.76

1

2

3

4

5

*C
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RQ3-4 Results: Search Behaviors + Outcomes

Simple Complex Both

low-WM 5.17 5.50 5.33

high-WM 6.00 9.42 7.71

0

5

10

15

*WM

queries

Simple Complex Both

low-WM 7.50 8.08 7.79

high-WM 10.42 13.08 11.75

0

5

10

15

20

*WM

clicks

Simple Complex Both

low-WM 54.56 58.80 56.68

high-WM 40.61 36.34 38.47

0

25

50

75

100
*WM

time between events 

Simple Complex Both

low-WM 1.42 1.08 1.25

high-WM 1.75 4.25 3.00

0

5

10

*WM*(C x WM)

quick reformulations

query-to-click time

Simple Complex Both

low-WM 14.71 10.45 12.58

high-WM 6.61 7.37 6.99

0

10

20

30

*WM

justification length

Simple Complex Both

low-WM 44.33 20.67 32.50

high-WM 57.33 64.25 60.79

0

25

50

75

100 *(C x WM) *WM
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Main Trends and Implications

• High-WM participants exerted more effort and had “better” 
outcomes, especially for more complex tasks 

• WM did not have strong effects on workload and satisfaction 

‣ Satisficing? 

• Inferring working memory from behavioral data may require 
knowing the task’s complexity
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Conclusions

• Cognitive abilities can impact behaviors and outcomes 

• Can impact behaviors without impacting perceptions 

• Can impact perceptions without impacting behaviors 

• Interface and task characteristics can have moderating effects
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Future Work

• More directly mapping cognitive abilities to search activities 
‣ getting started 
‣ identifying relevant sources 
‣ navigating 
‣ constructing queries 
‣ constraining the search results 
‣ recognizing useful information 
‣ tracking progress (knows and don’t knows) 

• Personalized support 
‣ visualizations + interactions 
‣ note-taking applications
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Thank you! 
Questions?
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Supplemental Slides
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• Multilevel modeling:

Data Analysis

of the four comparative search tasks described in Section 3.2. In this respect, our dataset consisted
of 128 data points (32 ⇥ 4) that were grouped along two dimensions: participant and task. In our
modeling, we wanted to account for random e�ects at the participant level and at the task level. At
the participant level, random e�ects might be due to di�erences between participants beyond the
three cognitive abilities examined (e.g., search experience, domain expertise, etc.). At the task level,
while all our tasks were comparative tasks, random e�ects might be due to di�erences beyond
task-type (e.g., one topical domain being more di�cult than another). To model random e�ects
at the participant and task level, we used participant and task as random-intercept factors in all
our models. �is model con�guration is referred to as a mixed-e�ects model with crossed random
e�ects (for more details, see Baayen and Bates [11]).

Each of our models included seven predictors (i.e. �xed factors): one for interface condition, one
for working memory group, one for perceptual speed group, one for inhibition group, and one for
each the two-way interaction between interface condition and each cognitive ability group. For
each cognitive ability variable, the low group was coded as a ‘0’ and the high group was coded as a
‘1’. �us, positive (negative) � values indicate greater values for the outcome variable for the high
(low) cognitive ability group. For the interface condition, the interleaved version was coded as a ‘0’
and the blocked interface was coded as a ‘1’. �us, positive (negative) � values indicate greater
values for the outcome variable for the blocked (interleaved) interface.

To further explain, each of our models used the following equation:

Yi jk = �0 + µ j + µk|         {z         }
random intercept

+ �1X1i + �2X2i + · · · + �NXNi|                                {z                                }
�xed factors

+ ei jk|{z}
random error

,

where Yi jk denotes the outcome variable for data point i , which is associated with participant j and
task k . As shown, the y-intercept in our models was a linear combination of three parameters: �0
(a global parameter), µ j (speci�c to participant j) and µk (speci�c to task k). Parameters �1 . . . �N
denote the � values associated with our 7 �xed factors (N = 7).
In the next sections, we report on our results with respect to research questions RQ1-RQ3.

Summaries of all mixed-e�ects models are provided in Appendix A.

4 RQ1 RESULTS: EFFECTS ON WORKLOAD
In our �rst research question (RQ1), we investigate the e�ects of the interface condition and each
cognitive ability on the levels of workload reported by participants. To address this question, we
analyzed participants’ responses to six items from the NASA-TLX questionnaire: (1) mental demand,
(2) physical demand, (3) temporal demand, (4) failure, (5) e�ort, and (6) frustration. Additionally,
we averaged responses to these six items to measure overall workload. Figure 2 shows the means
and 95% con�dence intervals for each workload measure according to interface condition and
each cognitive ability: working memory (Figure 2a), perceptual speed (Figure 2b), and inhibition
(Figure 2c).

Main E�ects of Interface Condition: Interface condition did not have a signi�cant main
e�ect for any measure of workload.

Main E�ects of Cognitive Abilities: Working memory had a signi�cant main e�ect for two
measures of workload (Figure 2a). Participants in the high-WM group reported signi�cantly lower
levels of physical demand (� = �0.757, S.E. = 0.372, p = .048) and frustration (� = �1.239,
S.E. = 0.379, p = .002) than participants in the low-WM group.

Perceptual speed (Figure 2b) and inhibition (Figure 2c) did not have a signi�cant main e�ect for
any measure of workload. While none of the di�erences were signi�cant, as expected, participants

16



94

RQ1 Results: Workload

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both
Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload

low-IN 3.06 2.97 3.02 1.84 1.97 1.91 3.59 3.22 3.41 3.06 2.94 3.00 3.53 3.25 3.39 2.50 2.44 2.47 2.93 2.80 2.87
high-IN 3.06 2.53 2.80 1.72 1.63 1.67 3.19 2.91 3.05 2.41 2.59 2.50 3.19 3.06 3.13 2.34 2.13 2.23 2.65 2.47 2.56

1

2

3

4

5

6

7

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both
Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload

low-PS 3.12 2.74 2.93 1.77 1.97 1.87 3.62 3.29 3.46 2.82 2.74 2.78 3.35 3.27 3.31 2.47 2.18 2.32 2.86 2.70 2.78
high-PS 3.00 2.77 2.88 1.80 1.60 1.70 3.13 2.80 2.97 2.63 2.80 2.72 3.37 3.03 3.20 2.37 2.40 2.38 2.72 2.57 2.64

1

2

3

4

5

6

7

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26

1

2

3

4

5

6

7

* (I × WM)
* WM

* WMWorking 
Memory

Perceptual
Speed

Inhibition
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RQ1 Results: Workload

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26

1

2

3

4

5

6

7

* (I × WM)
* WM

* WM
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RQ1 Results: Workload
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RQ1 Results: Workload
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RQ1 Results: Workload

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
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RQ1 Results: Workload

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26

1

2

3

4

5

6

7

* (I × WM)
* WM

* WM

• Irrespective of the interface condition, high-WM participants 
reported lower physical demand and frustration (p<.05)
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RQ1 Results: Workload

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Mental Demand Physical Demand Temporal Demand Failure Effort Frustration Overall Workload
low-WM 3.11 3.18 3.15 2.08 2.13 2.11 3.58 3.45 3.51 2.95 3.16 3.05 3.45 3.50 3.47 2.92 2.76 2.84 3.01 3.03 3.02
high-WM 3.00 2.12 2.56 1.35 1.31 1.33 3.12 2.50 2.81 2.42 2.19 2.31 3.23 2.65 2.94 1.69 1.58 1.64 2.47 2.06 2.26

1

2

3

4

5

6

7

* (I × WM)
* WM

* WM

• With the interleaved interface, both participant groups report 
similar levels of mental demand 

• With the blocked interface, high-WM participants reported 
lower levels of mental demand 

• Possible Explanation: high-WM participants were more effective 
at leveraging the fixed layout of the blocked interface



RQ2 Results: Engagement

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both

Perceived Usability Aesthetic Appeal Focused Attention Reward Overall Engagement
low-IN 5.64 5.85 5.75 3.08 3.38 3.23 4.40 4.29 4.34 4.40 4.63 4.51 4.38 4.54 4.46
high-IN 5.50 5.80 5.65 3.16 3.10 3.13 4.39 4.41 4.40 4.95 4.95 4.95 4.50 4.57 4.53

1

2

3

4

5

6

7

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both
Perceived Usability Aesthetic Appeal Focused Attention Reward Overall Engagement

low-PS 5.52 5.78 5.65 2.93 3.01 2.97 4.50 4.29 4.40 4.78 4.92 4.85 4.434 4.502 4.468
high-PS 5.62 5.88 5.75 3.33 3.50 3.42 4.27 4.41 4.34 4.55 4.63 4.59 4.442 4.606 4.524

1

2

3

4

5

6

7

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both
Perceived Usability Aesthetic Appeal Focused Attention Reward Overall Engagement

low-WM 5.26 5.37 5.32 3.28 3.29 3.29 4.32 4.39 4.35 4.32 4.53 4.42 4.29 4.39 4.34
high-WM 6.01 6.50 6.26 2.89 3.17 3.03 4.50 4.30 4.40 5.19 5.17 5.18 4.65 4.78 4.72

1

2

3

4

5

6

7 * WM
* WM

Working 
Memory

Perceptual
Speed

Inhibition
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RQ2 Results: Engagement

Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both Int. Block. Both
Perceived Usability Aesthetic Appeal Focused Attention Reward Overall Engagement

low-WM 5.26 5.37 5.32 3.28 3.29 3.29 4.32 4.39 4.35 4.32 4.53 4.42 4.29 4.39 4.34
high-WM 6.01 6.50 6.26 2.89 3.17 3.03 4.50 4.30 4.40 5.19 5.17 5.18 4.65 4.78 4.72

1

2

3

4

5

6

7 * WM
* WM

• Irrespective of the interface condition, high-WM participants 
reported higher perceived usability and reward (p<.05)
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RQ3 Results: Working Memory on Search Behaviors

(� = 1.438, S.E. = 0.750, p = .060). High-WM participants produced more bookmarks than low-WM
participants.

Interaction E�ects: Working memory and interface condition did not have a signi�cant inter-
action e�ect for any behavioral measure.

Summary: Overall, we did not observe signi�cant di�erences between low- and high-WM
participants across our 15 behavioral measures. �at being said, the observed trend is that high-
WM participants worked at a faster place (e.g., less time between events) and performed more
search actions (e.g., more queries, clicks, and bookmarks) than low-WM participants.

Int. Block. Both

low-WM 4.13 3.16 3.65

high-WM 4.42 3.73 4.08
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8

(a) �eries w/o bookmarks

Int. Block. Both

low-WM 2.63 2.05 2.34

high-WM 3.08 2.73 2.90
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(b) Repeated intent queries

Int. Block. Both

low-WM 9.16 7.76 8.46

high-WM 9.81 9.19 9.50

0

3

6

9

12

(c) �eries

Int. Block. Both

low-WM 1.58 1.26 1.42

high-WM 1.69 1.35 1.52

0
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(d) �eries w/o clicks

Int. Block. Both

low-WM 3.95 3.16 3.55

high-WM 4.96 4.42 4.69
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(e) �ick reformulations

Int. Block. Both
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high-WM 0.58 0.39 0.48
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(f) �eries w/o mouseovers

Int. Block. Both
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(g) �eries w/o scrolls

Int. Block. Both

low-WM 23.84 26.23 25.03

high-WM 20.89 20.19 20.54
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(h) Time b/w events

Int. Block. Both
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high-WM 85.00 69.58 77.29
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(i) First bookmark time

Int. Block. Both
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(j) Bookmarks
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0

25

50

75

100

(k) Click-to-bookmark time
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high-WM 11.21 10.91 11.06
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(l) �ery-to-click time
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(m) Clicks

Int. Block. Both
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high-WM 4.42 3.92 4.17
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(n) Clicks w/o bookmarks

Int. Block. Both

low-WM 723.79 686.76 705.28

high-WM 683.00 676.69 679.85
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(o) Completion time

Fig. 4. E�ects of working memory group (low-WM, high-WM) and interface (Int.=interleaved, Block.=blocked) on partici-
pants’ search behaviors.

6.3 Perceptual Speed: Main and Interaction E�ects
Figure 5 shows the means and 95% con�dence intervals for our 15 behavioral measures according
interface condition and perceptual speed group.

Main e�ects: Perceptual speed had a signi�cant main e�ect for �ve measures:

(1) number of queries without any bookmarks (� = �1.741, S.E. = 0.790, p = .032)
(2) number of queries with a repeated intent (� = �1.430, S.E. = 0.648, p = .031)
(3) number of queries (� = �2.401, S.E. = 0.926, p = .012)
(4) number of quick query reformulations (� = �2.746, S.E. = 0.837, p = .002)
(5) number of queries without any scroll events (� = �2.575, S.E. = 0.662, p = .000)
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Int. Block. Both
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(k) Click-to-bookmark time
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Fig. 5. E�ects of perceptual speed group (low-PS, high-PS) and interface (Int.=interleaved, Block.=blocked) on participants’
search behaviors. Symbol PS* denotes a significant main e�ect of perceptual speed group, and symbol *(I⇥PS) denotes a
significant interaction e�ect of interface and perceptual speed group.

Summary: Our interpretation of these results is that high-IN participants were able to perform
more search actions and work at a faster pace than low-IN participants because they were more
e�ective and e�cient at �ltering (or inhibit a�ention to) task-irrelevant information on SERPs and
landing pages. Additionally, we observed a signi�cant interaction e�ect for one measure: time
between the query and the �rst SERP click (if any). �is result suggests that low-IN participants
were more distracted by non-relevant information with the interleaved interface than with the
blocked interface.

7 DISCUSSION
7.1 E�ects of Working Memory
Summary: Working memory had signi�cant e�ects on several measures related to workload (RQ1)
and user engagement (RQ2). Compared to low-WM participants, high-WM participants reported
signi�cantly lower levels of physical demand and frustration (Figure 2), as well as higher levels of
perceived usability and reward (Figure 3). Interestingly, working memory and interface also had a
signi�cant interaction e�ect on mental demand. Low-WM participants reported similar levels of
mental demand with both interfaces. Conversely, high-WM participants reported lower levels of
mental demand with the blocked interface. Working memory did not have any signi�cant e�ects on
participants’ search behaviors (RQ3). �at being said, our results suggest that high-WM participants
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Fig. 5. E�ects of perceptual speed group (low-PS, high-PS) and interface (Int.=interleaved, Block.=blocked) on participants’
search behaviors. Symbol PS* denotes a significant main e�ect of perceptual speed group, and symbol *(I⇥PS) denotes a
significant interaction e�ect of interface and perceptual speed group.

Summary: Our interpretation of these results is that high-IN participants were able to perform
more search actions and work at a faster pace than low-IN participants because they were more
e�ective and e�cient at �ltering (or inhibit a�ention to) task-irrelevant information on SERPs and
landing pages. Additionally, we observed a signi�cant interaction e�ect for one measure: time
between the query and the �rst SERP click (if any). �is result suggests that low-IN participants
were more distracted by non-relevant information with the interleaved interface than with the
blocked interface.

7 DISCUSSION
7.1 E�ects of Working Memory
Summary: Working memory had signi�cant e�ects on several measures related to workload (RQ1)
and user engagement (RQ2). Compared to low-WM participants, high-WM participants reported
signi�cantly lower levels of physical demand and frustration (Figure 2), as well as higher levels of
perceived usability and reward (Figure 3). Interestingly, working memory and interface also had a
signi�cant interaction e�ect on mental demand. Low-WM participants reported similar levels of
mental demand with both interfaces. Conversely, high-WM participants reported lower levels of
mental demand with the blocked interface. Working memory did not have any signi�cant e�ects on
participants’ search behaviors (RQ3). �at being said, our results suggest that high-WM participants
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Fig. 5. E�ects of perceptual speed group (low-PS, high-PS) and interface (Int.=interleaved, Block.=blocked) on participants’
search behaviors. Symbol PS* denotes a significant main e�ect of perceptual speed group, and symbol *(I⇥PS) denotes a
significant interaction e�ect of interface and perceptual speed group.

Summary: Our interpretation of these results is that high-IN participants were able to perform
more search actions and work at a faster pace than low-IN participants because they were more
e�ective and e�cient at �ltering (or inhibit a�ention to) task-irrelevant information on SERPs and
landing pages. Additionally, we observed a signi�cant interaction e�ect for one measure: time
between the query and the �rst SERP click (if any). �is result suggests that low-IN participants
were more distracted by non-relevant information with the interleaved interface than with the
blocked interface.

7 DISCUSSION
7.1 E�ects of Working Memory
Summary: Working memory had signi�cant e�ects on several measures related to workload (RQ1)
and user engagement (RQ2). Compared to low-WM participants, high-WM participants reported
signi�cantly lower levels of physical demand and frustration (Figure 2), as well as higher levels of
perceived usability and reward (Figure 3). Interestingly, working memory and interface also had a
signi�cant interaction e�ect on mental demand. Low-WM participants reported similar levels of
mental demand with both interfaces. Conversely, high-WM participants reported lower levels of
mental demand with the blocked interface. Working memory did not have any signi�cant e�ects on
participants’ search behaviors (RQ3). �at being said, our results suggest that high-WM participants
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Fig. 6. E�ects of inhibition group (low-IN, high-IN) and interface (Int.=interleaved, Block.=blocked) on participants’ search
behaviors. Symbol IN* denotes a significant main e�ect of inhibition group, and symbol *(I⇥IN) denotes a significant
interaction e�ect of interface and inhibition group.

performed more search actions (e.g., more bookmarks, p = .060) and worked at a faster pace (e.g.,
took less time between search actions) than low-WM participants.

Interpretations: With respect to working memory, our results suggest three important trends.
First, high-WM participants experienced lower levels of mental workload and higher levels of user
engagement than low-WM participants. Second, high-WM participants searched with slightly more
intensely than low-WM participants. In other words, low-WM participants were more likely to
engage in satis�cing behaviors. Possibly for this reason, low-WM participants bookmarked fewer
pages (p = .060) and reported lower levels of reward (p = .006) than high-WM participants. Finally,
high-WM participants experienced lower levels of mental demand with the blocked interface than
with the interleaved interface. One possible explanation is that high-WM participants were more
e�ective at keeping the �xed layout of the blocked interface in active memory, and were able to
use this information to ignore non-relevant blocks of results in their searches.

Comparisons with prior work: With respect to working memory, our results are consistent
with prior studies by Gwizdka [27, 29]. Our results suggest that high-WM participants searched
more intensely and that low-WM participants were more likely to satis�ce. In Gwizdka [27], while
completing complex tasks, high-WM participants issued more queries and took more time to
complete tasks than low-WM participants. In Gwizdka [29], while completing complex tasks, high-
WM participants performed more actions and spent more time reading content pages (particularly
towards the end of the session) than low-WM participants.
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Fig. 6. E�ects of inhibition group (low-IN, high-IN) and interface (Int.=interleaved, Block.=blocked) on participants’ search
behaviors. Symbol IN* denotes a significant main e�ect of inhibition group, and symbol *(I⇥IN) denotes a significant
interaction e�ect of interface and inhibition group.

performed more search actions (e.g., more bookmarks, p = .060) and worked at a faster pace (e.g.,
took less time between search actions) than low-WM participants.

Interpretations: With respect to working memory, our results suggest three important trends.
First, high-WM participants experienced lower levels of mental workload and higher levels of user
engagement than low-WM participants. Second, high-WM participants searched with slightly more
intensely than low-WM participants. In other words, low-WM participants were more likely to
engage in satis�cing behaviors. Possibly for this reason, low-WM participants bookmarked fewer
pages (p = .060) and reported lower levels of reward (p = .006) than high-WM participants. Finally,
high-WM participants experienced lower levels of mental demand with the blocked interface than
with the interleaved interface. One possible explanation is that high-WM participants were more
e�ective at keeping the �xed layout of the blocked interface in active memory, and were able to
use this information to ignore non-relevant blocks of results in their searches.

Comparisons with prior work: With respect to working memory, our results are consistent
with prior studies by Gwizdka [27, 29]. Our results suggest that high-WM participants searched
more intensely and that low-WM participants were more likely to satis�ce. In Gwizdka [27], while
completing complex tasks, high-WM participants issued more queries and took more time to
complete tasks than low-WM participants. In Gwizdka [29], while completing complex tasks, high-
WM participants performed more actions and spent more time reading content pages (particularly
towards the end of the session) than low-WM participants.
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Studies

• The effects of working memory, perceptual speed, and 
inhibition in aggregated search 

• The effects of working memory during search tasks of varying 
complexity
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Research Questions

• The effects of working memory and task complexity on: 

RQ1: workload 

RQ2: satisfaction 

RQ3: search behaviors 

RQ4: outcomes

111



112

• Evaluate tasks:  

‣ compare N alternatives along M criteria 
‣ complete N x M spreadsheet (as needed) 
‣ make a selection 
‣ write a justification 

• Simple tasks: 2 alternatives, 2 criteria 

• Complex tasks: 4 alternatives, 4 criteria

Task Complexity Manipulation 
(2 x 2) vs. (4 x 4)



113

• 2 search tasks (1 simple, 1 complex) 

• 2 post-task questionnaires (workload, satisfaction) 

• (Short break) 

• 1 post-study psychometric test

User Study 
(N=24)



RQ3: Search Behaviors 
Factor Analysis

• 3-factor solution explained 82% of variance

114

Table 4. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries without bookmarks 0.888 0.021 0.216
queries with repeated intent 0.867 0.029 0.217
queries 0.863 -0.285 0.214
queries without clicks 0.863 0.232 0.029
quick query reformulations 0.811 -0.412 -0.083
queries without mouseovers 0.696 0.118 -0.018
queries without scrolls 0.577 -0.370 -0.004
time between events -0.259 0.887 -0.027
time to �rst bookmark 0.019 0.718 0.202
bookmarks -0.045 -0.659 0.242
click-to-bookmark time -0.207 0.626 -0.072
query-to-click time 0.134 0.523 -0.065
clicks 0.143 -0.462 0.851
clicks without a bookmark 0.161 -0.033 0.835
completion time 0.045 0.577 0.674

Table 5. Factor Analysis of Behavioral Measures

Factor 1 Factor 2 Factor 3
queries 0.941 0.247 -0.144
queries without scrolls 0.915 0.209 -0.199
clicks 0.921 0.024 -0.119
completion time 0.807 -0.075 0.530
quick query reformulations 0.755 0.392 -0.327
queries without clicks 0.155 0.890 0.035
queries without mouseovers 0.145 0.875 -0.009
time between events -0.036 -0.142 0.911
query-to-click time -0.213 0.160 0.543

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 6 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
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queries 0.941 0.247 -0.144
queries without scrolls 0.915 0.209 -0.199
clicks 0.921 0.024 -0.119
completion time 0.807 -0.075 0.530
quick query reformulations 0.755 0.392 -0.327
queries without clicks 0.155 0.890 0.035
queries without mouseovers 0.145 0.875 -0.009
time between events -0.036 -0.142 0.911
query-to-click time -0.213 0.160 0.543

3.7 Data Analysis
In this section, we report on our participants’ cognitive ability test scores and explain two important
decisions made during data analysis: (1) binning participants into high and low groups for each
cognitive ability and (2) using multilevel modeling for our statistical analyses.

Cognitive Ability Test Scores: Table 6 shows descriptive statistics associated with participants’
scores for all three cognitive ability tests. To be�er understand these scores, we compared them
against a few reference scores. In terms of perceptual speed, Turpin et al. [54] administered the
Finding A’s test to 16 study participants from the same population as the participants in our study
(sta� from the same university). Participants in that study had a mean score of 51.94 (SD = 10.41).
In terms of working memory, Gwizdka [29] administered the same computerized working memory
test to 26 undergraduate students (a slightly di�erent population than our participants). Gwizdka
scored participants using their average score for two of the �ve item-types associated with the
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Table 4. Factor Analysis of Behavioral Measures
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RQ1 Results: Workload

Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both

Mental Demand Temporal Demand Failure Effort Overall Workload
low-WM 2.42 3.00 2.71 2.67 3.83 3.25 2.17 2.50 2.33 3.17 3.42 3.29 2.60 3.19 2.90
high-WM 2.75 2.75 2.75 2.42 2.92 2.67 1.92 2.25 2.08 2.92 3.17 3.04 2.50 2.77 2.64
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RQ2 Results: Satisfaction

Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both Simple Complex Both

Enough Info Time Spent Info Amount Info Quality Stategy Overall Sat.
low-WM 3.92 3.33 3.63 3.92 3.00 3.46 3.75 3.33 3.54 3.75 3.58 3.67 4.17 3.67 3.92 3.90 3.38 3.64
high-WM 4.00 3.58 3.79 3.92 3.25 3.58 3.92 3.50 3.71 3.83 3.42 3.63 4.17 4.00 4.08 3.97 3.55 3.76
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RQ3 Results: Search Behaviors

Simple Complex Both
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queries clicks completion time

query-to-click time time between events queries w/o clicks 

queries w/o mouseovers queries w/o scrolls quick reformulations
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high-WM 6.61 7.37 6.99
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RQ3 Results: Search Behaviors
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RQ4 Results: Search Outcomes

coverage Justification length

Simple Complex Both

low-WM 1.00 0.87 0.94

high-WM 1.00 0.92 0.96
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